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Preface

Rabbii Production is widely recognized as a source of up-to-dale information for highly
expenenced rabbit raisers as well as beginners. The recent advances in scientific knowledge of
rabbit production methods have necessitaled a revision fo offer the most cument information to
our readers.

We have tried to wrile in a style that will be useful to people interested in rabbits, regardless
of educational background. We hope that after reading this book vou will have gained knowledge
that will be useful 1o you in your rabbit raising endeavors. In this edition an ellort was made 1o
update the material and to provide more of an international focus on rabbit production practices
around the world. One such change is that units of measure appear in both English (pounds, gal-
lons, feet, etc) and melric (grams, liters, meters, etc.) systems where numerlc measures are given
for the convenience of all readers. We have also included a conversion table as Appendix 1. In
addition, the breeds of rabbit phota gallery has been expanded 1o include breeds from other
countries.

This edition has also placed more emphasis on the importan! role of rabbits as a food and
income resource in developing countries. This role continues to increase, with expanding project
interest in Eastern Europe and in Alrica, Asia, and Latin America, The ability of rabbits to repro-
duce and yield high quality meat on low quality diets based on forages and agricultural by-products,
as well as their modest housing requirements, makes them well suited for subsistence agricullure
to feed the masses.

In many countries, rabbils continue lo be valued as a food source, a hobby and as a source
of secondary income. With he current market structure, few peaple mgmi. primary living
from rabbis, but the enjoyment of rearing rabbits and the income and satisfaction from providing
food or fiber make rabbils an inviting species. Rabbit raising is popular with vouth programs and

as  small-scale family enlerprise because of the small size and the small investment. In addition,
rabbils can be reared in many cities and towns where other livestock cannot be kept

Thlsbooki.s founded on the collective many vears of experience of the authors. S.D. Lukefahr
has operaled his own rabbitry and has worlied for many years in over 30 developing countries,
where he promoted rural or village-level rabbit farming, He has been involved in rabbit-breeding
research since 1978, has an extensive publication
butions, especially io our knowledge of rabbit bre i 7
the coveled Interalional Animal Agriculture Bnui{?hg and genetics. In 1997, he was awarded



a rabbit specialist and was the leader of a rabbit research program at Southern University and
A&M College. The primary goal of the research center was to assist small limited resource
larmers with production problems. As a resull, most of his research was aimed al production =
housing, feeding, 1, etc. He retired in 1998 This book edition & dedicated to his
memory. P.R. Cheeke has conducted rabbit nutrition research since 1969 and has published
extensively in this area. In 1985 he was awarded the prestigious Mignini Intersational Award for
excellence in rabb research. N.M. Patton conducted rabbit disease research for 25 years. He
was a consultant 1o a large rabbitry for 10 years, during which time he has experienced most of
the problems that rabbit raisers can encounter. In 1993, he was elected Prestent of the Woarld
Rabbit Science Association. He retired from Oregon State University in 1996.G.S. Templeton,
author of the early editions of the book, was Director of the U.S. Rabbit Expaiment Station for
23 years. Thus, this book rests on a salid foundation of practical and scientific Inowledge of rabbit
production,

We thank our friends who have provided mueh assistance and insight in preparing this edi-
tion. Dr. David Harris, who worked with the former Rabbit Research Station at Oregon State
University, used his photographic skills to provide many excellent photos and figures that are
used in this edition. Leslie Samson, Samson Angoras, has again provided extensive assistance in
writing the Angora chapter including updating the contents for this latest edifon. Allen Mesick,
a rabbit breeder and judge and an active leader for the ARBA, provided sereral rabbit breeds
photos and largely updated the chapier on Rabbit Shows. Dr. Chris Hayhow, a veterinarian and
past and present ARBA president, kindly reviewed the chapter on Rabbit Dieases and Healin
Problems. Dra. Stephane Bertagnoli updated the seetions of this chapter on Hemorrhagic Viral
Disease and Epizootic Rabbit Enteropathy. In addition, Drs Hervé Garreau, Thierry Gidenne, and
Yinghe Qin generously provided photos of rabbit breeds. Dra. Gabriela Gonzakz-Mariscal exten-
sively reviewed the entire previous edition of the book and made valuable suggestions for updat-
ing the material for the new edition. Lastly. the authors wish to express their sncere apprecation
to the CABI publishing team (Alexandra Lainsbury, Emma McCann, Lauren Davies, and James

Bishop) [or their professional assistance.




Appendix

Conversion factors from the melric system to US measures, In most cases, we have used the
approximate values because the values in the text are also approximate.

Metric

Hectares (ha}
Square meters {m?)
Square melers [m?)
Lenath
Meters (m)
Kilometers (km)
Centimeters (cm)
Meters (m)
Volume
Milkiliters (ml)
Liters (I
Liters (1)
Mass
Grams (a)
Kilograms (kg)
Ton (metric)*
Temperature
Celsius
Force
Kilopascals (kPa)

*Note thal, unless specifiag
2200 Ib)

To

Multiply by 2.47
Multiply by 10.9
Multiphy by 1.20

Multiply by 3.28
Multiply by 0,622
Multiply by 0.394
Multiply by 1.09

Multiply by 0.0338
Multiply by 0,264
Multiply by 1,06
Multiply by 0,0352
Multiply by?2 2
Multiply by0.91

9/5C +32

Multiply by0.145

US measure

Acres
Square fed (It7)
Square yauds (yd)

Feet (it}
Miles (mi)
Inches (in)
Yards (wd)

Fluid ounees (1] oz)
Gallons (gl)
Carts (qt)
Dunces (c2)
Pounds (it}

Ton

Fahrenhet!

Pounds per square inch (Ib/in’)

10 the: con Tary, the use o ton in this text relers to the metic ton (1,000 by wr
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Introduction

Rabbit production is developing into a significant
agricultural enterprise in the United States
(Fig. 1.1). This is particularly evident because of
the increasing desire of society to know where
their food comes from and how it was produced
It is also relatively important in several Euro-
Pean countries, such as France, Spain, and
Italy, where rablit is regarded as a gourmet
meat, and is expanding in several other coun-
tnies around the world. In China, the Angora
rabbit is raised lor its wool, which is exported (o
other countries lor the production of high-
quality hixury garments. Rabbit pelts are used
in making fur coats and tovs. In addition to
being raised commercially for meal, wool, and
fur, rabbits are also produced in large numbers
for laboratory use, They are particularly useful
in certain types of medical research. Many
people in the United States raise rabbits for
shew or exhibition purposes and enjoy the
challenge of breeding animals that display
trails that best exemplify the standards of a
particular breed. Others keep rabbits simply as
pets. Whatever one's motivation for keeping
rabbits, information on nutrition, diseases,
breeding, and management is useful for attain-
ing an end product of healthy, well-nourished,
productive animals,

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (S.D. Lukelahr et al.)

DOI: 10.7079/5781769249811.0001

History, Taxonemy, and
Domestication of the Rabbit

arigin and evelution of rabbits is difficult to
-llr-':eramuse rabbit bones are small and fra-
gile and often are destroyal or rearranged by
predators, Fossil records trace the order Lago-
morpha back about 45 millon years to the late
Eocene period. The leporids (rabbits and}wes)
appear to have originated in the [berian Penin-
sula (Spain and Portugal) asd southen_-n France.

The moderm lagomomhs consist of two
families [Leporidae and Odotonidae) with 11
genera (Table 1.1). They range from the highly
successful hares and rabits of the Lepus,
Oryetolagus. and Syluilagss genera to several
endangered genera and species. 1‘he l_i'unolu»
qus genus, with one species, the riverine rab-
bit, is restricted to Karoo fleodplain wagzllaunn.
Other rare and endangeredlagomorphs ndude
the Sumatran hare (Nesobgus netscheri) in
Indonesia, the Amami mbbit l[fentaing;st

urnessi) in Japan, and the volcano ra

{Homurnfngus diazi) in Mesico. Further h'}fm-
mation on rabbit taxonomy can be oblamed
from the Internet at hitps//www britannica.
com/animal/rabbit.




Fig. 1.1, Ammmmm:

rabbils are amaong the most p

of their high

ity and high growth rate,

Table 1.1. The modern lagomarphs,

(Courtesy of P-R. Cheeke)

Mo, of modern Present natural
- species geographical distribution Examples
Family Leporidan Genera:
Syhvilagus 17 North America, South  Birush rabbit, swamp
Amarica rabhit, cottontail
Oryelolagus 1 Europe, Norih Africa European wild rabibit, all
domestic species
Caprolagus 1 India Hispid rabbit
e
Bunolagus 1 Eouth Africa Riverine rabbit
Poelagus 1 Central Africa Bunyoro rabbit
Pronolagus 3 Southern Africa Red rock hare (aclually &
rabhit)
Pentalagus 1 Amarmi Islands (Japan)  Amari rabbit
(endangered)
Romerolagus 1 Mexico Voleano rabbit
: {endangered)
Nesolagus 2 Bumatra (Indanesia) Sumatran rabbil,
Annamite rabbit
Brachylagus 1 Horth Amarica Fygmy rabbit
Lepus 32 Eurasia, Africa, North  Jack rabbil, snowshoo
America hare, European hare
Family Ochotonidae Genus:
Ochotona 14

Western North America, Pika
Asia

Source: Smith, A, 2020

All breeds of domestic rabbits are des-
cendants of the European wild rabbit, Orye-
tolagus cuniculus. Rabbils were originally
classified as rodents but are now placed in a
separale order, Lagomorpha, primarily be-
cause they have two more incisor teeth than
rodents (six instead of four). The lagomorphs
are divided into two majar families: (1) pikas
and (2) rabbits and hares,

vanimal'ratibg

Pikas, or rock rabbils, are common inhab-
itants of mountainous areas in Morth America
and Asia (Fig. 1.2). In conlrast to other lago-
morphs, they ave highly voral, having a loud
call or whistle. Pikas inhabil rocky areas of
talus or piles of broken rock. They callect grass
and ather vegetation, which they cut and then
allow to cure into hay in the sun. The hay is
stored in piles in tha rock crevices, 1o be used




Fig. 1.2. A pika or ock rabbit. Pikas, along with
rabbits and hares, are members of the order
Lagomorpha. (Courtesy of Justin Johnsen,
licensed under the Creative Commons Altribution-
Share Alike 3.0 unported license)

for winter feed. Pikas dilfer from rabbits in a
number of fairly obwious charactenistics, besides
their whistling and calling, Both sexes lack the
typical external sex organs of other animals
and instead have a cloaca into which the fecal,
urinary, and reproductive tract discharges are
made.

Thev have much less devaloped hind legs
than rabbits and hares and resemble rodents in
their appearance. Pikas are commonly seen or
heard in high mountain areas, where they are
often observed perched on rocks. A shrill whis-
tle is used as an alarm signal. Unlike rabbits
and hares, which are nocturnal, pikas are most
active by day,

Hares differ from rabbits in that they are
born fully haired, with their eyes open, and can
run within a few minutes of birth (Fig. 1.3).
They are born in the open withoul a well-
defined nest They have long legs and take
long leaps or bounds when running. Hares
have long ears and are wary and alert. They
can detect enemies at considerable distances
and depend on their speed and endurance for
escape. Hares are in the genus Lepus (eq..
Lepus europaeus - European hare; Lepus
californicus - black-tailed jack rabbit). Some of
the mare commen hares in North America are
the jack rabbits of the western United States

13, A jack rabbi, Jack rablits are actually hares,
Sgsemmutmtmmwrormm;

and Canada and of northernMexico. Jack rabbits
can become serious agriculural pests, causing
grwdmionupaarim:gelmikl&w
mmwﬂ&wmusu]wmntm!umn.
whereas pesticide baits ae now emploved.
The Arctic hare is found in northern Canada
and in Alaska, Greenland, and Asia. The snow-
shoe hare is found in mostofl Canada and the
northern continental United States, Both the
Arctic and snowshoe hares have different coat
colore in summer and winker, being brown in
cummer and white in winter. The populations
of snowshoe hares in nortkern areas fluctuate
on about a 10-vear cycle. Populations of their
pmdatws.sn:hasﬂumaﬂandmﬁﬂ
lynx, fluctuate in a similar manner. The Euro-
pemhuuisanunpmmm[whwug
in Europe. During the breaing season, Euro-
pemhamwhmdshipﬂl\ulsmh-
ing dashing about wildly axd leaping into the
air. thus accounting for theexpression “mad as
a March hare.” High bloot levels of the male
hormane testosterone occur during the period
of “March madness.”

The two main genera of rabbits are the
true rabbits {Oryctolagus) and the cottontail
rabbits (Sylvilagus). Oryctdagus encompasses
mw‘sémpi:;mumﬂmmm




Chapter 1

descendants, which include all the breeds of
domestic rabbits. Syluilagus inﬂud;s‘ ; m;rte:
of North American cotlontails, a

Eastern, Deserl, Brush, Marsh, and Swamp

cottontail rabbits. The recent discovery ol_ a
new species of Sylvilagus in South Amenca
may result in the reclassification within the

Sylvilagus genera.
; Caoglltanlails and domestic rabbits cannot

he crossed. Laboratory investigations have
shown that sperm and eggs of the two genera
will fertilize, but the developing embryos die in
a lew hours, after about four cell divisions. The
<ame is true for crosses of hares and rabbits,
The lack of viability of the hybrid embryos is
due in part to differences in chromosome num-
bers among the genera. There are 22 chromo-
some pairs in Oryctolagus, 21 in Sylvilagus,
and 24 in Lepus.

The story of the domestication of rabbits
is shrouded in mystery. It is believed that the
original site of domestication was the Iberian
Peninsula (Spain and Portugal and the south of
France). The first recorded rabbit husbandny
was In early Roman times, when rabbils were
kept in leporaria, or walled rabbil gardens.
Rabbits reproduced in these enclosures and
were caplured and killed for food. In the Mid-
die Ages, sailing vessels distributed rabbits on
islands in various sea lanes, to be used as a
source of food by sailors. Wherever these re-
leases were made, the rabhbils increased greatly
in number al the expense ol the indigenous

_animals. As exploration of the world increased,
the European wild rabbit was hurther distib
uted by sallors, In 1859, a few rabbils were

leased in Vicloria, Australia and, in 30 years,
gave rise to several million rabbits. Other re-
leases of a few rabbits in Australia also gave
rise to millions of rabbits in the areas of re-
lease. The wild rabbit became a serious pest in
Australia and New Zealand because of the fa-
vorable environmanlt, abundant feed, and ab-
sence of predators The European wild rabbit,
although released in North America, was never
able to gain a foothold and does not exist on
the continent in dgnificant numbers, A feral
population of Oryctolagus has developed on
the San Juan Islands off the coast of the state
ol Washington.

In the Middle Ages, rabbits were kept in

rock enclosures in England and Western Europe.

There is also evidence of Pre-Columbian do-
mestication of rabbits and hares by indigenous
tribes in Central America invalving captive
rearing and breeding in small pen enclosures.
True domestication is largely believed 1o have
occurred in the sixteenth century in manaster-
jes, although this may have oceurred as early
as ap 600. By 1700, seven distinct colors and
patterns had been selected: non-agouti solid
color, brown, albino, dilute (blue), vellow, silver,
and Dutch spotting. By 1850, twe new colors
and the Angora-type hair had been developed.
Between 1850 and the present, the remaining
colors and fur types have been developed and
selected.

Potential of the Rabbit for Meat
and Fur Production

The domestic rabbit has the potential to be-
come one of the world's major livestock spe-
cies. In the future, as the human population
exerls increasing pressure on the world's food
resources, it is likely that rabbits will assume an
increasingly important role & a source of food.
However, this does nol impy that rabbits will
have to be raised mosily on large commercial
farms; rather, it is likely that many more people
than at present will raise them in small num-
bers in their backyards. Rebbits also possess
various atiributes that are advantageous in
comparison lo other livestotk. Rabbits can be
successfully raised on dicts kot are low in qrain
and high in roughage Rewent research has
demonstrated that normal gowth and repro
ductive performance can be achieved on diets
containing no grain at all. As compelition be-
tween humans and livestock lor grains intensi
fies, rabbits will have a compelitive advantage
over swine and poultry, siice these animals
;?;:0! be railsed on high wughage diets or
mrﬂg;h:_:ldmt conlain grai_l. Rabbits convert
. 0 meat more elfidently than rumin-
nl animals, such as catile ad sheep. From a
:L‘:& ?mOu_m of alfalfa, ratbils can produce
ALt ve IIIIT!BS as much real as beel catlle.
" these attributes are espedally relevant today
with rising feed and fuel coss,
Y The ability of rabbits toefliciently convert
298 into meat will be of pecial significance




in developing countries. where population
pressures and food shortages are greatest. In
many cases, there is abundant local vegetation
that cannot be consumed directly by people
but that can be fed to rabbits. A few does
can be kept by villagers on a backyard scale
to produce enough meal to satisfy the needs
of a family by using weeds, tropical forages,
vegetable tops, and table scraps as feed for the
rabbits (Fig. 1.4). Keeping cattle under such
circumstances is nol feasible because of their
larger feed and space requirements, the long
time taken to reach slaughter weight, and the
prablem of using a large amount of meat at
once when refrigeration is lacking. Rabbits act
as “biological refrigerators” in that the meat
from one animal can be consumed without the
need for storage. Rabbits will breed year-round,
50 a continuious supply of meat can be produced
with just a few breeding animals. The above
soenario is hiting doser to home as more peaple
in the U.S. are growing gardens and raising
small livestack in an effort to stretch the food
dollar with the economic downturn of the glo-
bal recession of 2009 and the global Covid-19
pandemic of 2020.

An exciting characteristic of rabbits is their
high reproductive potential. This, of course, is
well known, being the subject of numerous
jokes regarding fertility, Because of their rapid
arowth rate, shon gestation period, and ability
to rebreed immediately after kindling {giving
birth), rabbits have a reproductive potential that
Is slaggering. Several animals released in Aus-
tralia resulted in a few years in tens of millions

Dlnbhils,lnconmnhl'ldpwmt mm
reproductive potential is ol greal .
Hmnlmaghasdmmmedheluﬂzﬂ—
ity of rtum breeding so it is possible for
a:ydmp;ght:e a litter, be wbred immediately,
wean the litter at 28 days. and have anather
litter 3 days later. This is the normal breeding
pattern of wild rabbits durirg the breeding sea-
son. No other type of livestack has this amazing
mprodmﬂwpmﬂal&udnmhgedmg
requires a high level of management skill and
is not recommended until further research is
completed.
qhmkmﬁemﬁlmgu_ﬂc
improvement of rabbits résed commercially.
Because the generation tine is short, and be-
cause the heritability of gowth and carcass
traits is moderate to high, rapid improvement
of these traits through selestion can be made.
In the United States there has been compara-
tively little genetic selection of rabbits for such
important commercial charicteristics as carcass
iraits, so there Is scope far considerable pro-
gress in these areas. Compred to other fypes
of livestock production, there has been little
commercial development of high performing
hybrids, use of well-desigied crossbreeding
schemes, or other techniques that are routine
i ather of livestark enterprises.
3 Mnawumm to both small- and
large-scale production (Fig. 1.5). France is one
ol the world's largest produrers and consumers
of rabbits. In the 19505, the size of the average
French herd was six does. Thus. the French

Fig. 1.4. A wllage rabbitry constructed of bamboo,
palm thatch, and other locally available material,
Rabbit p ) has patential in
developing countries. (Courtesy of 5., Lukefahr

Fig. 1.5. A large rablutry in Hingary producing
about 300,000 fryers annually. Aabbits are suited
to both large- and small-scaleproduction.
(Courtesy of J.I. Mchiit)



industry was based upon a large number of
small producers. In recent years. however.
the average herd size has ini some-
what, but 96% of the producersin France have
1 1o 20 does. Only 1% of the producers have
over 200 does, bul they produce more than
30% of the rabbit meat. In the United States
Wﬁbhilﬁnahm-sﬂarfewdoes.m
peaple keep a few does in the backyard lo raise
meat for the family and to sell the surplus, In
times of economic stress, such as the depres-
sion of the 1930s, Worlkd War II, and the en-
ergy crisis of the 1970s, interest in sell-
sufficiency increases, and backyard rabbit
production increases. This trend has also been
observed in present times with the global re-
cession. Because they are noiseless, rabbits
can be raised in a suburban situation without
infringing on the peace of neighbors. Only a
small space is needed for raising rabbits. anfi
they adapt themselves to @ variety of conds
fions, being raised successfully in many cities,
N small towns, and on farms in every state of
the U.S, They appeal to all classes of people
With a diversity of backgrounds. Many of these
ple have had a lifelong ven for raising ani-
Mals but have been so situated that they could
"6t realize their dreams. Now they are deriving
# greal deal of pleasure and relaxation from
Warking with rabbits. The amount of capital
eeded for the equipment and for the animals
s Teasonable, Caring for rabbits does not in-
strenuoys physical exertion, so the work
be carried out with much safisfaction by
jl:&rggm with special needs. Rabbit praduction
“specially useful for occupational Iheraplr.
© Size of the animal makes it exceptionally
*aliable in yough programs.
{Fig Rat.,[," meal is a wholesome, fasty pmduﬂ
hig},' 1.6). Companed o most other meals, it is

Fig. 1.6. Rabbit is a high-quality, nutritious, and
attractive meat. (Courlesy of S.D. Lukefahr)

packaged product, chefs and those in charge
of the meat purchasing for institutions such as
hospitals, clubs, and hotels prefer it in the
whole carcass lorm so they may cul it to
suit their own requirements and methods of
preparation. Some processors develop culs
such as fillets or nuggets for specialty restaur-
ant markets.

Although the main commercial use of rab-
bits is meat, the skins are ako important. The
furs are used in various apparel items, such as
fur coats. However, the price paid for the skins
by the larger fur buyers is not sufficient 1o justify
many of the asserlions that have been made
that one could engage in breeding rabbits for
their pelts alone and make a salisfactony profit
The returns from both meat and pelts must be
combined 1o derive the maximum profit fram
the labor and capital invesied. The market val-
ues vary from time 1o time, depending on sea-
son, fashion diclates, elc,

Rabbil skins are used in many ways, the
best quality being employed in making fur
garments and fur trimmings, the poarer qual-
ity being used by the lelting industry and for
manulaciuring tovs, specialty aricles, elc
The normal furs are used chiefly for making
imitations of high-priced furs, and the fur in-

e 1P Protein and low in fat, cholesterol, and
cal UM, The meat is white, fine-grained, deli-
ebv flavared, pyiritious, and appetizing. It is
low i;ll caloric content. The size of rl-;e“fl;r;

Tang. . e quality of the meal, and the
3":1?3 S0 r"‘!'hﬂdslzr preparation make rabbit
any *eellent and economical meat for use in
able *ason of the year. In many areas it is avail-
Pacl,, markets either in the cut-up and
“"rca&ged {Iresh or frazen) form or in the whole
®hee o ile there appears to be a prefer-
W by consumers for the cul-up and

dustry has become so proficient in this line
that by plucking, shearing, dyeing, etc., it is
able to imitate many of the wild and more ex-
pensive furs. These imitations are sold undler
a variety of trade names and each imitation
must be properly labeled. The better-quality
garments that are made from the heavily
furred rabbit skins are wamm and luxurious,
and they wear well (Fig. 1.7]. Those skins that
are not suitable for manulacturing the bet-
ter-quality products are used for lining men’s



and boys' clothing, making toys, trimming
children’s garments and coats, and manufac-
turing felt hats. At the time the fur is cut from
the skins for use by the felting industry, the
skins are shredded and glue that is especially
strong is extracted. This glue is used princi-
pally by furniture makers, Large processing
plants use all paris of the rabbit, even the leet
lor “lucky rabbit's foot” souvenirs.

The Rex rabbit differs from other breeds
in having a coat with no conspicuous guard
hairs, giving a very attractive fur In the United
States, there has been extensive interest in Rex
Rabbit production but it has vet to develop into
an integral component of the American rabbit
industry.

In Europe, there is extensive use of An-
gora rabbit wool in the manufacture of huxury
garments The main source of Angora wool
production is China, which produces over
90% ol the werd's supply. In the United
Stales, Angora production is primarily a hobby,
since the high labor costs preclude a viable
commercial Angora industry.

Fig. 1.7. A woman wearing a rabbit fur hat and
carrying a rabbit fur purse. (Courtesy of §.0.
and B. Lukefahr)

Production of Phamaceuticals

Associated with the prodution of rabbits for
meat and fur is the preparation of pharmaceut-
ical products. The brains, blood, and Wnotl!
internal organs are used in producing “biclogi-
cals” for medical use and ressarch. Formnplle.
rabbit brains are a source of thromboplastin,
which isusedloom:tm]hedosage.ofanﬂ-
coagulant given to preverd thrombosis [l‘l!aft
attack), phlebitis, and othes abnormal clotting
conditions of the human body. The blood is
used to prepare complement, used in biomed-
ical ms. Various entymes for research
are derived from rabbit tissies.

Youth Programs

The raising of domestic rabbits lends itsell
nicely to 4-H Club, Boy and Girl Scout, and
FFA projects {Fia. 1.8). The fact that in many
cases rabbits can be raised where larger farm
animals or even poultry tannot be handled
makes them especially usefid animals for these
groups. In this connection, rabbit breeders can
be of material aid to these vounger peupbe by
providing desirable breedirg stock at nominal
prices and by counseling with leaders and

Fig. 1.8, Youth membars shoving their rabiits.
(Countesy of 8.0, Lukefahr)




members of the youth groups with .I‘Ssp-.ed o
methods for raising or canng for their ammn!s
In many areas where the ycnl_.hl'd rabbil raisers
may need capital for developing their projects,
Jocal bankers cooperale with them and arrange
to make loans for that purpose. A boy or gir]
signs a note and i expecled to repay the prin-
cipal plus interest out of the pml‘ills from the
endeavor. This cooperalion by business execu-
tives is helpful and gives the young rabbit raiser
an insight into business procedure, Many youth
projects have resulled in prizes and lmphl.s
being awarded at fairs and other exhibitions.
Youth are an excellent way of teaching
the concept of responsibility fo young people.
To teach young persons the fundament
of animal husbandry, youth groups may begin
with young rabbils at weaning age. When the
young members of a family group wanl fo raise
rabbits, it may be best to purchase an adult
doe so that their interest may be kept keen by
the chronalogical events, such as the doe
maling a nest and kindling and then the young
people taking care of the litter, selling the prod-
ucts, ete. Many of these small beginnings on
the part of young people have developed into
sizeable undertakings.

Hobbies and Pets

Because the domestic rabbil is cage-raised, il
lends itsell more readily than other farm animals
ta handling by people with special needs and
opens up a new fidd of activity for them. They
derive a great deal of satisfaction from proc-
cing meal rabbits, spinning Angora wool and
making garments, or just raising rabbils as pets.
People may want to raise rabbits because
they enjoy working with animals and thus can
advantageously combine a hobby with prospects
of a supplemental income, There are many
ramilications to this type of activity (Fig. 1.9).
Some people may develop an inferest in attempt-
ing to improve a strain of rabibits by studying its
characteristics in an effort 1o produce animals as
nearly perfect as passible and derive a great deal
of pleasure fram showing them.
Complete rabbit rations can be purchased
in small quantilies al most feed stores, and
these pellets are clean, casy fo store, and

Fig. 1.9. Rabbits make fine pets! (Courtesy
«of Cherie Wachter, Humane Scciety of Broward
County, Fort Lauderdale, FL)

convenient o feed. Caution should be taken in
purchasing very young rabhits, such as Easter
bunnies, etc., for small children. In too many
cases the rabbils ave improperly handled or
cared for and may be abused and die. A rabbit
purchased for a child’s pet should be at least six
to eight weeks of age. becawse it has passed its
more delicate stage of develvpment and is less
likely 1o be injured while the child is being in-
structed by the parent as to the proper method
for holding and playing withit.

Labaoratory Use

Rabbits have traditionally been used as labora-
tory animals. Because they are small and do
not require a large amourt of space in the
laboratories and because the feeding and care
are relatively inexpensive, fis species is well
adapled to certain types of rsearch (F ig. 1.10).
These include performing wilritional studies,
tesn_ng new medical produck, producing anti
'_L-'D'-I'ES- developing informution concerning
inhentance of mallormations, and 51 uchying dis-
eases. The_rabhit Is being usid more and more
In connection with prelimirany research tests
with the larger tupes of farn animals, and its
blood is used quite extersively in making
antisera. Rabbits used in raearch are treated
humanely. In some cases, as with the contraver-
sial Draize test for assessingeffects of cosmet-
:* on the eve, alternatives to animal testing
ave been developed and am in use.



Fig. 1.10. Rabbits are widely used in biomedical
research. In this piciure, a rabbit used in forage
evaluation research is waighed. !

S.0. Lukefahr) s s

Faciore Limiting Rabbit Production

Despite the promising potential of the rabbit as
a meat: and fur-producing animal, a number of
factors presently bmit the profitabilitv of rabbit
enterprises. These are related to problems of
nuitrition, discase, genelics, and the high labor
requirement for intensive rabbit production.
Much less research has been conducted on the
mnuuuru_ul production of rabbits than on the
commercial production of other livestock
species. Therefore, manw more unsolved prab-
lems exist, and less information is available on
optimal feeding, breeding, discase prevention,
and management systems. In the area of nutri-
tion, for instance, i1 is only since 1970 that data
on specific nuirient requirements for energy.
:"O"-'ifh amino acids, vitamins, and minerals
1ave been oblained. In most cases, the existing
data have been collected in experiments using
small numbers of animals, with diets that are
nol representative of commercial feeds. Thus,
much refining of this information is needed

factors that prevent rabbt production from
reaching its potential. Enteitis is a complex of
several diseases that cause diarrhea, dehydra-
tion, and death of young rabbits. Until the early
1980s, very little progress had been made in
understanding the causes of enteritis, Signifi-
cant advances in the identfication of types of
bacteria and dietary facton involved in devel
opment of enterilis have been made since that
time, but much remains tobe done.

In the breeding and gmetics areas, there
has not been a sustained dfort to develop su-
perior breeding animals for commercial pur-
poses. The commercial rabbit industry in the
United States has been based on rabbit raisers
who have not been in the business for very
long. One large processor has characterized
rabbit raisers as “one-third coming into the in-
dustry, one-third in, and one-third leaving.”
The lack of many long-tern commercial pro-
ducers means that there have not been many
sustained breeding and selestion programs car-
ried out for a sufficient period to make real
progress. Some selection in the past has been
for traits with a low heritébility, such as con-
ception rate and litter size, vhereas moderately
to highly heritable traits, sich as mille produc-
tion and growth rate, havenot received much
attention. Development of superiar breeding
stock, with the potential for high performance
in all productive traits, woild do much to en-
sure the growth of the rabhit industry. Another
factor that limits the profit potential ol large-
scale rabbit production is the high labor intensity
of rabbit rising. Under prsent management
situations, there is a great deal of hand labor
involved in feeding, mating.cage cleaning, and
virtually all other facets of rabbil production.
This is in contrast to the exensive automation
and low labor requirementsfor poultry produc-
fion. Once a rabbitry reaches a size above 60O
does and hired labor is required, the labor costs
become a major factor. Additionally, rabbits
require “tender loving care," and with large rab-
bitries employing hired labar, this is not always
easy lo provide, For succesful development of
large commercial rabbil entrprises lo occur in
North America and other awas with high labor
cosls, manag, t systemi employing greater

through continued research.
; Diseases such as enteritis, snulfles, and viral
emorthagic disease (VHD) are very imporfant

automation must be develged.
In cantrast, for backyarl production in both
developed and developing countrics, the labor
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; few
requirements are more ar less irelevant. B
does and their offspring for family meat Produc
lion are easy lo manage, with the care often Po-
vided by the children Diseasﬁ.s.n:hasmle"ﬂs'
mues.mﬂmmmwbem‘f:
prevalent under these conditions,
mdammmﬂeddhlandbﬂmﬁ
ditions than animals experience in a :
Because of low labor costs and often abundant

Rabhbit Experiment Station at Fontana, California
{Fig. 1.11). This station was the source of
much useful information on rabbit production.
The station was closed when it appeared that
rabbit production was not going o become a
major agricultural enterprise in the United
States. Rabbit research was at very low ebb in
the 1960s and early 1970s. Since that time,
interest in the rabbit as a meat animal has been

kindled, due in part to the increasing aware-

forage , some d 'r'““'-ra‘;.m
prove to be ideal sites for large-scale rabbitries.
The future is bright for rabbit production.
Increasing interest in research on rabbit produc:
tion at universities and experiment stalions
throughout the world will undoubtedly provide
answers to many of the problems currently
plaguing rabbit producers, The nutritional qual
ities of rabbit meat have resulted in new market:
ing potentials for rabbit as a “health food” in our
increasingly health- and diet-conscious society.

Sources of Helpful Information

For many years, the United States Departrment
of Agriculture (USDA) maintained the US.

ness of the competition between livestock and
hurmnans for grain. A major program of rabbit
research was established at Oregon State
University's Rabbit Research Center. The
Research Center published The Journal of
Applied Rabbit Research, which contained
reports of the latest research on commercial
rabbit production. This unit has now been
closed, but the rabbit research program at
Texas AfM University-Kingsville is still func-
tioning by selling improved breeding stock.
Most of the land-grant universities, through
their extension departments, sponsor 4-H rab-
bit club activities in their respective states, and
several have sponsored rabbit schools. These
schools are similar to the forums or courses

Flg. 1.11. The fo,
served as Dimcwr:mp;u‘s' Rabbit Experimant Station &t Fontana, Calfornia, where Dr. George Templeton
Ny yoars. (Courtesy of PR, Cheeke)
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that for many years have been conducted for
other types of farm animals. They have been
extremely valuable 1o the rabbit industry, with
members of the university faculty and other
welkinformed representatives of the rabbit indus-
Iny participating. One of the most valuable fea-
tures of these rabhit school programs is the lime
allatted ta questions and answers.

Some of the state agricultural universities
Issue bulletins on rabhit production and assign
@ member of the extension department to the
specific duty of assisting the industry in the
stale. Advice may also be obtained by contact-
ing agricultural agents and farm advisors, The
Internet is a good source of rabbit information
and a method 10 make contact with experienced
breeders

The American Rabbit Brecders Associ-

ation, Inc. (ARBA), P.O. Box 400, Knox,
PA, 16232-044. addresses many aspects of
the rabbit industry, but an overwhelming ma-
Jority of the members are fanciers, so the pri-
mary focus of the arganization is on the fancy.
The ARBA assists rabbit fanciers in many
ways by maintaining a registration and record-
ing system, providing memberships to persons
interested in breeding and marketing rabbits
and allied products, promoting and conducting
public and private exhibitions, providing juda-
ing systems, licensing official judges and regis.
trars, making and revising official standards
and maintaining a websile at www, ARBA net.
A magazine, Domestic Rabbits, is also pub-
lished every other month, The association also
organizes and assists local, county, and state
associations and specialty clubs, maintains in-
formation bureaws, and furnishes at cost bul-
letins, guide buoks, and other printed matter.
It helps in marketing and in securing legisla-
tion and publicity, An annual convention and
show are held.

Contact with members of local rabbit clubs
is an excellent means for beginners 1o oblain
information relating to rabbit production, such
as facls on cooperative buying and marketing
of products, lists of reliable breeders, ordin-
ances with relation to the industry, ete

There is increasing inferest in rabbits as
pets. As described in Chapter 18, the housing,
nutritional, and social needs of companion rab
bits differ in several key aspects from those
of production or show animals. An excellent

resource for pel rabbit nformation is the
House Rabbit Society, 148 Broadway, Rich-
mond, CA, 94804-1912. The HRS maintains
a website {www. rabbit.org) and publishes the
quarterly House Rabbit Navsletter,

Some feed manufacturers have spent a
greal deal of time and money in research work
to develop efficient ratiom for rabbits. They
also issue bulletins and sometimes furnish the
breeder with hutch cards and other record
cards. Many of them have leld representatives
who make visils to rabbikies and assist the
breeders with their rabbit problems. Some
large feed companies have their own research
and testing facilities.

A wealth of informatian about rabbits can
be found on the Internet. Using a search en-
gine to locate the sites for the Waorld Rabbit
Science Association (WRSA), the ARBA, ar

the HRS will provide much useful information
as well as links to other sites,

A Rabbit by Any Other Name

According lo the Oxlord detionary, the word
rabbit is derived from raboite, a word from an
old dialect in northern Fance, or from the
Walloon word robett, whaeas Webster's dic-
tionary altributes the word to the old Middle
English rabet. It is interesing to see the waord
for rabbit in a variety of larquages:

Alrikaans — konyn

Danish - kanin

Dutch ~ konij
Finnish — kaniini
French - lapin

German - kaninchen
Hungarian - nyul
Indonesian - kelinci
halian - conigli
Morwegian — kanin
Polish — kralik
Portuguese - coelho
Spanish - conejo
Swahili - sungura
Swedish — kanin

Rabbits are well reprisented in folklore.
The Easter Bunny has its origins in ancient
pagan rituals. In early Easter o spring celebrations,
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werssg,mbdsufreﬂility_and victim of deception, such as ;

{he rabbit usually depicted  famous rabbits include Wait BDr; R.?::bul. Other
relate to gentle-  in Bambi, Bugs Bunny, and Pelﬂreyﬁab]humt imper
Beatrix Potter tales. in the

rabbits and hares
new life. Qualities of
in tales and folklore generally
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Rabbit Production Worldwide

Rabbits are raised to some extent in virlually
every country. It k in temperate areas thal rab-
bit raising has been most significant in terms of
commercial development, probably reflecling
the Mediterranean origin of the animal, Pres-
ently, the rabbit is becoming increasingly im-
portant in tropical areas in less-developed coun-
tries, According lo ligures compiled by the
Food and Agriculture Organization (FAO) of
the United Nations (UN), China is by far the
largest producer followed by the Democratic
Peaple's Republic of Korea (North Korea), and
Spain (Table 2 1). It would seem that most rab-
bits in the world ate found in China, where they

and explorers. Between thisand the later infro-
duction of major livestock species (cattle, chick-
ens, sheep, and swine), a suficient meat supply
became available to meet fie demand for ani-
mal foed products. The folbwing is a brief de-
scription of rabbil producton in some major
areas of the world.

Europe

Western European countries, such as laly,
France, and Spain, have traditionally been
du and consumers ol rabbil meat.

are mostly raised in very large-scale operati

The FAO ligures were provided by the coun-
tries themselves, bul not all countries report
data. For example, it is likely that there are
many rabbits rased in India; however, this
country does nol report the figures, Moreaver,
accurale data on the numbers of rabbits pro-
duced are difficul fo oblain, because in most
countries such records are nol kept and be-
cause many rablits are slughtered for home
consumption and thus would not be afficially
recorded. In general, data on rabbit production
and consumption are similar, Rabbil meat
production figures by continent are shown in
Table 2.2, Itis interesting to note that the small-
est figure by far s for the Americas. This fact
may largely be based on tradition. A plausible
explanation is thal in some regions there was a
plentiful supply of game for the carly colonists

© Steven Lukefahr 2022. Rabbit Praduction, 10th Edition (S.D. Lukefahr ef af.)
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major

Traditionally, many of the peasant farmers of
:mmlnessﬂ:asﬁmmhptamﬁhsrdqf
rabbits to produce meat for their own family’s
consumption. Rabbil meat was an important
part of the diet, As intensification of agriculture
occurred and the size of fams increased, many
of the former peasant farrers who moved to
cities retained their enthusism for rah;hitR::;:
and purchased it at market (Fig 2.1}
[a:mpum established to mee! this demand,
Thus, in several European countries, such as
Haly and France, rabbit mel is a common and
significant item of the diet, ind a strang market
exists for rabbit.

Since about 1950, the rabbit industry in
Europe has changed dramatically In 1950,
mos! rabbits were produced on a backyard
scale. with about six does per rabbitry. There

13
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Table 2.1. Estimates of rabbit meat production in

Table 2.2. Estimales of rabbit meat production in
2018 by continent.'

2018 by leading rabit-producing countries.
Estimated production
(10005 of metric fons
Country of carcass)
China 948
Dem. People's Rep. of Koma 150
Egypt &7
Spain 56
France 44
Italy 24
Aussian Federation 18
Ukraine 12
Algaria b
Sierra Leone 8
Hungary 6
Mexico 4
Peru 4
Rwanda 4
Colomiia 3
Greece 3
Poland 3
Gaban 3
Argentina 2
Bedarus 1
Botswana 1
Brazil 1
Ecuador 1
Madagascar 1
Rep of Korea 1
Rep. of Moldova 1
Switzeriand 1
All other reporting countries 3
Total world production 1378

Source: FNDSTAT, 2018, FAD Sttistics Drvision. Availabie
ar: hp e Ao orgtasstationsdeta/OL

were a very large rumber of very small producers
In commeon with other agricultural endeavors,
continucus intensification of production has
occurred (Fig. 2.2) While the number of rabbit
raisers has decreased, the size of the average
rabbitry has continued to increase lo a level
that the Europeans refer (o as “industrial-scale
broiler rabbit production.”

Modern European rabbit production is the
most advanced in the world with the possible
exception of China. This is especially true in
the area of genetics. There are numerous pri-
vale genetics companies that sell high-produic-
ing hybrid breeding stock to rabbit raisers
Generally, the hybrids involve the New Zealand
White and Californian breeds. The size of the

Estimaled produetion
Continent (1000s of metric tons of carcass)
Alrica 83
Americas 18
Asia 1101
Europe 168

Producton of domestic rabbit meatin Australia and New
Zealand is naglighle and there are no rabbils in Antarctica,
Saurca: FAOSTAT, 2018. FAD Statisics Division Avadatio
at: hap s o cgisostatienfaaa oL

European rabbit industry is sufficient to attract
the serious and competitive altention of feed
manufacturers, veterinary supply companies,
equipment suppliers, and so on. Typically,
rabbits are raised in hanging wire cages in
environmentally-controlled buildings and fed
pelleted diets.

The prospects for the rabbit industry on
the Continent would appear bright, The peaple
are sophisticated in their cuisine, and rabbit
meat has enjoyed a high demand, However, in
recent years the production of rabbit meat in
France and Spain has dropped, while in ltaly
production has dramatically plummeted. Fac-
tors that account for this decline include the
waorsening European economy, pressure from
animal rights groups, animal welfare regulations
[mostly concerning housing aspects), commer-
cial use ol s 1o control disease, the
organic food movement, etc. Continued so-
phistication of rabbit production in Europe,
with the use of hybrid breeding stock, environ-
mentally controlled buildings, and innovative
management, is foreseen,

Of note, al one time rabbit meat was
widely consumerd throughost Great Britain,
Much of il was wild rabbil, harvested by hunt
ers who earned their livelihaod by shooting,
trapping, or snaring rabbits. To some extent,
this helped control the rabbit populations and
kept crop losses at manageable levels, Wild
rabbits were also raised in hirge, fenced war-
rens managed by gamekeepers, This practice
was discontinued because of the extensive eco-
logical damage that occurred. In the 1950s,
the viral disease myxomatosis was accidentally
introduced into Britain, resulting in a spectacular
ill of many of the wild rabbits. The repercussions




Rabbit Production Worldwide

15

Fig. 2.1, Rabbits ina supermarket in France. Rabbils are often soid this way in Europe but cut-up,
packaged carcasses are also popular. European consumers, iike their Morth American counterparts, ane
less willing to cul up rabbils and poultry than they were in the past, (Courtesy of J.1. Mcht)

Fig. 2.2. An outdoor rabbitry near Barcelona,
Spain, providing good ventiation and protection
against rain. Note the dropping boards at the rear
of the cages (bottom). The manure can be
removed readily by hand or with a tractor.
(Courtesy of PR. Cheeke)

ol this on the domestic ratbit industry are still
being felt. The sight of blind, deathly sick rab-
bits dying of “myxo” thraughout the British
countryside was repugnart to many people.
The mention of rabbit brings to their minds the
pathetic appearance of the diseased rabbits.
Many Brilish people who ence enjoyed rabbit
meat will no longer eat it. For this reason, and
some stigma that rabbil is a “poor person’s
meat,” the British rabbit industry is quite small.
This same scenario has occurred in Australia
and in other countries resuling from the intro-
duction of viral hemonhagic disease. In acd-
ition, vocal and sometimes riolent animal rights
extremists are a further impediment to rabbit
production in Britain and in other European
countries.

The Americas

Rabbit production continues to be a very minor
component of agriculture in North America.
Interest in rabibit raising ha been highest dur-
ing periods of economic tardship, such as in
the depression of the 193G and during World
War II, when peaple were most interested in
producing their own food. This trend has be-
come evident in present tines, not only due to
the economy but also because of the corona-
virus pandemic. However, mnd mare than ever,
people also desire to know where their food
comes from and how it is produced.
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During the 19205 and 1930s, southern
Califorma was the major site of commercial
rabbit production. Several large processors op-
erated in the Los Angeles area After World
War Il, intensive industrialization of southern
(California occurred, but after several vears rab-
pit production declined sharply One of the
major rabbit processors eparating in California
was a company called Pel-Freez. In 1951, Pel-
Freez moved to Rogers, Arkansas, and has

own to become the largest rabbit processing
nt in the United States. The surrounding
area, including neighboring states such as Mis-
spuri, has become the major rabbit raising area
in North America. Other regions of significant
production include the Pacific Coast states of
California, Oregon, and Washinglon and parts
of the Midwest. Rabbit production occurs in
nearly all areas of the United States but tends
io be a smallscale, part-time activity. One of
the major problems in most areas is the lack of
reliable markets. Again, with the worsening
g[ab&i economy and coronavirus pandemic,
there is a renawed interest in small-scale rabbit
production combined with gardening so that
farnilies can stretch the focd dollar.

Rabhbit meat is sobd mainly in large cities
that have high concentrations of immigrants
from Eurapean couniries such as France, Ger-
many. ltaly, and Portugal, where ealing rabbit
s traditional. In the early 19805, a significant
“health food™ market for rabbit meal began to
develop, because of the low fat, low sodium,
and low cholesterol content of the meat and a
trend away from red meats in the American
diel. The abundance of food of all types in the
United States suggests that rabbit meat, to be-
come a more significant component of the
diet, will have to displace some existing meat
sources. This can be done by making rabbit
available al a lower price than other meats,
which is unlikely in the near future, or by devel-
aping specialty markets based on some unique
property of rabbit meat, such as being antibiol-
ic-Iree. The identification of rabbit as a “health-
ful" meat is a step in this direction.

In the United States, most commercial
rabhitries are part-time endeavors, with breed-
ing herds of 20 to 100 does. There are rela-
tively few rabbitries with 300 to 600 does, and
very few with 1000 or more, Economic real
ities of rabbit production on the American

scene indicate that it likely will remain la
5 : rgely a
part-time lype of enterprise, For commercial
meat production, the New Zealand White is by
far the major breed, although some Califor.
:llani are used. The use of rational crosshreed-

g programs or hybrids is also becomin
- g more

In the 1970s and 1980s, consid
interest in the Rex breed as a ﬁuanimalfi:f::
oped in the United States. In some cases, the
promotion of Rex fur production was fraudulent
or unethical, with promises of unrealistically high
prices for the pelts and with very high prices
charged by the pro for the breeding
stock. Many people with no knowledge of rablit
raising and little likelihood of success lost their
investments. A fur industry based on the very
attractive Rex fur may develop in the future.

The situation in Canada for rabbit produc
tion is very similar to that in the United States.
The major areas of rabbil consumption are To-
ronto, Montreal, and Vancouver, where there
are large European ethnic populations. In
Mexico, considerable interest in rabbit produc
tion has developed as a means of increasing
the protein intake of people with low income
Major breeds used are New Zealand White,
Californian, and Chinchilla. In other countries
in Central America, rabbit production has been
slowly gaining in popularity. In this region,
there have been many rabbit projects initiated
1o assist poor farming communities directly,

In the Caribbean region, there is some
small-scale rabbit raising for loeal meat produe
tion, particularly on French-speaking islands
such as Guadeloupe and Martinique, and the
Dominican Republic. In Haiti, there was a
large commercial rabbitry near Port-au Prince,
and rabbit raising is promoted in the hinter
lands by a variety of organizations, including
various missionary groups. In January 2010, a
devaslating earthquake shook the heart of
Haiti. This came on the heels of decades of
economic and political degradation and lour
violent hurricanes in 2008. Since these disas-
ters and the exodus of many urban residents to
rural areas, the Haitian people have taken a
keen interest in adding rabbit meal production
to help fight against poverty and hunger. There
has thus been a strong thrust toward increasing
production and, within two vears, aver 1500
rabbit producers in four regions developed




more than 1000 production units, These
rabbits have directly benefited nearly 7000
parlicipants. The rabbil is a potential means ol
improving the nutritional status of people with

rural villages, rabbits in Clina are not usually
fed a pelleted concentrate diet. Instead. they
are fed forages, including vegetable tops and
water weeds that are often wilted to reduce the

isture confent (Fig. 2.4). Yarious by-products,

low income in many of the Caribbean islands
by utilizing locally grown lorages and agricul-
tural by-products.

In South America, major areas of rabbit
production include Argentina, Brazil, Colom-
bia, Ecuador, Peru, and Uruguay, where small-
scale production is gaining in popularity and
where some large rabbitries have been buill
Demand for rabbit meat largely comes from
European immigrants, particularly ltalians, in
the large cities, such as Sao Paulo and Mante-
video, but meat has also been exported to
other countries. Potential for growth of rabbit
praduction in South America seems promis-
ing, with the abundant lorage resources and
rapidly increasing human populations, There
has been some Angora production, particufarly
in Argentina, Bolwia, and Chile.

Asia

China is by far the world's major rabbil-producing
country. One company in particular, Kangda
Foods, has enjoyed tremendous success due
largely to their practice of vertical integration.
This campany supplies the improved breeding
stock, the commercial feed and other supplies,
and technical support 1o numerows large-scale
producers (Fig. 2.5). Kangda Foods also has its
own processing plants with laboratories for as-
suring quality control and where many meal
products have been develaped (similar to what
Tyson Foods in the United States has done with
chicken). For years, rabbit meat from China has
been exported 1o Furape and Morth America
quite extensively, Since the 1980s, major em-
phasis has been on Angora wool production.
China is the source of approximately 80%
of the Angora wool used in the textile indus-
try, producing about 4000 metric tons annu-
ally. Since the average wool vield for Chinese
Angora rabbits is about 200 grams per annum,
it appears thal about 20 milion Angoras are
raised in China. Meat is a by-product of the
wool production, although about hall the rabbit
herds in China produce strictly meat rabbits, In

such as wheat bran, rice bran, or corn bran, are
fed as a moist mash suppbment. Becase of
the huge human populatian and the need fo
upgrade the diet with high qualty protein, and
because of rising cereal grah and fuel costs and
the Asian Bird Flu epidemic, it is likely that rab-
bit production will be of inceasing impartance
in China as a means of conserting roughages fo
human food.

Rabbit production is ganing in imporiance
in other Asian countries, such as Indonesia, the

2.3. A large-scale rabbit speration wilh ovar
30000 eeng doss esr Qg ediprgh
supplies rabbis la Kangda Feods. (Courlesy
8.0, Lukefali)

Fig. 2.4. In some areas, rabbls are fed various
types of greens including the berseem that this
man has harvested for feading to his rebbils.
{Courtesy of 5.D. Lukelahr)



Philippines, The Democratic People’s Repub-
lie clpsom {North Karea), Thailand, and Viet-
nam. Because of low labor cests, Hong Kong.
Taiwan, and South Korea are important mar-
kets for rabbit skins and furs for garment
manufacture. ¥

A major effort to promote rabhit raising in
Indonesia has its basis in the need fo increase
food production in that densely populated
country. Village rabbil raising is a potenliui
means of providing protein to people unll_1 Tow
income who consume a nutritionally _1nad-
equate rice-based diet. Abundant supplies of
rice bran are available that, along with local
forages, can provide the feed needed for_ rab-
bits, In addition, the selling of young rabbits as
pets in large cites such as Jakarta has become
a lucrative venture.

In India, meat rabbit pm;u;n Dl: m be:
c more popular. The rai ora
raob";.ls‘giorwulislnmiginm northern
states in the foothills of the Himalaya Moun-
{ains. This is being encouraged as a coltage in-
dustry to increase income levels of villagers.

In Vietnam, Asian Bird Flu forced many
poultry producers out of business when the
government euthanized their birds. Rabbit pro-
duction filled this void. Farmers also realized
thal they were no longer dependent on grain
but instead could feed their rabbits lorage and
inexpensive agricultural by products.

Australia and New Zealand

In Australia and New Zealand, the word “rab-
bit™ is synonymous with “pest.” Commercial
rabbit raising has been severely limited by regu-
lations forbidding growing of rabbits, because
of widespread [ear of the results should the ani
mals escape. The reasoning behind this is that
wild rabbils have been a major seourge in Aus:
tralia and New Zealand, causing tremendous
damage to crops and pastures and often severe
soil erosion of the denuded areas (Fig. 2.5)
Ollen overlooked is the fact that the animal re-
sponsible is the European wild rabbit, not the
domestic rabbit.

In 1980, the government of New Zea-
land, after extensive study, approved legis-
lation permitting the raising of domestic

Fig. 2.5. Wild rabbits are major pests in Australia
and New Zealand. The ecological damage that
high populations of wild rabbits can cause and
their egh reproductive potential can be
appreciated {rom this image. {Courtesy of the
Nationzl Archives of Australia)

rabbits. Following this, there was a flurmy of
activity involving importation of Rex rabbits
and an attempt Lo establish a Rex fur industry
This program seems to have faltered. In Aus-
tralia there are periodic attempts to establish
large commercial rabbitries, but so far with
limited suceess, The prospect for increased
domestic rabbil production in these countries
seems limited,

Africa

Inadequate food production is a critical problem
throughout Africa, Rabbit raising could make a
significant  contribution to human  welfare

Since rabhit farming is not a traditional practice
throughout Africa, carelully designed training
programs are essential. In Ghana, & national
program la promote rabbit meat has been quite
suceessiul. Billboards, signs on buses and truchs
(Fig. 2.6), and radio and television announce-
ments encourage people to raise rabbils and
eal rabbit meat. It is claimed that about 5 mil-
lion rabbits are eaten annually in Ghana. The
success of this program has led to similar devel-
opment schemes in several ather African coun-
tries. Successful rabbit programs have also been
established in Algeria, Benin, Cameroon. Egypt,
Nigeria, and Kenya. The emphasis has been on
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Fig. 2.6. In Ghana there was once a vigorous campaign to promata rabbil keeping. This is a sign on the
side of a bus encouraging the ralsing of rabbits. (Courtesy of S.D. Lukefahr)

sel-sufficient meal production by families living
on small farms. However, it is paramount that
larmers first receive proper traming prior to re-
ceiving breeding stock and initiating produc-
tion. Contrary 1o popular opinion, rabbits are
nol easy lo raise. It requires both knowledge
and skills from experience. As in other tropical
areas, rabbil production in Africa seems fo
have unlimited patential,

Future World Rabbit Production

There is little doubt that rabbils could become
Impertant meal animals in many o i
particularly in developing nations with high
human population density and a shortage of
high-quality grairs and plant protein sources.
A major purpose of raising livestock is 1o con-
vert low quality liorous vegetation 1o a higher
quality human food (eggs. meat, and milk).
Rabbits offer & number of advantnges over
other livestock i this conversion process.
Whether the potential of rabbit production is
realized depends on several factors, including
research 1o bring actual productivity closer to
the patential levels and increased consumer ac-
ceplance of rabbit meat. 1l is virlually a world-
wide phenomenon thal rabbits are viewed as
cule crealures, and many people who readily
accepl the slaughter of chickens, cattle. and
other livestock find the idea of slaughtering and
eating rabbits difficull to accept.

Consideration of recent trends in rabbit
production suggests that China is now the
stronghold of rabbit raisng, with a viable
industry based on growing domestic constimer
demand for rabbil meat, and major export
markets. Concerning commercial meat rabbit
production in Europe, only time will tell what
will be the new normal for the industry. Growth
of the Naorth American indestry, where rabbits
are mostly found in small numbers in back-
vards or on small farms wil likely be mndesl
Rabbit meat in the United States is in competi-
tion with abundant and less expensive other
food resources, particularlythe highly sn!:histl-
caled and automated poulty and swine indus-
tries. Rabbit raising is labor intensive and_ well
adapted to small-scale backyard sell-sulficiency
situations, suggesting that it could increase in
importance in low-income areas where abun-
dant inexpensive labor is awilable. Much of the
developing warld in Alrica, Latin America, and
Southeast Asia is in that category, and in-
creases in rabbit production in these areas ap-

pear likely

Rabbit ResearchWorldwide

The development of any lnestock industry de-
pends heavily on research b uncover informa-
fion on nutrition and feedng, the cause and
prevenlion of diseases, optimal breeding
and genetics programs, and the solution of a
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mynad of problems that confront the producer.
Compared to the situation with other livestock
species, research on rabbits has been very
limited. It is useful to review the history of rab-
bit research and the contemporary situation.
with the inevitable risk of omission.

For decades, a serious efforl has been
made at several universities and research institu-
tions workdwide to “bridge over” advancements
from labs to farms. In other words, rabbit re-
searchers investigale in the laboratory a particu-
lar problem (e.q., a disease or management
issue) that has been detected on the farm, Sci-
entists then develop research projects to find
solutions. The new scientific findings or discow-
eries are of critical imp [“breakithroughs™)
to improve rabbit production on farms and
achieve progress for the rabbit industry.

The U.S. Rabbit Expenment Station was
established in Fontana, California, in the late
1920s. Fontana is in southern California, near
Los Angeles. In the 1920s, the Los Angeles
area was a major site of commercial rabbit pro-
duction in the United States. The second dir-
ector of the U.S. Rabbit Experiment Station
was George S. Templeton (Fig. 2.7). He starled
at Fontana in 1933 and retired in 1960,
Dr. Templeton directed research on rabbit feed-
ing, nutrition, and management. The Fontana
siation generated much uselul information con
cerning the scientific production of rabbits
Dr. Templeton’s experience and research findings
led him to publish in 1955 the book Demestic
Rabbil Production which, through four edi
tions. came to be the leading source of nforma-
tion in the United States on rabbit production
In 1982, Dr. Templeton’s book was revised by
Dr. Peter R. Cheeke and Dr. Nephi M. Patton
as Rabbit Production. Further revisions have
bean carried out by the current authors in
1987, 1996, 2000, 2012, and 2021. In about
1964, the U.S. Rabbit Experiment Station was
closed, following several vears of refative in-
activity after Dr. Templeton's retirement.

Very little rabbit re was conducted
in the United States from that time until the
late 1970s, when the Oregon State University
{OSU) Rabbit Research Center was established
(Fig. 2.8). The 0SU Rabbit Research Center
developed programs in nutrition and feeding,
rabbit diseases, reproductive physiology,
genetics, management, and meat quality.

Fig. 2.7 Dr. George Templeton, Diractor of the
U.S Rabbit Expariment Station in Fontana,
California from 1933 to Ihe early 1960s.
(Courtesy of PR. Cheoke)

The 05U program locused primanly on com

mercial meat rabbit production, althcugh much
of the research had relevance to other types of
rabbit production as well. Other rablit research
programs have been established in the United
States at Brigham Young University in
Utah, Alabama ARM Universily, Texas A&M
University-Kingsville (Fig. 2.9), and Southern
University and ARM College in Loulsiana.
Several private companies have research and
testing centers. Generally, information devel

oped by private companies is proprietary and
not made available to the public.

In Europe, France, Italy, and Spain are al
the forefront of rabbit research. The Institut
National de la Recherche Agronomigue
(INRA), the French equivalent of the USDA,
has a Laboratory of Rabbit Research at Tou-
louse. Major programs in nutrition and genet-
ics have been conducted. That work has had a
major impact on the inlensification of the rab-

bit industry in Europe.
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Fig. 2.9. Tha Texas AGM University-Kingsville
Rabbit Research and Teaching Program carmies out
experiments on all aspects of mbbit production,

with special on genalic imp it
(Phato Courtesy of 5.0, Lukefahr)

Rabbit research is also conducted in Bel-
gium, laly, Germany, and Hungary. Spanish
seientists have been active in the areas of rabbit
aenelics and nutrition. The rabbil research
program at the Universidad Politechnica de
Valencia has an active team of rabbit scientists.
Research in Germany has concenirated on
Angora wool production. In England, the pion-
eering research al Cambridge University on
genetics and reproductive physiology has been
fallowed by studies on artificial insemination
and embryonic development.

Since the 1980s there has been much
interest in the rabbit as a meat source in

m 1880 Bacelona, Spain
a9 1984 Rome, Italy

a 1588 Budapest, Hungary
5 1083 Cawallis, Oregon
[l 1996 Towouse, France
™ 2000 Vakncia, Spain

. 2004 Pusbla, Mexico

g 2008 Veona, laly

100 2012 Sharm El-Sheikh, Egypt
" 2016 Qirgdao, Ghina
120 2021 MNmves, France

protein-poor developing ceuntries. Rabbit re-
search programs in a number of African, Asian,
and Latin American natioss, including Brazil,
Eqypl, Mexico, Nigeria, axd Indonesia. have
been initiated.

It is evident from thi briel review that
there is workiwide interestin the potentials of
the rabbit and that a cousiderable research
base has been established.

An organization called the Waorld Rabbit
Science Association was formed in the 1970s to

tists. This rganization sporsors the World Rab-
bit Congresses, which are hild every four years.
As shown in Table 2.3, there have been ten
Congresses where rabbit scentists from around
the world met to share theirresearch findings.
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The American Branch of the World Rab-  Mexico, Cuba, Brazil, and A i
bit Science Association also meets every four m g3 primardly. alirsel gntn?a, ’I}hm
years between lhe meelings of the parent North, Central, and South America andn:lm
organization. Meetings have been held in Caribbean, the
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Rabbit Breeds

Selecting a Breed

The prospective rabbit rasser should decide on
the purpose for which the rabbits will be raised.
He or she should then select a breed that will
be best suited to this and to his ar her personal
preferences. No one breed is best for al purpases,
but with widely diferent characteristics among
breeds, little difficulty should be encountered in
making a selection

With respect to bedy conformation, there
1s considerable variation, from the “racy lype”
ol the Belgian Hare to the compact body shape
of the medium weight meat breeds to the large
body frame of the giant breeds, Mature weights
range from less than 1 1 kaq for the Netherland
DU-'!‘T' 10 6.4 kg lor the Flemish Giant.

The different breeds range in length of coat
Tram the short-furred Rex to the Angora, which
has an annual growth of 20 to 30 cm of wool
There are also many different coal colars, and
the rabbits may be solid black, blue, chocolate,
fawm, gray, white, etc., or with spots, or of mised
colars,

For commercial meat production, the
New Zealand White is the principal breed and
variety. It has a number of desirable trails,
including a safisfactory arowth rate, acceptable
camfass quality, goed prolilicacy, high milk pro-
duction, and good mothering ability. In general,
it possesses many characteristics desirable for
@ meal-producing animal. The other major

© Steven Luketahr 2022, Rabbit Production, 10th Edition (5., Lukefahr et al.)
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meal breed is the Californian. It tends to finish
out at a lighter weight than the New Zealand
White bul has a higher carcass yield and meat-to-
bone ratio. Commercial prducers offen cross
Californian buchs with New Zealand White
does to produce a high-qulity market animal
that combines the best qualties of both breeds.
Thus. for commercial mat production, the
New Zealand White and he Californian are
traditionally the breeds of choice. Other breeds
may have potential in certan markels, although
carelul breed evaluations must be made before
they can be widely recommended.

Breeds such as the Altex, Champagne
DArgent, Chinchilla, Dukh, Flemish Giant,
Palomina, and Satin have been used to a minor
extent, either to produce cressbred meal rabbits
or as purebreds, Generally, premium market
prices are paid for meat rabbits with white fur,
50 it is inadvisable 1o prodice colored rabbits
commercially.

Other types of commercial production
involving breeds include Rex pelts and Angora
wool, and Angora wool praduction is discussed
in Chapter 22,

For backyard raising of rabbits as pets and
for home meal production, the choice of a
breed is not critical, as mximum production
and profit are nol being soight. Personal prel-
erences as to color and lypeare grealer factors.
If children are involved, they will probably be
more interesled in a variety of colors, For stricily
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pelmlmgotbacky&rdnwﬂpcbdrnﬂm there is
nothing wrong with indiscriminate crossing.
Children may want rabbits of vanious colm's
from crosses; this may stimulate their curiosity
and result in 2 lifelong interest in rabbils.

For show purposes, the selection of a
breed will be based on personal preferences.
availability of good breeding stock, efc. The
dwarf breeds require much less feed and space
than the medium or giant breeds, which might
be a consideration in breed selection.,

A significant marke! sometimes exists for
labaratory animals, which are used in biomed-
ical research. Generally, the New Zealand
White is used in research, although large num-
bers of Dutch are also used, The Florida White
was developed as a lzboratory animal and
might be more extensively used il scientists
were made aware of its existence. [is feed re-
quirements are considerably less than those of
\he New Zealand White, which is a signilicant
factor when large numbers of research animals
are to be kept lor long periods.

Purchasing Breeding Stock

Alter it has been decided which breed of rabbit
one wishes lo raise, lists of breeders who have
that particular stock for sale can be obtained
from reputable and experienced area breeders.
Another source is the officers of local, state,
and specialty rabbit clubs and from the home
office of the American Rabbit Breeders Associ-
ation. (Most countries have similar organizations. )
County extension agenls are another source of
names of rabbil raisers. Advertisements on
wahsites, in rabbit journals and other periodic-
als that canry classified ads are good sources of
listings. One should, however, avoid the flashy
type of advertisement procliming that a lortune
can be made [rom raising rabbits, lor this is not
irue, although an experienced, conscientious,
industricus person with proper equipment and
a well-selected herd should be able 1o realize a
reasonable return
When an entire herd is being sold, it s wise
to inquire carefully into the reasons, as such
sales may or may not be excellent opportun-
ities for buving good, healthy breeding stock.
It is always best (o deal with reputable breeders.
and the inexperienced will do well (o depend
on the advice of one or several established

breeders in selecting animals. The saurce rab-
bitry should be clean and well managed, with
no ob ble snulfles (rest V tract infec-
tions) or other disease problems, It is neyer
econamical to purchase inferior breeding
stock, for ane good producing doe may make
more profit than several inferior ones,

The novice is advised to begin rabbit rais
ing on a small scale, preferably with 1 or 2 bucks
and 2 to 10 does, then to expand as experience
and the market outlet would indicate. He or she
may start with a lew junior animals when they
are weaned or with mature stock. The [ormer
methed olfers an opportunily to become ac-
quainted with the animals and to gain experi-
ence in the business before handling too many
rabbits: the latter method may be quicker, byt
naturally the stock will cost more.

However, wien rabbits are to be purchased
for raising by a younger member of the family,
the additional cost of an adult doe may be justified
beeause youth dernands action. Having 1o supplhy
a nest box and nesting material, preparing for the
kindling of the doe, and caring for the litter, fol-
lowed by marketing the meat, skins, or animals,
might help maintain the young pereon’s interest
in the undertaking at a time when it might be lag-
ging. Then, on receiving sume income from the sale
of the products, he or she is ready to go on and
plan for another litter. On the other hand, if the
stock is purchased at eight weeks of age, or at time
ol weaning, it seems like a long wait for the young
rabbil raiser before the animals are ready 1o g0
into production, and he or she may lse interest.

When mature does are moved 1o a new
rabbitry, there are often problems with their
first litters, inchading poor nest making, litters
born an the wire fi.e., the doe doesn't use the
nest box), abandoning of litters, cannibulism,
fetal abnormalities, and resorptions, The same
may eccur with young does that kinedle the firs)
lime because of their inexperience in rai sing a
litter. Further, pregnant does should not be
purchased, because the move to a new rabbitry
may cause¢ a greal deal of stress, pnmm!}
leading (o reproductive failure. Raising rabbits
requires both responsibility and patience.

In purchasing stock, use great care to avoid
diseases. Newly purchased animals should be
quarantined before allowing them to mix with
other animals. From a genetics paint of view, it
is desirable to obtain stock from a number of
different sources to get genetic diversity, but
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from a disease point of view. However, this
could be a problem if the rabbits are not checked
carelully and quarantined for at least two
weeks. Another way to accomplish this is lo
obtain bucks from different sources and quaran:
tine them belore using them in the herd.

When buying stock, ask to see the records.
Il vou are buying commercial stock. find out
what selection procedures have been used. Get
information an liter sizes and 21- and 56-day
litter weights. Generally, the best stock for
meat production comes from successful com-
mercial rabbit rasers who keep good records.
Many people start with a trio of two does and
a buck. which should not be littermates. They
should be carefully examined for soundness,
good loot pads, normal teeth, good fur quality,
and absence of ear mites and other pests and
diseases It is very important to start your rab-
bitry with the highest quality stock vou can
obtain, If you have had no rabbit experience,
start with no mote than 10 to 20 does Find
out whether you really want to raise rabbits. If
vou lind that you do enjoy it, then increase by
buying mare breeding stock or saving back off-
spring for breeding. Two hundred breeding
does is i minimum economic unit, Rabbitries
smaller than this do not make effective use of
large quantity purchase discounts for feed, sup
plies, cages, and other costly equipment. The
cost of selling fryers may also be greater for
small producers, as they usually have 1o trans-
port their frvers 1o pick-up points, while the
truck usually comes directly to a large rabbitry,
It is advisable 1o buy no more than 100 does,
and then increase by saving your own replace-
ments, A lull-time tabbit operation for one person
is about 300 does. If breeding stock is being
purchased from a small herd, it is adwsable lo
qet the bucks from a different source than the
does Tor maximum genetic diversity

If you are doing any custom breeding, keep
one or more bucks in isolation for that pur-
pose. Never use your buck on someone else’s
does and then return the buck to vour herd,
Custom breeding is an easy way 1o introduce
rabbit syphilis and other diseases mio vour herd.

Breeds of Rabbit

Information on breeds of rabbits and the Stond-
ard of Perfection can be ablained from the

Amencan Rabbit Breeders Association (ARBA).
The ARBA recognizes about 50 breeds. A list
of these breeds and their ideal weights from
the Standard of Perfectbn 2021-2025 is
given in Table 3.1. Most ef these breeds are
bred and raised for fancy or show exhibition.
Pictures and brief descriptions of some of the
mare common breeds of rebbits are presented
in the color plate section.

The major commercialmea types are the
New Zealand White and the Californian. The
origin of the New Zealand White is unclear, but
it definitely was not New Zaland and was most
likely the United States. The Red variety
appeared first, and the White was developed
from a number of crosses ol the Red with other
breeds. The New Zealand White has attained a
position of dominance in commercial rabbit
production around the world and is the premier
meal rabbit. This is primirily because of ils
superior reproductive and gowth performance
and the demand for whitefurred rabbits. The
Californian was developed br commereial pro-
duction in California in the 1920s, arising from
a Himalayan and Standad Chinchilla crass,
which was then crossed wih the New Zealand
White. The Califormian is somewhat smaller
than the New Zealand White and finishes oul at
a lower body weight but texds to have a higher
meat-io-bone ratio. In Europe, there is extensive
use of hybrids produced by trossing Californian
bucks with New Zealand White does.

The Flemish Giant has potential as a sire
breed in commercial meat production, Pure-
bred Flemish Giants do not display adequate
reproductive performance br commercial pro-
duction, and their large sze results in high
maintenance feed requirenents and potential
sore hock problems. However, when white Flem-
ish Giant bucks are crossed with New Zealand
Whites or Calilornians or with hybrid Califor-
nian-New Zealand While does, arowth and
feed efliciency performarce of the fryers is
improved, and frvers can be marketed at an
eatlier age due to more rapil growth, As rabbit
production becomes more sophisticated, the
high growth rate potentialof the giant breeds
may be exploited through erminal sire line or
breed development (such asthe Altex describad
in Chapter 14) and/or thraagh crossbreeding.
Compared to the Flemish Giant, the Altex at
maturity typically weighs over 12 pounds (5.4 ka)
and has better meal-type conlormation.
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Chapter 3

For show purposes, there are a large number
of breeds available. The selection of a breed to
raise is largely a matter of personal preference
and availability of breeding stock. Some fan-
ciers might wish to raise one of the mest popu-
lar breeds, to compele against a large number
of competitors at shows. Other people may
wish to specialize in an uncommon or rare
breed. The novice should be aware that fancy-
bred Californian or New Zealand White does
are not suitable for breeding as they generally
lack genetic merit [or traits required for
suceessiul commercial production.

Almost any breed can serve adequately as
a pet. There are advantages to small rabbits,
such as the Netherland Dwarl, Polish, and
Florida White, as pets because their feed and
housing requirements are less than those of
larger breeds, and they are more easily han-
dled. The appearance of Mini and Halland
Lops make them particularly suitable as pets.

There are many breeds of rabbits in other
countries that are not raised in the United States,
There are also many varieties of the same
breeds that differ from country to country. For
example, the Champagne d'Argent of France
has English Argent and German Argent var-
ieties that differ in color and adult weight from
the Champagne D'Argent of the U.S, The English.
French, and German Angoras differ somewhat
in their wool characteristics. The German
Angora has been selected over many years
for commercial production and thus has
superior wool quality. In many developing
countries, there are rabbits referred to as the
local breed. These are usually quite small, are
multi-colored rather than white, and have
short ears, small litters, and a slow growth rale
Such breeds generally thrive under backyard or
subsistence conditions involving less favorable
environments.

Table 3.2. Frominent European rabbit breeds

Giant Breeds (adult weight over 5 kg)

Géant Blanc du Bouscat (Bouscat Giant)
Bélier Frangais (Belier)
Papillon Frangais (Papillon Giant)

Medium Size Ereeds (adult weight 3.5-5.0 kg)
Amgents de Champagne (Champagne dArgent)
Fauve de Bourgogne (Burgundy Fawn)

Small Breeds (adult weight 25-3.5 kg)

Pelit Ausse (Small Russian)

Some of the more prominent European
breeds are listed in Table 3.2, The giant breeds
are commenly used in Europe as terminal sire
breeds, because of their genes for rapid growth
rate of their offspring. The Bouscat Giant is a
composite albino breed, It is well known for its
prolificacy and rapid growth rate.

The Champagne d'Argent has been raised
for a long time in the Champagne region of
France. [t has been evaluated by French scien-
tists as a commercial breed because of its good
fur quality and its productive attributes, inchsd-
ing high prolificacy, rapid growth rate, muscu-
larity, and high carcass vields. Another breed,
the Fauve de Bourgogne (Burgundy Fawn), is
widely distributed in France, Spain, ltaly, Bel-
gium, and Switzerland. [l orginated in the Bur-
gundy region of France. It may have some
value as a sire breed in crosstyeeding programs

The Petit Russe (Small Russian) is basically
the Himalavan breed. It originated in northern
China and then spread through Russia and
Poland. The Pelit Russe has been studied jn
France for its potential in crossbreeding sys
tems as one of the breeds contributing to a ma
ternal line. Small breeds such as the Petit Russe
tend to show early matunity and excellent
maternal traits that can be utilzed in crossbreed

g Programs.

Further Reading

ARBA. 2020, American Rabbits Breeders Association Standard of Perfection 2021-2025. Knox, PA.
Whitman B D. 2004, Domestic Rabbits & Their Histories. Breeds of the World. Leathers Publishing, 4500

College Blud., Leawond, KS.



Breeds of Rabbits

Altex
Owned by Texas AAM University-Kingsville
Pholo couresy of 3.0. Lukefahr

American
Owned by Lorena Ferchaud
Phote courlesy of Allen Mesick

American Sablo
Photo courtesy of L), Harrig

Argente Brun
Owned by Jordan Miner
Photo courtesy of Allen Mesick




Breeds of Rabbits

Béller Frangais
Owned by J-P. Goliin
Pholo courtesy of Hervd Garreau

Beveren
Owned by Kim Calloway
Photo courlesy of Allen Masick

Blane D'Holot
Owned by Julie Wicher!
Photo courlesy of D.J. Harris




Breeds of Rabbits

Blane du Bouscat
Owned by E. Mayeur
Pholo courtesy of Hervé Gameau

Blue Vienna
Photo courtesy of D.J. Harris

Britannia Patite
Photo courtesy of D.J. Harris

Californian
Owned by Susie Smith
Photo eourtesy of D.J. Haris




champagne D' Argent
Owned by Linda Slhinkard
Photo courlesy of D). Haris

Checkered Giant

Qwnad by Jil ey

Photo couriesy ’4, Harrig
=

Cinnamon
Owned by Candy Henkins
Photo courlesy of DJ. Harris

Creme diArgent
Pholo courtesy of DJ. Harris

Breeds of Rabbits




Breeds of Rabbits

Dulch (Chocolate)
Owned by Andrew Crabtree
Photo courtesy of D.J. Harris

Dwarl Papillon

Owned by Randy Shumaker, Maddie
Prafi, and Louis Poler

Photo courtesy of Allen Mesick

English Angora
Owmed by Jan Vanden Hout
Phato courtesy of Leslie Samson

English Lop
Owmed by Almira and Charles Dickens
Photo courtesy of D.J, Harris




Fauve de Bourgogne
Owned by A. Raulain
PMNO?M"' Hervé Garreall

Florida White
Owned by the Westhoff Family
Phato Courtesy of Allen Mesick




Breeds of Rabbits

French Angora
Owned by Jan Vandan Hout
Photo courtesy of Leslie Samson

French Lop
Owned by Sharon Campbell
Photo courtesy of D.J, Harris

Fujian White
Owned by Yangshmn Lan
Photo courtesy of Yinghe Qin

Fuzzy Lop
Owined by Jan Yanden Hout
Photo courtesy of Leslie Samson




Breeds of Rabbits

German Angora
Ownad by Jan Vanden Hout
Phota courtesy of Leslie Samson

Giant Angora
Owned by Lorraine Mitchell
Photo courtesy of Larain Mitchell

Giant Chinchilla
Owned by Dick and Brace Barbae
Photo courlesy of DJ. Hams




Harlequin
Owned by Susan Etenburn
Photo courtesy of D.J. Harris

Havana
Owned by Cathy Coolc
Photo courtesy of D.J. Harris

Himalayan (Blue)
Owned by Brian Smith
Photo courtesy of D.J. Harmis

Breeds of Rabbits




Breeds of Rabbits

Holland Lop
Ownad by Hans Albrecht
Phato courtesy of D). Harris

Jersey Wooly
Ouwned by Jan Vanden Hout
Pholo courtesy of Leslie Samson

Lionhead
Owned by Clara Hil
Phato courtesy of Allen Mesick




Breeds of Rabbits

Mini Lop
Photo by D.J. Harris

Minxinan Black
Owned by Xiping Xe
Phato courtesy of Yinghe Qin

Netherland Dwarl
Onmid by Linda Johansen
Photo courtesy of 0.J. Hams




New Zealand White
Owned by Gene Knésling
Photo courlesy of D.J. Harris

Palomino
Photo courlesy of D.J. Harris

Polish
Phata courtesy of DJ. Hams

Breeds of Rabbits




Rex (Red)
Phioto courtesy of D.J. Harris

Rhinelander
Owned by Betty Keily
Pholo courtesy of D.J. Harris

Salin (Copper)
Phato courtesy of D.), Harris

Breeds of Rabbits
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Breeds of Rabbits

Satin Angora
Owmed by Jan Vanden Hout
Photo courtesy of Leslie Samson

Silver (Brown)
Fhoto courtesy of D.J. Harrls

Silver Fax
Ovwned by Kari Slaggs
Phato courtesy of D.J. Harris

Silver Marten
Owned by Sharon Elenburmn
Pholo courlesy of D.J. Haris




Breeds of Rabbits

Standard Chinchilla
Photo courtesy of D.J. Harris

Tan
Owned by Charles Elenburn
Photo courtesy of D.J. Harris

Thrianta
Owned by Danny Long
Photo courtesy of Mllen Mesick
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4

The Rabbitry and Its Equipment

The type of building and equipment needed will
depend on the location of the rabbitry, the cli-
male, the size of the enterprise, and the amount
of money 1o be invested. Every rabbitry pre-
sents its individual problems, but whalewer the
size of the proposed underiaking, the construc-
tien and equipment should be planned to save
labar in caring for the herd. Neatness in design
and convenient arrangement of the equipment
for the rabbitry will make for a pleasant envir-
onment in which 1o work and will also creale a
favorable impression on prospective buyers of
breeding stock or mbbilny products.

Belore deciding on a location for engaging
in rabbit raising and investing too much capital,
vou shoukd thereughly censider your own local
conditions and such factors as available mar-
kets and labor. In atown or city, check io make
sure that no local ordinance forbids such an

enterprise.

Planning the Rabbitry

The construction of the rabbitry can require ei-
ther a major outlay of capital or a minor one.
depending on the decisions made in the begin-
ning. Many times, a rabbitry is started in what-
ever building or gructure is available  While
this usually is the most economical decision, it
often does not consider labor in canng lor the
rabbits, ventilation for controlling respiratory
diseases, or room to expand if things go well.

However, it does provide a darling place, and,
if limitations are recognized, it is a good way to
begin. It gives the opportusity to “get one’s
feet wet” in the arl and scimce of raising rab-
bils with a minimal investmel. If the rabbitry is
thought of as being tempaary, a great deal
can be learned about one’s dilities and desires
to raise rabbits. Then, later, il the experience
proves stimulating or profiable, plans for a
new rabbitry or expansion of the old rabbilry
can be approached with firt-hand experience
instead of “idealistic” concepts. Rabbit raisers
cay thal one shouldn't “go” itlo the rabbil busi-
niess, You should “grow” infs il.

Alter one 1o three yearsol raising rabbits,
visiting other rabbitries, talking 1o many people
about their mistakes and yours, and reading ex
tensively on rabbit raising, yais will be prepareed
to design and build your ows rabbitry. Ce nsid
eration must be given 1o the climate of your
area, the prevailing winds, il drainage, build
ing space available, the sizeal the rabbitry you
desire, and the money availible 1o invest. De-
sign the rabbitry on paper. Then show vour
plan to knowledgeable rablit raisers and gel
thelr opinions. I possible, liscuss the design
with an agricultural enginer from the Co-
aperalive Extension Service Don't be locked
in lo one concept. Modify yur design il some-
one who is successful in raisng rabbits suggests
a logical change.

There are some basic ancepts 1o keep in
mind. A long, narrow building with a single tier

@ Steven Lukelahr 2022 Rabbit Froduction, 10th Edition 8.D. Lukefahr et al.)
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The Rabbitry and lts Equipment 45

of cages is much easier to ventilate than a wide
building or a bulding with multiple tiers of
cages, On the other hand, a long building re-
quires more walking and does not house as
many rabbits as a wide building or a building
with mulliple tiers of cages. Another concept
concerns the production of ammonia gas from
the excrement of rabbits as it reacts with water.
Either this production must be minimized or
excellent ventilation must be provided for its
remowal, or & combination of bath, In cold ¢li-
mates, rabbitries are often designed for human
comfort and not for the rabbits. The buildings
are closed up and sometimes heated. Both of
these procedures can be deadly for rabbits un-
less adequate ventilation is provided to carmy
away the toxic gases. Rabbits are much more
susceptible to heat than cold. The economics
of heating or codling a rabbitry must be taken
into consiceration. Any increase in utility costs
over lights and fans may decrease your profit.
Another consideration in design is the ability to
expand as needed A modular design is ideal,
because adding new modules is usually a very
economical way lo expand. Nol only does it
allow capital to be infused into the rabbitry at a
later date, but it also gives one the ability to
modify the construction design on the next
motule 1o take advantage of experience,

There are other faclors lo consider before
actually beginning construction of vour rabbit
v. Do local ordinances permit this type of en-
terprise? Will extra-territorial jurisdictions result
in future ordinances against a rabbitry? What
'“"d." ol permiis are necessary lor construc
tion? What types of building materials are most
ecanomical? What finonces do you have? Is a
loan needed?

The Rabbit Building

Modern commercial rabbitries are generally of
pole frame construction, with metal or wooden
sides and rool. They are of two basic types:
those with naturel veniilation and those with a
controlled environment. A building with nat-
ural ventilation in temperate climates may have
an open side toward a direction that does not
have prevailing winds. In some states, such as
Arkansas, rabbitries commonly are open-sided,

with a roll-up curtain of plastic, burlap, or can-
vas that can be dropped down in the winter
and rolled up in the summer for better ventila-
tion (Fig. 4.1). With natuml ventilation, only
ane tier of cages should be used, and a long.
narrow building is desirable A central all

with a row of cages on each side works well

Ventilation of rabbitres removes mois-
ture, gases, microorganisig, and heat. Gener-
ally, ventilation is required in the summer to
remove heat and in the winter to remove mois-
ture. An ideal environment is about 10° to
15°C (50° to 59°F) with about 50% relative
humidity. When ventilation s adequate to
lower heat or moisture 1o desired levels, the
microorganisms and gases (mainly ammonia)
are usually removed adequately also.

There are several characteristics of air
important in designing wentilation systems.
The higher the air temperdure, the greater its
capacily lo carry moisture as waler vapor
Agricultural engineers use charts relating air
temperature to water contant to determine the
alr volume necessary in the vinter to camry water
tapnrimmembtﬁu’huathlng.fmm
urine, and from spilled wakr (e.g., from leaky
drinking valves) out of the building, Another
pmperrgorairisthmhotarrisesmdcdd air
sinks. This characteristic isused in locating the
air inlets and determining their oplimal size.

Natural ventilation sygems use wind and
animal heat to move air. Advantages of natural
ventilation include low costand freedom frem
effects of power failures. Dsadvantages are the
lack of control over air majement, inability to

Fig. 4.1. A Lowskana rabbitry wth side fiaps that
can be closed during inclement weather. {Courtesy
ot J1. Mchiitt)



lower the inside temperature of the rabbitry
below oulside (ambient) temperature, and
overvenlilation (dralls) However, drop panels
or side flaps mounted on hinges may be lowered
during times of inclement weather (Fig. 4.1).

Mechanical ventilation systems are em-
ployed in envirenmentally controlled buildings.
using fans to provide the required air flow rate.
Advantages include the potential of controlling
the air flow rate to required levels for removal
of moisture and heat and the ability to use the
system lo provide heat in cold weather. Disad-
vaniages are the high initial and operaling
costs and the need for back-up systems in case
ol power failure,

Mechanical ventilation systems are of two
types: positive p and negative p
In a positive pressure system, fans blow air into
the building, crealing a build-up of pressure in-
side. The major disadvantage of this type is that
the pressure drives warm, mais! air into cracks
in the buikiing and into the insulation in the
walls and alfic. In the winier this may result in
excess condensation. Negalive pressure sys-
tems are those in which the fans blow air out of
the building, resulling in the inside air pressure
being lower than the outside or atmospheric
pressure, Negalive pressure systems are more
commonly used than the positive pressure type.

T

A
—l

Movement of air in mechanically ventilated
buildings is conirolled by the placement and
size of the air inlets. An inlet controls the direc-
tion, path, and distribution of fresh air into the
rabbitry. In the summer, a ot of turbulence and
air volume are needed for cooling purposes. In
the winter, less air movement is required for re-
moval of heat. Many rabbilries have insufficient
ventilation in the winter, resulling in severe
build-up of ammenia. Often this is followed by
a high incidence of snulfles and pneumonia in
the spring. Ammonia causes severe damage
1o the cells in the nasal passages, allowing
Pasteurella bacteria Lo colonize. High hurnid-
ity increases the problem because ammonia
dissolves in the waler molecules in the air.
Thus, high humidity means high ammonia.
Some ventilation systems use ducls lo carmy
fresh air from outside the mbbitry directly to
each cage.

Outlets in mechanical systems should be
located on the walls so that air does not have
1o move more than 12 m (39.4 ft) 1o get lo a
fan. Outlets should not be located so they blow
into the prevailing wind. In a naturally venti-
lated building, the air outlets should be at the
ridge (highest point of the building) to draw
moist, warm air aut of the rabbitry even if
there is no wind (Fig. 4.2).

SUMMER
LS
N
S -

Fig. 4.2, Placement of winter and summer air inlets énd outlets for a mechanically vestilated rabbit
bullding (top) and for naturally ventiated buildings (battom). (Courtesy of James A. Moore)
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The economics of commercial meat rabbit
production generally does not warrant the con-
struction of environmentally-controlled build-
ings. The returns generated from sale of meat
rabbits may be insulficient to pay the interest
on borrowed capital for building construction,
1o say nothing of wtility bills for air conditioning.
Therefore, it is recommended that naturally-
ventilated buildings be used.

Evaporative tooling systems may be used
in hot, dry climates. This type of cooling uses
cold water running through mats or coils. Air is
drawn through these and cooled. A properly
installed sprinkling system on the roof of an
enclosed building will help reduce the high
temperatures and, when thermostatically con-
trolled, will be a safeguard when sudden wea-
ther changes occur. The thermostat should be
5el 5o the sprinkler will be turned on when the
lEn:Iperalure in the rabbitry reaches about
30°C (86°F). Ideally the volume of water will be
just that which will evaporate so there is little,
if any, dripping from the caves, It is the heat
Llscd_ Io evaporate the water that produces the
cooling, not the cool water flowing over the
rool, This system s less effeclive with roofs
that are properhy insulated,

In many areas, insulation of the rabbitry is
desirable to control environmental lvmpém-
ture, This is important in both hot and cold
areas. In hot climates, an insulated building is
necessary lo complement the action of cooling
systems and to minimize radiation of heat from
the roaf into the rabbitry. Both the walls and
the ceiling of an enviranmentally-controlled
l‘ul’l:img should be insulated, Wlli\ an open
building, insulation of the ceiling will aid in con-
tral of high temperatures by reducing radiation
from Ehu roof into the rabbitny

Svaporative systems do not work in areas
with high humidity. An allernative that might
be used in such areas is bringing in cooled air
through tubes or pipes buried in the ground.
The oulside air is drawn through these tubes
and cooled to the surrounding soil temperature
fabout 10°C or 50°F, depending on the depth),
The cooling will result in condensation of the
moisture in the alr, so it is necessary to slope
the pipes to a sump and install a sump pump
to remove the moisture,

A solid concrete floor may not be the best
type to use in a mbbitry, Concrete floors lead

to excessive humidity and ammonia levels, as
liquid wastes cannot be madily removed. If
solid concrete floors are wed, provision must
be made for rapid removal of solid and liquid
wastes. A better system is to use pits beneath
the cages, with concrete dleyways. Concrete
alleyways 1m (3.28 {t) in width between rows
of hanging cages are deskable. Beneath the
cages, a porous pit of layers of gravel and
sand, with a drainage tile ts remove liquids, is
a good system. Manure is allowed to accumu-
late and may be removed smi-annually, quar-
terly. or as required. As long as the sand and
gravel layers remain porous, the urine doesn’t
accumulate, and the humidity of the building
will not increase, The pik may be cleaned
manually or with scraper devices. Gypsum
fmagnesium sulfate) spread on the sand imme-
diately after cleaning will help keep the soil
porous. This works even beter if the gypsum is
sprinkled with water alter itis applied.

Various devices to automatically remove
manure have been developed. They include
scrapers on a cable, tracor-driven scrapers,
and flushing water systems. Most of them
share a common charactenstic: they generally
don’t work very welll Many automatic scrap-
ing systems can be seen stacked up outside
rabbitries, because they weren't salislactory.
Rabibitries with these systens usually are char-
acterized by high humidity, a strong edor of
ammonia, and many snazing rabbits with
snuffles,

It is desirable that a mmmercial rabbitry
be equipped with lights to provide extra hours
of light during the late fall and the winter. This
has been shown to increase reproductive per-
formance during this period when a decline in
reproductive efficiency is dten seen, presum-
ably a result of the shortering days, signalling
the reproductive system that winter is ap-
proaching, The extra lightisg should be used to
prevent the hours of light kom declining. Six-
teen hours of light and eight hours of darkness
are commonly used in commercial rabbitries.
There is evidence that extm light needs to be
provided in the morning aswell as the evening.
There is o evidence that fluorescent lighting
provides better results thas incandescent. al-
though the former is less expensive (o operate.
The lights should be contralled by a timer like
those 'used in poultry houses, Electrical outlets



for other equipment. such as fans, should not
be wired through the timer

A good policy in a commercial rabbitry is
to restrict visitors Other rabbit raisers may
bring diseases with them when they visit your
rabbilry, Strangers cause stress 1o rabbits,
A compromise policy is to nstall a viewing
window at one end of the building. Visitors can
look inside, but disease organisms and noise
are kept out.

A commercial rabbitry should have an of-
fice area for recondkeeping, etc. It should be
equipped with office supplies, including a cal-
culator. A large rabbitry will find a personal
compuler a good Investment 1o enhance re-
cordkeeping and economic analysis and lo
produce daily chare sheets, Other components
of the rabbitsy indude bulk feed tanks and a
feed storage room I the volume of feed used
15 very substantial, bulk tanks are advisable.
Bagged feed is more expensive than bulk, and
wilh increasing cests of labor and materials,
the relative difference between the two is likely
to confinue to rise A screen may be installed
between the bulk bin and the feed cart to re-
move fines from the feed, if necessary. There
is litle difference in the amounlts of fines

belween bulk and bagged feed of the same
formula. Bulk feed may also be delivered in
800 kg (1764 Ibe) nylon bulk feed sacks. They
are filled from the top at the feed mill and de-
livered on pallets. They are removed from the
truck with a fork lift or pallet jack. The rabbit
raiser empties a sack by dipping from the top
with a bucket or by opening a funnel on the
bottom. With this system, no expensive bulk
tanks are required and, because of reduced
condensation, caked feed is seldom seen.

Under certain dreumstances, radically dif-
ferent approaches to the housing of rabbits
may have menit. For example, it is possible to
construcl a rabbitry underground in certain
locations. The advaniages are thal control of
lemperature in a range desirable for rabbit
production may be more leasible than with
above-ground rabbitries in some climates,

In hot, arid areas raising rabbils in com-
bination indoor/outdoor units has proven
effective (Fig. 4.3). The indoor units are con-
structed of concrete and ae connected by a
large tube or directly to an outside cage area
constructed of wire with slated floors, In hot
areas, the rabbils stay inside during the day
and come out info the cages at night lo eal.

Fig. 4.3. A combinalon indoorfoutdoor rabbit unit
outdoor unit is constucted of wire with slatted floors. (
of Viterbo! ltaly)

wih the indoor part constructed of mncrete: the
Courtesy of consorlium “Greenfabbit Leprino



The Rabbitry and Its Equipment 49

The rabbits are trained to defecate and urinate
in the outdoor cages making the units easy fo
keep clean, Planis that provide forage (e.g
Leucaena and Mulberry) can be grown in the
areas over the tubes, which helps keep the
units cool. Such units also have application in
tropical countries, where they can be con:
structed of clay or other local building mater-
ials. A similar housing duplex system involves a
rear unit that is embedded into an earthen dirt
bark, while the front unit is typically con-
structed of standard rabbit wire where feeders
and walerers are placed (Fig. 4.4).

Other innovations include using a flushing
manure removal system, with solid liquid sep-
aralion and fermentation of the solids in a me-

generator. A recent innovation involves
the utilization of equipment that converts me-
"“‘“F gas to electricity, which could be used to
D"_Ul!ﬂu power for the rabbitry. Some rabbit
faisers have combined their waste disposal sys-
tems with aquaculture (fish ponds) or green-
hause imigalion, Rabbits have been kept in
areenhiouses, with their body heat contributing

to the heating of the greerhouses. In the near
future, the development of vertical, green-
house farming systems will likely become
popular, even in large cities The purpose is to
mass-produce food using mlar energy panels,
recycled water and nutrierts, and the integra-
tion of vegetables and snall livestock (e.g.,
chickens, rabbits, and tilpia fish). For ex-
ample, the wastes from hulroponically-grown
vegetables and forages pravides feed for rab-
bits, while manure and urint wastes are used as
fertilizer.

Hutches andCages

A hutch is a small unit ol solid construction
used for housing a few aninals on a backyard
scale. A huich generally isof wood and chick-
en-wire conshuction and may have a wire-
mesh floor or a solid lloor bedded with straw
(Fig. 4.5). Inexpensive hutdes are salisfactory
for the backyard rabbit raier with a few does.
They can be constructed easly, using inexpensive

8.4, upl fouldoor rabbit unit that has n ral roj n 1
Fig. 4.4. A duplex ndoor, d bb hat has been intraduced to rabbil projests in the tropics.
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Fig. 4.5. A smalt-scala, backyard rabbit production enterprise. (Courtesy of D.J. Harris)

materials that may be on hand. Hutches are
also used in developing countries and are con-
structed of local building materials, such as
wooden planks or bamboo (Fig. 4 6). Rabbits
are very adaplable and can be raised in many
types of hutches, provided that there is ad-
equate venlilation and provision for manure
removal and that the rabbits can be kept dry.

Modem commercial rabbitries do ot use
hutches. They use wire cages, which are usually
suspended from supports on the ceiling. These
cages provide good ventilation and waste dis-
posal and place the rabbits al a convenient
height for the rabbit raiser to work with
them. A variety of different types of wire cages are
used successfully, The Quonset-stiyle cage is one
of the best, because it requires less wire than a
rectangular cage, all comers of the cage can be
reached easily, and the door doesn’t fall down
when one is reaching inside the cage. Quon-
sotstyle cages suspended back-lo-back provide
a ready-made hay leeder (Fig. 4. 7) that is useful
when hay is fed for enteritis control or to pre-
vent fur chewing or boredom. This area can
also be used for feeding greens to the rabbits
Usually, elther 14- or 16-qauge wire Is used

Fig. 4.6. A rabbitry in Malawi (East Africa)
constructed of inexpensive local matenils, Ritibits
are quile suitable for small-scale production in
developing countries. (Courtesy of J.I MeNitt)

{Fiey. 4.8); 12-gauge wire is ideal but is generally
1o expensive for routine use (Fia. 19).
Another style of cage, which has been re-
ferred to as the European-siyle cage, has two
compartments. The voung can be kept in one
compartment and the doe in the other. Belore
weaning, the young have access to both com-
partments; al weaning, the door separating the
compartments is closed. It is believed that this
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system produces less stress to the litter than
when the doe is totally removed.

‘The dimensions of the cage will vary. de-
pending upon the rabbit breed, the manage-
ment sysiem used, and the personal preferences
of the rabbit raiser For medium breeds and
commercial production, a cage 76 cm deep x
76 cm wide % 355 cm tall (30 x 30 x 14 in) is

Fig. 4.7, A Quonset-style hanging wire cage. This
style of cage can be readily used for feeding hay.
(Courtesy of 0., Harris)

satisfactory. A cage 76 crdeep x 91 cm wide
(30 % 36 in) should be useéfor giant breeds of
rabbits. The height should beabout 46 cm (18 in).
For the sides and top, 2.5x 5.0 cm (1 % 2 in)
mesh is used, and for the floor, the mesh
should be 1.25 x 2.5em (1/2 x 1 in). A type
of wire called “baby-saver” is available; it de-
creases in mesh size from tap to bottom so that
kits don't fall out the sides of the cage or crawl
through to another doe's cage. The door
shauld be of adequate size b allow easy access
to all paris of the cage andpermit introduction
of a nest box.

Wire for cage constraction can be pur-
chased [rom rabbit suppl houses or wire
manufacturing companies. Ask other rabbit
raisers, check current issies of rabbit maga-
zines or search on the Interset to find suppliers.
It is best to buy locally to minimize shipping
charges (assuming good quality of products).
Commercial raisers shoull build their own
cages, using hog rings or J clips to hold them
together. Hog rings are prderred because they
do not hald water and cawse rusting and they

Fig. 4.8. Components of a Quonset cage. (Courtesy of Helens Hedian)



are more effective when joining three or more
wires. If only a few cages are needed for a back-
yard rabbitry, they can be purchased from an-
other producer, or kits of pre-cut cages can be
purchased, requiring only to be dlipped to-
gether. If large numbers of cages are to be built,
a powerdriven J-clip tool and a power wire
shear can be purchased or rented.

Bucks should be kept in 76 x 76 cm
(30 x 30 in) cages. For junior does prior to
breeding, a 30 x 76 cm (12 x 30 in) cage is
adequate, or two or three junior does can be
housed together iri a larger cage. If the latter is

SHEET METAL WIRE
Agproximate Thick- Approximale Size
ness and Number  Thicenoss, nd Numbar

of Gauge rom of Gauga A
[N = e apma 7. 4455
R T o @ awe
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2) e— 0912 06 @ 1558
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done. they should be separated three weeks be-
fore intended breeding to | pseudopreg-
nancy. Hanging wire cages should be suspended
at a height converiient to the rabbit raiser so that
he or she can readily reach into all parts of the
cages. In general, cages should be single tiered.
If forced-air ventilation is used, then a double-
tiered arrangement (Fig. 4.10) may be con-
sidered. However, snuffles and other respiratory
are often a problem with double- and
triple-tiered cages. Adequate ventilation to prevent
build-up of humidity and ammonia is extremely
critical. Also, with double or triple tiers, it is

WOVEN WIRE CLOTH
No. 16 Ga. 2 Mosh

1

e

]

1=

MNo. 18 Ga. 3 Mesh

Fig. 4.9, The sizes and identification of shagt metal, wire, and woven wire cloth, (Countesy of the OSU

Rabbit Research Canter)

Fig. 4.10. A two-tier arrangement of cages. (Courtesy of Bass Equipment Company)
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difficult to readily pbserve animals or nest boxes
on the top and bottem fiers, not to mention
difficull 1o sanitize cages (hal are more cumber-
some to reach, With double or triple tiers, vari-
©€us types of waste-dlisposal systems have been
used, ineluding automatic scrapers (Fig. 4.11)
and deflection boards to direct feces and urine
into a collection area.

Large cages are sometimes used to save
on labor and cage construction costs. These
units each house numerous fryer rabbits from
Weaning to marketing. Feed is provided in
large feed hoppers. This systern reduces same
Q_I the high labor requirements that exist when
litters are kept individually in cages. A fairly
hlg_h stocking density is needed 1o keep the
animals from running and plaving., which
Ncreases energy expenditure and leed
Tequirements. In order 1o meet animal wellare
5"?"**-"’&. the USDA recommends for fryers
'53’5“‘5 in groups and weighing between 3 to
{3335:‘-'\! minimum space area of 1 I1* per rabbit
hn; em x 30.5 cm or 00,0929 m?). Fighting
i [‘:’F*le a problem, Junior does, from wean-

' our months, can also be kept in group
cages. Anolher allernative group sysiem involves
ratsing fryers in moveable or portable pasture
:':)C";E-[F-a:ch day! the boltomless pen is moved

resh portion of pasture. This syslem is

further described in Chapter 20, “Rabbits for
Family and Small Farm Deselopment”.

In addition, a new metod of raising does
is a group housing system (Fig. 4.12). In Eur-
ope, there has been mounting pressure from
both the government and from animal rights
groups to raise livestock wnder more natural
conditions. However, does are highly territor-
ial. In the wild, does burrow and make an iso-
lated den for raising her litter. In several studies
that involve raising does together in large open
pens, researchers have doammented a high in-
cidence of aggression of does attacking one
another and killing the kits from other does. In
the case of rabbits, raising does logether in
groups is not natural. The adoption of this sys-
tem for commercial produdion in Canada and
the United States is not vew likely in the fore-
seeable future.

Feeding Equipment
Feeders
Various types of feed hoppars are commercially

available. The most popdar is the J feeder
(Fig. 4.13). Hoppers should have sufficient

Fig. 4.11. A two-tier caging t with an

P

tic manure scraper poweredby i small electric

mator. (Courtesy ol OSU Rabbit Research Center)



Fig. 4.13. An oxamgle of a J feedor, with a mesh batiom to allow fines to sift sul f the feed (rght) and &
feader with a sobd bottom (laht). (Courtesy ol D). Harris)

capacity to hold al least a ane-day feed supply
and should be desianed so feed is not scratched
out (scrabbled) and wasted. i scrabbling is a
problem, a scrabble guard can be made by in-
serting a piece of 2.5 x 50em (6 x 12 in)
cage wire inlo the leeder above the feed. Wires
placed 5.0 to 7.5 cm (12 x 19 in) apart over
the opening may be needed to prevent young
rabbits [rom getting into the hopper. Some
feeders have screen mesh or slotied bottoms
that allow fines to fall through. This assures the
rabbits of good quality pellets. The presence
of fines may reduce feed intake and growth
performance. Crocks may be used in small

rabbitries, but they require a lol of labor for
cleaning, because they are often soiled with
feces and urine. Wastage is often a problemn
Feeders should be reqularly checked for
problems. Rough edges can cause hair loss on
the faces of rabbits or cuts that become infected
and develop into abscesses. Rabbits maw chew
small holes in the mesh bottoms of feeders.
These holes generally occur where the mesh
screen joins the metal and are difficult to see
Feed is observed under the cage. and il is as-
sumed that the rabbits are scratching it out, but
the rezl problem may be a hole in the leeder.
As a result, slotted hoppers may be prelerred in
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large rabbitries. Although more expensive,
slainless steel feeders should be considered,
as they look better and last considerably
longer than galvanized feeders. Automatic
feeding systems are used in some large-scale
rabbit operations: however, these are quite
expensive and require careful maintenance.
Feeders should also be checked for wetness
(the rabbits may soil the feed, water may drip
inlo the leeders, or the pellets may absorb
moisture from the air) and for stale. moldy, or
caked leed. Feeders should be cleaned and
sanitized on a regular basis. Feed crocks on
the inside of the cage should be sanitized
mare frequently than feed hoppers on the
outside of the cage.

Hay mangers

Hay feeding may be considered desirable by
same rabbit raisers, There is evidence thal it
may help reduce the incidence of some Iypes
of enteritis. Use of home-grown hay may re
tuce foed costs Various tupes of V-shaped hay
feeders thal attach to the outside of the cage
may be buill, If Quonsel-siyle cages are used,
the hay can be fed directly on the tops of the
cages (Fig 4.7).

Watering Equipment

All rabbit ratsers with more than about six doos
_shatﬂd consider installing an aulomatic waler-
ing system. A properly designed and installed
automatic watering system will provide a de-
pendable supply of water Most rabbits readily
learn to use the automatic valves (Fig. 4 14),
An automatic walering system is adequate for
use throughow the year in rabbitdes that are
protected so the peposed water pipes will not
freeze, However, where there is mare expos
ure, it may be necessany 1o drain the pipes dur
ing short cold spells. In some colder areas,
such a system can be used all year if it is al-
Iowed to drip to prevent the supply pipes from
freezing or if healing cables are lled inside
the pipes to prevent freezing. Even in regions
where it would be necessary 1o discontinue
using the system during the winter months, the

Fig. 4.14. A rabbil drinking fram an aulomatic
waterer. (Courtesy of J.I. McNH)

amount of labar saved for the remainder of the
vear will likely justily installition.

You may locale necessairy materials for in-
stallation by referring to adrertisements in rab-
bil magazines or online. oryou may purchase
them from rabbit and poutry supply houses.
A system generally will conskt of a pressure lank
equipped with a float valve; 1.25cm (0.5 in)
supply pipe; one walering salve for each cage;
and gate valves or faucets for eliminating air
bubbles, draining the pipes.and cutting off the
water supply. The pressu tank may be the
standard tank used for his purpose or a
hali-barrel, A tank with a capacity of 1 liter
(33.8 Muid ounces) or less isdesirable for warm
areas because the small vohme of water will ba
consumed readily and the bnk will fill at short
intervals and assist in keephg the water in the
supply pipes coal; the hal-barrel will supply
several hundred cages ond is especially uselul
in case the water supply contains sediment. By
installing the supply pipe sutlet several centi-
melers or inches from the tottom of the barrel,
there will be enough water volume so this sedi-
ment will gravitate 1o the totlom of the barsel
and not clog the walering valves. A trap lor
calching sediment may be installed between
the tank and the supply pipe that furmishes
waler to the cages

The pressure tank shaild be sbout 30 to
60 em (12 1o 24 in) above the highest coge o
A0 em (12 in) above the Bghest point of the



supply pipe, in case it is necessary lo raise the
supply pipe to clear feeding alleys, etc. If the
pipe has to be raised, il is a good plan to install
avent pipe al the highest point, with the open
end of the pipe at least a foot above the sur-
face of the water in the tank, to prevent air
bubibles from accumulating in the supply pipe.
A convenient method for determining the
proper height of the tank is to fasten a rubber
hose to the outlet from the tank and to the sup-
ply pipe, then to raise and lower the tank until
the proper tension is obtained on the water
valves. About 14 kPa (2 Ib/square inch) at the
valves is suitable. If there is too much presstire,
the rabbit cannot trip a valve with its tongue; il
there is too litte pressure, the valves will not
close propery and may drip. Several days are
usually required for the valves to become seat-
ed and stop dripping. If they begin to dnp after
they have been in use for some time, it may be
due to minerals contained in the water collect-
ing on the metal and preventing them from
seating properly. You can correct this by
soaking the valves in a 5% solution of muri-
atic acid. Generafly, you can fix a dripping
valve by removing and cleaning it. If not, it
should be replaced, because water dripping in
the rabbitry eontrit to excess humid
The supply pipe should be on the outside
of the cage so that any dripping will not wet the
rabbits and so that the water line cannal be
chewed on. The valves should be 15 1o 23 cm
{6 to 9 in) from the cage floor for the medium
weight and heavy breeds and 1310 18em (510
7 in) for the small breeds or does with litters.
One valve for each cage is adequate After an
automatic watering systemn is installed, # should
be tharoughly flushed several times to remove
arty particulate matter thal may cause the valves
to leak. It is advisable to flush and sanilize the
water lines monthly, quarterly, or as needed
Alter sanitizing, the lines should be fushed with

clean waler.

Nest Boxes

Nest boxes can be constructed from a variety
of materials, including wood, metal, wire with
disposable cardboard inserts, plastic, and clay
pots. They may be open on top or have partial
covers to provide protection in cold weather.

Wooden boxes without lids are used quite
extensively as nest boxes throughout the year
in those areas where winter temperatures are
above freezing. They may be simple plywood
boxes with a plywood floor that has holes
drilled in it. An alternative is to use 3 mm
hardware cloth for the floor (Fig. 4.15). A
more protected box can be constructed. Cut
one end of the box down to aboul 15 cm
{6 in). Nail a board across the tap of the box
at the back, Cut off the two projecting corners
of the sides, slanting from the edge of the top
board to the edge of the 15 cm (6 in) board.
The doe is able to get away from her litter and
is often seen on top of the nest box. Some
growers protect the edges of the boards with
fin to prevent chewing. Satislactory results
have been obtained with nest boxes as small as
3B %23 18em (15 % 9= 7 in). Advantages
of a smaller nest box are that the doe makes a
more compact nest, the materials cost less,
the box takes up less space in the cage, and
the doe is less likely to use it as a resting area
or as a latrine

=
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Fig. 4.15. A wooden nest box with a wire screen
botiom. (Courtesy of J1, McNitt)
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Inury of & young litter by the doe jumping
info the box may be prevented by a slight change
i the nest box. A 15 x 15cm (6 % 6 in) door
should be made in one end, approximalely
15 cm (6 in) from the floor. Before the young are
old enough 1o get out of the box, the end with
the opening is turned away from the cage wall so
the doe can get hito the box without jumping
over the side. When the young are about large
enaugh to get oul of the hox. in order to keep
them in it a few more days, the box is turned so
#s opening is against the wall. By this time the
doe is net likely 1o injure the young when she
Jumps over the side into the box.

A drop nest box (Figs 4.16 and 4.17) has
a number of advantages. The nest box is below
the floor of the cage. This allows does to mimic
the nesiing behavior of wild rabbits in holes or
depressions. A major advantage is that if the
young rabbits do climb out of the nest box or
are carried oul attached 1o a teat, they fall back
o it as they an: crawling around the cage.
This reduces deaths from exposure of kils, be-
tause rabhits, unlike many other species, will
not retrieve and return their voung 1o the nest.

use of drop nest boxes may also reduce
the problem of does kindling on the wire, The
|‘h:"'k"JU?l-l'lli‘.l!u'_ of a drop nest box is thal a doe
will sometimes use it as a latrine.

The wire component of the drop nest box
s made of 2.5 x 5.0 cm (1 x 2 in) wire sides
with o 1,25 % 2 54 cm (1/2 % 1 in) wire lloor,
It is essntially o wire basket that is .} clipped lo
the bottom of the cage alter a section of the
floor {41 = 25cm; 16 » 10 in) s removed
This wire basket (41 » 25 x 20 om; 16 x 10 x
8in) is permanently attached 1o the cage.
A plywood insert (39 x 24 % 20 em: 15 % 9 x

8in) with a screen botton is built. The ply-
wood insert is added to the cage whenever a
nest box is desired. The insert is filled with
nesting material prior to adding it to the cage.
The doe will then add her far to make the nest
{Fig. 4.17). The plywood insert is removed 18
to 21 days alter the kits ar born and is emp-
tied, washed, disinfected, and stored for the
next use. To prevent the doe from using the
nest box as a latring, the wire baskel can be
built only 10 em (4 in) deep. Then the insert
{which is 20 cm (8 in) tall) wil be elevated 10 cm
{4 in) above the cage flor and will help
prevent the doe from foulng the nest. More
chewing of the edges may be seen with the
elevated nest such that the ahantage of the kits
falling back into the nest islost.

Another stule of nest box is located out-
side the cage. It is attached to the front of the
cage (Fig. 4. 18). The liller & very accessible for
inspection by the rabbit miser, who can re-
move dead kits, elc., without opening the cage
or disturbing the doe. The nest box can be
equipped with a door so that the doe can be
locked out of it. This prevents her from jump
ing into the box frequently and trampling the
kits. Suitable inside dimensions of the nest box
for most breeds are 41 x 25 % 41 em (16 x 10
% 16 in). The frontloading nest box should
have a lid (Fig. 4.18) to prevent the doe from
jumiping out

A svstem that has been successfully em-
ploved in research studies to measure milk pro-
duction is to lock the doe out of the nest box
for all but one five-minuie period per day.
Since kits generally nurse anly once each day,
this is an adequate exposue to the doe. When
the door is nperm‘]. the doe ugu.u]ly jurmps in,

Fig. 4.16. A “drop” or “sublerranean’ nest box.
{Courlesy of D.J. Harris)

Fig. 4.17. A doa making a nes in a drop nes! box,
{Courtesy ol OSU Rabbit Ressarch Center)
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Fig. 4.18. A modern commercial rabbilry with
front-loading nast boxes. (Courtesy of D.J. Hamis)

nurses the litter, and then leaves. The dilfererce
between the pre- and post-nursing total litter
weights provides a measure of daily milk pro-
duction. The use of this technigue may reduce
losses of kits due to trampling. It should be em-
phasized that if the does are stressed by visitors,
unusual nolses, etc., they may nol jump into
the nest boxes in the allotted time. This system
requires a high level of management skill.

Various types of bedding can be used in
nest boxes, including siraw, hay, dry grass,
wood shavings, newspaper, sawdust, and shred-
ded sugarcane products, The doe will supple-
ment the bedding with pulled hair to make a
nest (Fig. 4.19). Does may eat the straw or hay
used in the nest box; this is not necessarily a
problem, as the ingested fiber may be helpful
in preventing enteric diseases, Another innov-
ation s the use of disposable nest box liners
constructed of cardboard, These are removed
and burned alter use by one litter, which may
have value in sanitation and disease control,
Regardless of the type of nest box used, it
should have adequate drainage.

Winter nest boxes

You can insulate the nest box for winter use
by lining it on the inside with one or two
layers of corrugaled cardboard or several
thicknesses of paper and then completely fill-
ing it with straw so the doe will have to bur-
row into it to make a nest. You can also make
a nest box for use in low temperatures by pla-
cing the standard-size nest box inside a larger
box so there will be a space of 7 to 8 cm (2
3/4 to 3 in) on all sides except for the en
trance and the top. Fill the 7-8 cm space with

Fig. 4.19. A well-filled drop nest box. (Courlesy of
OSU Rabbit Research Center)

closely packed straw or other suitable insulat-
ing material. A wooden lid covered on the
underside with two thicknesses of cardboard
or several thicknesses of paper will supply the
necessary top insulation. Make three holes
2 em in diameter in the end of the lid opposite
the opening Into the nest box to prevent
moisture condensation within the box and Lo
provide ventilation,

Put comugated cardboard or newspapers
on the battom of the inner bax to keep the new-
born litter from coming in contact with the cold
boards, and then pack the nest box with dlean
straw so the doe will have to burrow into it to
make a hollow for her nest. I the doe allows the
litter to nurse and there is adequate dry fur for
the litter to fluff 1o make a nest, the young can
survive temperatures as low as —26 to ~29°C

(~14.8 to -20.2°F) in this type of nest box,
An electric heating pad covered with a
moisture-resistant material has also been used

with success, It is placed under the nest box
and run al a very low setting, Care must be
taken not to overheat the litter. Lastly, in hot
climates it is commen to use commercially
made aluminium nest boxes with removable
plywood boards for the bottoms

Identification Equipment

An adjustable tattoo box enables one person to
mark a rabbil for identification. The box should
be 51 em long x 20 em high x 20 cm wide (20
% 8 x B in) with a movable 2.5 x 15 x 46 cm
(1 x 6 x 18 in) floorboard that may be raised
or lowered to accommodate the size of the rab-
bit. A small board that shdes inio slots spaced
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2.5cm (1 in) apart is placed at the back of the
rabbit to keep it confined in the front end of
the box. A top with an opening to allow the
rabbit’s ear to protrude is fastened 1o the box
atthe back end wiha 7.7 x 6 cm (3 x 2-1/4in)
T hinge and al the front end with a door
hook (Fig 4.20). This type of restrainer can
also be used to heold a rabbit for the collection
of a blood sample (Fig. 4.21). Be sure that the
rabbit is held securely in the box so that it
doesn't struggle. A rabbit that struggles and
fights will often dislocate the vertebrae in its
back and be left with posterior paralysis. Aller-
natives to the talioo box include a towel or a
cat bag made of canvas. The rabbit is wrapped
securely in the towel or canvas bag so that it
does not struggle when it is tattooed or treated.

Feed and Utility Carts

A cart equipped for hauling feed, rabbits, nest
baxes, and other equipment is a great conveni-
ence and a lime and labor saver, A cart with
three 30 to 45 om (12 1o 18 in) bicvele-type
wheels will provide mancuverability  over
obstacles on the floor as well as mobility for
getting around cages and through the aisles
The car can be purchased or buill at home.
Feeding from such a cart greatly reduces the
labor of feeding as compared to carving buck-
ets ol feed up and down the aisles, It is also
passible 1o carry mare than one type of leed at
a time so rabbits can more easily be fed 1o
their requirements. A special bed on the cart
for holding rabbits can be used for taking does
to the buck’s cage for breeding and for trans-
porting rabbits ouf of the rabbitry

Fig. 4.21. Restraining a rabbitfor collection ofa
blood sample from the ear. (Courtesy of osu
Rabbit Research Canter)

Other Equipment

Other equipment needed b the rabbitry may
include nail clippers for sail trimming, wire
brushes lor cage cleaning, and a propane tarch
or a vacuum cleaner for emoving hair from
cages. A very uselul item isa fish landing net to
catch rabbits that may escape.

Further Reading
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USDA. 2019, USDA Animal Care. Animal and Plant Health Inspection Senvice. APHIS 4135076 Waddnnl'ﬂnl
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Rabbit Management

Rabbits vary considerably in temperament and

respand readily to kind treatment. If they are

handled properly they will be gentle and easy

to manage, and these characteristics should be

idered in selecting breeding stock: A doe
that is fairly aggressive for a few days following
kindling should not be condemned if she is
genile ai other times, Aggressiveness indicates
that she is alert and ready o protect her new-
born litter. Some of the does that are the best
mathers show this trail. However, if she con-
tines lo be aggressive, culling the animal
should be considered,

When entering the rabbilry, practice caution

50 as not to startle the animals. A familiar voice
speaking to them will give warning and prevent
them from becoming Irightened, A background
noise, such as the sound from a radio or a fan, s
very helplul in keeping rabbits calm.

It should be emphasized that good manage-
ment s the key to successiul rabbit raising. The
quality of the stock, the quality of the leed, and
the saphistication of the cages, equipment. and
building will do nothing to overcome the detri-
mental effects ol poor management. Rabbit pro-
duction invelves a high degree of management
skill compared to other livestock endeavors.
Cleanliness, ventilation, and close ohservation of
the animals are very important. Close observa-
tion is extremely crucial, since early detection
may allow correction of problems before they
become serious or uncorrectable.

Handling Rabbits

Rabbits should never be lifted only by their ears
or legs, for they may be permanenily injt ired.
You may lift and earry a small rabbit or fryer
comfortably withoul damaging the pelt or
bruising the carcass by grasping the loin gently
but firmly, with the heel of the hand toward the
tail of the animal. With a medium or heaw
weight rabbil, grasp a fold of skin over the
shoulder with one hand and place the other
hand under the rump ta support the weight of
the animal {Fig. 5.1).

For carrying, grasp a fold of skin over the
shoulder and lift, holding the rabbit against
vour body with its head under ane arm, the
forearm being extended along the side of the
animal and the hand under its nemp for sup
port, This prevents strugaling, and the rabbit
may be carried comfortably Fig. 5.2). The aim
is not to totally confine the rabbit: rather the
rabbit should be held so it feels safe. Gentle
handling of rabbits should resull in fewer
scralching or biling attempts

Number of Bucks

Traditionally, 1 buck lor every 10 does has
been used. This underutilizes the buck and
increases cosis of operation. Research has

© Steven Lukefahr 2022. Rabint Production, 10th Edition (S.0. Luketahr et al.)
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Fig. 5.1. The proper method for liting medium- or
heavy-weight rabbiks. (Courtasy of J.I. McNitt)

Fig. 5.2. The proper method for carrying medium-
of heavy-welght rabbils. (Courtesy of J.1. McNitt)

demonstrated that the sperm count does not
decrease below the level for optimum lertiliza-
tion even when the buck is used daily for ex-
tended periods o lime or used three or lour
times a day lor a lew days. The buck's anly
purpase in a rabbitry is breeding. Il he is not
used often, he may become fal and lazy, If
1 buck is kept for 10 does and vour rebreeding
interval is 35 days. the buck is only used
10 fimes in 66 days (35 + 31 days gestation),
This means it werks about once a weel. One
buck could service 66 does if it were used daily.
With & shorter breeding interval, more bucks

are needed. Many commercial rabbit raisers
are now keeping 1 buck for 25 to 30 does,

The bucks should nof be overfed. They
should be on restricted feed, but when they
are working hard and dwing cold weather,
they should be fed more. The greates! causes
of decreased libido (sexual desire) in bucks
are being overweight and high ambient
femperatures,

Age to Breed

Individual rabbits vary st hat in the rapidity
with which they develop, £ both development
and age must be taken into consideration in
delermining the proper fine fo starl them in
production. Sexually, the imaller breeds ma-
ture much earlier than the beavier breeds. The
small Polish usually are ready to start pmd.lc—
tion at 4 months of age, he medium weight
New Zealand, Californian, ete., at 4% to 5%
months, and the heaw Flanish Giant at 6 to
7 months.

For best vesults, junior bucks and does
should be fed in such a manner that they will
make normal growth, devdop strong, healthy
bodies, and be firm in flesh when they are to
be mated for the first time, without being ex-
cessively fat, Bucks should be put into service
aboul a month later than does, as they are
slower to mature sexually. !

A method of determining sexual maturily
in does is o examine the \u:.? Does th:lh::
ready to breed, regardless of age, are
that have a moist, swollen, reddish- pink vulva.
Does that show this condtion should r&hﬂﬂv
accept the buck when placal in his cage. When
dmsp:ure not ready to mate, the wulva is small
and whitish in color with very little moisture
observed.

Breeding Schedule

For production of show rabbits, it may be ad-
visable not o attempt 1o produce more than
1w or three litters a year, with the ime of mat-
ings arranged so that the offspring will be
of the proper age and developmenl for the
desired show classilication.
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For commerdal meal rabbit production.,
the objective should be to produce and raise as
many markelable [ryers per doe per year as
possible without overstressing the doe. It takes
about 35 oifspring per doe per year to meet
expenses, or the equivalent of aboul five litters
per vear. Fryers may be kept with the doe until
marketing at eight weeks, but the trend now is
for earlier weaning and earlier breed-back, to
attempt to increase productivity. Many produ-
cers now breed back at 14 or 21 days. In inten-
sive production sustems, does may even be
bred within 24 hours of kindling. It is remarl-
able that does will rebreed immediately alter
giving birth: in fact, their receptivity is very
good at that time. Under post-partum breeding
systemns, litters must be weaned at 28 days, so
the does can be given nest boxes in prepar-
ation for kindling three days later. No other
type of livestock has such a potential for high
reproducibility as the rabbit. However, this
system may increase the percentage of does
that are culled annually. Intensive breeding
increases nutritional requirements, so a high-
quality feed is needed. Intensive breeding is not
recommended for new rabbit raisers. Probably
a 35- or 42-day breed-back should be first se-
lected if satislactony results are obtained. This
can be shortened to a period that suits the pro
ducer and his or her management sills, With
early breed-back, more cages are needed than
when does and litters are kepl together until
marketing of the fryers. This increase in caging
costs may be more than compensated for by
increased production, Research studies on the
“best” weaning age have given mixed results,
Waork at Oregon State University suogested
that highest profits were obtained when all
cages were filled with producing does rebred
42 days alter kindling. Kits were left with the
does until markel age; therefore, no cages
were used for finshing frvers. Other siudies
have shown that greatest profits were obtained
when does were rebred 14 days after kindling.

Various breed-back schedules, such as 7,
14, 21, 28, 35, and 42 days, are used. Gener-
ally, does are on a sever-day schedule basis,
simply for ease of recordkeeping A system
that may produce greater prafits and longevity

of the does is to breed “depending on condi
tion,” taking into account the number of off
spring in a litter and the condition of the doe.

If a doe has a small litter fess than four for
mediurm breeds), she might be bred back in
seven days if she is in good condition. How-
ever, il she has a large litter, is milking heavily,
and is beginning to lose flesh, she should not
be bred back until the young are weaned. It is
agenerally agreed that breeding back at 21 or
28 days results in reduced conception.

One of the best methods to judge the body
condition of a doe is to use the sense of touch.
It is difficult to tell the body condition of a doe
by visual examination because of the fur. Put
your hands on the doe's back and feel the
back-bone and the hipbones. If these bones are
prominent, the doe is in poar condition. If she
is bred in this condition, she might conceive,
but the next litter may be bom weak or small in
number or weight, or she may aborl or resorb
the litter. The best thing to do il the doe is in
poor condition is to delay breeding until her
condition improves. In commercial herds it
may be best to cull the doe.

The opposite problem can occur with jun-
ior does, which can very easily become over-
weight, especially il they are on full feed If
they become fat (again, you can tell by [eeling
the body with your hands), they will not breed
They should be put on restricted feed until they
reach normal condition. This can take several
weeks 1o several months. [t may be more eco-
nomical to cull fat junior does and replace
them with dees in proper candition,

The Mating Process

The doe gives evidence of being receptive by
behaving restlesslv; by rubbing the chin (chin
ning) on the cage, water crock, feed troughs,
etc., and by making an effort (o join other rab
bits in nearby cages. The appearance of the
wulva, whether it is pale or reddish in color, is
generally indicative of the receptivity of the
doe. A doe with a dry, pale vulva is less likely
to be receptive than one with a pinkish-red,
moist vulva

The doe may object to another rabbit being
placed in her cage and quitz often will attack
and even injure the intruder, so she should al-
ways be taken to the buck’s cage for mating. If
the dae is ready for service and the buck is
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active, mating should occur almost immediately
(Fig. 5.3) When it is completed, the buck usu-
ally falls over on his side (Fig. 5.4). The buck’s
ejaculation occasionally misses the vagina, If
there is evidence of this, the doe should be bred
again before being returned to her cage. Studies
have shown that allowing the buck to breed the
doe two or three limes when first placed in the
buck's cage will possibly increase the concep-
tion rate and perhaps the litter size. This may be
due to the additional stimulation causing a
stronger ovulatory response.

Sometimes a doe will squat in the corner
of the cage and will not accept service; in this
case, restraining her for mating may expedite
and ensure senvice. This procedure makes
many malings pessible that would not oceur
otherwise. Resiraining her, however, does not
necessarily mean she will conceive The con-
ceplion rate from an assisted mating may be
much lower than from unrestrained mating,

21 I.ll
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Fig. 5.3. An example of natural mating. (Courtesy
of 0., Harris)

Fig. 5.4. When maling is completed, the buck
usually falls over on his side. (Courtesy of J.|
MenNitt)

Figure 5.5 shows the proper method for
restraining the doe. Either fe right or left hand
is used to hold a fold of din over the doe’s
shoulders; the other hand & placed under her
body and belween her hindlegs, The thumb is
placed on one side of the wiva, the index fin-
ger on the other, and the slin is pushed gently
backward while avoiding aw pinching of the
vagina. This procedure thrmws her tail up and
over her back. The weight of the doe’s body is
supported by the hand, ard the rear quarters
are elevaled, but only 1o the normal height for
mating. Bucks accustomet to being handled
will not object to this assistince by the attend-
ant, and many does will mspond and accept
service naturally when the buck mounts. As-
sisted mating of rabbits shauld only be used as
a last resort.

The buck and the doe should not be left
together unattended for mere than a few min-
utes, as the buck may becane injured. If mat-
ing doesn’t occur within a few minutes, it is
advisable to put the doe inwith anather buck.
Somelimes she will refuse service with one
buck but will readily accept it with another
Il she still won't breed, she i probably non-
receptive for that day and stould be rescheduled
for the next day or the dayaiter.

Gestation Period

The gestation period, or the time from maling
ol the doe lo kindling of the litter, averages
31 days, About 98% of normal litters will
be kindled between 30 ind 33 days after
breeding but a small percestage may kindie as

Fig. 5.5. Restraining a doe formating. (Courlesy
ol D.J. Harris)
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early as 29 days or as late as 35 days. Gesta-
tion lengths are generally longer with smaller
litters (Fig. 56) In cases of prolonged gesta-

and is barren during the fall and winter. During
this barren period the doe's ovaries become
shriveled and inactive and fail to

tion, the litter may contain only a few individ-
uals with one or more abnormally large hits.
Olten the voung may be born dead.

Factors Preventing Conception

There are many factors that influence concep-
lion rate. Sterility, extreme age, poor physical
condilion, pseudopregnancy, poor genetic
quality, sore hocks, injunies, retained fetuses,
and disease are among the most important fac
tars. Pay special attention o the physical con-
dition ol the doe. If she is too thin, you are
probably underfeeding. or if she's 1o fat,
you're overleeding. Both conditions have
negative effecls on reproduction. Intensive
breeding (on a 14-day or less remating sched-
ule) can cause a doe to lose weight and condi-
tion, thus reducing her ability to conceive

Sterility

In its natural environment the wild rabbit
breeds during the spring and early summer

produce normal eqg cells; bucks may fail to
praduce sperm, or the sperm may lack mtil-
ity or be abnormally develaped. In creating the
domestic rabbit, humans have shortened
the barren period somewhat. lis duration and
intensity vary considerably. Some does
and bucks are fertile throughout the year and
for successive years. Others are not [ertile
for exlended perinds. When does are out of
production lor an extended time, it 15 mare
difficult 1o get them to conceive, but if the
herd has received proper care, a large per-
centage of both does and bucks shoukd be
over the barren period in a short time. In
exireme cases, however, the period may last
four to five months. Usually, such a pro
longed period occurs inan area where exces-
sive temperatures have prevailed, especially
when unseasonably or excessively high tem-
peratures occur and continue for some time
or when the high temperatures are associated
with drought conditions. Indications are that
sperm production of the bucks is more likely
to be impaired by these high temperatures
than ovulation in the does, but both sexes can
be affected.
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Another cause lor prolonged sterile
periods may be that the ration has not been
properly balanced or that the proper amount
of feed wasn't used 1o keep the rabbits in de-
sired breeding candition. While an animal is
molting, the development of a new coal may
lax its vitality, and conception may be delayed
Qccasionally an animal is permanently infertile
and should be culled.

Because thenw is so much variation among
does and bucks in regard to the regularity of
breeding, the rabbit breeder may well give con-
siderable attention to overcoming this factor
through proper selection of breeding stock.
Breeding stoek should be selected fram parents
that produce regularly, Attempts to increase
production during the sterile penod using vita-
mins and other feed supplements have nat
been effective.

During the late autumn and early winter.
when the percentage of does thal conceive is
below that of the spring and summer, the birth
weight of the young may be below normal, lit-
lers may contain fewer individuals, and the
does may neglect their voung or the voung may
be too weak to ruvse. A decrease in conceplion
in the winter may be caused b inadequate feed-
ing. In the cold of winter in unheater rabbitries.,
the rabbits use mere of their daily ration to
produce heal to keep warm. Therelore, less
enerqy is available for reproductive processes.
To offset this increased body heat demand, the
daily feed allotment 1o does should be increased
by about 25 16 509 in the witiler,

One of the most important faclors that in
fluences seasonal fertility s the lighting pro
aram. In the wikl, the rabbit is a seasonal
breeder; this pattern s possibly regulated both
by temperature and by light During the lall, as
day length decrenses, o light-sensitive gland,
the pineal gland, detects the decrease in ligght
and decreases the secretion of certain repro-
ductive hormenes by the pituitary gland at the
base of the rabbit’s brain, By maintaining a
longer day length in the rabbitry through
the use of artificial lights, vau may be able 1o
prevent this winter decline in rz-i:rodu:tlun.
A lighting period of 16 hours per day seems
adenuate in most regions; the length of the
lighting period should be as long as the longest
day in your region, This is the principle used in
the poultry industry to keep birds laying in the

winter, Hand switching of te lights is loo un-
reliable and imregular to ghe good results, An
electric timer should be ued to regulate the
day length, Note that in thewinter, extra hours
of light will be required in he moming as well
as in the evening. A greatdeal more research
is needed 1o elucidate the rde of environmental
factors such as temperatureand light in control-
ling rabbit production. :
Young does and bucksmay be sexually im-

mature, while other does and bucks may be 100
old, having passed their period of uselulness.
The proper age for rabbilsto be put into pro-
duction was discussed earlir, and the animals
may be retained in the breeding herd as long as
they maintain good phusicd condition and pro-
duce satisfactory litters. This may be until Ilhsey
are 2% to 3 vears old. There is wide varialion,
and some individuals may reproduce :Iisfac-
I for 4 or more. However, In some
t?::nlymmlalﬁ:ss. up to 100% of the does
may be replaced each year.

yﬂ hig?i culling rate nay be desirable to
continually upgrade the had. Il proper selec-
tion procedures are used, zach buck and doe
that is culled can be replacad by a younger ant-
mal of higher genetic quality.

Physical condition

Rabbits that are abnormaly fat or thin may
have tmpaired lertility or they may become
sterile. The ration shoulé be adjusted and
breeding delayed until they are in the vmpﬁlr
physical condition. For these that are loo ';a 5
the pelleted diel should ke rostricled and a
fimited quantity of a good-guality hay fed. For
thase that are too thin, thecomplete pellets or
a grain and hay ration skould be fed in in-

creased amounts

Pseudopregaancy

Pseudopregnancy can reslt from 3 sterile
maling, or from stimulation caused by T;':
doe riding another, or bs a doe "dmg}asts
young in her own litter. This w_mﬂ“““ i
for about 17 days During this time ﬂk‘: s
may not conceive. Il does have been kep
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groups, they should be separated and put into
individual cages at least 18 days before being
mated. Pseudopregnancy is discussed further
in Chapter 11.

Sore hocks or injuries

Sore hocks or injuries may affect the vitality of
does and bucks. Rabbits should be examined
carefully belore being mated, and if any signs
of these conditions are found, the affected ani-
mals should be isolated and held in quarantine
until completely recovered or be culled from
the herd. Because susceptibility to sore hocks
is genetic and damage 1o the feet is perman:
ent, alfected animals in commercial herds
should be culled. Bucks with sore hocks may
refuse to breed, because the weight is shilted to
the hind feet during mounting, which makes
mating a painful experience.

Relained fetus

In same cases, a doe may fail 1o deliver the en
tire fitter, and the fuids of the retained fetuses
will be resorbed and mummified fetuses pro-
duced remain in the uterus, usually causing
permanent infertility. These cases can be diag-
nosed accurately by palpation. Because the
doe will seldom conceive again, she should be
culled from the herd. As is discussed in Chap-
ler 11, the development of mummilied fetuses
is ane of the dangers of using test-mating as a
means of pregnancy diannosis,

Determining Pregnancy

Test-mating does by refuming them 1o the
buck’s cage 1o determine pregnancy is not a
dependable practice, Some does will accept
service again after they have conceived, and
others will not aceept service even though they
have not conceived. Noting the development
of the abdominal region and the gain in flesh
by the doe as the period of gesialion advances
is not always accurate and wall delay a definite
diagnosis until late in the period

Palpating the abdomen wilh the thumb
and index finger to leel the development of the
young in the uterus is an accurate and quick
method for determining pregnancy. To make
this test, restrain the doe by holding a fold of
skin over the shoulders in either the right or left
hand, with your free hand placed under the
body slightly in front of the pelvis (Fia. 5.7). To
make the test accurate, you must relax the dog
50 the abdominal muscles will not be tense.
Generally, you can hold the doe in the air er
place the doe on top of the cage for palpation.
although the latter method is more secure. If it
is necessary to use a table or cart, cover the lop
with a feed sack or carpeting to prevent the
doe [rom slipping. |

You must be acquainted with the relative
size and location of the uterus and the embryos
as pregnancy advances. Figure 5 8 shows the
position of the uterus (the digestive tract has
been removed) and llustrates the size of the
uterus of a non-pregnant doe (left) and of a doe
at the end of 10 days of pregnancy {right). It
should be noted that the uterus has expanded
to accommodate developing embryos; as the
period of gestation advances, the embryos
grow larger and the uterus is pushed forward
as shown in Fig. 5.9

There is little danger in palpaling, pro-
vided 1t is done at the proper stage of fetal
development and the proper technique is fol-
lowed, but you must use caution and not put
too much pressure on the tissues, in order (o
prevent injury ta the developing embinyos. The
test will be more accurate and (here will be less
danger of injury if the examination is made

Fig. 5.7. P

ing a doe for v, (G

of J1. MeNit)
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Fig. 59, Spocimens showing the lative location and size of the ulerus and devaloging embryes al the
end of 14 days (e} and 26 days (right) of pregnancy. (Courtosy ol USDA)

about two weeks following mating, Belween
the tenth and twelfth daus of pregnancy, the
embryos are each about the size of a small
martble and are distribnited in the ulerus as indi-
cated in Fig. 5.9 fleft). With the thumb placed
on one side of the ulerus and the index finger
placed on the other side, apply sulficient pres-
sure to note the marble-shaped bodies, or em-
bryos, by allowing the thurmb and finger to slide
over them gently, If the technigue has been
perfected and no developing embrvos are
found, the doe should be returned to the buck’s
cage lor another service. Sometimes does will
not rebreed 10 1o 12 days after the original
breeding because of peeudapregnancy. The
vulvas of these does should be checked daily
and the does bred when the color of their

vulvas furns red or pink (usally about 18 days
alter the original service) Non-pregnant does
should be kepl on a ratios that is suitable in
quantity and quality for drydoes until they are
known 1o have conceived o are culled.

After a few days, the inexperienced per-
son should re-palpate the does that were diag-
nased as non-pregnant. If 2 mistake was made
at the first handling and a doe is now found to
be pregnant, she should beplaced immediately
an a managemenl regime that s suitable for

gnant does,
b Day 12 of gestation it probably the best
stage 10 learn to palpate, After the fourteenth
day it Is more dilficult 1o distinguish between
the developing young and fecal balls in the di-
gestive organs when palpaing (Fig. 5.9, right).
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After the technique has been developed, how-
ever, it is possible (o determine pregnancy by
the tenth day. You can avoid confusion by re-
membering that, with the animal in the proper
position for palpating (Fig. 5.7). the uterus lies
at the bottom of the abdominal cavity, with the
large intestine abowe it and nearer the back-
bone of the animal. Palpation should not be
done earlier than 10 days following mating.
The reason is that the embryos become at-
tached to the uterus (implantation) around day
7 and this bond is quite fragile.

As you gain proficiency in the practice
and become better acquainted with the anat-
omy of the organs in the abdominal cavity, it is
possible to identify retained or mummilied fe-
tuses and the presence of abscesses or cysts in
the reproductive tract, When any of these con-
ditions are detected, the doe should be culled.

It is a guod idea to re-palpate does at the
time the nest box is added to the cage (usually
28 1o 29 days alter breeding), The reason for
the second palpation s that occasionally does
will conceive normally but later will resorb the
embryos. If the fetuses die before 19 days of

gestation they are resorbed, whereas if they die
after 19 days of gestation they are aborted.

Palpation for pregnancy is a must for
commercial rabbit raisers. The profit of an op-
eration depends on the production of live lit
ters on schedule. Palpation at 10 to 12 days of
gestation saves 21 to 22 days of feed and
labor, because if the doe is found to be
non-pregnant, she can be rebred immediately.
Palpation requires some skill and much pa-
tience to learn.

Kindling

The nest box should be placed in the cage 28
or 29 days after the doe has been bred. It
should contain bedding of hay, straw, shavings,
or similar material, The doe will make a nest of
thesa (Fig 5.10), after which she will pull fur
{Fig 5.11) from the hip area, the dewlap, and
around the mammary glands 1o complete the
nest (Fig. 4 17). Care should be taken when
inserting the nest box (o ensure that it is not

Fig. 5.10. A dos making a matevial nest, (Courlesy ol USDA)
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placed in the doe's latrine area or where the
waterer may drip into it

A doe will usually consume less leed than
normal for twe ar three days before birth. A
small amount of green feed each day may
ternpt her appetite and have a beneficial effect
on the digestive system. She should be made
as comfortable as possible and should be undis-
turbed at the time of kindling. A majority of the
litters will be kindled during the night. Both the
anterior ar breech presentation are normal,
and as a rule there are no complications at
delivery il the fetuses are normal in size. Occa-
sionally there may be only a few kits in the litter,
and in these cases one or mere may be abnor-
mally large and kindling may be delayed a day
or twa.

As each kit isdelivered, the doe licks it and
may nurse it immediately. When the entire hit-
ter is kindled, she pulls more fur from her body
and covers the litter.

A normal litter that is clean and has full
stomachs and a comlorable nest has made a
good start in life If a doe has not kindled by
day 32 to 34 of pregnancy, one method that
may be used by experienced breeders is 1o in-
ject the hormone oxvtocin to induce labor.
Kindling usually cceurs within five minutes
alter the intramuscular injection of 2 units of
oxytocin (1 unit for dwarl breeds). If the doe
has not buill a nest, some excess fur can be
taken from other nest boxes to make one.
Does induced by oxytocin rarely kindle in the
nest box, 5o the kits should be picked up as
soon as they are born and placed in the box,
The doe will usualy accept the litter,

Fig. 5.11. A doe pulling fur and making a nest for
the forthcoming litter. (Courtesy of JLI. MeNit)

Care of Young Litters

Following kindling, the liter should be in-
spected and any dead or deformed young re-
moved. If this inspection ir done quietly after
the doe has left the nest bex, the doe will not
be disturbed and there is ro danger of her in-
juring the young. It is a myh that if one touch-
es the litter that it will be abandoned by the
doe. Perhaps this is true ofwild rabbits. Exam-
ine the kits to make sure they have nursed, as
will ba shown by full stomachs. A full stomach
appears as a white band (the so-called milk line)
seen beneath the surface of the abdominal skin
[Fig. 5.12). Ii a doe does ot feed her litter or
has not produced enough rilk, the litter should
be fostered to other lactating does, Does that
repeat this abnormal behawor with the next it-
ter should be culled.

Occasionally the kits will become separ-
ated and will form two graips within the nest
box. With small kits, there s danger that only

Fig. 5.12. One-day-old kits. The ona on the leftis
a*starve oul” which has not rursed, whereas the
one o the right has a full stonach. [Kits that have
nursed have & visible “milk in” in their stomachs.
(Courtesy of H. Ch, Loliger)
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one group will be fed. When this happens
and one group of kits does not appear to be
cared for, rearrange the bedding into one nest.
with the depth of the nest and the fur covering
regulated 1 keep the young comfortable. A large
liter sometimes becomes split, but the doe
cares equally well for both groups. Il this is the
case, no intervention is required. Make sure
that there is bedding under the young and that
there is good drainage from the nest box. If
there are too many in the litter, iransfer some
lo other litters (fostering), or if there are loo
few, bring in voung from other litters. Foster-
ing should be done a day or two following kind-
ling and between litters that do not vany more
than one to three days in age. Some does will
accep! kits of varying ages. The goal should be
to farm nursing groups of similarly-sized kits
with no more kits than available nipples
Sometimes a doe fails to pull enough fur
to cover her litter during cold weather. When
vou discover this, add fur from another litter or
pluck fur from the doe’s body 1o cover the
voung before they are chilled. The fur is easily
plucked at kindling time. If the temperatures
are high and the doe pulls an excessive amount
fur, adjust the cavering to the quantity
needed 1o keep the newborn litter comlortable
and save the surplus fur for an emergency
when more may be needed for other litters.
Inspect the liter periodically to make sure that
the nest remains warm and dry and that dead
kits are promptly removed,

Nest Box Management

To be satislactory, a nest box should provide
seclusion for the doe during lindlng and pro
tection and comfart for the litter afterwards.
There are many types, and no one nest box is
suitable for use in all rabbitries and in all sea
sons. Different kinds are discussed in Chap
ler 4, “The Rabbitry and lts Equipment.”

The bedding material should be pliable,
absorbent, and of the type the doe can mix
with the fur she pulls from her body, with the
chaice depending upon avallability and upon
tupe of nest desired. Straw, hay, wood shav-
ings, leaves, cotionseed hulls, efc., can be used
50 Jong as il is not too coarse. If the does are

being fed a ration consisting only of pellets,
they may eal any palatable material used for
bedding. Solt wood shavings or unpalatable
bagasse may be used. During the warm sea-
son, less bedding is needed. When low tempera-
fures prevail, the nest box should be filled more
completely with bedding material.

Shredded paper is a poor absorbent, ex:
celsior is harsh and does not mix readily with
the fur, and both of these materials may cause
suflering or death of the kits by becoming
wrapped around their legs or necks. Shredded
redwood bark and peat moss stain the coals,
and the dust from them irritates the respiratory
tracts of the young rabbits.

It has often been said that “the litter is
made in the nest box,” and during the time the
young rabbits spend there, their weight should
increase seven- to eight-fold. A very important
aspect of this is the milking ability of the doe,
which can be assessed by the 21-day total
weight of the litter.

Kits will begin 1o develap hair within about
4 days after birth, and the eves will open al
about 10 days. The nest box may e re
when the litter is 15 to 21 days old, but the
fime for taking it out hould be determined by
the weather conditions. If it is necessary o
keep it in the cage longer, it should be thor
eughly inspected periodicaly and any solled
bedding replaced wilh clean material. The
longer the nest box is left &, the more likely
that eye infections and other disease problems
will develop, so the nest box should be re-
moved as early as possible

Does usually nurse ther litters once per
day, usually in the early marning hours. One
management practice used quite extensively in
Europe is 1o remove the nest box and put the
Titter in with the doe lor onlyaboul five minutes
per day. She usually jumps in and feeds the
kits. Removal of the nest box reduces mortality
caused by the doe jumping in several times a
day and trampling some of the litter. With the
use of a fronl-loading nest box (Fig. 4.18), the
opening can be closed 1o heep the doe oul ex:
cept for a once-per-day nurdng

After the nest boxes ae removed, they
shoukl be thoroughly washel and disinfected,
They should be stored where wild rodents can-
not get to them, as the smell of rodent urine
may cause does to refuse to sse the nest boxes



Fostering Young

Frequently, doesg'we birth to a larger number
of young than they can nurse. It is good herd
management to foster a doe's excess kits to
another doe with a smaller litter. Some stud-
ies demonstrate that does have optimal per-
formance if they raise between 6 and 9 kits in
the litter. In raising Angoras or rabbits for the
meal market, there is a distinct advantage in
reducing the size of a large litter to the num-
ber that the doe can develop uniformly. In
the case of show rabbits, it is especially im-
portant to reduce the litier even to four or
five s that the young can have an opportun-
ity to develop to the maximum of their in-
herited possibilities

In order to distribute the transferred
vyoung for lostering, it is advisable when plan-
ning the breeding program o mate several
does each breeding dav so thal several will
kindle at about the same time Each newborn
litter should be inspected as soon as possible
after the doe has quicted down following kind-
ling, and a notation made of the number to be
removed [rom or added to each litter. When
all the does due at that time have kindled, the
surplus voung should be removed and per-
manently marked with a faltoo, ear punch,
etc., so that the transferred voung in each lit-
ter can be identiied at weaning. I all the kits
are to be marketed as frgers, identification
may not be necessary,

When transferring the young, it is not ne-
cessary Lo use any method for destroving the
seant of the human hand or the scent of the
dam ol the young being transterred. Does do
nat make any distinction of young, even if they
arc of dilferent calors or sizes (Fig. 5.13). Fos-
tering is more successful if the largest kits are
moved to the new doe and the smallest left
with their mother

When selecting litters [or fostering it is ad-
visable to watch carefully for any evidence of
infection among the litters or does, as the trans-
fer procedure could be a means for spreading
disease. Under no circumstances should kits be
lostered from a doe with mastitis to another
doe, because the young ean carry the bacteria
and may infect the mammary glands of the
foster mother.

Fig. 5.13. A Palomino do nusing kits of a
different bread. Does readily &cept fostered kits
even i they are of different sims and breeds.
(Courtesy of J.I. McNitt)

Causes of Losses inYoung Litters

Disease accounts for onlya small percentage
of the mortality that occun the first qu fol-
lowing kindling. Most bsses during this
time are due to improper @uipment or incor-
rect feeding and manaement mEt‘hods,
Some cases may be due to the doe failing to
Kindle the litter inside the nest box or failing
to produce milk, In the iule;::m. vou ca;
diagnose this by feeling the s manmma
til:;?ne to determine whether it is ptndlilll:hg
milk Lm,) 1f it is nat nursing the :1:2
the millt'g ‘mnbwdmmamnl
voung will be shriveled and wrinkled. If ;l:ds
nursing the kits, the udder will be well 2
oped, and when the teatsare stripped, there
will be evidence of milk. The well-nourished
young will be plump, and the milk line m?ly
be detected through the abdominal wall,
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depending on how recently they have nursed.
If the doe has not produced any milk, it may
be because the ration she received during the
gestation period was inadequate in quantity
or guality,

For a variety of reasons, does having a
lirst litter often do not use the nest box and
have their litter on the floor of the cage. Does
should not be culled at this point, but if a doe
has her second litter “on the wire”, culling
should be considered, The use of drop nest
benes helps to reduce the problem.

At kindling wou will obiain better results by
miaking il possible for the doe to be secluded
and undisturbed. Many losses of new litters are
caused by the presence of strangers in the rab-
bitry when the doe is due to kindle or by the
presence of strange cats or dogs or the natural
enemies of the rabibit, such as opossums, rals,
and snakes. These predalors sometimes cause
trouble in the city as well as in the country.
Even if they cannot gain access 1o the cage,
they may be so close thal the doe can detect
their presence, and instead of going into the
nest box 1o kindle, she may kindle on the cage
floor, Il she has alieady kindled when she dis-
covers the presence of predators, she may
jurmp into the nest box in an attempt to protect
her litter, and because she is frightened, she
may stamp with ber hind leet and crush her
voung, The predaors seek more food when
nursing their own voung and, consequently,
cause more troublein the rabbitry in the spring.
Evidently, they can locate the cage where a
doe is kindling or where a litter has just been
delivered by the scent of blood. The losses are
maore likely to ocar at night, and the presence
ol the intruders may not be detecied by the
carelaker, The rabbits, however, generally give
warning by stamping their back feet, and if this
warning Is heard, an immediate inspection of
the rabbitry should be made

Feeding the Doe after Kindling

Does reduce their kred intake prior to kindling.
This may in part be due to a reduced gut cap-
acity caused by the presence of the fetuses in
the body cavity. Fdlowing kindling, as lactation
begins, their feedintake increases markedly

It is desirable to gradually increase the amount
of leed offered to a doe for the first week or so
following kindling until full feed intake is
reached. Sometimes a young first- or second-
litter doe will suddenly die when the litter is
one 1o four days of age (young doe syndrome).
This may be due to a stomach hairball, which
can reduce feed intake to zero. Ketosis (preg:
nancy toxemia) is another cause owing to in-
sufficient energy. Sometimes apparently
healthy litters will suddenly die at five or six
days of age. This may be due to milk entero-
toxemia, caused by overfeeding the doe fol-
lowing kindling. Be sure not to overreact and
underfeed the doe, as this may reduce milk
production excessively.

I an intensive breed back system (7 to
21 days) is used, consideration should be
agiven 1o keeping a doe on full feed once she
goes into praduction. Wiih the advent of
high-fiber medium-eneray diels, dropping
the doe back to a restrictad diel during the
last part ol gestation after weaning the first
litter may be unnecessary, b facl, the energy
demands of almost contmuous gestation
anel lactation may necessitate continuous full
feeding.

Weaning

Litters may be weaned as eary as 28 days of
age. Milk production is declning by then, and
the yeung are eonsuming edid leed well Feed
1s used more efficiently if it & eaten directly by
the fryers rather than eaten by the doe and
corverled 1o milk. There is some stress al
weaning, which may cause fie fryers to go off
feed and lose weight for a fav days

Be sure that the weanedrabbils know how
1o drink_ If, after the first day of weaning, they
have not eaten much, it mag be a water prol-
lem. Put in a water crock: il they rush 1o it lo
drink, then vou know they 3aven't learned fo
drink from the automatie watkrers, Put a tooth-
pick in the valve or loosen the valve fo make it
drip slightly, This should quiskly teach them fo
drink. Another methad is topul in one or twa
older fryers 1o teach the newly weaned litter
how 1o use the water vahe. Weaning at an
older age reduces this problem.



Determination of Sex

The sex of the young rabbits may be determined
accurately a day or two following kindling. Sex-
ing at that time is niecessary when one sex may
be needed to supply a market for either does or
bucks for breeding purposes, when rabbits are
being produced for laboratory work, or when
Angora bucks are to be kept as “woollers,” in
order that any surplus to be crossfostered to
other litters will be the undesired sex.

The external organs of both sexes of the
newborn rabbits have very similar appear-
ances, and a sperial technique is required for
identification of sex at an early age. To prevent
the continual wiggling of the little rabbit, re-
strain it firmly but gently. Place it on its back in
the palm of your hand, with its head extended
toward the heel of the hand, Use the index fin-
ger to press the tail back and down. Press
down on the sexual organs gently but with
enough pressure lo expose the reddish mucous
membrane that, in the case of the buck, can be
made to protrude sufficiently to lorm a circle;
in the case of the doe, it will protrude and form
a slit that will have a slight depression al the
end next to the anus. In addition, the distance
between the penis and the anus is greater than
the distance between the vulva and the anus.

Until the technique of sexing rabbits has
been perfected (Fig. 5 14), it may be a good
plan 1o sex the young at weaning and then prac-
tice with several at about three weeks of age. In
the older rabbits, the vulva will have a definite
slit appearance. The penis will develop a more
tubular appearance. This will make it easter to
determine the sex of the three-week-old rabbit,
Constant irritation of the tender pants may be
detrimental, so sexing should not be practiced
on the same rabbi at short intervals

Tattooing and Ear Tags

An eflicient, permanent system for identifica-
tion is a necessity. Tattooing figures or letters,
or a combination of the two, in the rabbit's ear
does not disligureit, is permanent, and is easily
accomplished When young are being fostered,
a hand tattoo needle is satisfactory for mak-
ing one or more dots in each kit's ear so the

.5.14. External genitalia d the male (upper)
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or tongs with removable figures and letters.
Alter the inside of the ear is thoroughly cleaned
with aleohaol, either instrument may be used to
perforate the mner surface of the ear. Tattoo
ink or India ink should be rubbed into the per-
farations immediately (Fig. 5.15). The registra-
lion number for purebred stock is usually fat-
tooed in the right ear and the rabbit's individual
mark or number in the left ear, A fattoo box
thal has movable parts sa il can be adjusted 1o
dilferent sized rabbits (Fig. 4.20) holds the ani-
mal steady so one person can do the tattosing.
Rabbils can also be identified by the use of

car tags. These are produced as wing bands for
dimarﬂarea\mﬂhﬂnﬁnrnmwm
 They are easily inserted using a simple

ool (Fig. 5.16). Ear lags are sometimes lost, so
mﬁfmbnisndasmmﬂaswh tat-
tons. One methed 1o make ear tags less vulner-
ahhlobgsurolddlhﬂearalﬂlr&ﬂlhlag
across the lold. When the ear is straight-
mo‘j_mglaguilbehlhemuﬁum‘tl\eur
and have less chance of sneaging on something
and fearing out. For lemparary identification,
marking the ars with a felt-tipped pen is useful.

Care of the Herd in Hot Weather

must be protected from rain and sun
Rahbﬂzm”m o air throughout the rabbitry
D00 st but strorg drafts and winds should be
’s’ided- 1t is essential that the animals have a
i Sy of awailable at all times, Tempera-
suplk Fnul'fl'd"!" and air currents all have & direct
o are an k’:;m' problem to each

xbii te shade should be provided.
rabhlwb;?iﬁ?gm from heat than cold, it
R‘;sa")’ 1o give the herd special attention
js mec pm,dsgfhlghtaﬂpmues They are
durin® PO fortable in high temperatures the

moré 1 days 1 the season. Does that are
st fe 7. i prognancy and newborn liters
well ol asreptible 1o injury. The does

are ﬂ’evg::ce o sulfering by excessive
give @ sl the mouth and nose and
moist"y pleedina from the nostrils, rapid
oceasi ™ T d restlessness; newbomn litters by
mﬂ"rslm. lssness: Rabbits that show sump-
T i shoukd be removed 0 o et
joms ol lilﬂfed PM Considerable relief can he
ErLL

well

Fig. 5.15. A permanant identification mark
latooed in a rabbit's ear (Courtesy of J.1. Mchitt)

Fig. 5.16. An ear lag for easy dentification.
(Courtesy of J.1. Mchiit)



Rabbit Management

given by placing awet cloth in an animal’s cage
for it to lie on. In the case of the doe that has
advanced to the sage where bleeding is occur-
ring and quick action s mecessary, placing
cracked ice between the folds of a wet cloth and
placing it in the cage so she can lie on it is quite
effective and may save a doe about to kindle.
Immersing the entive animal in cold water for
three seconds is another emergency measure
to save a heat-stressed rabhit. On extremely hot
days, another method is to dowse each adult
rabbit about 3 1o 4 times a day with tepid water
from a hose, Thiscan be done from the front or
top of the cage without removing the rabbit
from the cage. It takes about 4 hours for a rab-
bit to reach a critical physialogical state of being
severely heat stressed, so the regular dowsing
can prevent this from eccurring. Many rabbit
breeders freeze two-liter sada bottles filled with
water and place them in the cages when it gets
very hot

Sprinkling the roof and floor of the rabbi-
try may give relicd, except in areas of high hu-
midity. If a rool sprinkler is thermostatically
controlled, it will take core of quick weather
changes and is especially useful if the caretaker
is not available for requlating the sprinkler. If it
Is extremely hot, sprinkding the rabbits s an-
other possibility, especially the does that wil

kindle in the next day or tw. Be careful not to
wet any feed in the feeden. Heavily pregnant
does do not seem to be able to dissipate the
heat as well as other rabbits and giving them a
cool dip or sprinkling witha hose may be the
only way to save their lives

Fur Chewing

When there are several rabtits in a cage and the
habit of fur chewing develops, the eyelashes and
whiskers are chewed first, hen the fur on the
head and next on the bods. Rabbits that are
alone in a cage chew the [ on their sides or
back of their nimps and arecapable of reaching
fur an the sides of their bdy where it would
seem impossible. If rabbits ain reach the coat of
another rabbit in an adjoinng cage, they may
chew its fur. Sometimes dees chew the fur on
their own young, In cases i which rabbits are
chewing their own fur or thefur of other rabbits,
the eoats have an uneven appearance (Fig. 5.17).

Fur chewing is most likely due to a faully
ration or (o the rabbits not eceiving the proper
amount of feed and is usualy associated with a
ration that does not cortain enough fiber
Keeping goad quality hay ar straw available at
all times and feeding small quantities of green

Fig.5.17. Examples of fur chawing The dark palches are areas of exposed skin. These rabbits were fed
a diet containing sunflower leaves, which contain tannins that react with prolein o ceuse a prolein
deficiency. (Courtesy of OSU Rabbit Research Center)
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feed daily will assist materially in preventi
the fur chewing habit from developing lim

dirt prior to disinfecting. Rabbits excrete large

ieedlvtl\g of hay does not salve the problem, in-
creasing the protein contenl of the ration
might help. The addition of 2-% kg of magne-
sium oxide per ton of feed sometimes aids in
the control of fur chewing.

Occasionalky rabbits will pull fur from their
cage n-;atesbybemm of boredem. This vice is
avercome by pulting a round can or a wooden
block in the cage. The rabbits spend hours
:emfm lthh these ohjects and

orgel the fur chewing. Hanging
asmall bleck of wood in the cage will also work
and will also provide the additianal benefit of
;”:"Bd"ﬂ |b;hh_ng. This method of prevention
com ot work_nf there is a dietary deficiency. In
tion, offering a limited amount of greens

ar hay may also be helpful.

Other Causes of Hair Loss

Hair loss only on the face may be caused

improperly cut wire for lea‘imy lnsiaﬁi:liun t;’
L!;l::h places on the feeder itsell. Such rough
mla;i:m:h the rabbit’s face, and a bacterial
s hlus-ualiy Staphylococcus) sels in,
feed::g i loss on the face. Changing the
emery :;;T:Tmthng i I ol wib

will alleviate the problem

Sanitation

& i
eqs;hm‘ very important in controlling dis-
o e V. cages should be cleaned daily
o l;:n hanging on the bottoms of cages
= removed with a wire brush, This
;\E;m"d enteritis and hepatic coccidiosis.
handyeloolbnﬁh molnted on a long handle is a
ol ' :. batteny driven electric drill with a
e u::d : ead cin be mounted on a handle
e or dleaning the bottams of cages.
Plastic tollet-bay| brysh will be less dam-
:arég;;rthmafvam'ng on the wire but will
be bmshe‘; i Jution
S b]:r ?‘Dﬁyu:l with a bleach solution
& 4 e liter of water). Disinfect-
m,_:|ab,: effective aly on the surface. so canes
thoroughls cleaned to remove attached

of calcium carbonate in their urine;
caleiun deposits may build up (Fig. 5.18). Cal-
cium carbonate is soluble in acid, so a mildly
acidic solution (e.g., vinegar) will aid in remov-
ing these deposils.

Hair should not be allowed to build up on
cages and elsewhere in the rabbitry (Fig. 5.19).
Hair can be removed from cages by burning
with a propane torch. Be careful with a tarch,
as it can be a fire hazard. Do not use a torch
1o burn hair or cobwebs off the ceiling or walls.
Instead, a vacuum cleaner may also be used for
removing hair.

Flies in the rabbitry are a nuisance, It i
concemvable that they could be vectors in the
spread of diseases such as pasteureliosis, but
this hasn't been proven. In an urban or subur:
ban area, the rabhit raiser can be the target ol
legal action if the rabbitry is the neighborhood
source of flies Flies can be controlled by using
ecreens to keep them out o the rabbitry
using baits and spraying programs 10 eliminate
them if they do gain entranze. Such manage:
ment procedures as the repir ol leaky water
valves are important to keep the manure habi
tal as dy as possible, (This dso helps minimize
ammonia produetion.) Insecticides can be of
the arganophosphate type, uuch as mialathion,
ar of the natural lype, such @ pyrethrum prod
ucts foblained from the pyrethnm flowwer)
Spray contact with the mbbits should be
minimized, especially with arganophosphates
A good rule of thumb s fo we anily spray prod-
wets that are safe lor use arcand lactating dairy

Fig. 5.18. An example ol a demsit of calcium
carbanale in a rabbit cage. Ratbils excrete large
amounts of calcium in their urine. (Courtesy of
OSU Rabbit Research Center)



Fig. 5.19. Accumulation of hair on cage bottoms. (Courlesy of D.J. Haris)

cattle. Another method of flv control is the use
of natural (ly predators, such as beetles and
wasps, that can be purchased from commercial
sources. The naturally-occurring black soldier
fly, Hermetia iilucens, is also beneficial for fly
control in the rabbitiy, The females, about the
size of wasps, live on neclar from flowers and
only enter the rabbitry (o lay eges: They fly
close o the ground, lay their eqas in the ma-
nure pack, and leave, The lavae are about
2em long and are a dirty gray coler, They
out-compete the [ilth (v larvae (primarily
houseflies and stable fies) for food and will re
¢ lhe numbers that hateh, They also will
o the volume and water content of the
manure pack, They are very active and will re-
sult in the manure pack moving into the aisles
each night. Shoveling the material back under
the cages each day is a small price to pay for
good [ly contral
Growing earthworms in the manure pack
will also help keep filth fly populations under
control by stirring and drving the manure

However, moisture reqtﬂrlmnt:n;u' WOTms
are much higher than are gener

for mbb'll:‘i growing wams under the rab-
bits may result in hneas::cln:lg;n:!s;[ pas-
teurellosis and other respirttony -

A white fungus is ofte observed on the
manure beneath the cages (Fig. 5.20). It is
probably harmless, although it s possible that
spores released by mature fungi could contrib-
ule to respiratory disease o the rabbits. It can
be controlled if desired by applying a fungicide
to the manure,

Shedding or Holting

The rabbit's coat is prime vhen the hairs have
a goud sheen, are tight, and have attained their
maximum length, The skia Is white and the
hair flows back into place exenly when the coat
s rubbed from the rump to the shoulders.
Unprimeness is indicated by a dull, uneven
coat and loase hair. The hair does not flow



Chapter §

Fig. 5.20. A wihite fungus is often abserved
growing on rabbit manure beneath the cages.
(Courtesy of PR. Cheoka)

back evenly when the coat is rubbed from the
len the shouers. Patches of new fibers
i seen, and fhese new fibers will appear
a growth pattern that varies from animal to
:‘E‘:} The skin of these new hair growth
s Etb:::ﬁelﬂydﬂutedmmbhhsuﬂlh
The paitern of shedding in

m-: ::ellnllely established. ng;:b:fm
I;’L;:‘-mﬂs when a rabbit s about two
ot o and bsts until it is four fo six
g C;QE- Heawy feeding of the young
bkl 1h:-58 _ﬂ’le mall at an earlier age In
vy :mhre i the annual molt with mature
in different J;Lry::m 1ImeRoai‘;1hppeurnnw

i areas. its
"m molt by disease, going "alﬁ:ﬁbﬁ

occurtence of ;

prime condition for a longer period. Some
rabbit raisers claim that molting adversely af-
fects reproductive performance, but this belief
is not well substantiated. In fact, little attention
is paid to molting in commercial meat rabbit
operalions.

Environmental Effects on Rabbit
Performance

Temperature

Rabbits are very susceptible to heat stress be-
cause they have few funclional sweal glands
and have dilficulty in eliminating body heat
when the environmental lemperature is high
Heat-stressed animals stretch out lo maximize
bedy surface area for heat elimination. Ani-
mals respond differently to a sudden acute ex-
posure 1o high temperature than to chronic
exposure when reared under high environmen-
tal temperatures. In the tropics, rabbits can be
successfully ralsed under canditions in which
the temperature is consistently 32° 10 35'C
(90" 1o 95°F), whereas rabhits adapled 10 the
coal conditions of the Pacific Northwest of the
United States may die ol heat stress when
the temperature on rare oCCasions exceeds
32°C (O0°F), Animals routinely kept under
high temperatures develop metabolic mechan-
jams to adapt 1o heal stress. In areas ol high
I ture, such as the tropics, rabbits con®

Jemberanes,or ler srse. Fkdnce
lnos;hlgai:'n the herd 1s the accumulation of
ol the n-,g:::::jm'" sides and in the corners
iogether by et ?&Ms being bound
Shedding firsy
Tump and the
then Increasingly
eis a
the size ar‘l;fﬂllo

oecurs on the sides of the
ighs, lollowed by the back,
in areas down over the sides.
bc:'w'] degree of similarity in
coal areas op h:lll:m of the ingrowing new
the rabbji, the right and left sides of

A 2
Prmnm:‘?-nhq?'-la lity diet and high leed intake
ting. The arowth rate of hair s
Fale of hurmgogey 1 2 MUiFent intake, 5o the
feeding of 1 1 Greater. Resircted
aMount of ha; show animals ruduces the
it shedding and keeps the fur in

sume large quantities of water and consume
less feed than in temperate cimates, It is also
observed that rabbils tend fo be: smaller and
have proporficnately longer hodies with thin
fur cosls and long ears. Such charac {eristics
relate Io aspects of heal telerance, Their prod
uctivity is reduced becouse of the lower feod
intake, Provision of adequate water is critical
under these conditions. Rabbits that begin 1o
pant or develop extreme welnass around the
nose and mouth are in sevete heat stress, and
immediate corrective action should be taken
An ideal environmenial lemperature is
10° 1o 15°C (50° to 59°F). This is known as
the rabbit's “comfort zone.” At higher or
lower temperatures than this, the animal has
to expend energy to maintin its body tem-
perature. Rabbits are much more tolerant of
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low temperatures than high temperatures.
A major consideration under low temperatures
is that feed consumplion is increased so the
animal can maintain its body temperature,
Thus, the lower the environmental tempera-
ture, the poorer the feed conversion, because
& greater quantity of feed energy is being used
to maintain body temperature. When limited
feeding is practiced, provision must be made
for extra feed in cold weather. It is significant
that, because of the increased feed intake,
water consumption also increases as the tem-
perature drops. Restricted availability of water
under cold conditions (e.q., from frozen water
lines) will reduce performance more than re-
striction at the comlort zone, because rabbits
will not eat if they don't have sufficient water,

An interesting response to cold tempera-
lure occurs in some breeds such as the Califor-
nian, Siamese Satin, and Sable. If the newborn
kits are exposed to cold temperature, or if
Tur on an adult is chewed or shaved and then
the rabbit is exposed to cold, the fur will
temporarily grow in black in areas where it is
narmally white (Fig. 5 21). This occurs be-
cause the cold stimulates the formation of mel-
anin pigment in the hair follicles, which causes
the hair 1o be black

Fig. 5.21. The Californian rabbit on the right had
a patch of hair shaved of its rump and was then
kepl in & cold envirenment for a few days. The hair
grew back in as pigmented fur, (Courtesy of OSU
Rabbit Research Centar)

Fluctuations in tempaature mav trigger
outbreaks of enteritis. Enteritis outbreaks are
sometimes noted following the start of a cold
snap. One possibility to account for this is that
a sudden drop in temperaure triggers an in-
crease in feed intake. Thiscould cause carbo-
hydrate overload, leading b a proliferation of
pathogens in the qut, with the production of
lethal toxins. Restricting feed or providing
coarse hay at the beginningel a cold spell may
reduce the incidence of enteritts.

Light

Optimal lighting conditions for rabbit produc-
tion have not been establihed. It is believed
that the winter decline in Ertility that is often
observed in some regions af the world may be
due. at least in part, to degeasing day length.
Use of lights fo maintain a total day length
equal to the longest day at the particular latitude
is recommended, In most regions in the United
States, that is in the rangeof 14 to 16 hours

As discussed in Chapler 4, commercial rabbil-
ries should have lights on atimer and use sup-
plementary lighting both i the morning and
the evening to help maintan normal breeding
during the fall and winter. Itis possible that the
spectrum of the light soures may also have an
influence on animal perfornance.

Hypnosis

You can readily “hypnotize” a rabbit [put it to
sleep) by laying it on its badk and gently strok-
ing the chest, abdomen, and sides of ﬂi! head.
When aleep a rabhil is in a trancedike state
{Fig. 5.22). Hypnosis may have some value as
a means of restraming mﬁs for nmm';ot'!:
aery; probably it is mainly Lo gel the atlen-
tion of 4-H Club members touring the rabbitry!

Breeding Herd Replacements

An extremely important pat of herd manage-
meni is providing adequate replacements for
the breeding herd. In comnercial rabbilries it
is common to replace 100 to 125% of the




Chapter &

Fig.5:22. A rabibit that has been hypnotized.
(Courtesy of D.J. Haris)

breeding does each year. This does nol mean
thal every doe in the herd is replaced yearly.
but it does mean that if you have a 100-doe
breeding herd, you will add to this herd 100 o
125 junior does per year. Some cages will have
had two or three does during the same year,
whereas other cages will have the same doe for
twor years, In fact, il you are not replacing a
sizeable portion of the breeding herd annually,
vou are probably nol improving the quality and
health of the herd as rapidly as you should.
Snuffles, sore hotks, malocelusion, mastitis,
poor reproductive performance, and many
other reasans will resull in breeding animals
being removed frem the herd. As a general
rule, save ane replacement doe per month for
every 12 does in production, and one replace-
ment buck for every five bucks In service. The
continual replacement of old bucks with young
bucks is extremely important. Since each buck
is bred to many does, his influence on the gen-
elic qually of the herd is much greater than
thal of an individual doe. Young bucks tend 1o
have greater bbido and will wark harder than
old bucks. The cileria used in selection of
voung stock are covered in Chapler 15, “Gen-
etic Selection for Herd Improvement.” Proper
selection of breeding stock has a great impact
on the success of a rabbitry and on the poten-
tial for profit.

Herd Records

Herd records pay big dividends when selecting
breeding stock and culling. A useful and uncom
plicated system of records for the commercial

breeder and also the breeder of purebred anr
mals involves the use of cage cards for the
does, a card for keeping each buck's breeding
record, and an extended pedigree record or
other permanent record. An elaborate system
of bookkeeping is not necessary, but a simple
record of income and expense enables the
rabbit raiser to determine profit or loss.

Cage cards {such as the one in Fig. 5.23)
for making a notation of the date of breeding,
buck and doe identification numbers, date of
kindling, number of young born and retained,
litter number, date and number weaned, and
weaned weight of the litter are readily available
from feed companies and other commercial
sources. Some rabbit raisers may wish to in-
clude a record of the weight of the litter at
three weeks of age to indicate the doe's milk
production. The records that show whether
the doe conceives regularly throughout the
year, whether she is prolilic, and whether she
has the ability to properly nurse and care for
the litter are especially uselul in determining
which does are profitable.

Some breeders object to coge cards be-
cause during periods of high humidity the cards
become limp and fall out of the holders, and
the records become illegible, Often the cards
become torn, dirty, or lnst, making it necessany
1o keep duplicate records. Cellophane cavers
will protect them, or infermation can be trans:
lerred to permanent records more [requently.
Fifteen centimeter (6 in) pieces of 10 gauge wire
bent into a “U" shape and shapped inlo the
channels of the card holderswill also help hold
the cards in place. These are particuliarly useful
in open rabbilries where birds are a continual
problem. Birds have a tendancy to peck ot the
cage cards uniil they pull them out of the card
holders

The buck record card (Fig. 5.24) is ex
tremely important. It furnishes information as
1o whether a buck has settled his does through-
out the vear and information an the relalive
growth performance and suvival rates of his
offspring,

Permanent records thatcontain both pedi-
gree and production information shauld be
malntained for each breeding animal, Informa-
tion should be transferred tothe permanent re
cords when the cage cards ae full or al regular
shorter intervals. Some rabbi raisers may wish
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Fig. 5.23. A typical doe cage record card. (Courlesy of 05U Rabbit Research Centey

to store herd records on computer media.
Commercial compuler programs are available
for this purpose In the commercial industry
there is a dire need (o develop computer pro-
grams thal can provide a genetic evaluation of
all breeding animals for econe smically important
Iraits, such as those used in major livestock in-
dustries. The genetic evaluation procedure uses
both pedigree and performance information to
compute genetic seores lor each animal ealled
expected progeny differences (EPDs). Using
EPDs as selection criteria can often resull in
rapil genetic umproverent in the herd. This
tapic is discussed in more dotail in Chapter 15,
“Genetic Selection Tor Herd Improvement.”
An extended pedigree includes at least
three generations lor each buck and doe in the
breeding herd and can be supplemented with
notes and comments aboul performance,
show winnings, and desirable and undesirable
characteristics for each of the ancestors in the
pedigree entered on the pedigree blank form,
This information is valuable when planning
matings for herd improvement. In fact, having

an extended pedigree availible is the only way
Iudxnhncm]ﬂwhﬁﬂlmddh'm
involved, for it is impossitie to remember all
essential details. Extended pedigrees are "tbu
necessary for use Tbh'mahhg applications lor
the ration of rabbits.
r:g:mmmmm-vfm"bg:'
management, This is a cad, et
puter printout that lists thevarious chares for
the day. It contains such {ms as does (o be
bred, nest boxes o insert, does to palpate, lit-
ters to weigh, litters to wea, litters from th'
1o select replacements, ratbits ta treat for 3
ease, does or bucks to cull,and does lo M.
for new litters. The chore sheet is vilal, for it
prevents mistakes, such as failing 1o put '“I°
nest box, It is very discounging to come h Y
the rabbitry and find a dead litter on the wire
because of the failure to pu in a nest box.
There are many diffennt methods '°"$
ranging chore sheets. Some rabbit Wdailv
have & daily chore sheet fat is kept up
from the permanent records. Wﬁ‘?ﬂ&’i‘m
a weekly chare sheet with each day's chores
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Fig.5.24, A typical buck cage record card. (Courlesy of OSU Rabbit Research Cenler)

Tisted. A weekly diary is useful 1o keep track of  program is that it can print out daily chore
necessany chores. Allernalively, a circular cal-  sheets on which you merely fill in the blanks
endar can be constructed for this funclion. One  and then enter the new information at the ond
of the advantages of a computer with a good ol the day ar week as you desire.



Economics and Financial Management

Successiul commercial rabbit production, like
any other agricullural enterprise, requires
careful financial planning and bookkeeping.
In the United States, commercial meal rabbit
raising has rarely been a profitable activily as
assessed by normal business standards, which
include a salary lor the operator and consid-
eration of all expenses. In fact, most rabbit
raisers do not consider their labor when
calculating expenses, and many still do not
show & profii. Often the rabbitry building is
one previously used {or other purposes. and
Its value may not be included. Even with free
labor and buildings, It is difficull o make
money with rabbits. It should be clearly
understood by anvone planning 1o go into
commercial rabbit production on a large scale
that the record of this business is very poor,
The econamics of rabbit production in North
America male this a high-risk venture. Too
often, a prospective rabbit raiser caleulates
how much money could be made with one
doe per vear, multiplies that by 10,000 does,
and thinks he or she has found an easy way
16 become a milllonaire! It is not the intent of
this discussion 1o discourage rabbit raising but
rather to ensure thal prospective rabbit
raisers enter the business fully aware of the
linancial limitations and 1o emphasize the
procedures that might aid in attaining
financial suecess

© Sleven Lukelahr 2022. Rabbit Production, 10th Edition (5.0, Lukefahr ef al)
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Financisg

There are various ways of financing a rabbit
enterprise. The usual sourees of capital includz
the owner's money, money barrowed im";;
lending agency. and outside equity-money
others invest in exchange for a share of the
ownership, In developing mmm.lﬂm are
9 tal and non-gowernmental agencies
that tpically fund projectsthat involve groups
of people from poor communities.

Mast rabbit raisers bagin in a small way
using their own funds, Mang do not ;:
pand beyond this stage. They may regard %
mbhiln,rasahdabymdrmyhswmln
lose money because they etjoy rabbit rnlsl'lﬁ...u:
i o means of relaxation, a family activity, eic.
They may be perfectly satshed to mnbulemd
their own {or their families')labor at no cost :
may use an old building for which they W:‘
no compensation, Their main concern wﬂ\e
1o attempt to make encugdh ms[rn::m
sale of rabbits to pay for puchased feed.

These altitudes are nt suitable for some-
one planning to raise ratbits as a h%
Unless one is independestly wealthy, =
probably be necessary to borrow mim?stor
obtain equity capital from an outside “,
1o establish ihe enterprise This wil rtfxwm
preparation of a loan application, plans i
business, and projectiors of income
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expenses. The application process will vary by
country and institution. The lender, usually a
bank, requires sufficient information in the
loan application 16 ensure that the loan will be
agood risk e, that it will be repaid). A lender
usually considers the following live factors when
evalualing a loan application:

1. Purpose of the loan,

The applicant must be able 1o provide a de-
tailed explanation of why the lnan is needed
and how it will be used.

2. Reputation and managerial ability,

The koan applicant must demonstrate thal he
or she is a good risk by providing evidence of
good character, honesty, reliability, and good
shills in maniaging both rabbits and money. The
prospective borrower shoukd be well prepared
when visiting a hanker, rather than merely
showing up withow adecuate facts and ligures.
3. Financial statement,

The lender needs o know the applicant’s finan-
cial status. This requires a slatement of current
assels livestock, fead, machinery, cash on hand,
elc), fixed assets fland, buildings, etc.), and li-
abilities. If the loan is needed for expansion of
an existing rabbitry, a balance sheet and cash
llow statement for the past several years may
be needed. If the current rabbitry hes not been
a financial success, il is unlihely 1o be profilable
on a larger scale

4. Repayment capacity

The lender needs to lnow whether the rabbitry
will generate sulfickent returns 1o meet other
expenses (feed, supplies, etc) as well as infer-
est and principal payments on the loan

5. Collateral

The applicant needs to provide collateral to cover
the loan in case the businesy fails or does net do
as well as projected. This may inchide most of the
farm assets, Thus, the decision 1o expand and
seek borrowed capital should not be miade with
out considerabile forethought and planning.

Expenses
Buildings
1t is best 1o start in a small way and expand the

business as vou gain experience. Beginming with
a large building constructed with bormowed

maney is usually disastrous. By the time you
have finally solved most of the production
problems and got the herd producing well, you
may be so far behind in payments on the loan
thal recovery is impossible. Also, you should
raise rabbits for a sufficient length of time to be
absolutely certain that vou like doing so before
expanding to the point that you have commit
ted your life savings to the business. The best
type of rabhit building is a modular type of
structure that can be expanded as needed, It
should be as simple as possible, using standard
cuts of building materials rather than special
cuts. Doing the work yourself will save aboul
50% con the construction cost. Typically, the
cost of the building is US$50 10 $100 per cage
(“per haole” in rabbit-raiser parlance).

Equipment

Construction of your own cages will roughly
save about 50% of the eost {assuming that your
oun labor is free) over buying pre-assembled
cages. Wire in rofls can be purchased directly
from the manulacturer. The current cost of a
11.8 % 11.8 em (30 » 30 inj cage thist is uncut
in rolls 1o pre-cut and ready to assemble is
roughly $28.00 to $45.00 If the producer
does not hire labor 1o construct or assemble
cages, the purchase of wire rolls is a goad in-
vestment. Feeders are narmally purchased ra-
ther than built by the rablit raiser and cost
$4.00 1o $6.00 each, Components ol water
systems are purchased and assembled by the
operator, al @ total cost of about 57.00 per
hole. The cost of the cage arel its equipment
will thus be an additional $39.00 10 $52.00
abave the cost of the building, lor a tolal invest

ment of at least $89.00 per hole. Purchase of
used caging and equipment may reduce costs

However, bear in mind that in humid emviron:
ments any metal equipment can st very rapidly.
Mew cages may need 1o be eplaced alter only
5 years of use. The purclase of qalvanired
wire and feeders is a sound iwvestment.

Breeding steck

Unlless you are expanding an existing herd,
breeding stock must be purchased. Good
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commercial rabbits should cost about $2.00 per
week of age up to $50. As noted elsewhere. it
is probably best to buy 8- lo 12-week-old ani-
mals and raise them to breeding age in your
rabbitry. This way, they can adapt to their new
environment befcre they produce. In addition,
it may be more cost effective to purchase fewer
animals initially and then gradually expand by
producing most of the replacerents needed to
establish the enterprise, Most breeders do not
mantain large numbers of replacement animals,
50 you may have to buy from several sources.

Feed

Feed is the largest single operating cost, making
up 75% or more of the total operating expenses
Feed cost is, however, an area where large
savings can be made by shrewd buying. The
botlam line on feed costs is the cost per kilo-
gram or pound of fryer produced, not the cost
per ton of feed. This figure (cost/gain) should
he determined ona Irequent basis. Buying (eed
in bulk will save several dollars per ton, A large
order ol several tons per month (actually a
small order when compared 1o other livestock
enterprises) should give the grower some
bargaining power lor a volume discount.

Labor

Very few rabbitries can afford to hire much out-
side Libor. Even al the mindmurm wage, hived
labor is not economically feasible in most rab-

bitries. as the example given later will dramat-
wally illustrate,

Miscellaneous expenses

There are many miscellaneous ems that will
be needed, which can add up to a shanificant
part of the total operating expenses and depre-
ciable costs. Utility costs for operation of lights,
fans, and heating or cooling devices; drugs and
veterinary expenses; ransportation costs for
getling rabbils 1o market: insurance; record
cards; small hand tools; cage-building tools;
feed buckets; carts: wheelbarrows and shovels;

a telephone; magazine and enline subscriptions;
books; a computer and softwere - allare examples
of the types of costs that need to be inchuded in
budget planning. These costs can "nickel and
dime” an operation inta bankrupley if they are
not built into the projected cost picture.

Income

The major source of incame in commercial
rabbit production is the sale of animals, inchud-
ing fryers, stewers, laboratory animals, breed-
ing stock, and perhaps pet stock. Other
sources of income might include the sale of
manure, earthworms, and pelts. Usually, IhE
sale of fryers is the major income-generating
activity. The price received for frvers is gener-
ally higher in winter than insummer and varies
from $2.20-3.20 per kisgram ($1.00-1.45
per pound). Either way, the prmisrdﬂll‘“!’!r'

low compared to lotal expenses, A growing

trend is to “cut out the midfle-man” by selling

either live or custom dressed rabbits at venues

such as farmers markets and restaurants,

Because of the Covid-19 pandemic, some

states now have rather lac meat inspection

laws, especially il the prajucers do not sel

maore than 1000 meat rablits annually,

It is possible to realiz a profit in rabbit
production, but dsllmimmganmﬁmﬂa‘:-
Very lew beginning rabbit misers make A it
in the first year or so, whith may explain why
few growers remain in the hmia;ﬁnf[:!;‘as long
as three vears, Rabbit raiing
“the 18-month industry.” Thal is about how
long it takes for the average new raiser to get
discouraged and quit.

With good managemensit is possitle lnean;
abaut $20 to $30 per doe per year HM‘-:;’
is better to calculate this o a per cage Y
betawse, with culling and merdalities, more
one doe may oceupy the cag: during the year

Cash Flaw

i cash
The example in Table 6.1 illustrates the
flow of a typical small commercial rnbbilrv::
100 treeding does. Al leat 160 cages wil ;
needed for does, bucks, fryen, and replacements.



Table 6.1. Sample yearly cash flow for a 100-doe rabbitry.

Expenses Total cost Annual cost
Depreciatiz Building (15year $12,000 5800
depreciation)
Cages and equipment 6,240 1.248
{5-year depreciation)
Initial herd (2-year 2,600 1,300
T depreciation)
520,840 £3,348
Nan-depreciable
Fead 515,360
Undities 360
Instirance 120
Mescallangous 300
m 516,140
519,488
Expenses
i Fryess 350085550 519,250
T Stawers 100@56.00 600
Nt e 519,850
proit 5362

A 100-doe rabibitry will use aboul 1 melric ton
uza‘smdltadmlmﬂ'lnlmasr
sumed cost of $640 per ton The ulility bill is
estimated at $30 per month, Insurance is $10
per month. The bulding will cost about
$12,000 (i built by the owner), and cages and
equipment will codt about $6240 (160 holes
cost aboul $39 each, inchading leeders and
Waler lines and installation), One hundred jun
or does and four bucks will cast about $25
;“d' i purchased at a young age ($2600 total)
myers will be sod at $2.75/kg (51.25/1h)
when they reach 1.8 1o 2.3 kg (4 1o 5 Ibs).
El“gum will weigh about 4.5 kg (10 bs) and
ng £1.32/kg (0.60/1), The average well
;l;l;agedm}m commercial rabbilny prochices
- rvers per doe per year and culls about 100
C:::l- In ather developed countries, such as
il .Frm.]'lab,mdSprhwpromdinn
per doe are considerably higher due fo the

Use of many intensive praciices fe.q., artificial
Insemination, infense genetic selection. advanced

breeding stock over 2 years. Variable or oper-
ating costs, such as feed, ufilities, insurance,
and miscellaneous expenses, are deductible in
the year in which they occur. Insurance costs
wauld depend on many factors such as loca-
tian, and Hability values as well as deductibles.
It 15 assumed that 100 replacement does
will be needed each year. On average, al
least 100% of the does in o breeding herd are
replaced each year. Some may last as long as
two or three years, and others may die or be
culled as early as their first iter. In many cases,
the replacement rate is even more: than 100%
Caleulating the cost of replazements is compli
cated Il replacements are saved, there will b
lewer fryers for sale, as the junior stock must
be caged and fed. In this example, about four
replacernents per month shouled be kept. Some
of the junior does will die prior lo reaching ma-
turity, so al least one additional rabhil per
manth should be saved This will average out
fo about the same amount as you would pay 1o

diets, and sophisticated health and reproductive  buy a junior replacement doe ($25). The eosts

"Mn;m protocals). of raising or purchasing replacements are not
Fixed costs, such as those of the bullding.  included in this example.

equipment, and purchased breeding stock, can The expense and income projections for

:e depreciated (amorlized) over time. In this
l?mple, the bulding will be depreciated over
vears, the cages over 5 years, and the

this typical 100-doe rabbitry are shown in
Table 6.1. The operation shows a tolal net
profit of $362 per year, o $3.62 per doe.
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This is with free labor! It takes about 3 hours
per day to operate a 100-doe rabbitry, or
1095 hours per vear. This provides a return of
only $0.33 per hour This does not include
the labor costs of constructing the rabbitry
building, making and installing cages, and
setting up the rabbitry

This example should make it obvious that
the profit potential of commercial rabbit
production is marginal at best. It is not the
authors' intent to be gloomy and pessimistic
but rather to be realistic. Many prospective
rabbit raisers think they have discovered that
rabbit raising is a way of gelting rich quickly.
It just is not so, After all, if it were a way of
getting rich quickly, lots of other people would be
in the business 100, However, with good man-
agement and the ability to decrease production
costs andlor) increase prices, a marginal profit
can be generated. For someone who loves to
raise rabbits and who likes to be their own
bass, the business can be quite satisfuing.

In the above simplified example, several
areas {or polential savings can be seen Feed
made up 95% of the total operating costs,
Thus, major redutions in costs can be accom-
plished by finding ways of reducing the outlay
for feed. Buying bulk feed, working closely
with a feed company nutritiondst 1o aet a feed
that praduces the cheapest gains, avoiding
feed wastage, and keeping the feed:gain ratio
s bow as possible are ways of reducing expenses,
Home production of rations is generally not
costelfective because of ihe wide variety of
components needed, the necessity of buing
some of these lems and the rabbits’ selectivily
with unpelleted foed

The major lised costs are those of the
building and breeding stock, Where the climate
permils, buibding costs can be reduced Ty using
asimple A-frame construction with open sides
The numbers of replacement does needed can
be  reduced by using good  management,
healthy stack, and careful disease control

The other weay of increasing prolits, besides
reducing costs, is to increase income, This can
be accamplished by aetting a greater return
per Iryer or by selling more fryers, Obta ining
superior breeding stock andfor) utilizing effect-
ive breeding and selection practices is para
mount to achieving increased production rates,
Another way (o increase the price received for

fryers over the going rate is to butcher them
voursell and sell the meat locally This may
increase profit if you consider your labor ta be
free. Not everyone wants to slaughter his or
her own animals; and heal: codes and restric-
tions are often stringent, so this is often not a
viable possibility. As previsusly stated, sefling
live or custom-dressed [ryersat farmers’ markels
may be an option.

Increasing the size of he herd to increase
income is not feasible beyond certain limits,
due to the time requiremert of about 10 hours
per doe per year. For a 40i-doe rabbitry this is
equivalent to 4000 hours pe vear, represenling
almost 11 hours per day, 365 days per year
As size increases, there islittle, il any, reduc-
tien in the labor required per doe so the herd
size should not be increased above the number
that can be adequately cased for in the time
available. The major way d increasing income
is to increase the number of fryers
per doe cage per year. In the United States.
most growers are markethng in the range of
30 1o 35 fryers per doe per year, In Eurcpe,
some producers average wer 50 fryers per
doe. Increasing the number of fryers marketed
per doe can be accomplished by good manage-
meni o ensure that does get bred back on a
reqular basis, by genetic sdection and use of
superior breeding stock, by reduction of the
breed-back interval, by disease control, and by
proper feeding and nutrition. If both doe and
buck replacements are selcted only from the
top 208 of the herd, qﬂd‘m“ inincreas
ing productivity should be nade. Each anh\llal
that dies or is culled should be replaced with
an animal that is superiorto it

Typically, 25 f:mt. of all rabbils born
die belore reaching market age. Mortality con
be reduced by simple marmgement practices.
such as balancing litters by fostering, culling
discased does, wire brushing cage bottoms
daily (to reduce coccidiosts and diarrhea), W“‘hw-“
cing weaning stress (movng the doe ’:m
than the litter and observisg dmely lo i
sure that the kits have learred to drinkl, w‘f:d
ing to determine pregnancy, and adjusting
intake of does to keep them in good flesh. i

The sale of breeding gock is more profit
able than the sale of fryes, Of course, most
commercial producers mud sell mainly 'ﬂ’“':;
because a viable industry does not exist
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producers are just seling breeding stock to
each other. For the grower with superior stock
{which requires an extensive knowledge of gen-
elics), however, the sale of breeding animals can

be lucrative. Additional. but minor, income
cmbegwﬂedwﬂﬂswwmls such
¢ rabbit manure and worms.

In summary, rabbit raising can be an en-
jovable activity and can somelimes provide a
small prafit. It should not be viewed as a way
fo quick riches, Thus, anvone confemplating
building a large-scale commercial rabbitry of
several thousand does should look at these
figures very carefully!

Further Reading

Lukefahr, S0 PR, Cheeke, J.1 Mchitt, and N.M. Patton. 2004, Limitations of intensive meal rabbit
Wm]ﬂurﬂ:hﬂsm Arevew. Can. J. Anim. Seci. 84. 349-360.
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Principles of Rabbit Nutrition

The rabbit is classified as an herbivorous non-

cell membranes, cerlain bormones, and all

ruminant. It has a smple, non-compart
stomach, like the human and the pig, and an
enlarged cecum and colon (hindgut), like the
horse and the guinea pig. The hindgut is an
area of bacterial growth, somewhal analogous
1o the rumen of catile and sheep, which has an
influence on digestive processes, nutrient re-
quirements, and the tupes of leedstulls rabbils
can utilize

Nutrient Categories

The nutrients that rabbits require in their feed
can be grouped mto the (ollowing calegories:

protein
carbohvdrates
fats

minerals; and
vilamines

Each of the lmown nuirients can be placed
n one ol these categories. While more than
50 nutrients have been identified, it is fortu-
nate that in feed lormuliation only a few require
eritical attention,

Protein

Pratein is a fundamental component of animal
tisswe. It is a major component of muscle tissue,

 Steven Lukefahr 2022. Rabbit Produc
DOk 10.1079/9781789249811,0007

tior, 10th Edition (S.0. Lukefahr et al,)

v Proteins are made up of basic unils
called amino acids, While over 300 different
amino acids are known in the plant world, only
abeust 20 are important in animal tissues. Each
animal, and each tissue of an animal, has pro-
teins of a characleristic stucture. This struc-
Iurcisdﬂern'ﬂmdhylhea'nmmlhllhe
protein contains and by he order in which
they are joined together. Typically, an individual
protein mobecule will be mide up of
or thousands of amino acid joined together in
a particular sequence, whidh is determined by
the animal's DNA and RNA structures. Some
proteins are particularly rich in certain amino
acids; for example, hair is sery high in cystine,
a sullur-containing amino aid,

Certain animals require particular amino
acids in their diets. Monogastric animals, such
as pias and chickens, and son-ruminant herbi-
vores, such as rabbils, require these amino
acids in their leed, Rumimnts, such as catlle
and sheep, do not need amino acids in their
diet because the bacleria In the rumen mant:
lacture them and the animals eventually “eal
or digest the bacteria. The amino acids that are
needed in the diet are caled essential amino
acids. They cannot be manafactured by an ani-
mal. The names of the esential amino acids
are shown below,

¢ arginine
* histidine
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leucine
tryplophan
lysine

melhlun'lne_

threonine; and

valine.

OF these, lysine and methionine are the
ones most lkely to be deficent in rabbil feeds.
This is because grains tend to be low in these
amino acids. In the lormulation of rabbit rations,
it ts nod sulficient ta consider just the amount of
protein in the feed. The content of the essential
amino acids also needs 1o be adequate.

Cereal grains are poor sources of protein
and are used in buman and animal nutrition
pﬁnwWassoumzsol energy. Protein supple-
ments are required hecause of the low protein
content and quality of the grains, The major
mnmpphfmusedhﬁkbilfmiﬁm.
bean meal, although cottonseed meal, canola
meal, linseed meal, and sunflower meal are
aleo used. Alfalfa meal andl other lorages are
aqsagoodsu.lmnlta‘btem.

Carbohydrates

Carbohwdrates are made of carban, hydrogen,
and oxygen. They are synthesized by plants
from carban dioxide and water, using solar en.
erqy. This process is called photasymthesis
The solar eneray trapped by plants is used by
animals when the carbohydrates are megpy)
ized, producing carbon diaxide and water a5
oducts.
e sile. cabine ' g
other carbohydrates are made up sl
::D:n of glucose. The mast h:pwﬂmz
rbohyrates in rabbit feed are starch and ce|.
julose. Both & made up enlirely of gluegse
Mdffcld“"ﬂmwmmhg‘lﬂm maol-
are joined together. Starch is found i,
cereal grain® and tubers (potatoes, cassag,
o) Starch is readily digested by animals ang
s the malor dielay EPEFSY S0Urce for mog
porruminants (i chichens, humang). Cell,.
ose i he structural companent of planyg
a malor component af plang fiber. No
ﬁb praduce the enayme cellilase, which

digests cellulose. Therefore, the only animals
that can use cellulose as an energy source are
those that have bacteria in their gut thal accom-
plish the digestion. Cattle and sheep have a rich
bacterial population in the stomach (rumen)
that digests cellulose. These animals can eat
hay, straw, and other roughages and use them
& an energy source because the bacteria digest
them. Rabbits, having a bacterial population in
the hindgut {cecum and color), are able to digest
cellulose to a minor extent

The primary function of carbohydrates in
rabbit diets is to provide energy, which is ex-
pressed in calories, and indigestible fiber, which
helps maintain the integrity of the digestive tract.
High levels of grain may cause carbohydrate
overload of the hindgut, leading to enteritis. On
the other hand, the indigestible carbohydrate
(fiber} may have beneficial effects in preventing
enteritis. These aspects will be discussed in the
section on carbohydrate digestion.

Fats

Like carbohydrates, fats function primarily as
sources of energy. They contain, on an equal
weight basis, about 2.25 times as much energy
as carhohydrates. Thus, th re used in the
formulation of high-energy diets,

Fat is often added 1o rabbit rations at
levels of 2 to 5% of the diet. Added fat in
creases the palatability of [eeds, reduces lines,
and acis as a lubdcant in the pelleting pro
cess, [t also facilitates absorption of fat soluble
vitamins in the gut. A level of 2 s dlietary
fat seems to help in promoting a shiny, lustrous
hair coat, which is uselul in show rabbiis
A supplement of corn ol once or fwice a
week will do the same thing

Technically, fats are called triglycerides.
They are a combination ol glycerol and three
fatty acids. Fatly acids that have attached all
the hydrogen possible are called saturated fatty
acids. Those that are capable of holding more
hydrogen are called unsaturated fatty acids.
Unsaturated fatty acids can be converted o the
saturated form by the addition af hydrogen
{hwdrogenation). This happens in the rymen of
caitle and sheep, so beel and lamb fat tond to
be high in saturated fatty acids, Hydregenation
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does not occur in the rabbit gut, so rabbit meat
fal is nol of the saturated type.

Cholesterol is a complex substance that is
often considered with fats. It has been impli-
cated in human health, as it is a constituent of
the deposits that form in atherosclerosis (fat
deposition in the arteries). Rabbils develop ath-
erosclerosis verv readily, so they have been
widely used as laboratory animals in the study
of this disease. Bacause alfalia contains substances
(saponins) that reduce tissue cholesteral and
because most rabbit diets contain alfalla, rabbit
meat lends 1o be low in cholesterol,

Minerals

Mineral elements are companents of the ash
content of feeds, The mineral needs of rabbits
are easily satisfied by use of a caldum-phosphoras
supplement and of trace mineralized salt 1o pro-
vide the trace clements Trace elements are
those thal are needed in traces, or very small
quantities. Copper, manganese, and iodine are
examples. Alfalla is an excellen! source of cal-
cium, phosphorus, and trace elements.

Minerals function in several ways. They
may be part of the structure of the body. Cal
chum and phosphorus have structural roles as
the major camponents of bone, Minerals may
requlate the properties of biological Mluids, such
as blood and cell protoplism. Sodium and po-
tassium funclion in this way. Many trace elem
ents are “cofactors” for enzyme suslems; that
is, the presence of the minerals is necessary for
the enaymes 1o have activity, Coppor, selenium,
and zine are examples of this aroup. lodine is o
part of the thyrokd hormane. Sulfur functions
as a component ol aming acids (methionine
and cystine) and of some vilamins (thismine
amd biotin). Iron s a component of a prolein
thal carries oxynen in the blood (hemoglabing
Caliall i & part of vitamin B,.. Phospharus is a
companer of a molecule (ATP) that transfers
energy in cellular metabolism. Thus, minerals
have many diverse voles in animal nutrition,

Trace mineral deficiencies should not be a
prablem in rabbil production. The use of trace
mineralized sall al a level of 0.5% of the
diet will ensure that requirements are mel.
In addition, alfalia meal is generally a aood
source of mineral elements

The functions and the deficiency and/or
toxicity symptoms of minesls in rabbits will be
briefly described.

Calcium and phesphorus

These elements are impartant in the struclure
of bone and teeth. Rabbitsare quite unusual in
their metabolism of calcium. They absorb it
very efficiently and excrete the excess in the
urine, This accounts for the dhallky white deposits
seen in manv rabbitres (Fig. 5.18) Lequmes,
such as alfalfa, are rich murces of calkium.
Grains are very low in calciim but quite high m
phosphonus. A combination of grain and alfalfa
is thus complementary andgenerally meels cal-
clum and phosphonss requrements.

Vitamin D functions i most animals in
regulating calcium absorpton and bone min-
eralization. The significance of vitamin D' in
regulating calcium absorption in rabbits is
unclear. Rabbits seem to be highly efficient in
calcium uptake and continueto absorbs it in large
quantities after the metatnlic requirement is
satisfied. In other species, the amount of calcium
absarbed is controlled by a metabolite of vita-
min D, and calcium is absoed only as needed.

Deficiencies of calciun, phosphorus, or
vitamin D produce rickets in young animals
and osteomalacia in adits. Young rabbits
with rickets exhibit enlarged joints, crooked
legs, arched backs, and toaded ribs. Adults
may experience demineralization of the
bones until their skeletonsbecome paper thin
and fragile and broken bicks occur readihy.
Vitamin D tosieily results in calcification of
internal organs such as the liver, kidneys,
heart and blood vessels.

Rabbil diets generally have more Ih_aﬂ
suflicient calcium, becouse alfalfa, a major
ingredient in most ce ial rabbit feeds,
is rich in calcium. Becawse rabbits absorb
calcium efficiently, they often have an excess
that is excreled in the urine. It is common for
walkways in rabbit barns t have white urine
stains, attributable 1o the calcium carbonate
being excreted in the udne. This is aften
accompanied by a red pgmentation of the
urine (see “Red Urine” in Chapter 10). Urinary
tract blockages caused by excessive dietary
caleium are often a problem with pet rabbits
(see Chapter 18).

=~ T
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Magnesium

Magnesium functions as a component of bone,
as a cofactor in enzyme systems, and in trans-
mission of nerve impulses. A magnesium defi-
death. [n certain areas, magnesium deficiency
in cattle (grass tefany) is commen. However,
magnesium deficiency ts probably unlikely 1o
occur in rabbits, since legumes (alfalla, claver)
are excellent sources of the element, High diet-
ary levels of caloum increase the magnesium
requirement, 0 it is conceivable that high
alfalfa diets could benefit from magnesium sup-

tation. There have been reports that
rabbits chewing fur may respand (o supple-
mentation with 25kg of magnesium oxide
added per ton of feed Excess magnesium
added as magnesium sullate (Epsom salts) can
cause severe diarthea.

Potassium, sodium, and chiorina

These elements function in maintaining 4
i reltionships (ce-base belance) 1 e
blood and other body fhids. Becaisse potassiim
occurs abundantly in lequmes, such as alfalfy,
and because gralns are good sources also, o
deficiency is uniikely In rabbits, Provision of
salt at a level of 0.5% of the diot satisfies
the sodium and chlorine needs European
resea have sugdgesied that these elors
ans in diets shouldbe provided so tha he g
of potassium nnd‘salihnm minus chlorine, js
about 25 miliequivalents per 100 arams of
When "T'ﬁ‘ ocous in rabbis, these
s are drawn into the gul, caug
elemet " of fid balance in the '3"%;

urbance
ﬁ:uu js dehydration, which may be fothy)

, and chloride arg ¢}
Potassium: ; electrolytes
ich!‘!led mokecules in mllll‘KH_ : i), admmitiistration
o Iyl,go]mmmlwdnnw water o
by injectit o animals with enteriis s sou
yimes beneficl

Sulfur

snent of the sullur ami
bam‘“p‘ : 7 1 AMINo acid.
adﬁ;m amins thiarmine and biotig Thy,
ired only 5 8 COMPANENt of these g,
js red jc sullate Is used in formatig, of

ents: e lissue: In poultny, Tesponses 1o

feeding inorganic sulfate (e.g., sodium sulfate}
hawve been noted. It is not known if such responses
occour in rabbits,

Iron

Iron is a eomponent of several organic mol-
ecules that function in energy metabolism.
Hemaglobin, a blood pigment in the red blood
cells, contains iron. Hemoglobin functions in
axygen transport in the blood. A deficiency of
iron results in decreased hemoglobin forma-
tion and in anemia. Iron deficiency in rabbits is
unlikely, because most commercial rabbit diets
contain adequate iron.

Coppar

This element is closely involved with iron
melabolism. A copper deficiency impairs iron
utilization, causing anemia. Copper is also a
colactor for several enzymes, A peculiarity of
copper deficiency is that a graving of black fur
occurs. This is due to the ok of copper in the
synthesis of melanin, a plgment in hair and fur.
Copper sullate is sometimes used as a feed
additive for rabbits, at dietary levels of 125 o
250 perts per million (ppm). i may, under some
conditions, improve growth and feed efficiency
and reduce enteritls

Coball

No specilic metabolic recuarement for coball s
known, lts only nutritional role is as a part of
the structure of vitamin B, ,, This vitamin is sym
thesized in the hindgut of the abbit by bacteria
When rabbits eat their cecal conterits fooootrapes),
they satisfy their vitamin B, requirement In
fact, a larae excess of the vitamin Is cbtained in
this way, Cecotrapes are also known as sofl
feces or night leces

Manganese

Manganese deficiency in rabbits causes a mal
formation of the skeletal system (Fig. 7.1), in
chuding erocked legs, brittle bones, and decreased
weight, density, length, and ash content of the
bones. This is due to the metabolic role of
manganese in the formation of the organic
matrix of bone A deficiency in rabbits fed
practical diets is unlikely.
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Fig. 7.1. Manganese deficiency, showing crooked
frant legs due to impaired bone formation
(Courtasy of 8.E. Smith)

Zine

o have impaived lerdi
dermalitis are also ohse
Zine functions is a colactor of numerous
aymes and s involved in. DNA metabo
Zine is bound by phvtic acid in soybe
antl grains. thus redueing its awv

neal
silability to
some animals, such as swine and poultry, It is
likely that in rablits the zine-phvtate complex
is destroyed by bacterial activily in the qut. Zine
deficiencies in commercial rabbit production
have not been reported

lodineg

lodine is a constitsent of the thyroid hormone
thyraxin. In an fodine deficiency, the thyroid
gland in the neck enlarges in an attempt lo syn-
thesize mare thyresdin, This enlargement is called
a goiter. lodine-deficient reproducing animals
produce wealt or dead alfspring that have readily
observed goiters. Rabbit rations should always
be supplemented with iodized salt

Fig. 72. Zinc deficiency, shoving loss of hair and
crusting of the skin (dermalitig on the ears.
(Courtesy of C.E. Joseph andthe Joumal of
Nutrition, American Institule o Nulrition)

v

Fig. 73. A zinc

jant rabbt (lgf)

with a zinc-adequale control. unted growih,
altered posture, and abnormaliur are characterislics
of zinc deficiency. (Courtesy ofC.E. Joseph and the

Journal of Nutrition, Americaninstilute of Nutrition)

Seleniun

For many vears, selenium vas known only for
its loxic properfies. Feeds grown in areas that
have sails with a high selenium conlenl.ilhl.'
Greal Plains states of the US.) may 5':““2‘“'_’“'—‘
contain sufficient selenium to be loxic to hw
stock. Toxicity symploms nchide loss of hair
and blindness. In 1958, Oegon State Univer-
sity researchers discovered that white muscl:
disease (stiff lamb disease, nutritional muscular
dystrophy) in sheep could be prevented by sup-
plementary selenium. Sulsequent work has
demanstrated that selentun lunctions as a part
of an enzyme, ghitathione peroxidase, that lsi
involved in the removal ar detmih.callon_t:
peroxides, such as hydrogen peroxide, which
are lormed in fissues during normal melabolic




processes. Vitamin E functions by preventing
peroxide formation; thus, vitamin E and selen-
ium are very closely relaled in nuirition. The
rabbit 15 interesting in that it apparently de-
pends completely on vitamin E for protection
against peroxide damage. No sebenium defi-
ciency symplom has ever been demonstrated
in rabbits, so it appears that selenium is not a
required nutrient for rabbits, or the requirement
s very how.

Vitamins

The discovery and identification of vitamins oc-
curred almost entirely in the twentieth century.
Although there were hints of the existence of
factors that could E:e\'llﬂ % :;[-. a[:
: hasmans, o
mmm 1900 that chemical tech-
became sulficiently sophisticated to
allow the identification of these substances
The term “vitamin® came [rom the fact that
one of the first vitamins to be studied was a
chemical type called an “amine. The com-
was calied “a vital amine” this was Rater
shorteried 10 “itamine,” and then to "vtlan:hl.'
A substance found i butter was called “fat-
soluble A, and the substance found o protect
beriberi was called ‘wmr—_wu:le B.
agans B e caled “wiamin A” and “ia.
Later th Tt was soon discovered that “Vitamin
o B cually made up of several vilamins, 5o
& was raled “ha whoni B conplex These
: 1o this day; the fat-sohible
D, E, and K, while
vilamins ar¢ “:ﬂ:,ntnhm of the water
there are nurm group, and vitamin
1 discovered was vita.

[
ing are NEWCOMmers to our
w mlnmm;wm Y
of o People ascribe tremendous
: 'Jargs quantities of vitamins
petwean the large drug
[ood” movernent
and e T anufacture vitamins
eod jndustry promotes and
u'lﬂl“h'- dose levels. Most

reputable nutritionists are somewhat appalled
at this development, because the extensive sci-
entific studies of the effects of vitamins do not
support this massive overdosing.

This background is highly relevant to a dis-
cussion of rabbit nuirition. Because, in popular
opinien, the thing to do at the first sign of illness
is to take some vitamins, vou should be aware
that the dietary vitamin needs of rabbits are in
most cases quite low. Large amounts of money
have been spent unnecessarily to feed rabbits
vitamins for which they have no need. The vita-
mins are simply excreted in the urine or may
even be toxic to the rabbits fe.q.. vitamin A).

Definition of a vitarmin

Vitamins are defined as having the following
praperties,
1. They are organic compownds. The term “or-
ganie” is used in the ariginal chemical terminology
rather than in the current popular jorgon. An
organic compound is one eomposed primarily
of carbon and hydrogen. This is in contrast to
Inorganic substances, such as the minerals,
2. They are components of natural food but
iwre distinet from the other organic compounds

the carbohydrates, fats, and protein
3. They are essential for normal growth and
maintenance of tissue and have a specific, es-
sential role in metabolism
A. When they are sbsent from the diet or not
Properly absorbed, specific deficiency symp-
ltoms result
5. Theey cannot be syrithesized by anir nals, s0
they must be obtamed from the diet
6. They are required in very small quantities

There are some exceptions to the Tifths gen
eralization bsted Vitamin [ can be synthesized
if there is exposure to sunlight. Most species,
induding rabbits, can manufacture their own
vitamin C. Niacin, a B vitamin, can be made in
tissuies from the amino acid tryptophan

Units of vitamin measurement

Vitamins are required in very small quantities,
Even a megadose of a vitamin in a diet is, by
weight, a very small amount. To facilitate the
expression of vitamin requirements, the term
“Iternational Unit,” or “IU," is often used,
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particularly for vitamins A, D, and E. There are
several different chemical compounds that are
active for each of these vilamins, so il is
convenient to censider themn as a group and
express their activity in IL\. Definitions for the
International Units of vitamins A, D, and E are
as follows:

Vitamin International Unit

Vitamin A 11U = 0.3 pg retinol or 0.344 pg
retinol acetate

ViaminD 11U = 0.025 pg vitamin D3

Vitamin E 11U = 1 mg di-x-locopherol acetatn

The activitics of other vitamins are expressed
on a weight basis, usually as milligrams {mag) or,
in the case of vitamin B,,. as micrograms (pg).

Fat-soluble vitamins

There are four members ol this group: vita-
mins A, D, E, and K. It should be noted that
vitamin K exists in water-soluble form also, so
It has some properties of the water-soluble vita-
min group as well The lal-soluble vitamins are
not excreted readily, so they are stored in the
body for extensive periods of time. Thus, they
do not need to be fed contmuously, and it takes
a prolonged feeding period on a deficient diet
for deficiencies to develop. With the exceplion
of vitamin K, fatscluble vitamins are not syn-
thesized by bacteria in the qut,

vitain A, Vitamin A is not found as such in
plants; rather il oceurs in plants as [Fcarotene,
a substance that animals can converd 1o vitamin
A This vitamin is required for the qrowth and
maintenance of ol body tissues, particularly the
epithelial tissues, such as the skin, the choestive
traet, and the reproductive tract, It is an essen-
tial compement of compaunds that function in
vision. Symptoms of vitemin A deliciency in
rabbits are retarded growth, nervous system
effects such as incoordination and paralysis,
blindness, and hydrocephalus (enlarged head)
of fetuses born to vitamin A-deficient does. An
interesting deficiency symptom in rabbits s
that the ears or the tips of the ears droop. Vita
min A is required for cartilage formation, so in
a deficiency, the ear cartilage is defective and
cannot support the weight of the ear, Rabbit
rations low in alfalfa meal should be supplemented

with vitamin A (alfalfa is the richest plant
mof\ilanﬂnﬂuﬁlﬁlﬁ\ﬁmhﬁmm
of[eedscmbare;i::dlylndpmm
e.q.. pelleting) and starage.

- Warrﬂnﬂismmdintheiw.ﬂmlngr
vitamin A level is a good indrator of an animal's
vitamin A status. Excepl in cases of severe
deliciency or toxicity, the bleod vitamin A levels
do not correlate well with vitamin ?ushi":
Thus, when a deliciency or toxicity of vita

A is suspected, liver rathe: than blood is the
tissue that should be aralyzed for vitamin
A content. e

The vitamin A requirement of does in pro-
duction is approximately 10,000 IU of vilamin
A per kilogram of feed. The loxic level of the
vitamin in livestock is generally considered
about 500 times the mininum requirement,
with non-toxic levels up to about 1 million to
1.5 million IU per kilogran of diet. However,
studies at the Oregon State University Rabbit
Research Center showed thal a level of
100,000 IU per kilogram df diet, which is only
10 times the vitamin A requirement, can cause
reproductive problems in does, inchding abor-
tian; fetal resorption; small weak lillers umlT a
high martality in the first wek;m ar_::;! :;l:
hydrocephalus 7.4 and 15.2).
are also cha:aci::ﬁ:uc of viamin A deficiency.
Because of the metabolic mode Dlp;,‘:ﬂ::a::
vitamin A, many ol the toxcity sym|
the same as deficiency symptoms, It is possible
thal some oulbreaks of absrtion, weak litters,
and hydrocephalus in ratbil herds could be
caused by vitamin A toxiciy, Diets conlaining
a high level of alfalfa meal have several times
the ameunt of vitamin A required, and the add-
flion of a vitamin mixtwe rich in vtamin
A could push the level ta allmu:ei:::lu:;““-
Hydrocephalus may also be of ge .
s0 cases of the disorder can occur when vita-
min A stalus is normal.

The vitamin A activity of several forms of
alfalfa meal, compared withsome other sources
of vitamin A, is shown i Table 7.1. Fn?m
these values, it is evident that a ration with
50% dehydrated allalfs might cont;tn
165,000 1U of witamin A per kilug::nd ot
could be & loxic level, The conversi
tene 1o vitamin A in animalsis regulated so that
foxic amounts of vilamin A are not “;
However, additional supplementation wil



Fig, 74. A kil with hydrocephilus (1eh) bred from
ammmmwwm

, contrmsied . (Courtesy of
ﬁummwmu
nthetic vitamin A 10 a carotene-rich dist
wwmalmam_

The actual vitamin A actiity of alfalfa meal
is influenced by dning and processing conditions;
{herefore, it can fluctuate widely and differ con-
<iderably from the value shown in Table 7.1,

Vitamin A activity i:uzll‘nlla and other

15 various carolen-
gas
rmdmﬂhmmmnm
o with considerable vriation between
spﬂdﬁinﬂlﬂlm"'mnmm
dl.d-l"‘amg' for example, significant amounts
of carolen® are absorbed and are stored in

lw,mlbﬂiﬂat Some breeds, such a5
e Guemsey and the Jersay, are inelficient at
M‘gcmmhmhnﬂnﬂ, resulting in
ineir milk fat and body fat having the yeflou
dﬁdwn. Invabbis, carotene is efficiently
ed to vitamin A i the intestine s fhg

cott ;illk carotene s absorbed
et are another type of caroten.
_dpmmlmphh-mdu_mhme\ﬂa.
oA activty bul oo e igmenttion of
mma{wm The yellow shanks of
chickens and the vellow coloy of g

Table 7.1. Vitamin A Activity of Feeds.

1U of Vitamin A
Feedstuff activity per kg
Allalla leaf meal, dehydraled  150,000-530,000
Alfaita meal, dehydrated 150,000-330,000
Alizlfa meal, sun-cured 50,000~150,000
Dried grass meal 150,000
Carrots 120,000
Yellow com 8.000
Other grains 0

volk are a result of xanthaphyll deposition.
Feeds high in xanthophylls include green plants
{e.q.. alfalla) and marigold petals (used as
pigmenting agents in poultry diets). Rabbits
normally do not have pigmented {at. Some
rabbits have a genetic lack of an enzyme that
hydralyzes xanthophylls and therefore may
develop vellow body fat.

yrman s, The principal function of vitamin D
Is to requlate calcium absorption. In mast spe-
cies, the amount of calcium absorbed in the
intestine is controlled by a “ealcium-binding
protein” that transports caklum through the
intestinal wall to the blood. The activity of this
calcium binding protein, and thus the amount
of calcium absorbed, is requlated by vitamin D.
This does not seem 1o be the case in rabbits, a5
they absorb calcium efficiently regardless of
their need for it. Thus, the role of vitamin D in
the metabolism of the rabbit is chscure

Vitamin D can be synthesized by the skin
of animals exposed 1o sunlight. Sunlight also
converts proitamin D in plants to vitamin D
during hay curing, so sun- ed haus (e.q.,
alfalla meal) are good sources of vitamin [ ac
tivity, For animals kept under eonfinement
conditions, the vitamin showdd be added 16 the
diet, Vitamin [ toxdicity §s probably of more sig
nificance than deficiencies in rabbit produc
tion. Several cases of vitamin D toxicity have
occurred when excessive levels of (he vitamin
were inadvertently added to rabbit feeds, Tox
icity symptoms are loss of appetite, impaired
movement, and calcification of soft tissues,
sueh as kidneys and arteries

vmmane. This vitamin is also called a-tocopherol.
Vitamin E is very closely linked to the mineral
elernent selenium in its metabolism and function.
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Both nutrients function by preventing tissue
destruction by tesic peroxides formed during
metabolisen. Vitamin E acls as an anlioxidant
fo prevent peroxies from being formed. Sel-
enium is a part of the enzyme glutathione
peroxidase, which converiz toxic peroxides
into harmless substances such as waler. In a
deliciency of either vitamin E or selenium, tissue
breakdown due to peroxide damage occurs.
This results in destruction of muscle tissue
{nutritional muscular dystrophy), infertility,
resorption of fetuses, and a variety of other
ellects that vary according to the species of
animal involved. Rabbits seem to depend entirely
on vitamin E for protection against peroxides.
As mentioned eatlier, altempis to demonstrate
a selenium deliciency in rabbits have not been
successful. Allalla and grains are quite good
sources of vilamin E, bul il is recommended
that rabbit diets be routinely supplemented with
vitamin E. as there are losses in feed processing.

vimuin k. Vitamin K has a very specific meta-
bolic function; it & essential for blood clotting.
In & vitamin K deiciency, a blood protein, pro-
thrambin, is nol activaled to allow it 1o parlicis
pate in the clotting process. While vitamin K
dehciency is nol alten encountered in animals,
there are some classic examples of induced de-
ficlencies. Sweel clover poisoning of cattle is
caused by feeding molding sweel clover hay; it
catses profuse bleeding and hemonthage. Sweet
clover conlains coumanin, which is converted
by makls 10 a patent antagonist of vilamin K
called dicumarel, Dicumarol 1s very similar in
structure 1o vitamin K but cannot substitute for
it in prathrambin synthests. The result bs an in
duced vitamin K deficiency, Another example is
the rat poison wartarin. This induces a vitamin K
deliciency, cousing death by internal bleeding.
The sulfa drogs, such as sulfaquinoxaline, are
vitamin I antagonists thal increase the vilamin
K requirements. Finally, some of the mold
loxins (mycotoxine) in moldy hay and grain can
act as vilamin K antagonists. Symploms of
vitamin K deficiency are abortion and placental
hemorrhage in does and prolonged bleed-
ing following a minor injury. A vitamin K
deficiency in rabbits is unlikely, because the
vitamin is sunthesized in the gul by bacteria
and oblained by the rabbit when it eats its
cecotropes (cecotrophy),

Waler-soluble vtamins

The members of the vitamh B complex are all
synthesized by bacteria in the cecum and the
colon of the rabbit. When the rabbit eats its
night feces (cecotropes), these bacterially syn-
thesized vitamins are ¢ d bsorbed
Numierous studies have shown Ihal rabbils do
not respond to supplemenation with B vita-
mins, because the bacteria supply more than
adequate quantities via cecotrophy. In add-
ition, the grains and forages used in rabbit diets
are good sources of these wtamins, Therefore,
only a very biriel description of each of these
witamins will be given, as there is little likehbood
of deficiencies being d in rabbit
production,

e (vitaums ). Thiamine is a mfaiclnr
for certain involed in carbohydral

and fat metabalism. A defidency causes Joss of
appetite, accumulation of pynwic acid in the
blaod, and musche paralysis

RIBOFLAVIN (viTamin 6,).  Ritoflavin is a compo-
nent of several compoundsthat function in the
complete oxidation of gheose within cells.
These compounds are involed in the: d-rarrwul
transler of the energy of glucose to specific
biochemical reactions in metabolism. Ribofla-
vin deliclency causes redwced growth and a
lowered feed elficlency.

nircan,  The dlassic condition of niacin deficiency
is pellagra, a disease that wtil the 19405 was
responsible for thousands of human deaths
each vear in the southern part of the United
States, Niacin can be synthesized from the
amino acid tryptophan, Since corn is very low
in both these nutrients, nicin deficiency has
been a problem in humansand in animals for
which corn is a major dietay ingredient. i’\udll".
niacin s synthesized by gut bacteria, so a defi
ciency in rabbits is unlikely. Miacin {umtms
melabalically in a manner gmilar to riboflavin.
Itis & component ol cofactars that are involved
in oxdation of carbohydrats within cells

PYRDOXNE (v 8,).  This vitamin functions
in protein metablism, It s acofactor for severol
reactions involved in amine acid metabolism.
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A deficiency in rabbits is extremely mpmhabh
because of this vilamin's abundance in forage and
grains and the intestinal synthesis by bacteria.

pentoTHENIC ACiD.  This vitamin also is essen-
tial for energy metabolism. It has a role in the
oxidative breakdown of sugars and fatty acids
{0 carbon dioxide and water. No deficiency of
paniothenic acid in rabbits has ever been

produced.

gorei. Biotin deficiency causes loss of normal
hair pi . This has occurred in mink
because of the feeding of raw eggs, which con-
@awwwﬁmm.ﬂnlhm
a metabolic function in [atty acid metabolism,
Again, because of the intesfinal synthesis of
B vitaniins in rabbits, no dietary supplementa-
uonlsnwﬂl!' needed, although biotin defi-
ciency has been experimentally induced in rab-
bits by feeding raw egg whites. Deficiercy

rabbits are extremely efficient at using cobalt
for vitamin B, , synthesis. Horses thrive on pas-
tures 5o low in cobalt that catile and sheep
dependent on such pastures will die of vitamin
By, deficiency. Thus, a cobalt deficiency is
actually a metabolic deficiency of vitamin B,

witnani c.  Only a few species require dietary
vitamin C; these include humans, monkeys,
quinea pigs, and certain fish Rabbits synthe-
size witamin C from glucose in their tissues,
5o they have no dietary requirement for this
nutrient.

Water

Although normally provided separately from
the feed, water is often referred 1o as a nutri-
enl. Rabbits should have free aceess to fresh,
pure water. With herds larger than a few does,
an automatic watering system should be ine
stalled. It saves labor and eliminates contanmin:
ation of the water. If crocks are used, they

mmmdﬂdﬂﬂﬂﬂﬂlhwmdhu
youme,  This comp | can be synthesized
ﬂnmgitilwwuﬁemﬂltslmﬁ

¥ e called a vitamin. Experimentally, che
jine deficiency has been produced in rabhits,
causing poor arowth, anermia, muscular dys
e and death. The sbundant dtrtasio
of chaline in feeds and body and intestinal oy
ihsis provide adequately for the choline needs
of rabbits

- Folic acid (folacin) functions i
mﬂc:;:rdm of amino acids and i mu:if
inter? nthesis. Nueleic acids are components
acid and RNA. s Function is closely refated
of of vitemin By Falic acid deficieney
to I . anemia Deficiencies in rabbits are

ike folic ackd, vitamin B, func.

AR Eu-e ﬁmﬁ[ﬁ of micleic acids, Kn;::a

primay deficiency symplom, Yy,

is (e Contains cobalt and is synthesized by

min Byz ° oria as lorg a8 coball s presen

levels of cobalt have

on very o been

ven Wty fed to 1OBO, it has beer, .

H:“J produce "hf"'nz"":‘ l?nh'i!ilciancy.

possit® a in the NACGHLO} forses ang
The b€

should be Lardy eleaned to maintain sanitary
condifions. The amount of water consumed
varies with age of rabbits, type ol ration, sea
son, and stage of production. In both cold and
hot weather, water consumption is increased.
During warm weather, & doa ard her liter will
drink about four lters in 204 hours, In cold wea:
ther, rabbits eat more feed and, as a corsequence,
increase their water intake also

The use of heating cables in witer lines in
cold weather areas is adusable to prevent
freezing and maintain & continucus supply of
water to the animals

Digestive Processes in the Rabbit

Rabbits are monagastric herhivares, They have
a simple stomach and an enlarged hindgul
(pecum and eolon) (Fig. 7 5). It has commonly
been assumed that the enlarged hindgut is an
area functionally similar to the numen of caitle.
This is not correct, but there are same similar
ities. In ruminants, there is no requirement for
dietary essential amino acids, because bacleria
miake them in the rumen. In rabbits, the bacter
ial protein synthesized in the hindgut makes
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Fig. Z5. A schemalic of the major sections of the
gastrointestinal tract of the rabbit, (Courtesy of
05U Rabbit Ressarch Centar)

very little contribution to their protein needs,
so they are dependent on dietary essential
amino acids. Cattle can digest librous feeds,
because the rumen bacteria produce cellulase,
which breaks down cellulose. Rabbits do not
digest fiber efficiently. In fact, fiber digestibility
in the rabbit is lower than in mos! other species,
even the simple monogastrics, such as rats and
swine. The reasons for this will be discussed in
the fiber portion of the section on carbohydrate
digestion. Ruminants and rabbits do share one
characlenstic related to their gut bacteria: the
bacteria in both the rumen and the hindgut
simthesize adegquate quantities of the B vita-
mins, Both rabbits and ruminant animals have
dietary voquirements for only vitamins A, D,
and E; the others are symihesized in adequate
amaoumts by bacteria in the gut,

Digestion and digestibility

Digestion is the preparation ol feed nutrients
for absorption. Absarption is the Iransport of
the products ol digestion from the digestive
tract info the blsad. During digestion, large
molecules, such as proteins and starch, are
splil apart by digestive enzymes into the basic
units of which they are made (amine acids and
glucose, for proteins and starch respectively)
In rabbits, most of the digestion accurs in the
small intestine and is accomplished by digestive
enzymes thal are secreted inlo the digestive
tract (Fig. 7.5). Most of these enzymes are

produced in the p and secreted th
the pancrealic duct into fhe small intestine.
There is also some fermertation (digestion by
bacteria) in the cecum and the colon. This is
much less important to digestion in the rabbit
than once believed,

Determination of digesibility is a technique
used to measure how muchof a particular feed
an animal can digest. To make the determin-
ation, it is necessany to measure both the feed
intake and the feces excreted. The difference
between these is the amount of nutrient absorbed.
This is shoum diagrammatically in Fig. 7.6.

Animals are kept in metabolism cages,
which are designed so that the feces and uring
can be separated and collcted (Fig. 7.7). De-
termination of the digestiblity of feeds is very
important, because it provdes an estimate: of
their nutritional value. If a certain feed ingredi-
ent contains 80% protein, but only 30% of itis
digestible, then that feedsull has the equiva-
lent of only 24% protein, because 70% of the
protein il contains is simply excreted in the
lecies. While the digestibility of many feeds has
been determined lor cattle, sheep, and swine,
there has been comparatively little research on
this subject with rabbits.

Protein digestion

Protein is digested primarily in the small intes-
tine by several enzymes seaeted from the pan-
creas, Trypsin and chymolrypsin are two of the
principal protein-digesting azymes, The diges-
tion process consisls of breaking the bonds
thal join amino acids together in the prolein.
Thus. the dietary protein is broken into the in-
dividual amina acids of which it s composed
These are then absorbed iato the blood. Pro-
tein not digested in this manner passes through
the small intestine lo the kindgut, where it Is
subjected to the action of bacterial enzymes.
Bacteria in the hindgut synbesize amino atids,
which they incorporate infotheir own proteins.
This bacterial protein could be available to the
rabbit when it eats ils cecd contents (cecolro®
phy). However, research an nitrogen and
protein metabalism in rbbis has demonstrated
thal the baclerial proten, consumed via
cecotrophy, makes a very anall contribution lo
the animal’s protein and amino acid needs.



R
digestibility = ——— 3 100 = 75%
" digestibility = 0 % =

160 g protein
eaten

Tha rabbit is kept in a metabolism cage. Feed is d, and the feces d
are wighed. Samples of tha leed and feces are analyzed for their protein content.

Data collected;
Fend contains 16% probein
Feces contain 10% protein
Feed consumed = 1000 grams (g)
Foces excretod = 400 g

Calculgtions:

Proten consumed = 1000 g feed  16% protein
=1000g » .16= 160 g

Prolen axcreled = 400 g leces X 10% pratein
=4009 % .10 =409
Proten digested = protein eonsumed — protein excreted
=160g-40g=120¢g
Proten di o R
protein consumed

120g
= e % 100=75%

160g

Fig. 76. An example of tho of protgin di

The rabbit is dependent on good quality dietary
protein to meet its essential amino acid needs,

In cattle and cther ruminants, the bacteria
in the rumen synthesize protein from sources
of nitrogen such as urea. This type of feed

(Courtesy of 05U Rabbit Research Cenler)

source is called non-protein nitrogen (NPN). In
addition, the numen bacteria convert low-quality
proteins, deficient in essential amino acids, to
higher-quality bacterial protein, This is eco
nomically advantageous, because low-quality
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Fig. 77 Malabolsm eagos, which allow separate caliection of feces and urine, Thess are used for such

purposes as th

proteins and NPN sources are cheaper than
high-gquality proteins. Because rabbits have a
similar bacterial population in the hindgut, it
has been hypothesized that rabbits might
effickenthy use low-qualite proteins and NPN
sources such as urea, Mumerous studies have
demonstrated that thew cannot. Urea is of almost
no value to rabbits as a nilrogen source for
protein synthesis
In comparison to other monogastric ani-

mals, rabbits digest the prolein in forages very
elficiently. Pigs fod alfalla meal will digest less
than 50% of the protein in the allalla Rabbits,
on Ihe other hand, will digest 75 1o 80% of the
alfalfa pratein, in spite of the fact that they don't
digest the fiber fraction any more elficienths than
swine do. This is probably due to cecotrophy. As
a resill of more than one pussage through the
digestive tracl, mare elfickent extraction and di

aestion of the lorage protein occurs. This s ane
of the main reasons why large quantities of allalfa
and other forages are fed 1o rabbits and serve as
a major source of protein. In the luture, as grain
becomes bess avallable for animal feeding and we
rely more on forages for lvestock feed, the abil
ity of the rablit 10 use forage protein efficiently will
become very imporiant.

of nutrient d ibility

(Courtesy of D.J. Hamis)

Carbohydrate dgestion

Dictary carbohydrates are of two types: the
readily digestible sources, such as starch and
sucrose, and the relatively indigestible lypes.
such as cellulose and hemicellulose. 93$
the major carbohydrate in grain, whereas

lose and hemicellulose are major components
of the fiber fraction of forages.

Starch is digested in the small intestine of
the rabbit by an enzyme called amylase, which
is secreted by the pancreas, Amylase splits
starch into the glucose mokcules of which it is
composed. Glucose Is then absorbed into the
blood and used by the rabbil as an energy
source, Because feed passes through the small
intestine of the rabbit so rapidly, significant
amounts of undigested starch may reach the
hindgut. Here it is lermented by bacteria. High
levels of grain fed to rabbils may cause carbo-
hydrate overload of the hindgut. The abundant
starch allows bacterial populitions o “explode.
1f certain toxin-procucing organisms are present,
the result can be enferotoxemia and death.
Thus, type and amount of detary
can influence the developmeat of a major disease
problem in rabbils.

-
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The fiber lraction of leeds is poorly di-
gested by rabbits. This is illustrated in Table 7 2.
Ii rabbits digest liber so poorly, how do they
malie efficient use of fibrous feeds? This appar-
ent contradiction can be explained by recogniz-
ing that fiber makes up only 20 to 25% of
{orages. Thus, forage like alfalfa meal is 75 to
80% non-fiber The rabbit elficiently digests
the non-fiber Iraction, such as the protein and
soluble carbohydrates, and excretes the [iber
fraction. European studies have suggested that
there is a separation of large and small par-
ticles in the cecurn. The small particles are re-
tained for lurther digestion, whereas the large
particles (e, fiber) are rapidly excreted. The
ability of the rabbit to utilize high dietary levels
of alfalla and ather forages is due to a high in-
tzke of these low-energy leeds, with rapid ex-
cretion of the fiber and elficient digestion of
the non-fiber componenis.

Wﬁlﬂbrﬂlm‘dmmwgym
for rablits, i Is a wery important component
of relbbil feeds. Numerous studies have shown
that low fiber diets promote increased enteritis.
Fiber may have a specific protective effect by hav-
m_is?htmnncﬁmmlheirlﬁlimlmaml
maintaining. it in a healthy condition. Increasing
the fiber Jevels reduces the soluble carbohydrate
fevel. which may aid in reducing carbohydrate
overload of the hindgut. Provisian of dietary fiber
will also belp prevent fur chewing,

Fat digestion
Fats are digested in the small intestine by the
pancreatic ensyme fipase. Bile is also required
to emulsify fat freak it into small droplets) in
the aqueous medium of the gul contents.
Popular oginion seems (o be that high dietary

Table 72. Diua.:ﬁmﬂp the alfalta hay flser by
e b il

Animal % Fiber Digestibility
Sheep 2 .
Goss ]

3 a1
Pigs 23
Rabbits 14

'-____-____————_
Adapeed from Mayrard, L A, ef 4/, 14

| 16979, Animal Nutiition
(et ed ) MeGraw-Hill Book Gy New York, p 31

fat might be indigestible; this is not correct. Fat
is readily digestible, and fat levels as high as
25% of the diet have been led to rabbits with
no ill effect. In practical feeds, levels of 3 to 5%
are used; higher levels may reduce pellet qual-
ity, causing crumbling of the pellets.

Digestion of minerals and vitamins

“These nuirients do not require digestion, as
they are already in a form that can be directly
absorbed, Thus, digestion is a process that ap-
plies only to the major nutrient categories of
proteins, carbohydrates, and fats.

Cecotrophy

Cecatrophy is defined as the act of consuming
cecal contents. Unsavory as this may sound, it
is a normal behavioral pattern for many types
of animals, including rabbits. The principal nu-
tritional consequence of cecotrophy in rabbits
s that this is a means of providing the B vita-
min requirements. All the members of the B
complex group are synthesized by bacteria in
the rabhit hindgut and are made available to
the animal alter It consumes its soft fuces. As a
result, rabbits do not require B vitamins in thelr
dit, Anather consequence of cecotrophy is
that it provides a small amaunt of batlerial pro-
tein. However, it is doubtiul that this is of prac-
tical signilicance

Rabbits excrete two types of feces. The
hard feces or day feces, which are pro whaced in
the large intestine, are the fecal e llets com-
monly seen, The feces thal are consumied via
cecotrophy are the night or soft feces, pro-
duced in the cecum. These are consumed dir
ectly from the anus. They are exereted in
grape like clusters, surrour aed by a gelatinous
membrane, They may often be fourd intact in
the anterior portion of the stomach in necrop
sied animals. Since the cecotropes are con:
sumed directly from the anus, raising rabbits
on wire does not inhibit eecotrophy. In fact,
prevention of cecotrophy for experimental
purposes is quite dilficult and involves equip-
ping rabbits with a collar 1o prevent them from
reaching the anus (Fig. 7.8). The term “night
feces” is a misnomer, because these soft pellets
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Fig. 78. A rabbit equipped with a collar, 1o
preven| eocolrophy. This lechnigue is used
axporimontally to study the nuiritional effects of
cocotrophy, {Courtesy of PR. Cheeke)

ane often seen during the day as well, and they
are nol true leces

The major differences between the com-
pasition of hard feces and cecolropes is thal
the hard feces have a much higher content of
crude fiber and ane lower in crude protein. The
cecotropes conlaln over twice the protein con-
lent as hard feces, and about half as much fiber.
The cecotrape have a very high concen-
tration of B-complex vitamins

Feed Analysis

A complete analwis of a Teed for all known nu-
trients woulkd be extremely expensive. Nulrition-
ists have devised a systeim lor anabysis of feeds
that gives a general idea of their overall feading
vahie, This is called the proximate analysis, For
particular leedstulls or when certain rutritional
problems are encountered, more sophisicated
analyses may be conducted for amino acids, min
erals, vitamins, or other specific nutrients. In
ration formulation, “book values™ are generally
used, Such values are tabulated in the Mational
Research Council INRC) publications on nutrient

requirements of animals. It & generally not feas-

ible o get eomplete analyses on specilic feedstufis
thatarg:‘beirgusedbylsdmmhcumln
preparing feeds.
The components mesured in the prox-
imate analysis scheme are;
= grude protein
* fat (ether exiract)
»  crude fiber
= ash
= nitrogen-free extract (NFE); and
*  water.
Crude protein is actualy based on a meas-
t of gen conlert. It is ed that

all the nitrogen in a feed is associated with pro-
tein, Crude protein is defired as nitrogen con-

tent times the factor 6.25 This is somewhal

imprecise, since not all the nitrogen is from

protein and this measurement gives na indica:

tion of amino acid conlentof prolein sources.

The fal or ether estract is that portion of the

feed that is scluble in ether. Crude fiber is a

measurement of the plart cell wall compo-

nents. The crude fiber detamination has been

largely replaced by measursment of acid ds!_el*

gent fiber (ADF). The ADF is a more specific

measure of the cellulose ard lignin content of

forage. Most laboratones mow routinely meas-

ure ADF mstead of crude fber. Unfortunately,

feed tags (by law) express dber as crude fiber.

For allala-based rabbit diets, crude fiber is gen-
erally 7 to 9 units less than ADF, so if the ana-
lyzed ADF valug is 23%, for example, the
crude fiber is about 15%. Ash is obtained by
burning a leed sample in alaboratory furnace
and weighing the incombutible residue. This
corresponds 1o the total mineral content, The
nitrogen-free extract (NFE)is the difference be-
tween 100% and the sum d all the other prox-
imate companents. NFE is tomposed primarily
of soluble carbohydrates, sich as starch.

The energy content of feeds is oblained by
burning a leed sample in @ 1mlnmnl_calkd
& bomb calorimeter (Fig. 7.9). Energy in Ihe
U5, is measured in units calied calories, i meas:
urement of heat, A caloriz is the amount of
heal required Lo raise the tmperature of one
arom of water by 1°C. In the bomb calorim-
eter, o known amount of ed Is burned in a
“bomb,” which is surronded by a known
weight of waler. The watertakes up the heat.

e o



Fig. 7.9 A bomb
(1he container i
o 8 cup her left

peralure rises From the weight of
weight of the water, and rse in
water, the total heat energy

etermined. Popular usage of

(ealories] "md its incorrect. A calorie s 100
the term 1 1o be uselul in nutrition. We use
small & ‘“M' One kilocalonie 15 equal to
Jilocalories ple talk about how
1000 ﬁ]o::ssi have eaten today, they are
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jes rather ! ’mkmmh expressed as joules,
ga'erll‘l"QV measurement in the
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wnd the term
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=
tent of a feed is ealled
enerdy Folg”m is nat useful for
content of leeds, since any
will have high gross energy
ot mean that an animal can
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calerimeter used in 1he determination of the calorie content of feeds. The bomb
which the leed sample IS burmed) is in the lechinictan's right hand. Tha feed sample i pul
hand and then inserted into the bemb. (Courtesy of OSU Rabbit Research Centar)

comrected for the amount of indigestible energy
excreted in the [eces lo estimale digestible
energy. As a nile of thumb, the DE content is 4
bilocalories per gram for protein ard carbohy-
drate and 9 kilocalories per gram lor fat

Total digestible nutrients

Total digestible nutrients (TDN) are an indirect
method of estimating DE. It is calculated by
adding up the digestible components of i leed
that can yield eneray. The caloric content of a
feed is due to its protein, fat, and carbolydraie
content. Minerals and vitamins do not provide
energy, TDN is calculated by the following
formula:

TTDN = % digestible crude protein
+ % digestible crude fiber
+ % digestible NFIZ
x 2.25 (digestible fat),

The fat content is multiplied by 2 25 be-
cause fats have about 2% times ihe energy
content of protein and carbohvdrate.
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Information on a feed tag

By law, a feed tag must provide certain infor-
mation, varying somewhat by stafe or province
A typical tag is shoum in Fig. 7.10. Crude protein
is usually fisted as *minimum” or “min." In other
words, the feed manulacturer can provide
more profein than listed on the tag. The manu-
facturer is not likely o consciously do so, as
profein is expensive. Similarly, the crude fiber
is listed as “maximum” or “max.” Again, this is
to protect the buyer. Fiber sources are gener-
ally cheaper than grains. By slaling a max-
imum fiber level, the manufacturer assures the
buyer that cheap, low-quality fibrous feedstufls
haven't been added to dilute the leed. Il the
leed has less than the maximum fiber content
listed, it means that higher cost ingredients

700 C
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GUARANTEED BY
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Fig. 710, A typical leed tag. The infermation on a
lag is uselul, bul only imited inferences can be
drawn as to the value of the feed, using both the
guarantsed analysi and a st of ingredients.
{Courtasy of Joel Petrus)

have been used. As a result, rabbit feeds gener-
ally have protein contents very similar to the
tag values, whereas crude [ber levels are often
lower than listed. This requlation has caused
misunderstanding by some rabbit raisers, who
may want their leed to mntain a particular
fiber level. They would prekr that the tag read
“minimum” for crude fibe. However, this is
not required by feed requlatons.

It is impessible to lool at a feed tag and
say conclusively that the feed is good or bad.
The information provided is insulficient to
allow a judgment to be made, Crude protein is
not a measurement of potein at all, but a
measure of nitrogen. Thereis no indication on
the lag of the quality of the protein (its content
of essential amino acids). There is no indica-
tion of the digestibility of the protein. A crade
protein analysis does not distinguish between
soybean meal and shoe Jather There is no
information on a feed tag about the energy
content of the feed or aboat the specific level
of minerals and vitamins.

Relationships between Feed
Manufacturers and Rabbit Raisers

Misunderstandings sometimes occur between
rabbil raisers and feed manufacturers. There
are probably several reasms for this. One i
that compared 1o other donestic livestock, rab-
bits are picky, finicky aninals. Pigs or feediot
steers will eat almost anutling a feed mill can
concoct, Rabibits, on the ober hand, are quite
discriminating. A subltle change in the freed.
even to a new batch of the ame feedstulf, may
cause them 1o go off feed or to scratch large
amounts of feed out of the keder. Enteritis out:
brealks seem o be associated with the feed. Al
the lactors involved in enleritis haven't been
identified, but certainky the feed seems to be
one of them. When an oulbreak occurs,
rabbit raiser blames the feed, while the feed
mill may be unable to identily any problem
with it. Greater understandng by both sides is
needed. Feed manufactures should appresiate
that rabbits are unique animals and, lor reasons
that have yel 1o be identfied, they develop
conditions such as enterits on certain feeds
Rabbit raisers should recomize that a feed mll

.

i
!
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is not a *fly-by-night” operation and that feed
manufacturers want to produce a high-quality
product. The basic underlying problem 1s that
we still don't know exactly how to leed rabbits.
Much more research is needed to identify all
the subtle factors that seem to influence how
rabbits respond to commercial feeds. It is very
frustrating to both sides for a rabbit raiser to
lose large numbers of animals when a certain
faed] s used but the feed manufacturer cannot
find anything wrong with it. 1t is hoped that this
situation will change in the fulure as more is
learned about the nutritional needs and peculi-
arities of rabbils.

Anather complaint often voiced by rabbit
raisers is that when they get a new batch of
feed, it doesn't look exactly the same as the
last bach, There are several reasons o this.
One is that different batches of the same ingre-
dients are not exactly the same. One baich of
alfalla meal may be greener than another pur.
chased ot a dillerent time Thus, & feed could
have exactly the same formula but, when pre-
pared at two different times, not have e_xm:ﬂy
{he same appearCe: A formula that is not
changed is a closed fﬂ;lﬂdﬂ dum slgtm-

i an apen 10T . That
mercial dicts are of dnpe’:bdlﬂ'y it

jent costs. The advantage of
ula i that the variability in the
Tha disadvantage is that il one
s increase in price relative 1o
allernative | s the waﬂ et

" switching i ents can
would be Puc;zb];‘h’r""g as drastic changes are
not be rea bsnluﬂm of one feed ingredient far
not made, suH inlainind adequate nutrient
e A

or more ingredic

Fig. 711, An mample of a pelicted dict with
excessive fings (left) compared with good-quality
peliots [right). (Courtesy of PR. Cheeke)

s to not take advantage of changes in ingredient
prices, Rabbit raisers olten object to changes in
ration composition as a result of least-cost for-
mulation by the feed mill but at the same time
object to price increases if the mill doesn’t ad-
just for changing commedity prices, You can't
have it both ways!

A leed problem that rabbit raisers often
complain about is the ocourrence of fines in
pelleted feed (Fig 7.11). Minimizing fines can
be accomplished by the selection of leed ingre:
dients and by the use of pellet binders. Wheat
contains a type of protein, gluten, which has
sticky or gluey properties, particularly when
steam is used in the pelleting process. Thus
wheat products, such as ground wheat, wheat
bran, wheat middlings, etc.. can be included in
the formula 1o mprove pellet quality and reduce
fines. Almond hulls, available in some areas
lespecially California), also have good pel
let-binding activity, Pellot binders are diseussed
In Chapter §

Further Reading

Checke, PR 1967 B8
Cheske, P 1999 27
River, N

de g €, and J. WIS
Natjoal Research
Washangton:

1 Foeding and Nutsition. Academic Pross.
’ | Nutrition: Fe el
fhecl Aniima Nutrition: Feeds ane Feeding (2nd ed)). Prentice Hall, Upper Saddle

o2 Nutrition -
‘3%.; 1,-1\:,,,(,", "‘du:he Rablsii (3rd ed ) CAB International, Wallinglord, UK
19 Guirements of Rabbits, National Academy of Sciences,




8

Feeds and Feeding

Nutrient Requirements of Rabbits

Since rabbits are kept under conlinement con-
ditions, they are Iotally dependent on the feed
provided. Generally, they are fed nothing but a
pelleted feed That feed must contain all the
nulrients they need, in adeguate amounts and
in proper balance, and must be palatable and
well accepted by the rabbils. This diet must not
only be satisfactory for the short term but must
be adequate lor reproduction and longevity
Breeding does should theoretically be able to
prachice 12 or maore litters. In order that a leed
may give sal sloctory resulls, §t is NECEsSsary
that nutrient requirements be met. Information
an these requirements s obtained from the Na
tional Research Council publication Nutrient
Requiremenis of Rabbits. More recent tabula-
tions of the nulnent requirements of rabbits
have been published by European rabbit scien-
fists {see Tables 8.1 and 2.2}

The National Research Council (NRC) is a
branch of the National Academy of Sciences
The NRC establishes committees charged with
the responsibility of reviewing the world's sci-
enfific lilerature lo find, examine. and evaluate
information on the nutritional needs of each of
the major tvpes of livestock. These commiltees
are made up of scientists with recognized ex-
pertise in the nubrition of the parlicular animal

agreed upon its recommerdations, a report is
issued in which the nutrifonal requirements
are published. The reports are used extensively
in the feed industry by animal nutritionists as
the standards for the nutrient ts for
animals, Amoeng the animak for which require-
ments have been established are rabbits, dairy
catle, beel cattle, poultry, warm waler fishes,
trout, salmon and catfish, horses, cals, swine.
laboratory aniimals, sheep mink. and foxes
and dogs. A publication on each of these spe-
cies is available from the NRC for a small lee.

Compared with those of many other spe-
cies, the nutrient requirements of rabbils have
ot been well established. Oaly a limited amount
of research has been conduded, In many cases,
the work has used small runbers of animals and
diets that do not resemble mractical commercial
diets. Thus, the data availabib are imprecise and
will require considerable “fire tuning” with mare
research, Meveriheless, the present requirement
figures are a much better gudeline than nothing
at all, which is the allernatie.

The NRC nutrient requirements lor rab-
bits were last published in 1977, so they are
out of date. Because of the perceived minor
importance of rabbits, the NRC has discon-
tinued revision of the rablit nulrient reguire:
men! publication, An updited version of the

under consideration. After each committee has

NRC nents has bem published by de-
Blas and Wiseman (2020} (Tables 8.1 and 8.2).

© Steven Lukefahr 2022, Rabbit Production, 10th Edition (5.0, Lukefahr et al)

DO1: 10.1079/9781789249811.0008
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[ i - gorrecied to a dry
Table 8.1. Nutrient requiremenits of inlansively reared rabbits, as concentration kg
maer content of 800 g kg . (Modiied with permission from deBilas, C. and Wiseman, J. 2020. The
Nutrition of the Rabbit (3rd edn), CAB International, Wallingfard, U.K.)

Hutrient Unit Breeding does Faftening rabbits Mixed feed
Digestiie energy M 107 whz 1 :.;z
Metaboizabia energy ] 102 a8, .
NDF 9 320 (110-335p 340 (330-350) 335 (ﬁm
ADF g 175 (165-185) 190 (180-200) 180 i145-155]
Crude fbre 9 145 (140-150) F155 (150-160) 150 ( n
ADL 4 55 fras e
Soluble NDF Fion
Staxch : 170 (160-180) 150 (140-160) 160 ( ;21;1?01
Eifer axtract q 45 Free sl
Cruda protein 9 175 (165-185) 150 (142-160) 159 ‘mn-nal
Digestible protein® ' 128 {115-140) 104 (100-110) m(
Lysine®

Total 9 B1 73 ;*:

Digestible g 84 57 ;
Sultur aming acids' e

Tota! g 63 52 2

Digestibie 9 48 40 :
Threanines

Totad [ 67 62 5-;

uais 9 46 43 4
Sl 9 105 80 10.0
[oshone g 50 40 57

] 23 22 22

Chionde g 29 28 2.8

AADF, Acid detergont e, ADL, acid detergent Iigrin; NDF, neutral detergent fibre: free = no nutritonal mit.
i ot kang Soer particles (>0.3 mm) should be >0 22 for breeding does and »0.205 for tationing rabbits
Values in parenthesas indcata W range of minimal and maximal values recommended.

“Valuns in ftaics are provisional estimates.
“Tha d ol enda protoin and el o

5 oy as fecal apparent digestbility.

foe
\h!?mhmm.mum‘m‘mmm

wmdﬁ.n“?zgwlﬂmm

of synthatic aming acid of §.15.
ncid nequirements.

There are breed differences in nutritional

requirements, largely associated with variations
in body size and relative capacity of the digest-
lve tract. Small breeds, such as the Netherland
Dwarl. have a lower capacity to utilize low-
energy, high-fiber diets than do larger breeds,
This is of particuar significance under cold
weather conditions, which increase energy re.
quirements. On high-fiber diets, rabbits of the
dwarl breeds, particularly lactating does, may
nat be able to consume sulficient feed to meet
their energy requirements. They will become
emaciated and may die of malnutrition, As
more research on this aspect of rabbi; nutrition
is conducted, it may become common to use
higher energy diets for the small breeds

e, e for breeding does.

y, are
Composition of Feeds

Besides knowing the nutrient requirements of
rabbits, you must have knowledge of the nutr
ent content of feedstulfs, in order to be able t©
combine them to provide a nutritionally ad-
equate diet. Also important {s information on
any other characteristics of the feed ingredi-
ents that might affect their use, such as the
presence of toxins, palatability, pelleting abil-
ity, or nutrient imbalance.

Feeds can be classified into several groups

1. Roughages: bully feeds that are high in fiber
and low in digestible encray, e.g., alfalfa meal,
hay, pasture, silage, green chop, straw and chaff,
corn cobs, cottonseed hulls, bagasse, wood.
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Table 8.2. Trace element and vitamin requirements of | hy

ared rabbits, as niration (kg ')

corected to a dry matter content of 900 g kg, (Modfied with permission from deBlay, C., and Wiseman,
J.2020. The Nutrition of the Rabbit (3rd edn), CAB International, Wallingford, U.K.)

Nutrient Unit Breeding does Fattening rabbits Mixed feed
Cobalt ma 0.3 03 03
Copper mg 0 (] 10
Iren ma 50 30 45
lodine mg 1.1 0.4 10
Manganese mg 15 8 12
Selenium mg 0.05 0.05 0.05
Zinc mg 60 a5 60
Vitamin A miu* 10 [} 10
Vitamin D miLe 0.9 09 0.9
Vitamin E 1] 50 15 40
Vitamnin K, mg 2 1 2
Vitamin B, mg 1 08 1
Vitamin B, mg 5 3 5
Vitarin B, mg 15 05 15
Vitamin B, g 12 3 12
Fuolic acid mg 15 01 15
Niacin mg 35 a3 35
Pantothenic acd mg 15 8 15
Biotin i} 100 10 100
Gholine mg 200 100 200

m = 1030

2. Concentrates (leeds high in energy or protein): Roughages

* energy sources: cereal grains (comn.
wheat, barey. milo, oats, rve, buck-
wheat, triticale), milling by-products
{wheat bran, mill run, wheat shorts, etc.),
beet and citrus pulp, molasses, fals and
oils, brewers and distillers grains, roots
and tubers [potatoes, cassava);

# profein sources: concentrates that have over
20% crude protein, eg., sovbean meal,
rapeseed (@nola) meal, cottonseed meal,
meat meal, fish meal, milk by-products.

3. Mineral supplements: limestone, dicalcium
phosphate, salt, trace mineral mixtures,

4. Vitamin supplements,

5. Non-nutritive additives: antibiotics, anti-
oxidants, bacterial preparations, eolors and fla-
vors, emulsifying agents, enzymes, hormones,
chemotherapeutics (drugs), pellet binders

Some of the major feedstufls in these cat-
egories will be discussed, with emphasis on
any peculiarities related to their use by rabbits.
Data on their composition will be agiven, listing
only nutrients that are significant in rabbit feed
formulation.

The roughages discussed tere are those that
are usually fed in the dry stite, either as hay or
incorporated into a pelleted diet.

Clovers

Most clovers are somewhat similar to alfalla in
feeding value for rabbits. Brcause ﬂﬁyml‘?
umes, they are good source of protein. Clover
is highly palatable in both he green and dried
forms. Good-quality cloverhay can be “"d L
a subslitute for alfalia mealin rabbil rations as
long as contents of protein TDN (total digest-
ible nutrients), and calcium are checked. ‘q'““a'
lyses for some typical clovers are shown in
Table 8.3

Grasses

nutri-
Grasses are generally somavhat lower in
tional value than legumes, such mlfa?fcﬁ
clover. They tend ta be lower in protein.
cium, and vitamin activity. Tropical grasses are
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Green feeds and succulents
of lower feeding value than temperate zone o

qgrasses, because of a lower protein and higher  For backyard rabbit raising, feeding of green
fiber content, Most grasses, when incorporated  feeds can be advantageous. If palatable greens
into complete rabbit diets as a source of rough-  are fed free choice, the amount of pelleted feed
age, ere quile palatable. They generally con-  used can be reduced by about 50% with no ad-
tain 0.2 10 0.4% calcium and 0.2 1o 0.3% verse effects on performance. Most greens are
phosphorus. The composition of some com-  very high in water content, so large amounts
mon temperate and tropical grasses is shown  have to be consumed to make a useful contribu-
in Table 8.4. tion to rabbits’ nutritional needs. Because of the

Table 8.3. Compesition of clovers.

Dry maiter DE TON Crude protein  Crude fiber Calcium  Phosphorus

(%) (hoadkg) (%) (%) %) ] (%)
Frash red clover b 600 14 42 50 0.41 0.06
Red clover hay 870 2170 48 14.1 255 130 0.22
Fresh while clover 176 500 10 5.0 28 0.25 0.09
White clover hay 80.7 2200 51 170 220 172 0.29
Fresh crimson clover 176 500 10 3.0 4.9 024 0.05
Crimson clover hay Bas 2180 50 148 2486 122 024
Table 8.4, Composiion of common i zona and tropical grasses on an "as fed” basis.

Drymaller (%)  Crudeprotein (%)  Crude fiber (%)  TDMN (%)

Bahiagrass trash 30.3 25 9.5 15
Bahiagrass, hay a0.8 43 30.5 50
Bermuda grass, fresh 350 35 9.8 20
Bermuda grass, hay 912 72 26.8 44
Brome grass, fresh a0 42 8.A 18
Brome grass, hay 914 8.9 201 45
Coastal Bermuda, fresh 26.8 43 a2 18
Coastal Bermuda, hay 8B4 171 26.9 50
Dallis grass, fresh 250 a0 72 15
Datlis grass, hay 20.9 65 291 50
Guinea grass, fresh 242 14 10.1 10
Guinea grass, hay 89.3 63 28.1 40
Johnson grass, fresh 248 a6 74 14
dohnson grass, hay 80.0 71 30.1 a5
Kenducky biuegrass, fresh 29.0 45 75 17
Kentucky bluegrass, hay 889 9.1 26.7 54
Napier grass, fresh 1489 16 4.7 7
Mapier grass, hay 80.1 82 34.0 45
Orchard grass, fresh 242 28 78 14
Orchard grass, hay BEG 9.8 303 45
Pangola grass, fresh 200 22 6.0 12
Pangola grass, hay 875 B4 240 40
Ryeprass, fresh 26.1 29 66 15
Ryegrass, hay 85.1 8.3 249 55
Sudan grass, fresh 143 3.0 35 8
Sudan grass, hay 90.7 10.6 28.3 45
Tall fescue, fresh 250 4.4 5.9 15
Tall fescum, hay B4 7 52 30.7 40
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large quantity of fresh material required and the
problems associated with collecting and feeding
bulky materials, itis generally not feasible to use
greens except on a backyard scale. Greens can
sometimes be useful in stimulating appetite in
animals that have gone off feed Green feeds
should not be left in piles that become heated
before being fed, as digestive disturbances may
result. If fed on the cage floor they quickly be-
come fouled with feces and urine. so greens
should be led either on top of the cage orina
feeder designed for this purpose. Rabbits are
highly selective when fed green feeds. They
tend fo choose succulent leaves. flowers, etc..
and reject coarser plant parts. Feeding greens
to rabbits is important in tropical areas, where
concentrates are expensive but where tropical
forages are abundant and can be readily har
vested by hand. Labor costs for such work are
generally much less than i Europe and North
America. Under these conditions, it is poszible
1o base a rabbil enterprise on the leeding of
forage and by-product leeds (Fig. 8.1).
Examples of some common succulent
feeds are clover; grasses; comirey (Fig 8.2);
vegetables and vegetable tops (carrots, leltuce.
cabbage, celery, etc.); amaranthus, kale: rape:
\various roots and tubers, such as carrots, pota-
toes, and turnips; and various weeds, such as
dandelions. The composition of some of these
feeds is shown in Table 8.5. Note that most of

thern are 80 to 907 water, io they are of rather
limited nutritional value.

Alfalfa

In Europe alfalla is called leerne. Alfalia meal
is a very desirable feed for mbbits and. in much
of the United States, Is thelargest single com-
ponent of commercial rablit feeds (Table 5.6,
Besides its value as a feed, alfalfa has other
desirable attributes in the entire agricultural
scene. It produces more pmiein per acre than
any other crop - Iurewnpk,lwnlolu.rlﬂ'ne‘s
&MEW.EBaWWHMt

require nitrogen fertilizatios. If is @ perennial,

50 the energy costs assocized with its produc-

tion are less than for masy annusl crops. It

improves the soil, adding srganic matter and

reducing erosion. Alfalla meal is not consumed

directly by humans, so its use by livestock is

complementary, rather than competitive, in

relation to human food neals.

The protein in alfalla neal is well digested
by rabbits, so a major part ol melotalpm}eh
requirement can be met vith alfalfa. It is a
good source of phosphorusand s an ex;e[!em
source of calcium and pobssium. It provides
indigestible fiber, which helps prevent enteritis.
Itis the richest common planisource of vitamin A

Fig. 8.1. Feeding green forage (coastal Bermuda orass) in a rabbitry in Halti. This lage commaercial
1abbiry used green feed and wheat miling by-products as tho basts of the foeding pogram: Law 1abor
costs made harvesting and feeding of grass economical in this situation. (Courtosy d PR. Chaske]
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activity, dehydraled alfalla meal may have
over GO times as much carotene as vellow
corn and over four times as much as carrols.
Allalfa is palatable to rabbits at moderate
dietary levels. Thus, it has many qualities that
will ensure ils confinuing use as a rabbit feed.
As competifion between humans and as com-
petition between humans and animals for
grains continues, alfalfa will become an in-
creasingly important rabbit feed. Studies at
the Oregon State University Rabbil Research

Fig.8.2. Comirey, a large-leaved succulent plant
oftan used as a source of greens lar rabbils.
(Courtesy of PR Cheeke)

Center demonstraled good resulls with diels
in which alfalla replaced all of the grain.

Concentrates

Grains

Grains are plant seeds, including corn, wheat,
barley. sorghum, millet, rice, triticale, oals,
mve, buckwheat, and amaranthus (Fig 8.3).
Cereal grains {cereals) are the seeds of culti-
vated grasses le.q., wheat is the domesticated
version of wild wheat grass). Grains are a major
source of energy for both humans and live-
stock. Some cereal grains, such as wheat and
rice, are grown primarily for human consump-
tion, whereas others, such as sorghum (mils),
are grown in the United States principally for
livestock feed. The main factor that determines
(or should determine) which grain is used in a
feed is its cost and, in particular, the cost per
unit of energy.

In many areas, grains ae sold on the basis
of bushel weight, which is the weight of a par-
ticular volume of grain. Grins such as com
and wheat are quite dense, while cals are

Table 8.5. Composifion of greens and succulents onan “as fed” basis,

Waler (%) Protein (%) Fiber (3t)

Apples 821 05 13
Bananas 757 11 0.5
Bean leaves 712 B2 33
Beet, mangel B2.D 13 0.8
Beel, sugar 80.0 14 12
Cabbage 904 2.0 10
Carrot roots 871 13 1.2
Cassava, lubars B8O 12 15
Caulifiowar laaves 8.0 2.7 10
Celary 4.1 0.8 06
Comlrey 868 26 18
Dandalions B6.3 32 15
Kale B84 24 16
Kudzu 736 45 8.1
Letuce 946 12 06
Pea vines ana a7 32
Potatoes B0.0 21 0.5
Raisinz 130 3.4 a4
Rape B3l 3.0 25

Ba.0 0.8 12
Sweel potatoes 69.0 17 1.3
Turnips 910 11 10
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Table 8.6. Composition of alfalta on an “as fed” bass,

Dehydrated Suncured

Nutrient Fresh Alfalia AMalta Meal Altalfls Meal  ANalfa Hay
Dry matter (%, 24 a2 9 L]
né’ lltcul.l'hg':; . 620 2355: Zﬂsg 22::

"o, 14
&Pp:mun (%) 4.9 174 176 fr;
Lysine {25) 0.26 10 10 i
Methicnine + cysting (35) 014 0.55 054 S
Crude fiber (%) 65 239 273 5
Fat (%) 08 27 21 i
NFE (%) 101 381 341 o
Ash (%) 22 98 9.6 54
Calgium (%) 0.45 132 13 B
Phospharus (94 0.08 028 028 th
Vitarmin A equivalent (1U/g) 56.4 1466 836 x

Fig. B.3. Amaranthus has a large seed head,
containing a grain that may have potential as an
animal feed (Courtesy of D.J, Harris)

Muffy, As a result, a bushel of oats weighs much
less than a bushel of wheat or corn,

Corn, wheat, and milo are high energy
grains, while batley and cats tend to be lower
In energy because of their fibrous hull The
protein contenl s variable, depending upon
the species, variety, cultural and environmental
conditions, etc. Adverse growing conditions,
such as drought, usually result in an increase in

rcent protein. This is because the grain is
Slerlveled. having Iesmanmnmlmﬂnmﬂ
tent, 5o the protein makes yp a higher percent
age of the total weight, Canamimbt;:ﬂv
have about 9% protein .ud\lzuhutandm::
tend to have somewhat higher levels.
large amounts of grain areto be used, :’dpl;
tein analysis is certainly adrisable as an
rﬂl1m0£?smard corn tend b be highest tna::
content of the common griins, udﬂl.nA?!al! .
barley are highest in fiber content. mﬂ
are essentially devoid of edcium, but ﬁu‘;yFm
moderately good sources of phospho B o
non-ruminant animals, the phosphorus s
low availability, being bownd as phytic
phosphate. The availability sf gm].'l:.lfphosplm! horus
for rabbits is quite high bmause %hmmk‘
of bacterial phytase in ﬂ\al‘nl'idg:dl;l
an enzyme that digests phytic acid, releasing
the bound phosphate. All iahsﬂﬁp' vellow
corn are lacking in vitamin & activity:
Triticale, a synthetic gain. has a faa:?;
value similar to that of wheat. IRE 3‘;: i
gives results inferior to these ol 0 s
it contains factors such a pectin b
:!!:ralr nutrient digestibility. fr hlgl}z
sine content, However, it mruni'nun!::;!'m
toxic factors and has ghenvery pc'ﬁ!;nﬂt il
feeding trials with rabbits. Bi.dnd\ﬂ:m
monly used as a iivmlockkﬁd mﬂd’w@'
would be satisfactory for rabits, based results
with swine and poultry.
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Corn is generally used as a standard of
comparison for grains. Since grains are used
primanly as sources of energy and becouse
comn is generally the highest energy grain,
other cereals will usually be ranked somewhat
lower. With a value of 100 assigned to corn,
grains rank as shown in Table 8.7.

One potential problem with the use of
grain in rabbil diets is the possibility of carbo-
hydrate averload of the hindgut, resulling in
enteritis, Work at the O5U Rabbit Research
Center indicated that high levels of grain may
result in the stimulation of bacterial growth in
the cecum, leading to the production of bacter-
ial toxins causing enteritis, High energy grains,
such as corn, may be more likely to cause this
effect than low energy grains, such as oats. Corn
has a waxy endosperm, which may reduce its
digestibility in the small infesting, increasing

Other energy sources

Other concentrates that function as energy
sources include wheat milling by-products
(wheat bran, shorts, mill run), beet and citrus
pulp, bakery waste, molasses, brewers  and
distillers' grains, etc. Wheat bran and other
wheat by-products are quite palatable to rabbits
al moderate levels, are comparatively good
sources of both energy and protein, and are
rich in phosphaorus. They can be used at levels
of 20 to 30% of the complete diet with good
success. Wheat contains a type of protein
called gluten. Some humans are intolerant of
gluten. However, there is no evidence that ani-
mals, including rabbits, have gluten intoler-
ance. Molasses has a total sugar content of
about 50 to 60%. It has a fairly high mineral
content (8 to 10%), composed of sodium and
polassium salts. Molasses is highly palatable

the likelihood of carbohydrat load of the

TI:E composition of some of the import-

ant grains used in rabbit feeding is shown in
Table 8.8.

Table 8.7, Relative values of selecled cereals as
TDN source

and is used to increase the acceptability of feed
by rabbits through its taste, reduction in fines,
and improved pellet quality. Levels of 3 to
10% of the diet are generally used. At higher
levels, it may cause diarthea due lo the high
mineral content. Dried beet pulp is the residue
g aller exiraction ol sugar from sugar

Cormn 100
Barley >
e 53
Sorghum (milo) &8
Red wintar wheal 1;
White winter wheat =
Aed spring wheal

Table 8.6 Nwtmiﬁ)ﬂof selegted grains,

beets. It is quite palatable to rabbits. Although
it is fairly high in fiber, the fiber is of a quite
digestible type because it is low in lignin. Citrus
by-products, sueh as dried cilrus pulp, are
somewhat unpalatable and probably shouldn’t
be fed at levels higher than 10% of the diet.

e composition of some of these products is
shown in Table 5 9

Crude protein  Crude fiber  Lysk Sulfur aming
ysne

o DE (kealkg)  TON(%) %) () (0] acids (%)

7% b 9.3 20 om 028
B“:;‘; i X s ES 62 0z 034
Red wheat 3680 ?: 2.8 24 0B 0.48
Whiewheat 3520 e e 27 0z 0.44
Oats 2850 21 10.6 0.3t 0.33
Mio 3330 ;i n7 2z 0.7 0.27
Amaraniiis L Lo 50 0.8 0.77
Rikibgel 2090 68 L] 103 0.8 0.39
Tiiicale NA i 50 40 02 0.50
Rye 3330 i 2o 22 0.e 035
‘Nt availablo.



Feeds and Feeding

15

Table 8.9. Composition of selected energy sources

Crude protein Crude fiber  Lysine Suflur amina
DE (kcalkg)  TDN (%) (%) (%) (%) acids %)

Wheat bran 2610 57 154 103 0.58 0.52
Wheat mill run 2700 62 15.6 81 0.60 048
Beel pulp 3080 70 B6 183 058 CLZ‘1
Dried citrus pulp 2050 47 64 116 NA MNA’
Molasses 2460 55 39 NA! NA! NA!
Brewers’ dried grains 1900 43 253 153 08 10
Distillers' dried grain 3500 B1 272 93 06 0.8
Rica bran 3160 72 127 16 0.57 042
"Net avarabie

Fais and oik also can serve as energy
sources. Fats are palatable to rabbils, and levels
as high as 25% fal in the diet have been suc-
cessfully fed. Under practical conditions, added
fat levels of 3 to 5% are used. Fats help reduce
fines in feed, increase palatability, and act as a
lubricant during pelleting. Vegetable ails provide
essemtial fatty acids, which may aid in promoting
good fur quality. Examples of common vege-
table oils are corn oil, sovbean oil, canola ol
cottonseed oil. and safflower oil,

Protein supplements

Protein supplements commonly used in rabbit
feeds include sovbean meal, cotionseed meal,
sunflower meal, rapeseed (canola) meal, saf-
flower meal, linseed {flax) meal, and peanut
meal. In addition, alfalfa meal might be re-
garded as a protein supplement since at the
levels at which it is commonly used it supplies
a significant part of the tolal dietary protein,
Protein supplements are normally considered
to contain at least 20% crude protein,
Soybean meal is the protein supplement
of choice for rabbit rations. It is highly palat-
able and has a high digestibility and a good
amino acid balance. Two tvpes are commonly
available: regular sovbean meal, with 46% crude
protein, and dehuled meal, with 49% crude pro-
tem. Either one can be used, depending on
which is cheaper per unit of protein. Soybean
meal is the residue remaining after the gil
has been extracted by solvents. The meal is
heated to destroy a number of inhibitors. It
should be noted thal raw sovbeans to be
used in animal feeding should be heat-treated,

Soybeans contain trypsin ichibitors, hemagglu-
tinins, and several other toxic factors that
are destroyed by heat, A mmmon procedure
for detoxilying soyb is the i
process, in which the bears are put through a
die in the extruder. The friction generated in
the die heats the material sfficiently to destroy
the inhibitors.

Cottonseed meal can be used in 1l'n1lui
quantities in rabbit diets. Cottonseed meal is
lower in essential amino arids, such as lvsine
and methionine, than is wan bn:al r:;jt E
a rer otein soybean 8
Us‘i"‘:ﬁjy m‘:{:untt%ﬂll 41%crude protein. Cot-
tonseed meal should be wed with caution in
rabbit feeding It has been successiully fed lor
prolonged periods at 5% of the diet; the upper
sale limit has not been determined. It contains
a toxic substance called gossypel Gosswi
causes tissue damage, esperially to the heart
also has been shown lo cause infertiity in
males of some species, ewn at low levels in
the diet. Therefore, it maynot be advisable (o
include cottonseed meal a high levels in the
diet of bucks. Gossypol can be detoxified by
the addition of iron salts, suh as ferrous sulfate.
The effectiveness of this teatment for rabbits
has not been determined. Cottonseed oﬂ con-
tains a toxic fatty acid called sterculic acid. 1}:;
is present at low levels in expdﬂt"p!r:;f e
coltonseed meal. Expell!r
the residue from mechanicil removal of Ihh: l;:
as opposed to residue fromextraction of
with solvents,

Sunflower meal is the residue mm
after vil has been extracted from ﬂm‘o
Sunflowers are a major aop in the former
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Soviet Union and nonthern Europe, Since
about 1975, sunflower production has ex-
panded rapidly in the United Stales, especially
ir North and South Dakota and other northern
slates.

Sunﬂuwe;“dme:;mmnlaing about 32%
crude protein and about 24% crude hber. The
dehulled meal contains about 47% crude pro-
tein and about _ll‘fn crude fiber. The protein
tends ta be low in lysine and sulfur-containing
amino acids. For this reason, sunflower meal
shauldn't be used as the sole protein supple-
ment. l:l?n be used at levels up 1o 10% of
the total diet

Rapeseed (canola) meal is of particular
interest 1o rabbit producers in Canada and the
northern United States. Rapeseed is now the
second most impartant crop, after wheat, n
“wcr}:ch has P:a:«!lg'o““ bun\‘h S
oil, whi 3 ions in food and
industry- T.he meal lem-mmng aller ol extrac-
tion is used in ﬂﬂ:'mi mﬂﬂ- Rapeseed con-
tains ghucosinolates, wi are
that inhibit Ihz_h.mcl‘bn of the thyroid gland
Glucosinalates interfere with the synthesis of
the thyroid hormone. Asa result, the gland en-
Ialgﬁ-l“ an effort 1o produce more hormanes,
This enlarged gland is called a goiter. Plant

e L
i 2 Vi i - As a result,
e rapeseed meal now available is of  low
gmgsinﬂlaw type "fr‘d dﬂﬁ not cause prob-
PR e s
ications 0 :
':::ﬂ now referting lo the low gim::ﬂ':
mwg:aﬂolﬂm{[nwﬂnbeusedasa
complete replaceman “Swl?ean meal in rab-
pit diets: C2Pe :ml contains about 40
-rude pro
M%Samo“'er meal contains abayt 22% pro-
; dehulled
ein 300 32% fiber meal has about
ID% protein and 10% fiber. Safflowers are
4 Bsmuﬂsmdcloph\t}wmemw

n
gf"-’; ester United States. The meal js high
sﬂu_w and low in protein. Safllower meal i
in fillﬂf N compositon to alfalfa; it can be used
sim :ﬂmph.g repiacement for alfalfa meal in
als ; for and kvers. Palatability tosts have
die! rated lrmsa:gomr meal may be eyen
dem pahmble o sabbits than alfalfa mea).
more meal is pmdLmd Trom faxseed,

: l-"::gmw“ primarily for its drying oils used

in paint manufacture. Linseed meal is now
quile a minor protein supplement. It contains
about 36% crude protein; the protein is low in
lysine, Linseed meal contains mucilaginous
gums that may have a laxative effect and that
may also have a favorable effect on the hair
coat. It Is possible that feeding a supplement of
linseed meal to show rabbits could enhance the
sheen and general appeararce of the fur.

Peanut meal contains 45 to 55% crude
protein_ It is a common profein supplement in
Europe, being imported from Africa and Seuth
America. It can be used satisfactorily as a re-
placemenit for soybean meal. Peanut meal is
somewhat notorious in the feed trade for being
the source of the original reported outbreak of
aflatoxin poisoning This problem is discussed
in further detail in Chapter 9.

Several other plant protems are some-
times available for animal feeding. They include
crambe meal, mustard meal, sesame meal,
palm kernel meal, and coconut oil meal. They
are not commonly used in the United States.
A number of types of beans, such as kidney,
pinto, and fava beans, are farly good sources
of protein and might have some potential in
rabbit feeding Grain lupines are also polen-
tial protein sources.

Proteins of animal orgin include meat
meal, meat and bone meal. blood meal, fea-
ther meal, and fish meal, Far reasons of cost,
protein quality, and palatabiity, these protein
supplements are used only lo a very limited
extent in rabbit feeding, il atall.

Synthetic amino acids are somelimes used
in rabhit diets. Synthetic lysine and methionine
are the two most commonly used. Methionine
hydroxy analog (MHA) can serve as a methio-
ning source.

Non-nutritive Feed Additives

Examples of non-nultritive fed additives are
antibiotics, flavoring agents, enzymes, bacterial
preparations, antioxidants, worming agents,
coccidiostats, hormones, and other drugs.
Very few antibiotics and drugs are appraved by
the Food and Drug Adminktration (FDA) for
feeding to rabbits Each new feed additive has
1o be cleared for each spedes of livestock to
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which it will be fed. This FDA clearance in-
volves extensive testing for safety and efficacy
“Efficacy” means that the additive must give
the response claimed by the manufacturer If
an additive is to be sold as a growth promotant,
then the FDA must be provided data confirm-
ing that it does simulate growth. Because of
the great expense necessary o generate the
data needed for FDA clearance, it is unlikely
under present regulations that new drugs will
be cleared for rabbits unless the industry ex-
pands greatly. The cast of getting clearance
would exceed the profit that the manufacturer
could expect from the sale of the product. In
the United States, the only drugs approved as
of 2013 for addition 1o rabbit feed were 11 ma
of axytetracycline per kg of feed and 0.025%
sulfaquinoxaline in the diet,

Antibiotics

Antibiotics have been naturally present in ani-
mal feed for many centuries. Contrary to what
may be popular opinion, antibiotics are natural
substances, ie. they are present naturally in
the environment. Antibiotics are substances
produced by living organisms, usually molds,
that inhibit the growth of bacteria. Thus, anti-
blotics occur in moldy feed, in soil, and in other
natural environments, Commercial production
of an antibiotic imvolves growing the appropri-
ate mold in a fermentation vat and collecting
the antibiotic that is produced. The first anti-
biotic to be discovered was penicillin, which is
produced by a bread mold

Antibintics used as feed additives may func-
tion as growth promotants. The mechanisms by
which they cause the elfect are not completely
known. They may alter the balance of micro-
organisms in the gut Lo favor those bacteria that
improve nutrient utilization. They may favorably
influence the absorption of nutrients. They may
reduce the population of toxin-producing or-
ganisms. Finally, they may prevent or cure
low-level disease conditions, with a consequent
favorable effect on animal performance.

Concern has been expressed that the
feeding of antibictics to livestock may result in
the development of pathogens that are reststant
to them. This may decrease the effectiveness
of antibiotics when they are required to control

disease outbreaks. Of furtker concern is that
the resistance factor may be transferred to
hurnan pathogens, making human diseases dif-
ficult to treat with antibioties. One method of
avoiding these potential prablems has been the
development of antibiotics that are to be used
only lor livestock. An example is virginiamy-
cin. This antibiotic has been tested in Europe
and shows some effectiveness as a growth pro-
motant in rabbits

Rabbits are particulady sensitive 1o ad-
wverse effects of antibiotics in feeds. The micro-
bial balance of the hindgut can be altered when
antibictics are fed. leading to proliferation of
pathogenic organisms suth as E. eoli and
Clastridia species. These bacteria produce
toxins that cause damage to the gut lining.
diarrhea, and death from enterctoxemia. Ad-
ministration of antibiotics for treatment of dis-
ease can also lead to diarrhea and death.

huﬁewnfmmaglyrigidmmf:tiomm
the usedanuhbmsandﬁesm:?lvd_:h:
rabbit's digestive tract to their effects, i
ptutublydtriorz useful for the rabbit industry
and rabbit scientists to atempt to develop
management and nuiritiond practices that aive
satisfactory performance rather than including
antibiotics routinely in the feed. There is a
worldwide trend toward the elimination of the
use of antibiotics as animal feed additives.

Probiotics (direct-fed microbials)

erm “probiotics” has been coined ta
I::cr;)eliw p'mludial organisms thal are fed::
animals. They are also refered 10 a5 direct-fi
microbials,” which is the preferred term w
Teed industry. Most often probiotics hmbn'
preparations of Lactobasillus acidop Ll!i
The rationale for the usecllhe%e organisims is
that by feeding them, mwgw_mﬂwdlgeﬂﬁ
tract and, by compettive irhibition. mmj"m
growth of pathegens. Fealing Lndw e
organisms often reduces the E- coli it
intestine of pigs. for exanple. Sm;g e
with swine and poultry sug@est Iaw;;i -
on growth rate, feed effidency. e
incidence, while other studes show rﬁem
Proponents of probiotics suggest that o
ficial elfects are greatest inanimals expawdln .
stress or other unfavorable conditiorns.
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cases, the probiotics must be fed in mealtype
diets or administered in the waler, because they
are killed when feed is pelleted. Some commer-
cial probiotic products are microencapsulated
tor ensure their stability during pellefing.

Numerous studies have shown benelicial
effects of commercial direct-fed microbial
products when fed or given in the water to
weanling rabbils. The effects include reduced
enteritis, decreased mortality, and improved
feed conversion. There is litthe if any influence
on weight gain.

Prebiotics

Prebictic s a fairly new term. Prebiotics are
non-digestible by the animal) substances that
stimulate some beneficial microbes in
{he intestine, with potential benefits for rabbit
health. They tend to stimulate both natural gut
microbes and those added as probiotics. In
jeneral. prebiatics are composed of sugar mol-
.cules joined together (ohgosaccharides) Same
syamples  include b;"‘m osaccharide
[FO5]- mannose obgosaccharide (MOS), and
gwigosacd‘mde (GOS). Fruclose, man-
nose and galaciose are sugars. Some European
yesearch sugaests improved growth and reduced
gneriis when pretsolics are fed lo rabbits,

Pellet binders

pstances such as benlorite (clay) and lignin
Sulfonate (2 dervative of wood) are used in
faeds 25 pellet binders. These are quite import-

1 i ralobit feeds Pellet quality is imporiant in
an it diet, and the use of a binder is an of.
a1 ve means of making a good, finm pellet
fec! such a5 bentonite do net affect growth
B!ﬂdﬂsﬁw enteritis but do reduce the Ao
nes in the feed.

Flavoring agents

rs have been developed for the

Vo x
Feed ﬂaﬂ, stimulating the intake of [eeds that
Furp‘;’: unpalatn!ale. There is little scientific

evidence that they accomplish this goal. In
general, feed flavers have a pleasant aroma
thal appeals to the buyer of the feed but
doesn’t seem to alter animal performance.
If a feedstull or feed is unpalatable, it is
apparently difficult to mask this with a
flavor additive. Some studies have found
that thyme is a flavor that rabbits seem lo
find palatable.

Salt

Rabbit diets should contain 0.5% trace min-
eralized salt. This will take care of the sodium
chloride requirements, as well as provide the
trace minerals, such as iron, copper. zinc, and
iodine. Salt spools are unnecessary, since a
praperly balanced commereial diet will contain
sufficient salt. Salt spools or blocks corrode
cages and feeders, The only situation in which
a salt spool should be considered is in back-
vard rabhit production, il the rabbils are fed
primarily greens with very bttle pelleted feed.
I salt spocls are used, they should be hung so
they do not contact metal parts of the cage or
feader.

Copper sulfate

Copper sullate has been widely used as a feed
additive to reduce enteritis and improve feed
conversion in pouliry, pigs, and rabbits. It ex-
eris its effect in the digestive tract by inhibit-
ing the growth of pathogenic bacteria. It is
commonly used to provide 250 parts per mil-
lion of copper. Addition of this level of copper
sulfate is effective in treafing enterilis oul-
breaks in post-weaning fryer rabbits. Con-
cerns about its use include the environmental
effects of increased copper in the manure,
which could possibly cause pollution prob-
lems. It should also be noted that sheep are
very sensitive to copper texicity and should
not be fed diets that have supplementary cop-
per sulfate as a feed additve. Il is advisable
that use of copper sulfale as a feed additive in
rabbit diets be restricted to periods of enterifis
outbreaks.
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Yucca and quillaja

Extracts of the yucca plant (Yueea schidigera)
contain components that bind ammonia, They
serve a physiclogical role in this desert plant as
ameans of storing nitrogen so that the yucca
may grow rapidiy when infrequent rains occur
When added to the feed, yucca extract passes
through the digestive tract of animals and binds
ammonia in the excreta, thus reducing the
release of ammonia into the air. This is very
uselul in confinement animal facilities, such as
poultry and rabbit houses. Rabbitries often
have poor air quality, with high humidity and
ammonia levels. Ammonia dissolves in water
droplets in the air and has a corrosive effect on
the nasal passages of rabbits, This allows Pas.
teurella multocida bacteria 1o colonize, pro-
ducing respiratory disease {snuffles). The use of
commercial preparations of yucca extract in
rabhit diets can produce significant lowering of
ammonia levels in the air. improving the wel-
fare and health of the rabbits and the care-
takers. A dietary leve! of 100 ppm pure yucea
powder is recommended. The original source
of the ammonia in the excreta is the protein in
the diet. Excess dietary protein results in the
excretion of more nitrogen in the urine and
feces. Yucca is also a rich source of saponins.

Quillaja saponaria is a tree native to
Chile, Like yucca, it is a rich source of sap-
onins, Dietary saponins modily qut microbes in
2 favorable manner. Quilla ja also has immuno-
stimulatory properties, increasing resistance (o
a disease challenge.

Enzymes

Numerous enzyme preparations are commer-
cially available. The most uselul are those that
improve the digestibilitv of glucans in barley
and oats. Glucans are water-soluble gums that
cause the contents of the digestive tract (o be
viscous or gumimy, interfering with nutrient ab-
sorption. Their effects are most apparent in
poultry, which show a good response to en-
ayme (glucanase) supplements However, the
microbes in the rabbit hindgut digest glucans,
%0 there is no response to glucanase enzyme
supplementation in rabbits. Similarly, commercial

sources of the enzyme phutase improve phas-
phorus availability in poultry and swine but are
not useful in rabbit dieis because gut microbes
produce adequate phitase. There is one case
where rabbits do respond to dietary enzyme
supplements. Sources of protein-digesting
(proteclytic) can aif in breaking down
hairballs in the stomach by digesting the mucc-
proteins (mucus) that hold the hairballs to-
gether. Pineapple and papaya juice contain

ing to Angora rabbits, whith are very suscep-
tible to hairballs.

Feed Formulation, Preparation,
and Processing

Diet formulition

“The formulation of diets for mﬁhm
calculating the aptimal biance ol
ot s et he o e
ments of the animal o provde the desired level
ol production. Because lirestock are almns‘l
always raised with the hepes of !mm
a prolit, it s usually desinble that the ration
provide the most economizal pgriwmmm
produce the maximum ecaiomic return.
is called least cost ration h"“mﬂ:.,m
In order to formulate 2
certain information is needed. To “'”“'{m
a good diet for lactating ratbits and their iters,
it is necessary to know the nutrient m
ments of lactating does. Urfortunately. Fask
tritional requirements of rabbits have not T
well established, but reasormble estimates (8
been made, as listed tn Tables 8.1 ¢ et
memenlthesenuhimlﬂd'“:nnd juda-
requires a certain amount of info s tiean
ment. First, it should be e atas
ligures are not “cast in stons” but are Some
of the requiremenits of mmﬂ"ﬂ“’m’. In
nutrients are more :
formulating a rabbit ration, it is very unPﬂl“'"l
10 be concerned with the protein with meet
but not important to be m'““’mm
ing the thiamine, riboflavn, .'"fil,m.mm
requirements, for example. This i
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extremely unlikely that a deficiency of these
nutrients will occur with any combination of
comman [eedstufls. Thus, a nuintionist needs
1o be selective in assessing which nutrients are
worthy of consideration in ration formulation.

After deciding upsn the nutrien! require-
ments 1o be met, the next step in ration formu-
lation is to list the available feedstuffs that are
suitable for the animal in question. The cost of
each feedstufl should be noted and its content
of eritical nutrients listed. Generally, “book val-
ves” are used lor many of the nutrient values,

because il is 1oo expensive and time- g

for pelleted feed over the same diet in a mash
form. Pellets should be solid and firm, with a
minimum of fines. Pellets should be 6 mm or
less in lenath and 5mm or less in diameter,
Weanling rabbits will wasle large quantities of
feed if the pellets are too large: they will take
one bite of a pellet and let the rest drop through
the cage. The pelleting process allows a variely
of feedstuffs to be mixed together and then co-
hesively bound in a compact, homogeneous
package. The animals are not able to sort out
the ingredients, so they eat the entire balanced

to get a complete analysis on each batch of
feed ingredients, Many ingredients, such as
soybean meal, are quite consistent in their
e g the

ter lsting the nutnent requirements to
be met and the compasition and cost of the
available feedstuffs, the next step is 1o combine
the ingredients in the optimal proportions to
meet the nutritional requirements at the lowest
cost. This process has been greatly simplified
by the use of computers. Virtually every feed
company formulates diets using a computer

kil
The of i

ration. Feedstulfs are processed in various
ways prior to pelleting. Grains should be rolled
or ground, to break down their cellular struc-
ture and faciltate digestion. Corn has a waxy
covering that resists digestion. In fact, whole
corn will pass undigested through the entire di-
gestive tract of a cow. Corn should be rolled ar
ground. Alfalfa and other roughages should ba
ground prior to pelleting, There is some indica-
fion that the fineness of gnind of grains and
roughages can influence the rate of food pas-
sage through the gut, which in turn may influ-
ence the digestibility of the feed and the devel-

makes i technically feasible for a rabibi
o i s s i
are unlikely 1o have as much knowledge of nu-
prition, feedstuffs, and ration formulation as
professional nutritionists employed by leed
companies, 50 it is generally more effective to
jeave this process 1o the professionals. For
those who wish to pursue the subject furiher
addiﬂt?;"ﬂ] inf B0, the mechanical de-
tails of mation formulation can be 2
from the books cited in the Further ?e:dm
section al the end of this chapter. Finally ':gg_
ment is needed in assessing (he 1n;mula
selected b the computer Although the for-
mula may be mathematically sound, it may be
a combination of ingredients that is not palat-
able, won't ";"Ix a good pellet, etc, The
experience of the nubritionist s
angck;ld? these problems, geed 1o
Feed processing consists of
; to various treatments that wﬁ?ﬁ
ir nuiritional value, destroy toxins, !
bility, improve ease af handlin,
PO eletng s the mos immnlgf'e::-um—
procedure used in the preparation of

[= .
rabbit ralions. Rabbits shew a strong pref

pi of Small feed particles are
retained in the rabbit cecum, whereas large
parlicles are excreted more rapidly. The reten-
tion of small pariicles for a longer period may
allow pathogenic bacteria to grow in the hind-
gut, causing enteritis. Therefore, it Is probably
advisable thal feed ingredients for rabbits be
coarsely, rather than finehy, ground.

In the pelleting precess, the feed ingredi-
ents are first mixed and then put through a pel-
let die. This consists of a chamber containing
hales through which the feed is forced. As it
comes out of the die, knives chop off pellets of
the desired length. The diameter of the feed
pellet is determined by the size of the holes in
the die. As the die size is reduced. the energy
required to pellet the feed is increased and the
rate at which leed can be pelleted is reduced. In
order o maximize the rate at which leed can
move through the mill, sieam is often injected
into the mixture before it enters the pellet die.
Steam adds both heat and moisture. The heal
accelerales the soflening of ingredients and the
release of natural adhesives in the ingredients
The addition of molasses usually increases the
pelletability of feeds; it can be premixed ahead
of the pellet mill or injected directly inta the
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conditioning chamber. Molasses should be in-
jected with steam in very fine droplets, to blend
it evenly with other ingredients and lo prevent
it from congealing on the equipment. Some
types of ingredients, such as sugars, dry milk
powder, and whey, have a tendencv to cara-
melize during pelieting. They develop a glassy
consistency and plug the pellet die.

Feed manufacturing and pelleting are as
much art as science. Dilferent ingredients and
various combinations of ingredients can be-
have differently in the mill - some produce
good quality, firm pellets, and other combin-
ations cause problems. It is difficult for a large
feed mill to prepare small batches of feed. Cus-
tom mixes should be used only by rabbit produ-
cers who use several tons of feed a month

Heat treatment is necessary for certain
types of feeds. For example, to destroy a num-
ber of inhibitors that they contain. sovbeans
must be heated before being fed to livestock

If for some reason it is necessary to feed a
mash diet, coarsely ground or rolled grains
should be used. ¥ finely ground products are
used, the feed should be dampened 1o prepare
a wet mash. The addition of molasses will aid
in providing a palatable mix and will retard
spoilage. After a period of adaptation, rabbits
will consume these diets in adequate amounts,
In most cases, however, it is advisable to use a
pelleted commerdial diet.

Feed storage

If stored in a dry, rodent-proof lacation, rabbit
feed can be kepl for a considerable period.
With prolonged leed storage, there is a loss of
vitamin activity and the possible development
ol rancidity. In humid areas, rabbit feed with a
high content of alfalla meal tends to absorb
moisture and swell. The pellet structure breaks
down, and mold growth mav occur. However.
buying feed in large quantities does resylt in a
lower cost per ton of feed. Producers with
large herds shoud consider the use of bulk
tanks, These reduce labor costs of feed hand:
ling. Also, storage conditions are generally
better when bulk tanks are used than when
feed is stored in sacks. Bulk leed is less expen-
sive than sacked feed because of lower labor

:

and sacking costs involved Since metal t
may “sweat,” causing medy feed, wood or
plastic tanks should be ued if feed is to be
stored for a prolonged period. Some [feed
companies use large nylon bags that hold
ton or more of bulk feed. A forklift, front
loader, or other lifting madinery is necessary
for handling them.

e

Feed requir andfeed conversi

The total feed requirementeneeded to produce
market fryers are dependent to a considerable
extent unlhe:mpmﬂimolﬂ.eﬁet The
higher the energy (TDN) matent of the feed.
the less feed that is required per unit of weight
gain. Conversely. the lowar the energy con-
tent, the more feed that is required. Thus, it Is
possible to observe mmkimblydﬂmle@s
Uffeedintalve.depmdlngmllwlypeoldm
used. In the final analysis, 1 is the cost of pro-
duction (cost of gain) Ihali:‘u{(e:mhnpoﬁ‘
ance, not the per ton .

Asa mleﬁmrh. a Hew Zealand White
doe and litter will consurme about 45 ka of feed
from breeding to eight weels of age. Weanling
rabbits will consume about 55-170 g of feed

depending on ther size.
Md;:éd conversian is the kg of feed con-
sumed divided by the kg of sody weight gain It
is commaonly reiamdhouthcieadvgnlgm
Weanling rabbits will consime ahoul i
luedperkgnigam,.‘\sank.ltwlﬂmke =
1.8 kg of feed Iuladuerduﬂﬂpﬂ‘lﬂmb_
gain of the litter. Coniide:;:?::hfgnﬂ that
bit rations are wpically g | } 4
and low in energy, the feed:gain mﬂﬂ!
monly observed are remartably good. o
are as efflicient as ‘nr;i;zr ;icwkeh:; s
conversion of protein & g
Rabbilpr:dmmshn&!hemm::?:l;:
the cost per kg of fryer poduced ! el
“bottom line” figure, rather than the i
ton of feed. If Feed A coss $440 per 1
ton and Feed B costs $495 per metnc 2
which is the better buy? If feed cunmh::“ml
3.7 on Feed A and 3.1 ;F::n?;:mﬁﬂd
cost per kg of gain are 8l
A ﬂnge?ﬁlfg r.en?:un Feed B. Thus, Feed Bis
actually a better buy.



Chapler 8

Feeding syslems

The twio basic feeding systems are od libitum, or
free choice, feeding and kmit feeding, in which a
controlled or limited amount of feed is offered
daily. Each feeding system has its advocates.
Free cholce feeding, in which the hoppers are
Fiept full of feed, is less labor intensive than limit
feeding. It is widelyused for does with litters and
for weaned Btlers. Another advaniage s thal
there is less erowding at the feed hopper. Advo-
cates of limit feeding assert that this system
forces rabbit raisersto visually observe each cage
every day so that they are mare likely 1o notice
animals off feed or other signs of ilness. Limit
feeding may also reduce enterotoxemia. In areas
of high humidity, # may not be possible to pro-
wide more than a single day's ration, You should
be careful not to restrict feed intake to the extent
that weight gains are sevarely affecled,

A good manager will watch the feed hop-
per and the droppings closely. If the droppinas
become saft, it may be necessary to supple-
ment the diet with some hay or other librous
feed. il no feces are being excreled, palpate
the abdomen to examine the cecum. If it has
become impacted, the rabbit will kkely develop
mucoid enlerifis (now called mucoid enterop-
athy). Cecal impaction may be caused by insuf-
ficient roughage in the diet or by feed that is
too finely ground. Finely ground particles in
the qut seem to deciease intestinal mctility,
which causes consfipation and impaction.

Creep feeding

Creep feeding involves feeding the nursing kits
nspeciai.li_ﬁedluwl‘ﬂ:hﬂwdmdoesmlhwe
access. The creep leed is a high-en
hfghvp(olein feed. While creep ;:E;‘:g a:’ﬂﬂ:y
give a slight improvement in growth rate, most
producers find that the extra cost of the creep
feed and the extra labor invlued do not always
Justify the use of this systern,

Examples of diet formulas

A wide variety of diet formulas be
Typical rabbit diets vl include 3 "h:i
source le.g.. allalla), a grain fe.g,, barley, corn

and oats), a protein supplement (e.g.. sovbean
meal), salt, and mineral and vitamin supple-
ments. The selection of particular ingredients
will depend largely an their relative cost and
availability (Table 8.10); these are just ex-
amples — many other diets of similar compas-
ition may be satisfactory or preferable.

Enteritis occurs on a wide variety of com-
mercial diets. Unfortunately, the present state
of knowledge on rabbit nutrition daes not offer
a complete explanation for this problem. Cur-
rently. there is no magic diet formula that will
prevent enteritis. This is a major problem on a
worldwide basis. The low enteritis diet shown
here gave a marked reduction in enteritis at‘the
Oregon State University Rabbit Research Cen-
ler as compared lo other diets containing cer-
eal grains. The addition of one kg of capper
sulfate per metric ton of feed may somelimes
aid in reducing enteritis.

Grazing Rabbits

Aftempls have been made to raise rabbits in
large pens or warrens to utilize grazing crops
Table 8.10. Examples of diet formulas.

Low Enteritis Lactation/Grower Diel

FER S
Ingredient Percentage of Diet
Alfalfa meal 5:-.0
Soybean meal 2 .

Trace mineralized salt 0. c
Dicalcium phosphale 0.2
Molasses 3.0

Tabow 125
Whaat mill run - _20_0

Buck and Gestating Doe Diet 7. S
Ingredient percentage of Diet
Allatta meal 50.0

Oats 45.5
Soybean meal 4.0

Salt 0.5 )
Lactating Doe Diet T
W percentage of Diet
Alfalia meal 40.0

Wheat 25.0
Sarghum 225
Soybean meal 12.0

Salt 0.5

e L S
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and save labor, but there are so many unfavor-
able factors involved that this system has not
met with much success. Considerable i t

exceptional production or show records, in
order to maintain some patticular bloodline, or
| reasons, this can be done, al-

is required beeause lences must be constructed
that will keep the rabbits in and predators
out (Fig. 8.4). Raising grazing crops in small
enclosures s also expensive, and sooner or
later internal parasites, especially coccidiosis,
become a problem with the rabbits.

When a number of does are maintained
in an enclosure, it is impossible to keep any
accurate individual breeding or kindling re-
cards. The practice of allowing does to kindle
in burrows rather than in nest boxes could be
followed only in areas where the climatic con-
ditions were such that the ground would not
freeze or become wet and soggy. When the
does do kindle in burrows, they usually take
care of their litters satisfactorily. If they are
forced to use nest boxes in the pens, they
are not discriminating in nursing, so some litters
may gel proper nourishment and others may
not. Unless the pens are unusually large, there
Irequently will be fighting and injuries among
the does and bucks. Harvesting the frvers
requires considerable labor,

Ormphan Litters

Occasionally a doe will die at kindling time or
before the litter is old enough to eal the feeds
that are given to more mature rabbits. If it is
desirable to hand raise the litter because of

Fig. B.4. Grazing rabbits outside a research

laboratory in Germany. Note that the surrounding
building pi i dators

(Courtasy of JI. l\.ichl:lt:

o : his is not sound
though commiercially this practice is not

It will be necessary tu feed the orphans
with an evedropper or a éoll's nursing boltle
and to use goat milk or synfietic cat milk, avail-
able at pet stores. Another recipe is evapor-
ated milk diluted 50:50 with water, with an eag
volk and 1 tablespoon of @m syrup added to
each cup of mixture. The milk should be heated
to the point at which it feel comfortable when
dropped on the back of yarr hand When the
voung are 12 o 14 days ofage, they should be
offered oatmeal and a fav blades of iresh
growing grass or a small quantity of tender
leaves from garden vegeteles. They can be
taught to drink oul of a sawer and to begin to
eat small quantities of the rations fed to the rest
of the herd by the time they are 15 to 18 days
of age. The quantity may be increased grad-
ually as the young matum, bul overfeeding
should be avoided. It is essential that all feeding
Wmmh@m.mmmm
is especially important where milk is fed.

It is also possible to fuster orphan kits to
otherdoesﬁg.ﬁ-ﬂi-mhmmu'
breeding several does at mee; if a doe dies,
unless it is from a disease sich as mastitis, her
litter can be fostered to ofker does with litters
olﬂmmm‘mmmwmm
be readily accepted.

Conditioning Show Rabbits

Praperly balanced rations that are fed to the
gmz:ally herd wil be satishctory for feeding
rabbits that are being conditioned for thant
bulthequanhlyfedmlhmloha
each individual's requirements o 25 10 POV
the desired development and w[ fresh
show time amves. s,mlq.nnﬂllﬂi acu'rots.
agreen leed or root crops, wﬁmm
musedbv’""*m”aig;d bread
and regulating food. Ohers | Tood ek
raisins, and milk because of their flower
and 1o add variety to the ation, Suflwer
seeds are an excellent ngmﬂ
cause of the oil they contan,

the glossiness of the rabbit” fur
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Checke, PR. 1999. Applied Animal Nutrition: Feeds and Feeding (2nd ed‘r Prentice Hall, Upper Saddle
River, NJ.

deBlas, C., and J. Wisernan, 2020. The Nutrition of the Rabbit (3rd ed | CAB lntemahend Woﬂlng(ord UK

National Research Coumcil. 1977, Nutrient Requirements of Robbits. N | A of &
Washington, DC.




9

Toxins in Feeds

Many feedstulfs contain toxic factors. Although
many people are concerned about synthetic
chemicals in our food chain, it is desirable to
maintain perspective by being aware that there
are a great many natural toxins in food and
feeds, including a number of extremely danger-
ous compounds. Most of the serious food-related
episodes of damage to human or animal health
have involved natural toxins. These include
“food poisoning” caused by bacterial toxins:
the deaths and sickness of thousands of people
in Europe from ergot in rve and other grains,
mill sickness in frontier America that depopu-
lated entire villages because of a milk-transferred
toxin [rom a polsonous plant: deaths of live-
stock and waterfow! from algae in water: and
the loss of over 100,000 turkeys in England
from aflatoxin in peanut meal. Some of the
most lethal compounds knoun, such as the
botulism toxin and aflatoxin, are natural
compounds,

To keep the subject of toxicity in realistic
perspective, it is also necessary to be aware of
relationships between dose and effect, Virtually
everything is potentially poisonous. This in-
cludes water (force-leeding about four times
the daily requirement of water to an animal will
kill it), protein, salt, copper, zinc, iron, vitamin
A, vitamin D, ete. Thus. the relationship be-
tween dose and toxicity is important. The mere
presence of a toxin in a feed is not nec il

bad; what is critical is whether it is present at a
level that will cause advere bislogical effects
(the dose makes the poisor]. Biologists be al
that there is a “threshold lvel” lor a toxin:
e 2 below the firesh I (the non-
flect level), the toxin is in fact nontexic.

 Some of the more iportant s
listed and briefly discussed below. Mﬂﬁm
mnmmnmﬂmh!ﬁd”“’&“ the
on animal 5 Fw'{ed In at
books cited in the “FurtherReading” section
the end of this chapter.

Goitrogens

that inhibit the
Goitrogens are suhslantﬁ‘ :
sunthesis of the thyroid tormone thyrain.
Their presence in feeds reailts s '
rnmlul'ang-hged[h;m&gu-d_ |mgmﬁ,;
Golhugemminurdinmnhﬂ;j;mr -
sica group, including cabbage, €2 m"d
rape, and mustard. Gullmgmmr:l o
when laboratory rabbd.ts fre fe aidist; 0
raw cabb I ‘ A
g

cause

P en) have been
jucosinolates (a type of gatrodct Foy e
smk:ped. Sﬂr’w canbe peseed

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (5.0, Luketahr ef &)
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Gossypaol of hair) and in ruminants causes goiter. Leu-
caena is quile palatable 1o rabbits, which con-
Cottonseed meal contains a subslance called Sume il readily (Fig. 9.2). The leaves contain
gossypol. It is toxic (o animals, causing lissue  OVer 30% protein. Leucaena, when fed along
damage and, in some animals, mele sterility. with other tropical forages, can be very effect-
Gossypol oceurs in both free and bound form ively used by rabbits as a_pmlzm source. It
in the meal. It is the level of free gossupol that should not be fed for extensive periods at_more
is of significance. Free gossypol can be “lied than 10% of the total dry wglght of the diet, or
up" by the addition of ferric sullae to the feed, it may cause mimosine toxicity problems. Plant
This procedure has been used 1o detoxily cot- [ l ders in A lia and Hlaniuan are de\ﬁ]?;
onseed meal for swine feeding. es al the ing low mimosine varieties of Leucaend, whi
1I[}ﬂzgcmfnﬂne Umer:fy Rabbit RT:K}. Cen  should improve the feeding value of this high
ter indicated thal cotionseed meal can be safely
used in rabbil rations at moderate levels (5 to
10% of the diel}. The level of gossypal in cof-
tonseed meal varies according to the variety of
catton. Because gossypol increases the resist-
ance of the plant to pests and diseases, new
warteties of cotton tend la have higher gossypol
contents. Cottonseed meal is less valuable than
the cotton fiber or the coltonseed oil, so the : ;
Qi o (56 Vet B S or et 1 aiti surrounded by
s :‘U s m:ﬂ: :a ha d for feeding 1o
the rabbits. (Courtesy of PR, Cheake)

Lectins (Hemagglutinins)

Lectins are substances in beans that, when
added 1o a hlood sample, cause the red blood
cells to agglutinate. or clump together. This is
why they have been called hemagglutinins, In
the lving animal, they are not absorbed and so
do not affect the red blood cells. However, in
the digestive tract they cause damage to the
intestinal wall and reduce the absorption of
nuirients. As a result, growth is reduced. Soybeans.
broad beans, and comman beans, including
pinto, kidney, and navy beans, all contain lec-
tins. For this reason, raw beans should not be
fed to rabbils. s‘ihwhng destroys lectins and
other foxins, as typsin inhibitors, so
heat-treated beans can be safely used. at

Mimosine

Mimosine is a toxic amino acid found in the
tropical forage plant Leucaeng leucocephala.
This M has tremendous potential as a protein

ree in iropical counlries (Fig 9.1). Unfortu- g, 9.2. Rabbits eating Leucagna in a rabbitry in
pately, the MIMosine in it causes alopecia (loss  Haiti, (Courtesy of PR. Cheekel
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protein plant. In cattle and other ruminants,
certain rumen microbes detoxify mimosine.
It has not been determined whether these
microbes could be introduced into rabbits.
Mimosine is absorbed from the small intestine,
50 it is unlikely that cecal microbes could be
cifective in detoxifving mimaosine

Mycotoxins

Mycotoxins are toxic substances produced by
fungi or molds that grow on feeds. Moldy
grains mav be toxic. The exact consequences
of feeding moldy leed to rabbits cannot be pre-
cisely predicted because there are a large num-
ber of different molds and mycotoxins that
could be invalved, with varying effects.
Among the major mycotoxin groups are
aflatoxins, produced by molds (Aspergillus fla-
vus and A. parasiticus) that grow on grains
and other feeds (e g. soybeans and cottonseed
meal). Problems with aflatoxins were first ob-
served in 1961. when more than 100,000 tur-
key poulls died in England This outbreak,
called Turkey X Disease, was traced to the
presence of mold toxins in peanut meal. Sub-
sequent studies have identified numerous spe-
cific aflatoxins (aflatoxin B1. B2, G1, G2, M1,
etc.). They cause severe liver damaage and, with
chronic low doses, cause liver cancer. In rab-
bits, aflatoxins cause animals to go off leed and
waler, to become dehydrated and lethargic,
and to develop liver damage and jaundice,
Numerous other mycotoxins that contamin-
ale grains are known. They incude citrinin,
ochratoxin, T-2 toxin, fumonisin, and zearale-
none. These toxins cause acute kidney and liver
damage, adverse effects on reproduction, and
death. It is believed that in some cases mucolosins
may cause enterilis in rabbits, while in other cases,
feeding moldy feed does not induce enteritis
Another important mycotoxin is ergot.
Ergot is a substance produced by a mold (Clar-
iceps purpurea) that infects the seed heads of
rve, oals, wheat, triticale, and Kentucky bluegrass.
Ergot alkaloids alss occur in endophyte-infected
tall fescue grass. Ergot affects the central ner-
vous systern and the smooth muscles It causes
the blood vessels in the feel and legs to con-
strict, culting off circulation. This may cause
gangrene. Ergot may also cause abortion, Rabbits

may shulfle their feet conthuously, suggesting
pain in the extremilies,

Sweet clover contains a substance called
coumarin. If sweet clover hay becormes moldy,
the mold growth ERAE
called dicumarol, Dicumarel is an inhibitor of
vitamin K and causes a vimin K deficiency.
This vitamin functions in the doiting of blood,
50 in vitamin K deficiency, spontaneous hem-
orrhaging occurs, Feeding moldy sweet claver
may thus cause excessive Yeeding and death.
The rat poison warfarin ads in a stnilar man-
ner. killing rats by internal kemorrhaging.

Nitrates

Nitrate is a simple nitrogen-sontaining ion, NO,
which can be chemically reduced to nitrite,
NO,. Nitrite is about 10 timss as toxic to animals
as nitrate. Nitrite ions oxidze hemoglobin, the
oxygen-carrving pigment i blood, to @ com-
pound called methemoglobiz. which is incapable
of camying oxygen. As a realt, nitrize-paisaned
animals die from a cellular bek of oxvgen.
Seme common plants accumulate nitrates
These include pigweed Hmamn!hr.;s spp.).
lamb's-quarters (Chenapodium spp.).
grass, :hﬂmm.m,wmsw@m
nitrogen from heavy fertilization or manunng
lead to nitrate accumulation by plants. Herbi-
cide treatment with 2.4-D increases nitrate
concentrations. Nitrate polioning is primarily a
problem in ruminants fe g, cattle and sheep}
because plant nitrates are @nverted to nitrites
in the rumen, Acute poisoring of ruminant ani-
mals may occur when fonge nitrate exceeds
1.0% (10,000 ppm) or 1500 ppm nitrate in
water The tosic level in rébbits is likely to be
more than this. Rabbits wauld be expected to
be quite tolerant, becaust nitrate would be
absorbed as such rather than being. converted
to nitrite in the gut. Nitrate poisoning of rablits
would seem to be an unlikdy problem and has
not been docurnented.

Oxalates

Oxalic acid is found in some planis. such as
amaranthus, spinach, and chard. Rhubarb leaves
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are poisonous because of their high oxalate
content. Oxalic acid forms a complex with
calcium and renders il insoluble as calcium
oxalate. Il oxalic acid is absorbed, it combines
with the blood caldum and precipitates it. This
causes a rapid drop in serum calcium levels and
causes tetany, Greens such as amaranthus,
spinach, and chard can be fed to rabbits at
moderate levels with no problems from oxalale
towicity. Pigs have been poisaned by leeding
on wild pigweed (Amaranthus retrofiexus)

causing the feed 1o be bitter. Plant breeders are
developing low saponin strains of alfalfa, which
should increase the value of alfalfa as a rabbil
feed. An interesting side effect of saponins is that
they reduce serum and tissue cholesteral levels.
It is possible that the low cholesterol content of
rabbit meat may be partially due to the saponin
content of alfalfa meal, which is generally a
major constituent of rabbit diets.

Saponins in feed additives such as yucca
and quillaja (see Chapter 8) may have some
beneficial properties, such as stimulating the

and lamb’s-quarters (Ch | alburmn).
because of their oxalate content,

Pyrrolizidine Alkaloids

ﬁﬂmmmw. Inthe U.S
Pacific Northwest, the polsonous plant tansy

rt (Senecio jocobaea) is widely distrib-
uted. This plant contains these alkaloids. Rab-
bit raisersin the Northwest rlnighl be concerned
about passible. contamination of alfalfa with
fansy T and the effect this might have on
their rabbits. Fortunately, rabbits are very ro.
gistant to the pyrrolizidine alkaloids, unlike anj-
mals such as catike and harses. It is of interest
that the forage €rop camirey [Symphytum of-
fcinole) also eontains these alkaloids. Again,
becau rabhbils are resistant to ther effects,
comirey can b safely fed to rabbits. Because
ey bas been shown (0 cuse concer n
[« rs. direct human consumption of comlrey
2% ol be advisable. rey-containing
"'::alpmdmlswbﬁenhnnedhm
L i as Canada. Crotalaria, which
coun the southern United Stales and other

gl'”:: :lrw is a"_‘“'b“l' paisonous plant that
contains pyrrolizine 2
Saponins
ther leguminous forages (o o
ﬂiia“ﬂs]a"d Lﬂain abstances called Sam:lﬂg
- sl bitter and reduce the palatahijiy,
Sapon forages. Alfalfa meal at high levels i
of these ' enerally m'm?;dm\laiabilw
r ing in excessive leed wasiage
pmblg‘“i’ reT:bedUﬂ to the saponin confen.
This aPP

immune system,

Trypsin Inhibitors

Soybeans and most other beans contain pro-
teinaceous substances (trypsin inhibitars) that
interfere with the action ol certain digestive
enzymes, such as trypsin and chymotrypsin, in
animals. They cause reduced protein digestibil-
ity, enlargement of the pancreas, and reduced
growth. Raw soybeans should not be fed to
rabbits. Commercial sovbean meal has been
cooked 1o destroy trypsin inhibitors, so it is a
high-gquality feed that is safe to use, Extruded
soybean products are also satisfactory,

Urea

Urea is a source of non-pratein nitrogen (NPN)
that is commonly led to cattle and other rumin-
ants. It is converted by bacteria in the rumen
into protein. The bacterial action in the rabbil
hindgul does not ut {lize much urea. Therefore,
urea should not be used in rabbit leeds as a
partial replacement for protein. It is converted
in the rabbit gut to ammania, which is absorbed

and can cause poisoning.

Poisonous Pianis

At one time, it was comman for forage crops
such as alfalfa to be heavily tontaminated with
weeds, including toxic plantssuch as milkweed
and nightshade. With the adven! of herbicide
1 for weed contral, this preblem has virhually
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disappeared. Allalfa grown for the commercial
feed industry (e.q., dehydrated and sun-cured
alfalfa meal used in rabbit feeds) is generally of

very high purity with little weed contamination

Numerous garden arnamenlals and wild

plants commonly found in pastures and unculti-

vated areas are toxc to animals. Commeon garden
flowers that are poisonous include lupines, del-
phiniums, and foxg) LA few i leaves

Herbal Remedies

During the twentieth centuy, tremendous ad-
vances were made in the canirol of human and
animal diseases. Antibiotics and other drugs
with highly specific antimirobial activity and

i inst di have been developed

against P
As part of a “back 1o naturé” or “mare natural”

(Fig. 9.3) contain enough poisonous cardiac
glycosides to kill a rabbit. Before picking leaves
of various plants and leeding them to rabbits,
vou should be familiar with the local plants and
be aware of any poisonous ones. A number of
house plants, Including dieffenbachia, are
foxic. Pet rabbits should not be allowed access
1o such plants. Any exposure of rabbits 1o poi-
sonous planis is likely to be due to the acciden-
tal feeding of toxic plants as green feeds rather
than to their presence in commercial diets,

Fig. 9.3. Foxgloves are common gardan omamentals
that contain very toxic cardiac glycosides, and their
lraves should not be fed to rabbits. (Courtesy of
P R.Cheeke)

h to life, some pecple have tended to
reject some ol these modern techniques and
have adopted mare traditicaal folk wisdom and
herbal remedies. Many extrivegant claims have
been made for the medicirel effects of various
herbs, such as comirey, as acure lor cancer, and
chamomile as an aid to resovery from illness.
While in a few instances eflcacious drugs used
in traditional medicine hare been developed
from plants (e.g., reserpine, quinina, digitalis),
in most cases herbs have hitle or no therapeutic
value. Generally, the suppused basis of action
is irrational. Ginseng rcot. for example, owes
its reputed medicinal effeds to its somewhat
human-like shape! Many herbs do contain
taxic substances, but in moit eases the concen-
tration is not sufficienthy high to cause poison-
ing. The use of herbs to control diseases in the
rabbitry is without foundition but probably
does no harm other than perhaps delaying the
implementation of mare diective medication
or treatment.

Agricultural Chemicals: Pesticides
and Herbiddes

Maodern agriculiure involvesthe use of a variety
of tupes of chemicals for the control of weeds,
insect pests, and plant discases. Although
there is widespread concera about their safety.
it should be recognized tha exhaustive testing
far efficacy and safety s nquired before new
chemicals are released and that stringent regu-
lations on their use are enforced. There is very
little evidence that residues of sprays on feed or
crop plants are deleterious to humans or ani-
mals, Poisonings that occir are almost always
due to accidental consumpion of concentrates
or sprays or to exposure while applying the
materials, New chemicals nd to be more se
lective and less damaging ta non-farget species
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than materials formerly in use. For example, sider that before herbicides were available,
compounds containing copper, arsenic, and  contamination of grains with poisonous weed
mercury were al one fime widely used in  seeds caused many poisonings of humans and
crop-spraying programs and caused significant  animals. The use of herbicides has eliminated
contamination problems. It is also well to con-  these problems.

Further Reading

Cheeke, PR 1998. Notural Toxicants in Feeds, Forages, and Poisonous Plants (2nd ed ). Interstate Pub-
lishers, Inc., Danwlle, IL.

Cheske, PR. 1999, Applied Animal Nutrition: Feeds and Feeding (2nd ed.) Prentice Hall, Upper Saddie
River, NJ.

Kingsbary, J M 1964. Poisonous Plants of the United States and Canada. Prentice-Hall, Inc. Englewood
Clills, NJ.
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Rabbit Diseases and Health Problems

One of the most devastating and discouraging
aspects of raising rabbits is disease, The death
of a beautiful litter or doe is not only an eco-
nomic loss, but it also has an emotional impact
on the rabbit raiser. Hours of work and gener-
ations of breeding can be wiped out overnight
by disease. However, disease and death are an
integral part of any livestock operation. This is
parficularly true in rabbit raising. Mortality in
some rabbit herds can be as high as 40% of all
animals born. Sometimes, animals are found
dead that looked perfectly normal a few hours
before. This high rate of mortality can be so
discouraging that it may cause some rabbit
raisers lo give up the business. As discussed in
Chapter 21, there are a few rabbil diseases
thal also infect humans.

The success or lailure of vour rabbit oper
ation depends onyour ability to keep disease at
a minimum, Most diseases ocour because of
management mislakes or lack of knowledge.
The total loss of rabbits from disease averages
20 to 40%: this includes the kits born dead, the
nest box deaths, the fryer deaths, and the loss
of does and bucks,

General Considerations

Disease is defined as “a morbid process having
a characteristic number of symptoms.” A discase
may alfect the whole body or any of its parls,

© Steven Lukefahr 2022 R
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and its cause may or may not be lnown. Buiding
upon this definition, you skould be aware that

host {the rabbit in this cae). These disease-
producing agents are contituously in the envir-
onment of the rabbit. The logical uestian to
ask, then, is, “Why aren't all rabbits sick?” In
answer fo this question, a number of factors
are involved. First, rabbits dffer in their genetic
resistance 1o disease. Some animals may have
more resistance to specific dseases than others.
In the case of snuffles, imhﬂanne,waﬂ'
mals appear lo be quite resistant. The diseass
is caused by a baclerium called Posteurelia
multocida. Sometimes when one rabbit has
snuffles, one in the next age is unalfected.
even though it is being expased to Pasteurella.
Apparently, this animal hasa set of genes that
makes it resistant.

Anather factor lo cossider in disease is
the concentration of the disease-producing
asenl,\'\ielmwmnmmmnhllmerﬁ,"
onmental surroundings of rabbits. But i the
number of virus particles inthe Emmﬁ:
keplan.lhenmsberacmﬂynﬂuHﬂﬂd?
rabbit will be relatively fev. The natural
fense mechanisms of the rabbit may be able to
cope with a Iz\nrl..riﬂ.:s[.'iul'!cles,Itl.llili'l"“"ge
number are present, the defense mechanisms
are overwhelmed and a dsease 15 i
The concentration of organisms is related to
both sanitation and the dansity of animals i

1l
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the building. With any animals raised in close
confinement, disease seems to increase almost
proporiionally as the number of animals in a
given space increases. The typical rabbit raiser
starts an operation with a few rabbits in a barn
or shed, and all seems to go extremely well,
with little disease, excellent conception, and
beautiful rabbils. Because things are going
well, he or she decides to double or triple the
size of the herd. However. the space remains
the same. The grower decides to double tier or
reduce the space between the rows or use any
other combination of space-saving ideas. This
results in avercrowding, and problems begin.

Stll another factor that compromises
management when a herd is increased is a de-
crease in the time that you have for each indi-
vidual rabbit. Therefore, there is a tendency to
miss the first signs of trouble. You don't see the
solt siool. the missed meal, the increased
amount of hair on the cages, eic.

Ventilation, sanitation, and chservation
are three of the most important lactors in-
valved in disease control. Diseases are usually
caused by some type of organism. It may be a
bacterium, a virus. a protozoan, an arthropod
or some other kind of organism, Air dilution
through ventilation is a very effective method
of reducing the numbers of some organisms.
The numbers of a disease-producing organism
may determine whether a disease is produced.
Air dilution is one of the reasons that vou find
fewer respiratory problems in well-ventilated
barns where the air the rabbit breathes is
changed often.

The other method of reducing the number
of potential disease organisms is physically or
chemically removing them. This is called sani-
tation. The manure is removed, the cages and
nest boxes are disinfected, and the hair on the
cages 1s removed. All of these procedures reduce
the number of discase-causing harmful agents.
A single rabbit hair can carry thousands of bac-
leria or viruses,

Observation, of course, relers to training
?ﬂlll'ﬂ!" to look for signs of initial discomlori
in animals, A sick animal is somewhat like a
sick human, except the animal doesn't make
such a big fuss about it. It doesn't want to eat,
may not drink, is lethargic (doesn't want to
move much), may have a dull appearance in
s eyes, may have a rough hair coat. and

generally is unthrifty in appearance. If you
miss these signs when they occur and you
don't notice anything until there is a profuse
nasal discharge or diarrhea, it's generally too
late to do much about it. However, if you see
the initlal signs, a ireatment of one kind or an-
other may not only be helpful but may save
the life of the animal.

Quarantine

All sick rabbits and those that have been ex-
posed to contagious or infecticus diseases
should be isolated. Those that have been
displayed at shows or new stock that has
been purchased should be kept separate
from the herd and held in quarantine for at
least two weeks. These precautionary meas-
ures may prevent spread of infection in the
rabbitry in case communicable diseases are
in the incubation stage at the time the ani-
mals are isolated

During quarantine, rabbits should be
examined closely every day for signs of dis-
ease, especially a nasal discharge or diarthea.
The use of a broad-spectrum antibiotic {such as
oxytetracyeling) may be advisable if rabbits
have been purchased from questionable sources.
Antibiotics in the drinking water or feed can
also be used to decrease the gastrointestinal
micro flora {bacteria, etc.). As the antibiotics
are withdrawn, a new micro (lora population
will be established from the environment near
your rabbilry. Some breeders give probiotics to
their rabbits ta intreduce benelicial micro-
organisms to the gut. Owerall, these measures
will make introduction of the animal into your
herd much easier. Quarantine areas should be
separate from the main herd or rabbitry. Rab-
bits housed in quarantine should be cared for
after the husbandry of the main herd has been
accomplished. This procedure reduces the
chance that diseazes will be spread from the
quarantine area to the main rabbitry. It is al-
ways a good idea to wash and/or disinfect your
hands after treating sick rabbits or rabbils in
quarantine, as a number of disease agents can
be camied on vour hands. Separale clothing
and foot covers for wearing in the quarantine
area should also be considered.
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Diagnosing Diseases

Some diseases can be diagnosed by the obser-
valion of clinical sgns while the rabbil is living.
Other diseases cannot be diagnosed without a
post-mortem examination and, in some cases,
special technigues. As a rabbit raiser. vou
should become very familiar with the anatomy
of a rabbit and the normal appearance of the
internal organs. In addition. the normal physio-
logical characteristics should be learned. You
can accomplish this by learning a few lacts,
such as the normal rectal temperature, 38.9-
39.4°C (102-103°F); the normal pulse rate,
140-150 beats per minute; the normal respir-
ation rate, 50 to 60 breaths per minute; and
the normal general appearance of a healthy
rabbit stool (manure). You can learn the nor-
mal appearance of the internal organs only by
repeated examination of these organs when
normal rabbits are slaughtered. Then. when a
rabbit dies for some unknown reason, you will
be prepared to do your own post-mortern
examination. With a little praclice, vou can be-
come proficient in diagnosing the more com-
mon diseases and, with this information, be
able to take immediale measures lor prevent-
ing an outhreak of a certain disease.

In making the post-mortem examination,
temove the pelt 1o facilitate examination of the
carcass. After removing the pelt, place the ani-
mal on its back and make a midline incisian
through the body wall. This will reveal the in-
ternal organs (Fig. 10.1). Examine the lungs
and the heart in the thoracic cavity. If the
lungs are normal, they will be a pale pink color,
I the huings are purple or have purple and pink
splotches or yellow or white spots, they are
probably diseased. Hemarrhages and red spots
in the lungs may be seen if the animal has
struggled while dying. Next, examine the organs
in the abdominal cavity (the thoracic and
abdominal cavities are separated by the
diaphragm). The large organ closest 1o the dia-
phragm is the liver. It should be purplish red,
very smoath, and shiny, A change in color or
the presence of white spots signals disease, On
the underside of the liver, vou will see a green-
ish-yellow sack. This is the gallbladder. Nor-
mally it is quite small, but if the rabbit has been
off feed for 24 hours or longer, it will be en-
larged (distended with bile) and quite turgid.

Fig. 10,1, Location and identilcation of tha
internal organs of the rabbit. A lungs; B, heart,
C.Mnﬂ.macnzitpim:'vamwm :
process (appendix); G, cecur H, small intestine;
1, keddney: J, lange infestine; K. bladder. (Goustesy
of USDA)

Mext examine the digedive tract (Fig. 10.2),
starting with the stomach. The stomach bes
under tha liver, It should te filled with a very
wet mix of rabbit feed andwater. Occasionally
vou will see fecal pellets (mnure) in the stom-
ach. This is normal, as rablits practice cecatro-
phy (eating their own fecd peliets]. The kmgr
tubular structure coming fom the bottom o
the stomach is the small irtestine. lts conlents
are scant and almost slimy. The small intestine
emplies into a large crgas called the wnnn'
The contents of this part d the digestive Imc“
should be semi-solid (somewhat like puu;d.b!
vou find the cecurn and/orsmall intestine fo
two to three times normial size and the con-
tenls very watery and foany, vou shoufi 9#-:;
pect an enteric problem (mteric refers ho 7
intestines). You may also ¢ a redden h\gse
the walls of these organs die to hemorr h..
“The cecum empties info the colon, or large:
testine. This organ is smaler than the cﬁ
and normally should contrin the r::ﬂ
pellets. Discases in this organ would Wlels
by vaseline-like contents orno fecal pelets.

I —



Fig. 102. Digestive tract of a healthy rabbit. (Courtesy of USDA)

Alter examining the digestive trac, look at
the kidneys, located underneath ihe digestive
tract and narmally encased in fat. They are two
“”"I o size organs ying on ether side of the

- - They should be brownish to purple.
with a smooth surface. A rough surface. change
in color. or white spots indicate discase, The
bladder and reproductive organs are the last
Structiires (o be examined in an internal post-
mortem examination. The bladder is located at
the posterior end of the abdominal cavity. It
""‘_*‘ like a small balloon when filled with
urine. The bladder wall is normally quite thin,
and the normal urine is cloudy. Because the
rabbit excretes large amounts of calcium, the
“’"F"‘""“f"“ feel a litle granular due to
;‘:";:“ " ovials, The penis and testices in

o the ovaries and uterus in females
should be examined (Figs 11.1 and 11.3).
Each Mwuﬂ“"’“’d at the end of the uterine
hm; mb; . The ovaries are very
mu; t bean size. They often will have
m!is“m :’"h structures on them that con-
tain the developing eggs, The uterus should

be about the same color as the body wall. An
enlarged uterus containing a whitish fluid
indicates disease.

If you are continuing to have a disease
problem that you cannot diagnose. take both
sick and dead rabbits to your local velerinarian
or to a state diagnoslic laboratory. Many veter-
inarians are becoming more experienced in
rabbit diseases and are now receiving training
in the treatment of minor animal species, such
as rabbits.

Major Rabbit Diseases and Health
Problems

All rabbit diseases are important, especially if it
is your rabbit that is involved. However, it is not
the purpose of this chapter to provide an
indepth treatise on all rabbit diseases. The
major diseases will be covered in same detail
and some of the less frequently occurring
diseases will be presented,
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Pasteurellosis

Virtually all conventional rabbitries are infected
with Pasteurella muliocida. Many rabbits carry
this organism in their respiratory tract even
when showing absolutely no signs of nasal
discharge. The term ~pasteurellosis” covers a
multitude of clinical conditions all caused by
P multocida. By far the most common mani-
festation of padeurellosis is the condition
called snuffles. However, p llosis is also

rabbit sneezes it contamindes the surrounding
arca with thousands of baderia. People them-
selves can spread these baderia on their hands
and clothes (the chance of rabbils contracting
snuffles at a show or fair isextremely good un-
less you are very careful and take precautions),
Rabbits can pass it to each other by contact,
and equip and cage ies easlly
transmit the organism. Theother forms of pas-
teurellosis mentioned abose generally begin
ppearing alter snuffles is noticed, Strict cull

evidenced by preumonia, abscesses, weepy
eves, pvometra (Werine infection), orchitis (tes-
ticular infection), wiy neck, and sometimes
mmastifis.

Snuffles (rhinitis)

There is no such thing as a cold in rabbits. Mu-
copurulent nasal discharges (pus) that many
peaple attribute to colds are almost invariably
caused by P multocida in conjunction with an-
ather bacterium called Bordetella bronchisep-
ticurn (Fig. 10.3). The condition is not a tran-
sient ane, like a cold, but one with permanent
adverse effects on the animal. The preliminary
signs of sneezing and discharge should be dif-
ferentiated from dust or drinking water in the
rabbit’s nose. Usually if the sneezing continues,
and especially if vou begin to feel a matting of
the fur on the indde of the front feet (a rabbit
uses its front feet to wipe its nose), you can be
quite confident that your rabbit has snulfles
Snuffles is extremely conlagious. Fach time a

F_Ig. 10.3. Snulfles, showing the typical nasal
discharge. (Courtasy of Eric Stewart)

ing or isolation of rabbits wih snuffles will keep
the problem from getting aul of hand,

Rabbits can ba treated for snuffles with a
number of antibiotics. This treatment at first
may appear fo have been successful. The
sneezing stops, as does the discharge, but as
s00n as the rabbit is stressed (offen it is repro-
ductive stress), it breaks with the disease again.
and this time it is more diffcult to treat, Enro-
floxacin (trade name, Baytdl) has been moder-
ately successful when used io treat snuffles.
The drug has been found 1o be effective in
about 70% of the cases when administered at
the rate of 5 1o 10 millgrans per kilogram cf
body weight. A rale of 2,510 5.0 mg/kg twice
daily is the most effective. While the clinical
signs of snuffles are allevialed since the drug is
bactericidal, so some rabbils may continue ta
carry the P multocida organism. This can pre-
sent a problem in large ratbitries because suc-
cessfully treated rabbits may still act as camers
and spread the disease. The drug has been
used most successhully in pet rabbits. Tetracye-
line in the drinking waler at he rate of 300 ma/
liter for seven days may beof some benelit.

Vactination for P multocida has been
tried many times by both rsearchers and rab-
bit growers with lttle sucass, Vaccines have
not been successful becawse there are many
different strains of P multacida, each of which
would require its own vacche. In addition, im-
munity has been shown © last only a
weeks. By far the most important factor in
controlling snuffles is prevantion. Strict sanifa-
tion, good ventilation, and strict culling aid in
preventing the discase. Asy rabbit displaying
signs of snuffles should be immediately culled
unless it is a pet.

Sanitation of cages and equipment with a
1% solution of sodium hgpochlarite (bleach)
will help kill residual P maltocida. However
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bleach 5 comosive to galvanized metal and
may reduce the longevity of the cages.
Ventilation is very important in the control
of snuffles since both humidity and ammaonia
are involved in transmission and development
of this condition Ammonia is produced by the
action of bacteria on the urea excreted in rab-
bit urine. Urea is produced by rabbits and other
animals from excess amine acids. Thus, a high
dietary protein level will increase the amount
of urea excreted, resulting in elevated levels of

ammonia
ammonta in the atmosphere can have adverse
effects on both animals and humans in the rab-
bitry. People warking in poorly ventilated live-
stock facilities may ﬁhp headaches and
spiratony problems. Ammoria increases the
:WMW of rabbits to snulfles and preu-
monia. Exposure to ammonia damages the
sensitive tissues of the nasal passages, allowing
P multocida to colonize the tissues. Problems
frorn amemonia can be minimized by reducing
he amount of the gas formed and by increas-
ing its e of removal fm the bullding. De-
creased ammonia production can be achieved
bylﬂﬂ'“"‘wldm'mwm_
Hiigh humidity also Increases respiratory dis-
asid 30 methods of deaning that minimize the
tise of water might be advaniageous,
Proper building design with adequate ver,-
- can help to reduce ammonia and snuffles
Ia:;bierﬂlv In temperate areas, long, narroe
Euiﬁﬁ"él" with open sides for natural venfagion
e the best results, sometimes even alleyiat.
a‘g the need for fans.

Pneumonia

aliowed (0 go untreated,
sl 5 5270 e rbbiy mm;;i‘ﬁ':
numbel O bigs will beain to die from pne,,
ngmumﬂnﬁ is an inflammation, of ling
"“’"w'réLdllnE in reduced oxygen uptake by
fissue It is one of the leading causes of
ﬂ\eblﬂodmbm[s. fld“’m I8 peor weight
death in 1 hair coats. and él!llerally unthrifyy
gains: "% g rabbits 2 die acutely with e,
15 L
+ have their heads tippeq

R e
’gﬂﬂawfpbrmmﬂh breathing often haye

pneumonia. Rabbits suffering heat stress may
also show these signs and need help to cool
down (see Fig. 12.1). In albino rabbits, a
change in eye color from the bright pink to a
bluish pink is very suggestive of preumonia.
This is due to poor axygenation of the blood;
the bluish pink color in the eve results from
capillaries on the relina becoming bluish be-
cause of lack of oxygen. The lips may also
show a bluish color. Another suggestive sign of
pneumonia is sudden death of fryers or does
when they are stressed due to moving, breed-
ing, elc. A post-mortem examination of dead
rabbits will reveal pneumonia. The pink lung
tissues will be turned a liver color (purplish), or
part will be pink and part will be purplish
{Fig. 10.4). Oiten there will be fluid in the chest
cavity. It may be clear or cloudy. All of these
signs point toward pneumonia. Occasionally
other bacteria are involved, but by far the
greatest cause of pneumenia is P multocida.
By the time one is able to diagnose pneumonia
clinically, there is very little chance of treating
it in the individual rabbit. Both broad spectrum
antibiatics and sulfa drugs have been tried with
little success.

Abscesses

Abscesses are often caused by P multocida.
They are a common condition in rabbitries
with poor ventilation and sanitation, Abscesses

Fig. 10.4, Rabbit lungs showing classic pneumonia.
The darker color of the antenior lobes is the result
of pneumania. (Gourtesy of N.M. Patian)
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are usually seen in the subcutaneous areas and
occur when the Pasteurella organism invades
@ break in the skin caused by a scraich, a cul,
or a sore. Abscesses can also occur internally.
These usually result from a seplicemia {organ-
ism in the blood). Treatment of an external ab-
scess involves lancing at, draining the purulent
material (pus), and putting the rabbit an broad
spectrum antiblotics. However, antibiotics, such
as penicillin and gentamicin, kill gram-positive
bacteria in the digestive tract, leading to prolif-
eration of gram-negative bacteria thal cause
enteritis. Be sure that the incision made in the
abscess is quite large to allow proper drainage
Ieally the abscess should heal from the inside
to the outside. When a small incision is made,
the outside heals first, and a new abscess is
soon slarted because of poor drainage. In the
long run, hewever, prevention is much pre-
ferred over treaiment, as treated rabbits offen
show a recurrence of the problem and may
well act as carriers of the Pasteurella organ-
ism. In most rabbitries it is probably best to cull
such rabbits immediateh

Metritis and orchitis

These are problems with the reproductive svs-
tem that can be caused by P multocide. Metri-
fis, an infection of the ulerus, is somelimes
called pyometra, Orchitis is an infection of the
testicles (Fig. 10.5). Both ol these conditions
are commonly observed in rabbitries that have
poor venlilation, poor sanitation, and a high
incidence of snuffles.

Fig. 10.5. Orchitis in the right testicle of a

New Zealand White buck. (Courtesy of
N.M. Patton)

Metritis should be cansidered whenaver
vou have a doe that readily accepis the buck
but will nol conceive. Althasgh there are many
ather causes of poor conception rates, metrilis
can be a factor. The P. maltocida organisms
gain entrance info the uleus by one of two
methods. They enter either during kindling
(due to dirty nest boxes) or with the semen
from bucks with infected festicles. Metritis, or
pyometra, is diagnoseed by ot g vellowisk
white discharge from the doe’s vent, White
material in the urine may ako be due to excess
calcium in the diet, but it has a sandy, gritty feel
and the doe has normal cosceplion. However.
metrilis can occur withoul discharge. Some-
times there will be an elevition of the rabbit's
rectal temperature above 39.4°C (103°F). If
the infection is of long standing, that sign may
not readily be ohserved. Papation of the uterus
is helplul in diagnosing metritis. If the uterus
feels enlarged or full of fluid, it is very sugge
ive of this infection. The enly practical & |
ment for this condition is culling the @
from the herd or, in the cise of a pet 1
having a veterinarian perfaem an ovarich
eclomy. 1

Orchitis is a rare condiion in male rabb
Either one or both festicls become enlargel
and somelimes feel hot to the touch. The or-
ganism P multocida has gained entrance 1o
the testicle either through the urethra in the
penis or from the bloodsream (sepficemial.
This problem becomes extremely dangerous in
a rabbit herd, because a buck will spread
P. multocida bacleria with each cjaculation.
Daes bred to this buck may develop melritis.
Therefore, you should frequently examine the
buck’s testicles for changes in size, color, or
temperature. 1l any abnermaliies are ob-
served, the buck should beisolated, and if the
change persists, the buck should be culled.
Antibiotic freatment is of linited vale.

Wry nedk

This condition, involving continual twisting
of the head, (lorticollis) is usvally caused by
P multocida infection in the middle ear (otifis
mediz). This infection affec the equilirium of
the rabbit (Fig. 10.6). It is samewhat analogous
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1o the feeling you get when there is water in
vour gar, Treatmen is not effective, so rabbits
with this condition should be culled. There is
nothing wrong with the meat from these rab-
bits as it can be salely eaten.

Weepy eyes (conjunctivitis)

This condition, (Fig. 10.7), which is often seen
in young rabbits in the nest box and sometimes
i older does, can be caused by several differ-
ent bacteria. Staphylococcus oureus is most
often isolated, but P. multocida 1s the second
most common bacterium found. If the infection
is detected early, it can casily be cleared up
with ephthalmic antibiotic ocintments. Oint-
ments containing chioramphenicol are particu-
wmml!ﬂwwecﬂon persists or re-
turns, & blocked tear duct can be anticipated. If
» rabbi is valuable, it can be taken to a local

Fig. 106, A typical case of wiy neck. (Caurtesy of
D.J. Harms)

o weepy ©7¢ 8 New Zealan
P e O P

veterinarian who can open this duct by insen-
ing a catheter and flushing the duct while the
rabbit is under anesthesia.

Enteric diseases

A major cause of death in fryer rabbits is the
complex of diseases called enteritis or enteric
syndrome. Many years ago, it was believed that
all diarrheal problems were caused by the same
disease_ In fact, it was primarily called mucoid
enteritis. More recently it has been shown that
enterotoxernia, Tyzzer's disease, and coccdi-
osis, as well as the classic mucoid enteritis (now
called mucoid enteropathy), are all separate
diseases. Enteric diseases play a major role in
the success or failure of raising rabbits. They
can cause severe death loss as well as growth
retardation due to poor [eed conversion.

Enterotoxemia

This disease was first described by the Rabbit
Research Center at Oregon State University in
1978. The clinical signs of profuse diarrhea,
dehydration, reduced feed intake, and rough
hair coat are readily observed in rabbils A typical
case of enterotoxemia s shown in Fig. 10.8
Although enterotoxemia can affect rabbits of
any age, it is seen most cammonly in fryers
four to eight weeks of age. These sick rabbits
die very quickly, usually within 12 te 24 hours.

Fig. 10.8. Enterotoxemia in a rabbit, with the
typical sofling of the legs and anal area. (Courtesy
of OSU Rabbit Aesearch Center)
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As many rabbits are weaned during this age
period, the stress of being separated from their
dam and changing cages has been suggested
as a factor.

Post-martem examination of rabbits dying
of this disease shows an enlarged cecum and
sometimes an enlarged small intestine. The colon
is generally empty. In about 70% of these rabbits,
a reddish-colored cecum is observed. This is due
to hemarrhage in the wall of the cecum.

Several bacteria have been suggested as
the cause of this disease, including Clostridium
perfringens Type E, Clostridium spiroforme,
and Escherichia coli. Toxins have been found
in rabbits dying from enterotoxemia. The iota
toxin produced by Clostridia spp. has been de-
fecled in the luminal contents of the digestive
tracts of many dead fryer rabbits, While E, coli
placed surgically in the intestines of rabbits has
been shown 1o produce diarrhea, neither E eali
nor C. perfringens has been shown lo cause
enferoloxemia when given orally 1o rabbits,
However, C. spireforme given orally 1o rabbits
has produced classic enterotoxemia, suggesting
that it is the predominant organism involved

Entercloxermia is more common when
diets low in fiber and high in energy are fed
than when high-fiber diets are used. Diets high
in starch from grains may cause carbohydrate
overload of the hindgut, vielding glucose,
which is necessary for toxin production by
C. spirofarme. It has also been staled by “old-
time” rabbit raisers that when they led rabbits
alfalla hay and whole cats, few diarrhea-related
deaths were seen, Perhaps current methods of
feeding high grain diels to rabbits in arder {0
gel maximum weighl gain are parily respon-
sible for the increased number of cases of
enferoloxemia. Successful treatment of entero-
toxemia is difficull. Broad-spectrum antibiotics,
such as oxyletracycline, in the waler give short-
term reliefl from the disease, but it often will
return when the antibiolics are discontinued
The feeding of hay or straw to rabbits is of help
in preventing the disease, however. outbreaks
have occurred in rabbitries that routinely feed
hay. Alfalfa hay may not be effective if the rab-
bits eat anly the leaves, which are low in fiber,
and refuse 1o eat the stems, Restricting high-
energy feed to both does and frvers has helped
in severe oulbreaks, but there seems to be a
very fine line between feeding enough o not

interfere with weight gains and leeding loo
much, which results in enteotoxemia. Perhaps
the most successful treatnent is lo change
feeds. Preferably the chame should be io a
lower energy feed with a hgher fiber confent,
bul:hanglmlowmwl:dmbebméﬁ-
cial for a short fime.
ﬁlmmmmbhﬂc.lhm
a rabbitry and then disappears, o
at a later date. It is seen more olfen when the
weather is changeable in spring and autumn
and when rabbitries get cvercrowded and
the sanitation level decreases. It is not known
whether the disease is cortagious. Enterolox-
emia or "overeating disese” s a comman
problem in sheep, and a vircine is available to
prevent it, There is no effective w::hnmf-
able for rabbit enterotoxema, Even il avaccine
for rabbit enterotoxemia ere developed, it
would likely be too expenive for routine use
with fryers. Ullimately, the best salution may
be the development of diets, resistant stack, of
management systems that reduce the incidence
emia.
Ofm:mmhmw.mmh in-
volved in enteritis. Several raports during the st
two decades have shown robivirus 1o be involved
in cases of profuse diarrheain tali:lls ﬂn_lawm!
is a member of the family Reovirdoe and is con-
sidered 1o be only midy prthogenic. Wﬂﬁm}m
alone seems o cause only ashort-term
it has been known to caue high mﬂaﬁhli
one- 10 three-tweek-old rablits if the doe has a
poork-devel immune sjstem.
mmtm murrﬂnrgedn:lw;?;
involves virus, bactea, 2 .
:1“;: initially invades the irtestinal E;dclhr:;m;
causing significant cellular death. If C, S
forme bacteria are F“W::;:;;m g
in
:Iel?:nrlf:gh to proliferate axd produce a tﬂ*;
The toxin, absorbed throujh the mw
testinal well, is lrwﬂeﬂml'h;&n 5
system to the heart and bran ol
causes a lothal toxemia.

oid enteropathy and Epizootic
i rabbit enterapathy

bhit enter-
scoid enteropathy and eizoatic &
:]Ipalhy EREI are two sariots digestive diseases
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of the European rabbit with many clinical simi-
larities and characterized by an absence of
macroscopic and histological  inflammatory
lesions. This last point justifies the modification
of the name: scientists have changed the trad-
itional name of mucoid enteritis and epizootic
rabbit enterocclitis to mucoid enteropathy and
ic rabbit enteropathy. The reason for
this is that the suffix, “itis” means “inflammation.”
There is no redness or inflammation of the
intestines with this condition, so the suffix
“gpathy,” which mears “illness,” has been
substituted. They are both considered intestinal
dyshiosis (alteration in the composition of the
intestinal microbiota). Another comman point
i i them: the origin of the observed
disorders is still not known, even if hypotheses
have been put forward, Nevertheless, they dif-
fer in their geographical distribution, their cir-
cumstances of appearance and their capacity
{or dissemination, cerfain lesional aspects, and
probably the nature of their causes.

Mucoid enteropathy is a syndrome de-
scribed in rabbits for over 50 years, mainly in
Great Britain and the USA. It corresponds 1o a
dim:{me of digestive transit, leading to two

consequences: a partial blockage of
the cecum. the contents of which become

abnormal, and a massive production of translu-
cent mucus in the colon. It affects rabbits spor-
adically. Although mucoid enteropathy is more
common in voung rabbits aged 4-14 weeks,
eases have occasionally been reported in older
animals. It is a major cause of morbidity and
mortality

The dlassic symptoms of mucoid enterop-
athy are distention of the abdomen and
jelly-lilke stools coming from a sick rabbit, In
addition, the rabbit drinks large quantities of
water, will not eat, and wastes away over 3
period of several days. The sick rabbit often
grinds its teeth, making a unique noise. It also
exhibits the “water bottle” sound if picked up
and shaken. The body temperature is usually
subnormal. The disease is progressive and
often fatal: the mortality rate is very high (30 to
80%). Rabbits can die within 1 to 3 days with
an acule manifestation. In the case of the
chronic disease form, rabbits can survive 4 to
10 days before dying.

Post-mortern examination generally shows
an impaction in the digestive tract, The most
comman site is at the ileocecal junction (wher
the cecum joins the small intestine), but it also
can occur in the cecum or anywhere along
the small intestine (Fig. 10.9). Several studies

g Intestines from a r2bbit with
(Courtesy 0 N.M. Pation)

Fig- 10
amre

MUCoid entaropathy. Note the swollen, mucus-filed intestine
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have demonstrated the role of impaction in
causing mucoid enteropathy. The cause of
impaction is nol known, bul most likely is due
1o a lack of fiber in the diet. Distension of
the proximal cobn is also usually observed,
which contains a characteristic clear, mucous
exudate. The stomach and jejunum are also
distended with clear fluid and gas.

Unlortunately, the exact cause of the dis-
ease has nol been determined. It appears that
the digestive tract ceases lo function properly.
The impaction might be a result of too little
water consumption or something happening to
the infestine that allows too much waler to be
absorbed out of it, allowing cecal material to be
formed into an impaction. The digestive tract
of the rabbit has two sets of waves of muscle
contraction that move matenial through the di-
gestive tract. One is the major peristaltic con-
traction that propels material, especially large
fiber particles, toward the rectum The other
sel is an antiperistaltic wave or contraction that
moves smaller particles backwards from the
large intestine toward the cecum. This material
is collected in the cecum and then periodically
released as cecotmopes (night feces) for reinges-
tion [cecotrophy). When a rabbit becomes con-
stipated {impacted), the normal intestinal motil-
ity is depressed. Il is not knoun whether the
impaction causes the malfunction or the mal
function causes the impaction. Rabhits that are
supplied with inadequate water seem to have
a higher incidence of mucoid enieropathy.
However, the disease cannot be reproduced
by simply restricting water intake.

Food origin has also been suspected, and
the use of high-energy and low-fiber rations is
often considered a risk lactor. More precisely,
it has been proposed thal feed that has finely
ground fiber particles causes more mucoid en-
teropathy than feed that has large fiber par-
ticles, The reasoning is that finely ground fiber
is taken back to the cecum by antiperistaliic
waves and sets up conditions lor constipation,
while large fiber particles pass down the colon
by the peristaltic waves and are excreted as
“day” feces (Fig. 10.10). Although the size of
the fiber particle & still in question, an increase
in fiber does seem to prevent mucoid enterop-
athy. In fact, allalla hay that is more stem and
less Jeal seems 1o be better for rabbits than the
reverse, The addilion of grass hay with its high

Normal Pallsts

Fig. 10.10. Three lypes of feces seen in rabbis:
normal, cecofrophas, and mutus. (Courtesy af
N.M. Patton)

fiber content may also be beneficial in prevent-
ing mucoid enteropathy. Fisally, mucoid enter-
opathy has been associated with signs of dvs-
function of the autonomic nervous system. In
rabbits exhibiting this disase, degenerative
abnormalities (vacuolation, thromatolysis) were
observed in the neurons of the cefiac and
mesenteric ganglia and in motor neurons of
the autonomic nervous swlem in the
cord. These lesions could be the cause of hupo-
motility of the digestive tract which could be
the cause of cecal dysbiosk and ather abmor-
malities observed in muceid enteropathy. A
breeder ean present this terhnical information
o their local veterinarian when a case of this
disease is suspected. i
There is no elfective tatment for mucoid
enteropathy. By the time the animal is of
served to be alfected, the dscase has generey
progressed fo a terminal stie. In herds where
the incidence of mucoid eateropathy i high.
changing 10 a new baich ol leed with a higher
fiber content will usually elminate fhe disease:
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Subcutaneous and oral fluids {electrolytes)
seem to be beneficial in the treatment of pet
rabbils.

Rabibit epizootic enteropathy (ERE) is a
very conlagious disease that appeared in
France and Spain at the end of 1996 - begin-
ning of 97. Originally, it was characterized in
the field. in the absence of antibiotic therapy.
b irlerahk ‘a’odominai"‘ ing and wateny
diarrhea, associated with very high mortality
rates [30 to 80%). It therefore clinically resem-
bles mucoid enterapathy, with which it can be
confused, but unlike the latter, it spreads very
quickly both within the farm and betwoen
farms as a contagious disease mode. It quickly
spread to many countries in Europe and then
was described in North Africa, Mexico was
alfected in the early 20005, then Turkey, and
finally China in 2013 Despite significant im-
provements made in recent years to reduce the
impact of ERE (generalization of strict breeding.
food rationing, better control of environmental
factors, ete), this pathology remains a major
constraint for the rabhit industry

The dln‘rcal signs generally resemble those
observed in mucoid enteropathy: in addition to
diarthea and mortality, there is generally pro-
e sometimes associated with cecal paresis and
he presence of mucus, especially in the colon
and sometimes in the small intestine. However,
o macroseopic lesion of congestion or inflam-
mation is visible, in particular in the cecum, Usy-
ally, at necropsy, major dilation of all segments
olw&gﬁlwmm'thhslmnachis

, the contents of which are very

The pathogen responsible for this disease
has still not been identified. A reference inocy-
jum {called TEC, made from the cocal conjents
of sick animalsh, partly characterized, was de-

vdopcdm'ldm" passible, with the use of
paﬂ’_lﬂge“‘rf“' 5PR) rabbits, to clearly
aline the disease. The direct role of fooq ias
i out, but it hns been shown that if
tond is contaminated with the virus it can cerve
P passive "e‘%“' and remain vindent for
months. The hypothesis that a yinys js
s& as a primany agent in the dmbp-
ment of the disease is now excluded, |t is o
" epted that the cause of ERE is of bacterial
aces bly at least one rather anaerob
origi™ nt bacteri o
i aemtalg"ﬂ na. not cultivable on

usual media and producing a toxin that acts
very quickly at the start of infection. These
agents remain to be identified

ERE is a highly contagious disease, and is
spread through the respiralory and digestive
tracts. It can thus be transmitted by direct or
indirect contact: control rabbits placed with ex-
perimentally inoculated rabbits or in neighbor-
ing cages of inoculated rabbits develop the dis-
ease with a delay of 2 or 5 days, respectively,
post-inoculation. Various studies have made it
passible to specify risky or. on the contrary,
protective breeding practices: late weaning
after 35 days is often associated with the devel-
opment of the disease; the transfer of mothers
rather than young rabbits reduces post-weaning
stress and limits the cohabitation of animals of
different ages in faltening rooms, thus reducing
the risks; finally, a too high density of animals
in the fattening room is associated with the
anset of the disease.

The conirol of ERE is based on usual hy-
giene and biosecurity measures, gradual food
rationing at the time of weaning, and, mainly
in Europe, on the use of antibiotics in drinking
water (especially bacitracin and tiarmulin).

Coccidiosis

There are two tupes of coccidiosis. an intestinal
farm and a liver form. Both forms are capable
of producing a diarrheal disease that must be
considered when enteritis is observed. Coccidi-
osis is caused by a protozoan parasite that in-
vades the epithelial cells of either the bile duet
or the intestine or bath, depending on the
species of Eimeria involved. There are 10 dif-
ferent coccidia species of the genus Efmeria
that infect the intestine, The most common
species of the ten identified in the rabbit gut are
E. perforans, E. media and E. magna. They
seldom cause significant disease, but are readily
seen in fecal samples. On the other hand,
E intestinalis and E. flavescens are the most
pathogenic, but seldom occur in well-run rabbi-
tries. While the damage to the digestive tracl
can be great when the infection is severe, gen-
erally the intestinal coccidia are of little con-
corn, The intestinal coccidia are more of a nuis-
ance than anvthing else. Most conventional
rabhitries have some degree of intestinal coe-
cidiasis, and mast people accept this as part of
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raising rabbits. The effect of these parasiles on
weight gains is not known, Not much attention
is paid 1o the diszase until enlerilis cutbreaks
occur. The role of coccidiosis in enteroloxemia
and mucoid ent thy has been guestioned
by a number of researchers. Some believe it
¢ involved, whereas others think it is an inci-
dental finding. Enterotoxemia has been re-
ported in rabbits that are known to be free of
coccidiosis.

From a pradical point of view, liver coc-
cidiosis, caused by Eimeria stiedae, is a much
higger problem. The damaged bile duct epithe-
lium causes large pea-size yellow spots on the
liver (Fig. 10.11}, thus resulting in ils condem-
nation by the inspector in the slavghter plant.
Rabbits can became emaciated and die as a
result of severe bver coccidiosis. Diagnosis 15
usually made at necropsy or slaughter.

The treatment of coccidiosis seems to be
a continual battle, Sullaguinoxaline has been
the drug of choice for vears. It is generally ad-
ministered in the drinking water at 0.04%.
However, it can be mixed in the feed at 0.025%.
I it is used in the waler, it is recommended that
it be given continwously for at least two weeks.
If it is used in the feed, it is given for three
weehs. There are many different schemes for
giving this drug, and some are more effective
than others. Other sulfa drugs at various dos-
aqes and some of the newer coccidiostals, such
as amprolium and monensin sulfate. have been
used pecasionally but have not been approved in
the United States for addition to rabbit food. Feed-
grade sulfaquinoxaline is not readily available.

Fig. 10.11. Rabbit Iver showing yellow, pea-sized
spols of coccidiosis. (Courlesy of N.M. Pation)

Most drug companies have discontinued its
production, Therefore, the waler treatment is
most commonly used. Lamlocid, one of the
newer coccidiostals, has recenily been ap
proved for use in rabbits 4 75-125 g/ton of
feed and has been proven 1o be quite effective
in treating hepatic coccidiogs.

A very eff mehod of i
some types of coccidiosis isthe daily removal of
fecal material from the cagss with a wire brush.
The term “self-cleaning cages’ & a misnomer, as
very lew cages are competely sell-cleaning.
High-fiber diets resull in lame fecal pellsts that
do not drop through the wire. These fecal pel-
lets are the major source sf coccidiosis infec-
tion. The lecal pellets contan the oocysts (eqas)
of the protozoan parasite. The oocysts are not
infective until they have spanulated. The period
of sponilation, which must take place oulsids
the rabbit, is at least 24 hours, Therefore,
daily removal of the fecal pellets breaks the
cycle by eliminating this surce of infection.
Rabbitries using this method of control can pre-
vent the liver form of the dsease, but the intes-
tinal form seems to persist, although it tends fo
be benign.

Tyzzer's disease

In 1917 a man by the name of Tyzzer discovered
a disease in Japanese waltzing mice. A danheal
disease similar fo the one in mice has been
found in rabhits. The clinial signs of profuse
diarthea and rapid death {12 1o 48 hours) are
seen in primarily frver ribbits. Post-mortem
signs are very similar to hose of enterotox-
emia, except for sall-grainsize while spots in
the liver (Fig. 10.12). When special stains are
used. microscopic examinaion of these white
spats often reveals the loag, skender rods of
the bacterium Clostridiun piliformis. Mo
treatment for the disease has been effective.
In severe outbreaks, complete eliminati of
the herd, followed by horough cleaning
and disinfection of the rabbilry, has allowed
Tepopulation.

Mastitis is an infection of the mammary glands
of the do. It is somefimes cdled blue bag. It must
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Fig. 10.12. Liver from a rabbit with Tyzzer's
disease showing saliike white areas of necrosis
{armow). (Courtesy of N.M. Patton)

be differentiated from full mammary glands
(caked breast or caked udder), which occur
when a litter is weaned, dies, or stops nursing,
It is often caused by the bacterium Staphylo-
coccus aureus but can also be caused by
P. multocida and several other bacteria. The
mammary glands swell up, turn red, and be
come very painil. Sometimes the alfected
glands wall turn blue or abscess. Does will not
let the young nurse, and the lactating glands
become more swollen
The bacteria gain entrance into a mam-
mary gland through the teat canal, a wound, or
the bloodstream (seplicemia). Mastitis is much
more commen in first and second litter does
and in some herds is a major problem. Rabbit-
ries that experience a lot of weepy eye prob-
lems {also caused by Srophylococcus) seem to
have a higher incidence of mastitis.
Any time a nursing doe goes off feed, mas-
titis should be considered, and her mammary
glands checked, If it cannol be determined
whether the glands are swollen, take the doe's
rectal temperature. Does with mastitis often
have increased temperatures of 40°C (104°F)
and above, Antibiotic therapy at this early stage
olten reverses the condition, and the doe is
able (o continue to nurse her litter. If too many
days pass without treatment, the glands will be-
come bluish, abscessed, and very hard. The lit-
ter will likely die, and the doe may also. If the
doe dies, never foster the litter to a new doe
The infected young may spread the bacterial
agenl to the mammary glands of the new doe.
Treatment of mastitis can be accomplished
with injectable antibiotics, If the condition is

detected 3 veline (20 milligrams
per kg) injected into the muscle of a rabbit daily
for three days is quite effective. A long-acting
injectable oxytetracycline has been found to be
helpful in treating mastitis. Other antibiotics
may also be effective. The question as to
whether to save a doe that has had mastitis is
best answered on an individual basis. If the
infection occurs again in the next lactation,
cull the doe. If mastitis is not seen again, you
can retain the doe. Disinfecting nest boxes,
cages, and ancillary equipment is extremely
important in reducing the number of cases of
mastitis. Thirty ml of sodium hypochlorite
bleach per liter (3.8 oz/gal) of water is a very
effective disinfectarit against bolh bacteria
and viruses. A number of remedies using
poultices, hot compresses, etc. have been
tried on the mammary glands to reduce the
swelling and inflammation. They seem ta be of
questionable value in rabbits,

Other Rabbit Diseases and Health
Problems

There are a number of other diseases and con*
ditions that may affect rabbits, These are seen
occasionally and ean be of importance to indi
vidual rabbit raisers. In the following section
they have been arranged alphabetically, with a
briefl description of each.

Bordetellosis

Bordetella brochiseptica is a small gram negative
rod that can cause pneumonia without the
presence of P multocida. Pasteurclla-free
rabbits may carry B. brochiseptica and develop
bordetellosis. The incidence of this infection
rmay be quite high, but the number of cases of
pure B. bronchiseptica are relatively few. The
clinical signs are very similar o pneumaonia
caused by P. multocida. Abaut the only way {0
differentiate the twe is by culturing the offend-
ing bacterium. Treatment with Enrofloxacin at
the rate of 2.5 to 5.0 ma/kq (1.1 ta 2.3 ma/1b}
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twice daily or with Tylocin 2.0 to 4.0 ma/kg
{0.9 1o 1.8 mg/1k) twice daily may be of some
benelit. Sanitation of cages and equipment with
a 1.0% solution of sodium hypochlorite will help
kil B. bronchiseptica, Remember however,
that the solution & corrosive to metal.

Broken back

Broken back is a condition that occurs fairly
regularly in rabbitries A rabbit (usually a doe but
occasionally a buck) is chserved dragging its
hind feet. The rabbit may have partial feeling in
the feet but does not seem 1o have control of
Ihem. Radiographs of the vertebrae of this rab-
bit will disclose a kacture or dislocation, usually
im the lumbar area. The nerves in the spinal cord
are damaged, and the rabbit loses motor control
of the hind legs. In a severe ease the rabbit wil
also lose contral of the bladder and bowels.
There is no realidic treatment, and the animal
should be humaney euthanized. Extremely valu-
able or pel rabbits with the condition can be
awen cage rest, because if the dislocation is anly
a partial one, it may be sell-corecting over a
leng period (two 1o three months). The animals
may appear to be in little pain.

The cause of the broken back condition is
usually improper handling or improper carry-
ing of heavy rabbits. Rabbits can dislocate their
vertebrae by the quick movermnents of the hind
legs when picked up. Rabbits in cages by them-
selves sometimes appear 1o panic when star-
tled and cause this injury. Therelore, one
should be cautious when entering a rabbitny
and especially with strangers. It is useful 1o talk
or make notse when entering to announce
vour presence, A radio providing constant
soathing music or fans providing a constant
background noise are very helplul in keeping
the rabbits tranquil,

Buphthalmia (congenital glaucoma)

This genetic disease in rabbits is characlerized
by having one or both eves protruding some-
what from the eve socket. A slight cloudiness
of the cornea may be seen as the animal ages,
The condition is usually seen in rabbits older

than three months of age. This rabbit should
be eulled as well as both ofits parents because
the disease is caused by an atosomal recessive
gene ofien with incomplete penetrance.

Cannibalism

Dioes that eat their young dften do so because
of mismanagement. The diet may be inad-
equmz.b\nmtuumﬂbmdﬂngkdu:uw
ta upse! the breeding dos, and ibal
occurs. Strangers in the mbbitry, pu-ednﬁ_::s.
construction noise, and themaoving of does just
befare kindling have all been incriminated.
Certain lines of rabbits or fimilies within a linz
are much more nervous tha others. These ner-
vous rabbils are more apt to cannibalize their
voung. If a doe cannibalizes two litters in a row
and it is not due 1o managamenl error, the doe
should be culled.

Colibacillesis

This enferic disease is caused by a gram-negalive
rod called Escherichia coli, The disease seems
to be a major enteric disease in Europe, but is
seen less frequently in the Linited States. A
toxin-producing type of E. coli called
enteropathogenic E. coli sr EPEC has i;:rn
shown 1o be the cause of this secretary tiar
thea, Colibacillosis strikes young rabhisr::
tween 21 and 42 days of me. The young ra
bits not anly have a diarthes which W“’-Tr':
the perineal area, but may alsa be febrile
anorectic. The stress of mmi';ﬂm
age is definitely a factor inoul -
lestines are often hemarrhigic and mg’:
with the infestinal conterts more fluid ek
normal, These young rabbit die so quickly
treatment is seklom ped

Dystoch

Dystocia means difficult bisth. While ﬁ'I:aB not
a big prablem with rabbis, it does happen
occasionally. Baby rabbits ae born either

first or tail first, so breech biths are no P!



Chapter 10

However, dystocia 15 generally seen in a doe
(hat has only one or two kits in utero. The fe-
tuses seem to be abnormally large, and the doe
is unable to pass thern through the birth canal.
Parturition is then delayed, the kits die, and
sometimes every the doe will die. Treatment for
this problem depends on the severity, The drug
ux\li?tmlltt:Euﬁspetdoe]canbe
administered by injection. If the {etuses are not
lodged in the birth canal, they will be passed by
the doe even il they are dead. If a fetus is
lodﬂ.ﬂ“ :nﬂgzrvmwbemssary‘
a5 become common practice in some
rabbitries to administer csytocin on day 32
or 33 of gestation, if one is sure the doe is
pregnant. This will often result in the delivery

of a lve I i
occ:n'::. tter, unless severe dystocia has

Ear mites

Ear mites or ear canker is a common
¥ mal in
most rabbitries. It is caused by the pmle
_P!“""P'“ cunicull, which establishes a home
in the extemal ear canal The life cycle of
P cuniculi s 21 days. This parasite causes
mzhmﬁnrm.aﬁlhm
e cah'mmﬂkh exudate (Fig. 10.13). The
s Ew“hv ear mites elicits a reaction
oo Thw scratch thelr ears with
thr e « which can introduce bacteria
o the ears, quickly setting up an infecti
Ear mite infestations can become so MOH-
that rabbits lose condifio
and
o iy n reproductive
25 byl;::rm of ear mites is easily de-
e Tt Inspection of the external ear
- e ml::mmrm can be seen under
a m&w& usually are not visible to the
.nakgd - Ear miles are readily treated by
ing any number of ear mite medications Mg
= :
ﬁ“mﬂmmﬁ b:;ﬂ:ul{_th some parasiticide,
s ik mﬁ.m :jxjﬂ::ischemz
several drops of the medication with i
dropper to the ear canal Bg gy, ‘nﬂw‘?y‘g'
the base °L:e'mm=:_wilh SOt s finger
ﬂspﬂ[;: n(d e u'l.mmmwmr \:l: entire inner
= repeated f
three dt::m::w. then every other day f::
three < and then once a week for

=

.

‘ =8 a2
i

Fig. 10.13. A New Zealand White rabbit with ear
mites. (Courtasy of NM. Pation)

three weeks. Thus. this is the 3x3x3 treat-
ment schedule. In rabbitries with a continuous
ear mite problem, a routine treatment of every
animal in the rabbitry one day a month will
soon rid the rabbitry of this parasile., The trans-
mission of ear mites to the young can accur
very early. Therefore, junior replacements
should be examined very closely for car mites.

An injectable drug conlaining vermectin
is also effective in treating rabbits with ear
mites, The drug is administered at the rate of
400 micrograms per kilogram (2.2 1bs) of body
weight in a single injection. Your veterinarian
can usually best determine the dosage rate
with their drug of cheice. All breeding and re-
placement stock should be ireated. Because
rabbits are infected with ear mites at an early
age, all young rabbils not nursing a doe must
be treated if the herd problem is to be elimin-
ated, Rabbits to be used for meat sheould not be
injected.
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Encephalitozoonosis

Encephalitozoonosis, also called nosema, is
caused by a protozoan parasile called En-
cephalitozoon cuniculi. This disease is seldom
noted except during post-mortem examin-
alions. It is believed by many veterinarians
that it is much more common in rabbitries
than most people realize. Occasionally, rab-
bits. wall exhibit neurological symptoms, such as
convulsions, tremors, and even partial paraly-
ds. Generally, no symploms at all are ob-
served. Post-mortem examination of rabbits
affected with encephalitozoonosis teveals
the kidney surface to be pitted (like somenne
stepped on it with hobnall boots), and in
some cases the entire kidney is shrunken
(Fig. 10.14). This parasite also attacks the brain
[resulting in neurclogical signs), but this is not
readily observable unless a microscopic exam-
inztion is done, The disease organism is shed
fram infected rabbits through the urinary tract
The urine from infecied rabbits then becomes
the means of transmission. No treatment is
known, It should be noted that the meat from
Infected rabbits is safe to eat

An enzyme-linked immunosorbant assay
[ELISA) has been developed that can detect
antibodies against this disease. A florescent
antibody test (FA] is also available, All that is

required from the suspect rabbit i5 a serum
sample that can be submited to a diagnostic
laboratory.

Fibroma

Rabbit fibroma virus (a member of the Lep-
oripoxvirus group) is genemlly not a problem
in domestic rabbits but is sem occasionally. It is
most often seen in cotlontal rabbits. The virs
causes a benign tumor caled a fibroma, This
tumor appears as small subeutaneous nodules
in young rabbits. The nodubs may appear any-
where on the body, but most often on the legs
and feel. They often seem to run together.
These tumors normally disppear afler a few
months. The virus can be 1 frem
one rabbil to another by mosquitoes or other
Nlying insects. Because this condition is rare in
domestic rabbits, it is not of much economic
importance

Heat prostration

This is a big problem in kopical areas or in
other areas where the temperature goes above

Fig. 10.14. Rabba kedney wilh a pitted surtace caused by Encophalitooon cunicul, (Coutesy of NV, Pation)
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32°C (90°F) or even where the temperature is
lower than 32°C if there is high humidity. If the
temperature inside the rabbitry goes over 32°C,
does that are very near kindling may die from
E]m prostration. Baby rabbits in poorly venti-

ed nest boxes may also die from overheat-
ing. The major sign of heat prostration in the
doe or any adult animal is rapid respiration that
may even progress to open-mouth breathing

in many developing countries and areas such
as Southeast Asia, North and West Africa,
India and Mexico. Sporadic cases of hepatitis
E have also been reported in some industrial-
ized countries including Japan and the United
States. However, it is quite mre in these coun-
tries and is usually seen in individuals who have
been visiting developing countries. In humans
the symptoms are jaundice, weight loss, liver
)

see Fig. 12.1). I open-mouth breathing oc-
curs, the animal is in real trouble. Baby rabbits
in the nest box become very active and upsel.
They move around in the box trying to find
cool area,

Heat prostration can be prevented
mt}”“ﬁ“’mwwmdm lhem"?
e S

o er. Trees are very effective because
the transpiration of water from the leaves remaves
e deal of heat, thus having a cooling
will all-:}ans_ sprinklers. and waler evaporation

the M_h!hoﬂﬂ!lhg rabbitry. Removing all
g esung maleral from the nest box helps
mu;m ining water lines and recharging
tith cold water or emplying water crocks

and refillng them with cold water several times
daily in extremely hot weather is very benefi-
mil:s rabbits will ot consume as much warm
:;;_Lilgl? :’“'— The cool water will help
et '"H'l's“' temperature of the rabbit.
tinues to rise, the and the temperature con-
wet down. Sprigqe s hemselves should be
pant dnea-nnd nkling water on heavily preg:
elfect. Dipping o) -und rabbits has a cooling
cold m[;:m an adult rabbit in a bucket of
chunk of ualddlm a frozen jug of water or
9F & pregnant dog to stretch out

against, or addi
the doe to lie dlx: wet towel 1o the cage lor

Hepatitis £

m ﬁmﬁhﬁ?ﬁ {E viral antibodies

; arms in Virginia
; Ew“-!r! na signs of disease
ke + @ member of the [am-
ily Hepeviridae, is he Causative agent of htlpr:-

titis E in humans, This vigs g health concern

i, abdominal pain, nausea, vomit:
ing, and {ever.

Hepatitis E virus has been identified in
several other animal species including pigs,
chickens, rats, monggoses, and deer. A zoo-
nuﬂx:spraadof:heuiruslroman:‘:mistohm
is a possibility as the virus is spread by ingest-
ing contaminated food or water.

Hutch burn

This is not a disease but a condition seen in
adult rabbits (usually does). It is often confused
with rabbit syphilis and may be hard to differ-
entiate without the use of a dark-field microscope
or other methods. The membranes of the geni-
tal area become reddened and chapped. A very
strong smell of urine is generally noticed. The
perineal area (arcund the vent) is generalhy wet,
and the hair may begin to fall cut in chranic
cases. The area can become infected with bac-
teria and develop into an extremely inflamed,
smelly mess. There are two factors involved in
this condition, Usually, it is seen in an adult doe
that is having an incontinence problem. Urine
continually leaks from the urethra and vent,
and the area becomes urine-soaked. The ather
factor involved is sanitation. Wet, dirty cage
floors may be a contributing cause. Generally,
it is best to cull rabbits with hutch burn, espe-
cially if they are dribbling urine If the cause is
strictly wet floors and dirly cages. then anti-
biotic salves and ointmenis are beneficial, but
the condition will return unless cage sanitation
is improved.

Listeriosis

Listeria monocyutogenes is a bacterial agent
that causes a meningoencephalitis in adull
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rabbits and metritis with fetal mortality in preg-
nant does. It can also cause a septicemia in
young rabbits. Generally, a rabbit is depressed
and weak and may show signs of incoordin-
ation, relling, or convulsions. The most con-
sistent lesion at necropsy is liver necrosis, The
pinpaint white spots may be few in number or
almost completely cover the liver. Diagnosis in-
volves characterimtion of lesions and isolation
of the bacteria. Early diagnosis and treatment
with broad-spectrum antibiotics, such as the
tetracyclines, are helpful in the control of this
disease. Listeriosss is not common in domestic
rabbits, Listerlosis is also seen in humans aned
the bacteria may be transierred from rabbits te
humans

Malocclusion

Malocclusion (buckteeth) in rabbits (Figs 10,15
and 10.16) is generally considered ta be a her-
ltable condition. It has been deseribed by some
geneticists as an autosomal recessive gene
sometimes with incomplete penetrance, how-
ever the exact mode of inheritance is contro

versial, It is likely that a predisposition to
malocclusion is caused by a number of genes,
Parents with normal teeth can bolh be carving
a recessive gene for malocclusion, and 25% of
their offspring may have the condition. It
should also be painted out that rabbite can in-
Jure their mouths, especially by biting or pulling
on cage wire, and show evidence of malocclu-
sion but never pass it on genetically. The prob-
lemisin being able to tell whether it came from

Fig. 1015, Rabbit shuill showing severe maloccusion,
(Courtesy of J.1. MaNitt)

an injury or whether it is inherited. To be safe,
most rabbit raisers simply eull all animals with
malocelusion, including the parents that pro-
duce the malocclusion, This may be a little too
drastic. and vou might repeat the breeding of
parents producing malocclusion (o see whether
the condition repeats befos culling a particu-
larly good line of rabbits. One option would be
to test mate the parents o a known genetic
carrier as described in Chapter 15

The practice of clipping or shertening the
overgrown incisors, althowgh acceptable for
pet rabbits, is sometimes an act of deception
by persons selling breeding siock Neither the
affected animals nor their sffspring should be
offered for sale as breeding stock.

Mange

Many rabbits are infested with mites (Fig. 10.17).
These minute external pansites live in the fur
and cause very little troubk. Occasionally the
population gets too large and a dermatiis
results. The hair coat may look unthrifty, of
loss of hair may oceur in anumber of places,
most commonly on the batk of the neck. The
two most common fur mites are Cheyletiella

Fig. 10.16. A rabbit with malcsclusion. (Courtesy
of 5.0 Luketahr)
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Fig. 1017, A magnified view of
@ fur mite on a
hair. (Courtesy of OSU Rabbit Ressarch Canter)

parasitivarax and Listrophorus gibbus. Diag-
:::’“m"v_su:amh'dngmguluundma
DSCOpE or with a
e mrieeTe)
i very effective in nidding them of mites. If
}":;9 *::mals are affected, then the entire
thﬂ be treated, A 0.5% malathion dip
 Dipping should be done on a warm
day. All the rabbits are complelely submerged
I:n;:! a lime) in a dipping vat and then placed
i &m“‘“ﬂmm to dry off. Ten days
o subz:omd“e Is repeated. lvermectin
02 laneously at 0.2 1o 0.4 markg
£ ma/th) is ako quite effective.

Moist dermatitis

T‘l““:::’d'“‘"‘ Is generally seen in an older
i ;:ﬁdmlan {the fold of skin under
& I open watering devices, such
mu“tk: Ar cans, are used, the doe has a ten-

el the dewlap wet repeatedly. This

provides an environment conducive 1o bacter-
ial or fungal growth, and an infection and in-
flammation result. The hair may slough off,
and the area can become infested with fly
maqggots. Il also may turn green if Pseudo-
monas b ia b invalved. P i
is the best ireatment: change o a watering
device or system that will prevent the dewlap
from getting wel. As most commercial rabbit-
ries use aulomatic drinking valves, this condi-
tion s observed much less frequently than
previously.

Myxomatosis

Myxomatosis is a devastating viral disease of
rabbils caused by the myoma virus, a member
ol the Leporipoxvirus group. The virus was
purposely introduced into Australia to kill wild
rabbits. In the United Stales, it has been ob-
served in rabbits in several states. Myxomatosis
is transmitted from wild to domestic rabbits by
maosquitoes and fleas, which act as mechanical
vectors. In the Pacific Norihwest, the virus that
causes this disease is carried in the wild by the
brush rabbit, Sylvilagus bachmani. This rabbit
acts as a reservoir for the virus and does nol
seem fo be alfected by i, although it may
develop skin tumors that scon regress. How-
ever, when a mosquito tranamils the virnus to a
domestic rabbit, a severe fatal disease often
occurs,

There are two forms of the disease, an
acute, rapid-killing form and a long-term
chronic form. In the acute phase of the dis-
ease, there are very few noticeable symptoms -
you will simply find dead rabbits. Rabbits of
all ages are affected. Il vou are very obser-
vant, you may see a slight redness of the eye
a day or two prior to death. At this point, the
rectal temperature will be ekvated lo 40.6 to
41,1°C (105 to 106°F). You may also note
that the rabbit does nol eat well. In the chronic
form of the disease, the evelds, lips. face, and
sometimes ears swell up ta gigantic propor-
tions. Hence, it is sometimes called big head
disease. Characteristic lesians are shown in
Fig. 10.18. Another sign that will almost al-
ways confirm myxomatosis is the swelling of
the vent area in does and the scrofum and
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Fig. 10.18. The swollen head of a rabbit with
chronic myxomatosis. (Courtesy of OSU Rabbit
Research Cemer)

prepuce in bucks, Il this is observed along
with swollen eyelids, you can be quite sure that
the disease is mysomatosis

Another point to consider in trying to
diagnose the disease is the time of vear, Myx-
omatosis can occur almost any time of year but
is most frequently seen in late summer and
early autumn {the bad moscuito time). There is no
treatment. Antibiotics are not eflective against
viruses. A vaccine is used in Eurape, where this
diszase is common, but it is not approved for
use in the United States. The only method of
comballing the dsease is 1o euthanize alfected
rabbits immediately. If vou kill and burn or bury
diseased rabbits, you can keep the disease in
check. If vou suspect myxomatosis, take a rab-
bit 1o a diagnostic labaratory for conflirmation
of the disease. Microscopic examination of
mucosa cells of the eyelids will disclose the
large eytoplasmic inclusion bodies. Once the
disease has been confirmed, immediately eu-
thamize all sick rabbits, Whenever o rabbit qoes

off feed or appears abnormal, take the rectal
temperature. If the is elevated
above 40°C (104°C), euthanize the rabbit and
burn or bury the carcass. Because the disease
is so deadly, it is better to make a mistake and
put down a rabbit that doen't have myxoma-
tosts than to allow one to live that does have it.
Keeping flying insects oul of the rabbitry is
helpiul in preventing the disease; however, the
disease can also be transmitted by direct con-
tact and by your hands. People living In Ore-
gon and California should be very carefid about
sending rabbits to shows and fairs in the late
summer and in the fall. Ay sick rebbit should
be immediately removed inorder to protect the
others at the show.

Historically, myxomabsis wes first de-
scribed in laboratory rabbis in 1897 in Uru-
guay. It was shown to be caused by a virus that
occurred naturally in a benign form in the Bra-
zilian wild rabbit, Sylvilagus brasiliensis. Mos-
quitoes and other biting winged insects wer2
the vectors carrying it to damestic rabbits. The
flirst case of myxomatesis diagnosed in the
United States was near Sa1 Diego, California.
in 1930,

In the 1920s, myxomaosis was suggested
as the answer to the rabbit problem kn Ausira-
lia, Field tests were conduted on an isolated
island in England containing large populations
of wild rabbits. The tests uere a failure. Much
later it was discovered that the istand selected
was the only nngjn;hgmmuhlch“!&ﬂh'
bit flea, a vector of myxomatosis, did not occur.
The Australian governmend conducted a num-
ber of tests and in 1950 htrochlw?:;aﬁ‘e virus
on a large scale. In moist aweas, mosqui
toes were common, millians of rabbils “"”:E
killed, and “myxe” was haled as 2 saviour
the livestock industry becase the rabbits had
been eating all of the forase, leaving little for
the cattle and sheep. The miccess in Pustrala
prompted a French scientit to introduce the
virus 1o control wild rabbis on his estate in
France, The virus spread beyond the estale
and caused an epidemic of mysomatosis in
wild and domestic rabbits s Europe. It spread
to England, probably carrial by fleas on birds,
and decimated the wild rablit population there.
An interesting acoount of nyxomatosis and its
ramifications in English agsculiure s given b
R-M. Lockley (1974)
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Necrobacillosis

This disease is rare in the United States. Sores
first appear on the lips, which become swollen
and painful, These sores progress to small
abscesses, ulceration, and necrosis of the skin
on the face, head, and neck area. The lesions
may extend to the fiver and the lungs. causing
the animal 1o become emaciated, with death
occurring i several weeks. The causative
crganism is a bacterium called Fusabacterium
necrophorum. Puo‘rﬂnila.ljnn_ng}vdmy
cages. is a predisposing factor. The organism is
quite sensitive to aerobic conditions and will
not live long when exposed to the air. If de-
tected early, the discase can be treated effact-
svely with penicillin.

Nest box death

Newborn litters are very susceptible to death
As many as 5-10% of the litters born die each
e Death losses are mote common in the
Ly months than in the more temperate
onths: A number of different causes have
been suagested and probably all are involved 1o
one degree of another. A doe puling inad-
cquate fur for the nest is definitely a factor.
ol condition of the doe and her inability te
roduce admmlﬂcisﬂlhucause. Some
i suggested Ilhai overfeeding a doe immedi-
P afer kindiing may produce a foxic milk
Zation. Kits found dead in the nest hoy with
ful belles lend credence {0 his theory, Q.
g doe that urinates or defecates in |he
siry S0 liable 1o lose: her litter. Thare
:epa Icmmmhﬂm“\esedua:h
Josses with Staphylococcus being a prime sys.
‘Whatever the cause, daily inspection of
pedr;eﬂw s eritical o reducing these losspg
e from another nest box can be acHg.d
without fur. Wet and dirty nest poyes
o one epmd with boxes containg

ing clean
uaﬂh? o Obwiously, the ability to add heal
dryme jiry or nest box would be helpful,
to d ly nurse their Young once or some.
As e 2 day, 2 calm environmen is psger,.

nmaesh'"‘g‘;‘;d ftter survivel. There aro certoq

{hat lose their litiers almost every fime
does U kmdoﬁamhﬂpoormmhm
e culled from the herd,

Jandle
Ao shoold

Papilloma

Papilloma results from a virus that causes wart-
like growths on the ears, evelids, and faces of
rabbits, Although the disease is seen most
commonly in cottontails, it can also occur in
domestic rabbits. The wartlike masses olten
split. The lower portions are pinkish and soft
to the touch. A wart often gets knocked off,
and bleeding occurs. The wrus is transmitted
by flying insects.

Pinworms

Pinworms are common parasites of rabbits,
These small white worms. about lem (0.4 in}
in length, are found in the cecum of many rab-
bits (Fig. 10.19). They shed eggs thal are
passed with the fecal pellets, and the worm it-
celf is occasionally seen on freshly passed
feces. Pinworms do very httle damage and are
usually just an unsightly nuisance. It is only ina

Fig. 10.19. Rabbit pinworms. (Courtesy of N.M.
Patton)
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debilitated rabbit that a heaw pinworm load
will become signilicant. Pinworm eags can be-
come airborne when dried and often contam-
inate feed and water supplics. Transmission of
this parasite comes from other rabbits ingest-
ing contaminated feed and water. If treatment
becomes necessary, piperazine citrate is used
in the water. The dosage 1s 100 milligrams per
100 milliliters (3.4 oz} of water. In large rabbit-
nes, 4 ml [ec) of 34% piperazine is added per
liter of water. Treatment should cover three
days and then be repeated twice at 30-day
intervals. A tharough cleaning and sanitizing of
the rabbitry helps reduce the possibility of re-
infection. Rabbit pinworms do not tranemit to
children.

Pregnancy toxemia

This condition, also called ketosis, occurs much
more often in some rabbitries than in others.
The most commen signs are lethargy, dyspnea
and sometimes CNS (central nervous system)
problems. Female rabbits suddenly die shorthy
before or shortly after kindling. On post-mortem
examination the most obwvious lesion is a vel-
low o tan liver caused by an accumulation of
fat in the liver cells, This infiltrating fat inter-
feres with the normal metabolic processes of
the liver and the breakdown of the fat into me-
tabolizable energy. The result is the formation
of ketone bodies from fat - thus the name “ke-
tosis”. Generally, the feeding of diets low in
carbohydrates triggers the animal to break
down body fat to meet its energy needs. This is
mofe common o OCcUP N young pregnant
does {"young doe syndrome") since they have
higher energy requirements

An alfected doe aradually reduces or
stops feed intake. In some cases of pregnancy
toxemia, a hairball is lound in the stomach
This may cause the doe to go off feed, but the
body still requires energy for maintenance. Fat
s taken from fat deposits and transported 1o
the liver to be converted to metabolizable en-
ergy, but not all the fat is wilized. Treatment
for this disease is seldomi attempted, as the
disgnosis s generally not made until a
post-mortem examination. Injections of glu-
cose have been lound 1o be helpful in cattle
with a similar disease

Pseudotubereulosis

This is a fairly common disease in certain rabbit-
ries. The etiologic agent is a bacterium called
Yersinia pseudotuberculosi, which can also af
fmtmmaﬁawmgédabgam&

i of disease chiracteri poor
bemge o s son, and death.
Granuomatous nodules are ieen al post-mortem
throughout the intestine and occasionally in the
lver, spleen, or lungs. This disease is most com-
monly seen in rabbitries with poar sanifation.
The craanism seems to thrise under such condi-
tions and enters the rabbit oslly or through abre-
sions in the skin, Treatment s not effective. Al
fected animals should be euthanized and should
not be used for human conssmption. Preventian

can b BBt by ¥ of

sanitation shorteomings and making the neces-

sary changes to improve the sanitation.
Rabbit hemorrhagic disease

Rabbit hemarrhagic disease(RHD) falso knoun
astdrall-mnnrmngkdim.ur\ﬂ'lmliﬂ“:
viral disease in rabbits that vas first reported
China in 1984 in Angon rabbits =]
from Germany. Whether ﬂw&‘mm?d-" n
fected or became infected after m“:%me
China was never determinel. In addition. 3
Eagmﬂdada[mmmmmm
both live rabbils and ratbit meal

China and Europe Thus, the wukﬂim

e first experienced the g
s dsease, which then syead to ol cnlin
ents. RHD can now be orth Alrica,
most parts of the world (Ewope, e
Ausiralia, New Zealand, dc). ﬂle_wm'c cEils
agent was characterized & a a;fm el
virus, the rabbit hema resistant
{RHDV), a small nanenvebped very TEC 50 0
virus; it can persist at leatt 3 il
dried state on cloth at roon tempe cam”ﬁ
several weeks in decompashg m‘.ﬂnlﬂnv anly
The different strains of “dassic of the spe-
affect wild and domestic %n\)—
cies Cryctologus cuniculus 'h‘“lbd RHDVE.
bit. A new RHDV-related vius,



emerged in France in 2010 and since then has
spread qul.‘k]‘,l in Europe and the Medilerra-
niean basin, causing significant losses in farmed
and wild rabbits. In 2015, RHDV2 was [irst
delected in Australia and, presently, in many
countries, it is replacing “classic” RHDV., The
RHDVZ host specirum is broader than that of
RHDV as it can also infect and induce disease
in different European hare species (Lepus eu-
ropeus, Lepus capensis, Lepus corsicanus,
Lepus timidus), and various hare (Lepus
californicus and Lepus alleni) and eottontail
(Syluilagus. audubonii and Sylvilagus MNut-
tallil) species in North America. These new
mm‘;d‘bbgkalr ksl characteristics very signifi-
g RHg_ global epidemiclogical situ-
RHD hili never been reporied on the
North American continent until a December
1988 USDA field bulletin describing an out-
break of RHD in Mexico No one knew how
the ot_n?m!t started, bul it was suspected that
the initial virus may have eome in with a ship-
ment of frozen rabbit meat from China. The
w Spfead 10 159 separate rabbitries in
Mexico, with one focus only 400 miles from
the U5 border, causing high mortality. Rigor-
ous conirol practices were successiully em-
ployed on a large scale ta eradicate the disease
{more than 110,000 rabbits died or were
euthanized in the affected area)

_The first confirmed case of RHD caused
by “classic™ RHDV in the United States was
reparted n in 2000, In March of thal year, a
small group of Palomin and Califormian rab-
bits in fowa were diagnosed with the discase
and, by Aeril, 25 of 27 rabbyts had died. The
other two diagnosed rabbigs were em}unelﬂhzad
and the farm was quarantined for twe years

Since this frst case, ather small oulbreaks
oﬂﬂ-l":d belween 2001 and 2010 (2001 in
Utah Hiois, 2005 in Indiana, and 2010
Minnesotal. The quaranting of premises and

sloughter of infected and suspect rabbils has
ven to be quite elfective i troll
of RHDV. Eociios e

without “preading. Unlorur i
2018, new outbreals of RHp wwdy‘ r;

sirains Were reported in Canads (j Aprl, on

feral rabbits in Vancouver Island) and, lor the first
time in USA, in Medina County (Ohio; in Sep-
tember on pel rabbits), the two strains
genelically very close to a strain isolated in
Spain in 2011. Since these two initial outbreaks,
many cases have been reported in the USA,
Canada, and Mexico, especially in 2020-2021,
both in populations of domestic rabbils and
wild lagomorphs (rabbits and hares).

Alter infection with “classic™ RHDV, adult
rabbits seem to be most commonly affected,
and rabbits younger than 6-8 weeks. However,
even in the absence of maternal antibodies,
young rabbits generally do not develop elinical
signs develop clinical signs or pathological le-
sions, but develop lifelong immunity. Cone
versely, RHDVZ strains are pathogenic for
very young animals, clinical signs and martality
being observed in young rabbils less than 15
days old. There appears to be a wide range af
morbidity (percentage of exposed mbbits that
become infected). It can be as low as 30% or as
high as 80%. Mortality among “classic” RHDV
infected rabbits reaches 95 to 100%, this rate
being generally shahtly lower alter RHDVZ in-
fections. The incubation period varies between
1 and 6 days (generally 1-3 days after “classic”
RHDV infection, and 3-5 days after RHDV2
infection). The virus can invade the respiratory
tract or the digestive tract or can i
through scratches or abrasions in the skin., Ex-
perimentally, the virus has produced the dis:
ease when introduced orally, intramuscularly,
ar by intraperitoneal injection The virus may
also be transmilled by aerosols, direct contact,
equipment used with the meat or Iwy-products,
and pessibly insects or rodents as vectors. The
wirus has been shown to persist for as long as
215 days in certain environmenls,

There seem to be three forms of the dis-
ease. In the peracute form, all that i5 seen isa
dead rabbit in the cage, In the acule form of
the disease, the rabbit shows depression, goes
off feed, and has difficulty bieathing. This rab-
bit dies in one or two days and exhibils inco-
ordination, shaking, and evidence of pain prior
to death. It may also show a blood-stained
mucus nasal discharge (Fig. 10.20). When the
affected rabbit is first observed, the rectal lem-
perature may be increased 1.5 to 2°C (normal
rectal temperature is 39.4 °C (103°F)). The
third form of the disease seems to be much
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Fig. 10.20. A rabbil showing the bloody nasal
discharge that is symptomatic of viral hemorrhagic

disease. (Co

y of Medicina Vi ia)
milder (subacute) The rabbits appear sick
faundice, loss of weight, and lethargy), death
may oceur within 1-2 weeks, bul some rabhits
recover and become immune to reinfection.
Consistent pathological lesions are found
during post-mortern examination of affected
rabbits. As the name of the disease suggests, the
mast commonly observed findings are hemor-
rhages throughou the body argans The lungs
have petechial (pnpoint) to ecchymeotic (bean-
size) hemorrhages covering the surface. These
same kinds of hemorrhages may be seen in the
bronchi and bronchicles of the lungs and in the
trachea. The mucus membranes of the nose
and throat may ako show hemorrhages. Hem-
arrhages are commonly seen in the liver, kid-
neys. spleen, heart. and lvmph nodes and
sometimes along the digestive tract, A bloady
nasal discharge seen in times of moderate ambi-
ent temperatures often serves as a warning,
The secand major common lesion is seen in
the kver. The liver is extremely swollen and
brownish red in cokor. The tissue breaks apart eas-
ity. Examination of the liver under a rmicn
reveals many areas of necrosis (dead cells) and
inflammation. Vascular thrombasis folood clots in
the vessels) is also loumd. Thrombosed vessels are
seen not only i the liver but in other organs as
well Infarcts due 1o blood clots are occasionally
seen in the brain. Intranuclear inclusion bodies are
observed in the liver, spleen, and kidney cells
RHD develops so quickly and kills so rap-
idly that treatmert does not appear to be prac-
tical. Mast efforts should be concentrated on
prevention. In areas where the virus does not
circulate into a wild animal reservoir papulation,

control through stamping out is possible.
Therefore, after the first erergence in 1988 in
Mexico, a quarantine and daughter method of
control was quite succesful. All rabbitnes
where the disease was diagaosed were quaran-
tined and the sale of their rabbits was prohib-
ited. All rabbits were eutharized by government
officials and the ouners weme paid for their rab-
bits or given new rabbits four weeks later,
Prevention is helped by good saitation
and disinfection procedures. Using a strong
viricidal disinfectant an all equipment both in-
side and outside the rabbitry may be beneficial
Restriction of visitors or ssme type of visitor
disinfection procedure may be necessary o
prevent the entrance of the disease. The quar-
antmudrabhﬂamlmwdmwffhshmﬂ

returning or newly acquired rabbit would be
sufficient because the inculstion period is quite
short, although, because o other diseases. a
lmwekqtumtl.mi!rpdﬂﬂdv

It must be emphasized howeser, “";;3"
glencandblcmmmﬂmmm
ficient to contral the diseast in countries
the virus circulales endenically and in wild
populations. These measues must be W"b’l
mented by vaccination of domestic T
Therefore, mainly in Europe, several vacines

are available (specific for d”*;hz level :ﬁ

12 months. Very recenty. since the
:::;;ge:; of RHDVZ in 220, Mesb:d £
ernment authorized the production At the
keting of their own specic voccine. Y 0
time of the w}rgﬁr%;{ this ook uﬁﬁlm:uszw

ine for Rl o
he USDA that is highly efective ‘”‘mm
RHDV and RHDVZ. The vaccine I8
through MedGene Labs (htts://
com/rhdv2/).

for several decades xiﬁl
a major impact on - emergence ol
United States. The mmr:l America poses
RHDV2 in North and Cert it

a real threat to domestic ra

cireulation
and wildlife vestating. Millions of
of the virus could be de (o this disease.

rabbits worldwide have
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and perhaps millions more will be affected if
strict are not implemented

Rabbit pox

This rare viral disease of rabbits has been re-
ported mastly in laboratary rabbits, and seldom
in commercial or show rabbils, It is caused by a
‘pax virus and can cause mottabty as high as 75%
in young rabbits. The lesions include lymph-
adenitis (inflammation of the lymph glands)
and papular nodules (blisters) on the mucous
membranes, A vaccine is available to combat

this disease.

Rabbit syphilis (venereal spirochetosis)

This disease has many names, including vent
disease and spirochelosis. Whatever it is
called. it can become a major problem in 4
abbitry i left untreated. The disease s char-
acterized by smallblsters or reddish raw sores
on the external genitalia of both does and
bucks. In severe cases, l::'usly;c_&sand sores
will appear on the_mse and lips of rabbits
(due o their proctice D'd coprophagy). An-
other noticeable sian is a decrease in cancep-
tion rale and a reluctance on the part of fhe
gl 2 the buck ta mate. R_ahl:il syphilis
L be differentiated from “hulch “byrn”
% e by diny SO AT from bacterial infec-
enita
i ;f,",’;riwm is caussed by the organism
i cuniculi. With a dark-field micro-
Trvpof‘; other methods. this organiem
so?.-‘;hﬂe- is quite easily seen in Scrapings of
spi e Jesions {sores]. If rabbil syphilis i
IMszh an infected rabbit "‘i\‘t‘mhbns
sus| y toa velerinarian, ta
g@:ldhc:::; test for this disease. |t ::

a bkf"d Reagent” lest, or RPR. Tpe

“Rapid with this test is that it delects ay;.
nd tells only whether the rabbiy g

bodies # to the TIEPONENa organism,

bﬂ““w::tlmr it has aﬁﬁiﬁ?{.”’e dis-

ot % ul test

J olefield famation. Rabbils thay }.::

2256 = . o ponl
5 mnd“”; with antibiotics will not show (he

been treal in the scrapings.

spwchele

Rabbit syphilis is quite easily treated. Each
rabbil is injected once per week for three con-
secutive weeks with a long-acting penicillin
product at a dosage of 40.000 IU/%kg (18,182
1U/b) of body weight or with procaine penicik
lin 40,000 IU/kg for three to five days. This is
the only way to completely rid a herd of this
disease. Unfortunately, this treatment may
cause an outbreak of diarrhea, and several rab-
bits may die. The diarrhea is a result of the
antibiotics causing changes in the baclerial
population of the gut. allowing the prolifer-
ation of seme organisms thal produce lethal
toxins. This side effect can be prevented by in-
creasing the fiber in the diet through the feed-
ing of hay or straw. It is recommended that
free-choice hay or straw be started two days prior
to penicillin treatment and continued through-
aut the entire three weeks of treatment. The use
of broad-spectrum antibiotics (such as telracyc-
lines) in the water to treat this disease is another
possibility that might alleviate the problem of
diarthea.

Syphilis can be passed to the young from
the doe by contact. Therefare, if syphilis is in
the herd, all rabbits, inchuding the junior virgin
breeding stock and rursing kits, must be treat-
ed to completely eradicate the disease. Nursing
kits generally receive the antibiotic through the
mother's milk, However, it might be a good
idea 10 market all the nursing young when they
reach market weight during or shortly alter the
treatment period

Loaning a buck to service someone else’s
rabbits is a good way to bring syphilis back to
vour herd. If you want to develop a rabbit stud
service, keep a separate budk just for this pur-
pose, and do not wse him in your rabhbitry.
Check his genitalia frequentl

Red uring

Rabbit urine is somewhat unisual compared to
that of other livestock. It ofien conlains large
amounts of calcium earbonate or calcium oxak
ale, which forms deposits oncages {Fig. 5.18],
walls, and floors. A rabbit atsorbe calcium effi-
ciently and excretes the extess mainly in the
urine. A red coloration of theurine may be seen
(Fig. 10.21). This seems fobe a normal phe
nomenon in the rabbit and does not indicale a
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Fig. 10.21. A jar of rabbit urine showing white
calcium carbonate settled &t the bottom and
regdish pigmented urine above. (Courtesy of
.. Harris)

disease problem. The pigment is especially ap-
parent when the urine is alkaline, Certain types
of feeds, such as alfalfa and Leucaena, seem to
increase the intensity of the pigmentation of
the urine. The pigment is most likely a porphy-
an It might be derived from phenolic com-
pounds {tannins), which many forages and feed
ingredients contain,

Ringworm (dermatophytosis)

Favus, or ringworm as it is commeonly called, is
alungal disease of rabbits, It is characterized by
crusty, shallow sores on the face or feet
thal increase in size if not treated (F ig. 10.22)
Generally, hair 1s often lost in circular patches
aver the lesions (thus, the name “nngwoerm”).
This disease is caused primarily by two genera
of fungi: Microsporum and Trichophyton.
There are several species of fungi in each
group capable of infecting rabbits. Some of
these are also transmissible from rabbits to

Fig. 10.22, Typical rabbit ringvarm. Note the hair
loss, but also the lack of a cirwlar pattem that is
seen in other species. (Courtesy of N.M. Pation)

humans and vice versa. Rirgworm vaml;lm:e'
tagious, so precastionary measures

taken when handling affectd animals. Gﬂ'ﬂﬂ
are essential, and you sheuld wear clothing
that can be boiled or discarfed. Disinfect £anes
used by infected animals. Ringworm lesions
are most common on youry rabbits, especially
the nursing young, but canalso occur on adult
rabbits. In European courtries ringwerm has
been a major problem. Cordirming the diagno-
sis of a suspect case of nmworm is generally
done by a veterinarian orat a

laboratory. Hair or skin srapings are taken
and placed on culture madium. The
spores grow slowly, aften tking two weeks of
more o reach the vegetatue stage necessary
for diagnosis.

The treatment of ringvorm depends on
whether it is an individual or herd outbreak
situation, Several medicatioss are avalable ﬁ
can be applied o the skinsurface. By for (he
least expensive is ordinary bdine. mm
containing hexetidine is vew helpful in treatind
isolated cases of ringworm If a herd W"m
is encountered, the drug grseofulvin is the e
choice. Each rabbil should eceive an oral
of 25 milligrams of grisedulvin per '“"’”":;
{11 ma/lb) of body weight The drug can
put in the feed at the rate of 800 “ﬂm?’?;
per kilogram of feed (1.6 Ibfton) and fed nrm
to 25 days. This treatmentis effective. MI bl
drug is exiremely expensie, A water
form of griseofulvin is avalable- =53
should not be given to pregnant m’m the
may cause teratogenesis (firth detects)
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newborn. Be sure fo wash your hands after
treating rabbits as ringworm can be transmit-
ted 1o humans,

Salmonellosis

This disease is comman in cerlain areas of the
Uiled States. The disease, an entenc diarrheal
condition, is generally caused by the bacterium
Salmonella enterica. These organisms are
wm by fecal conlamination, and one infected
![?h' ! can easily contaminate a whole herd
::ﬂ:;dﬂmnpﬁ{of why quarantine ol newly
t:l _rﬂbbias&asenliai.'lhediseasscan
i tfln!lm. [“mhm from humans that are
rriers of llosis.
i The reverse is also
The disease in rabbits is cha i
i racterized by a
Eeni:luu diarthea, with septicemia and death
fh‘::g'ww common, Abortions are also part of
i dmam - Martality is greatest in young rab-
mpll:sgmnt does, Ml necropsy the most
lmive ions are hemomhagic and ulcera-
d‘ldngesam in the Intestine. The liver and
wiulmnhm sw:\iargud and may contain pinpoint
o ::u:nlhn_ Is by far the best treatment,
st be: omycin and nitrolurazone treatment
ik n shown lo be effective. Treated ani-
urgar;::y Tecover but can be carriers of the
. spreading il lo others in the herd,

Wild birds and roden
ts have shown
o be reservoirs of the wgani.':? e

Sore hocks

The scientilic g
tive Pod'aderm;lﬁisi?r i TN i

“sore hocks™
what you see 15 much more descriptive in that
s & loss of hair on the foot pads

d-@::ﬁ:;; on the hocks (Fig. 10.23). This
suspected whenever you sce

. the name

with an

o msp:;w motion, as il walking on eggs

ks The? of the feet quickly reveals st?lé

it Ilseaselm can affeet all four feet, but
on the hind feet.

Fig. 10.23. Sore hocks. (Courtesy of OSU Rabblt
Research Center)

There seems to be a genetic predisposition for
this disease. Certain lines or strains of rabbits
within a breed will show a higher incidence of
sore hocks than others. Generally, the more
susceptible rabbits show a lack of dense lur on
the pads themselves, Poor body condition may
alen increase susceptibility. Other factors that
are involved in this disease are the type of wire
on the cage floar, the cleanliness of the cage
floar, and the condition of the eage floor {rusty
or rough, etc.). Rabbits with sore hocks tend 10
become thin and emaciated. This may be due
16 & subclinical septicemia or to the reluctance
of the rabbits to move 1o the feeder and eal.
Although numerous bacteria have been iso-
Jated from sore hocks, the predominant one i
Staphylococeus aureus

Once sore hocks occur, it is exiremely dif-
ficult to rid the rabbit of the problem, and dam-
age to the fool is permanent. Recurrence of
the disease is very common Placing boards o
mals in the cage is helpful but increases your
sanitation problems. Removing the rabbit from
its cage and placing it in a pen on the floor with
sawdust or hay helps the feet to heal, but soon
after you return the rabbit lo a cage it may
develop sore hocks again. Salves, ointments,
sprays, and many ather medications have been
tried, and with diligence you can somelimes
get the sores to heal. However, it is generally
much more economical to cull the rabbit; and
by all means do not save any breeding stock
from this animal. Sore hocks seems lo be a
major problem in Rex and Mini Rex rabbits.
This is due fo the short guard hair on the feet
Through selection for thick fur cover on the
pads, this problem can be eliminated, even in
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the Rex and Mini Rex breeds, It s also a prob-
lem in giant breeds, such as the Flemish Giant

Modern cages are oflen supplied with
plastic slat floors. The slats are 3 cm (1.2 in)
wide and are placed 1.3 em (0.5 in) apart. The
slats materially reduce the incidence of sore
hocks.

Splay leg

True splay leg in mbbits appears to be a simply
inherited genetic disease It is likely due to the
rabbit inheriting two recessive genes from its
parents. The hind legs of the rabbit stick out
behind. They are not paralyzed, and the rabbit
moves by wriggling along on its belly and pull-
ing itself along with the front legs (Fig. 10 24),
Occasionally all four legs are affected. The ani-
mals eat normally but are olten traumatized by
liter mates. Breeding stock should not be
saved from parents with offspring showing this
disease. Splaying of the legs may also be a re-
sult of physical injury or vitamin deficiency.

Staphylococcosis

This disease syndrome is somewhat similar to
pasteurellosis in that the organism Staphylo-
coccus aureus causes a number of different
conditions, The most damaging of these is

Fig. 10,24, A rabbil with splay leg. (Courtesy of
N.M. Patton)

staphylococeal mastitis, which has been dis-
cussed under the heading ‘Mastitis,”

Another major manifestation of this syn-
drome is staphyiococcal sepicemia. This ocours
when 5. aureus gains entrace into the cardio-

quickly resulting in death. Saphviocoeeal septi-
cemia is fairly commean in kit one to three weeks
of age. The crganism gains entrance info a kit
through the milk from an infected mammary
gland or through small cutsor abrasions on the
skin surface. Death is very mpid, and about the
only lasions seen during pest-morlem examin-
ation are salt-sized Mi:a;gnhg:“m Lhelum(::
casionally small pustules orbumps are seen o
the skin of a dead kit, bul wally just a dead kit
is observed in the nestbox. Diagnosis is gener-
ally dependent on isolatingthe S. aureus from
the heart bload. T
Staphylococcus auress
Eves”) and abscesses. The Sacterium is ubigui-
tous and is resistant to a nunber of antibiotics.
The disease in its septicemit form causes death
so rapidly that it is difficult to Il!al.L. Penicillin
streptomycin, tetracyclines, gentamicin, chloro-
mycetin, the nitrofurans, aed many other anti-
biotics have been used against this disease with
Jimited success. The best defense onice again i
prevention, The liberal useof disinfectants and
excellent sanitation help leep this sy\dl:{rne
lo a minimum. Disinfecting nest boxes alter
each use is essential if mﬁ;ﬁ
and conjunctivitis are to ke controlled. ;
boxes should be disin.fmeg ag:{nIeI:; :;r:
bei laced in the cages. Cages. s
andmuglmng devices shaud be dlsh';lected
periodically (30 ml of blead in 1 liter of water
(3.8 oz/gal) is an excellent disinfectant).

Tapeworns

Ehits, ta rms can eccur as both adulis
Lr:'u;alanue. Tmﬂt formsare rarely !oundolcr!
domestic rahbhs.,ﬂh:mhﬁn:llape\wt: bﬁﬁ i

seen
%gznnf):fchenohmwd lawal forms are thase
of Taenia pisiformis. They cause a tortuous s
white tract through the liner “.'}'ﬁm E
and then form a bladder-like cyst in { abdm-nm
inal eavity (Fig. 10.25). Rabbls acquire tapewor
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Fig. 10.25. Rabbi fiver showing the loriuous tracts
of tapewarm migration. (Gourtesy
N.M. Patton) ! 5

infections from contaminated feed and water
The life cyele of this particular tapeworm is
very inleresting, The adult tapeworm is found
in the dog. The eggs are shed with the dog's
feces. I rabbit feed is contaminated by the dog
l_zr.e.s. rabbits may become infected by inges-
tion of !ht eggs. The larvae released from the
eqas migrale through the digestive tract wall
a:d penelrate the liver, Then the larvae leave
L;l:\o:llh:\d form fluid-filled cysts, which at-
e abdominal wall, the organs, or the
p'me-senm:ch :nes. Treatment for this parasite is not
pex Pm.‘:o Prevention is the method of con-
i ntion is accomplished by exchuding
dogs mmlhembbitryormldmmthﬂ“‘e&‘
do not contaminate feed or bedding
y An adult tapeworm, Cittofenia variablis.
shmd wally seen in rabbits. I is a flat, ribbon-
: ;1:’::':0'01 made up of numerous segments
i atah :a 1o the epithelial surface of the infes-
e uses |fliie pathology and is usually

Toxoplasmosis

This is a protozoal disease caused

plasma gondii The diseas:omrrs hbzulj;'ln;:

Wﬂ:f;: wild rabibits bul is net common in

s ntnre 10 forms: the acute and the

:mwd& p acule form js characterized by
+ lever, . and central nervous

system symploms, such as convulsions and
paralysis. Death is usually seen in aboul a
week after symptoms are detected. With the
chronic form either no symptomatology is
seen, or a very slow progressive emaciation is
observed that ends in pamlysis and death.
Transmission of the parasite can occur fram
rabbits eating feed contaminated by cat feces
(cats can shed the parasite in their stool), or it
can be passed from a doe to her offspring
through the placenta. Diagnosis of the disease
usually occurs al necropsy. Extensive necrosis
of lymph nodes, liver, spleen, and lungs may
be observed histologically. Various serological
tests are also helpful in diagnosing this dis-
ease. Treatment of loxoplasmosis is not prac:
tical, and emphasis should be on prevention,
Cats should be kept out of the rabbitry or pre-
vented from contaminating feed and water
supplies.

Trichobezoars (hairballs)

Trichobezoars, or hairballs, are a common oc-
currence in large rabbit herds, but seldom
cause extensive digestive problems, They are
especially common in Angom rabbits. Because
of the normal grooming hatits of the rabbit, a
cerfain amount of hair is ingested. This hair
normally passes through the digestive system
and exits with the lecal material. This process
seems 1o work much better with high-liber
diets. A lack of fiber in the diet not only slows
down the passage of hair, bul it also causes the
rabbit to ingest more hair to make up for the
lack of fiber in the diet. As excessive hair is
taken into the stomach, it begins to clump
together and eventually forms a mal or ball
{Fig. 10.26). The opening from the stomach to
the small intestine is quite small, and the
hairball cannot be passed. When the hairball
becomes very large, il eventually causes the
rabbit 1o slop eating, resufing in starvation,
Rabbits with trichabezoars have been known
1o live as long as three weeks without eating,
Whenever a rabbit goes off feed and the tem:
perature is normal, a hairball should be con-
sidered. Palpation of the siomach can often
help in the diagnosis because large trichobez-
oars can be detected.
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L wthe
Fig- 10.26. A trichobezoar from the stomach of a rabbil (right). Note the similarity olthe shaps
rabbit stomach (see Fig. 10 2). (Courtesy of N.M. Patton)

Prevention is bv far the best treatment.
Feeding diets high in fiber or adding hay or
straw 10 low-fiber diets reduces the incidence
of trichobezoars, If, however, a hairball is de-
tected, treatment should begin immediately. If
the rabbit is a valuable animal, the best method
of treatment is surgical | of the hairball
by a veterinarian. If that is not an aption, then
one of the home remedies can be attempled.
Many types of lubricants, such as mineral oil,
have been tried with limited success. Mo
amount of lubricant can make a large hairball
pass through a small hole. Another home rem-
edy is the use of fresh or frozen pineapple
juice. A proteolytic enzyme called bromelain is
contained in pineapple juice. This enzyme
helps to break up the hairball so it can be
passed through the digestive svstem. Best re-
sulls have been obtained by giving 10 milliliters
(e} of fresh or frozen pincapple juice for three
consecutive days, while at the same time feed-
ing free-choice hay or sraw. The pineapple
Juice ean be administered with an eyedropper
or a spoon, but the method of choice is through
a stomach tube. Mangos, kiwi fruit, and pa-
payas may also contain similar proteolytic en-
oymes. Canned pineapple juice is not as effect-
ve as fresh or frozen because the canning
process destroys the digestive enzyme

Tularemi

bacerial
volved is Francisella tulaxnsis. The rabbits

meistrmnhﬁuel"““' s
tures in the skin.

Uralithiass
Utine from an adult rabbitis normelly clougy

excrelion of excess
;cati:g ;{]““1 ile this cuses a hlg'd:lp ol
calcium 1o 0CcX w slatine
{a rabbit protiem for
cage), it sn't real¥ 3 BTGy the calciy,
_5.18).
itself (see Fig e %'

comes out af (he

begins to for™ a i
?nfddarsluﬂl-ﬁ"dwhb ede wp of
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calcium carbonate or calcium oxalate. If the
stone is quite small, it will be passed the next
time the rabbil voids. If there are a number of
these small stones, the urine has a “sandy”
feel 1o it

A large urolith can become a problem.
The stone is retsined in the bladder, and
the size increases as more calcium crystals are
added 1o the outside surface. Eventually the
wrolith becomes too large to pass through
the urethra. Blood may occur in the urine as
the stone begins 1o imitate the bladder wall.
“ﬂnnlhb?cr:s,andi&g-nphuﬂlmmlﬂn
presence of the urolith. Surgery is required to
remove the calcium stone if the rabbit has
great Valw Follow-up treatment to prevent re-
cumence i necessary. Two methods of treat-
ment are used. First, change the diet. Take the
animal off rabbit pellets that contain alfalfa. Al-
falfa s quite high in calciem. If possible, switch
the rabbit to a diet of timothy hay and rolled
oats. Fresh greens can also be added. Second.
iry 1o make the urine more acidic. Calcium
ends to precipitate much more readily in alka-
ne urine. If the urine can be acidified, the cal-
um stas in solution and flows out with the
rine, There are several urj drugs

g."':m";':“ that are used primariy for cats.

for help in oblaini

drugs to try with your rabbit A rabbit with this
problem that is not of great value is generally
culled from the herd,

Uterine adenacarcinoma

Uterine adenocarcinoma is a common {umor
in rabbits, especially pet rabbits. Does with this
condition have altered reproductive perform-
ance. Fertility is reduced, as is litter size. Other
symploms are fetal resorplion and dystocia.
The tumor is diagnosed by a radiograph and
biopsy. In commercial rabbits it is usually seen
at necropsy or slaughter (Fig. 10.27). Ovaria-
hy w is the tr of chaice in pet
rabhbits if detected early. In fact, with pet rabbits
this surgery in young does not only eliminates
the possibility of uterine adenocarcinoma but
may aleo prevent undesirable behavioral changes.

Vitamin A deficiency

A number of reports have been published that
deal with vitamin A deficiency in rabbits. The
original reports were focused on hydraceph-
alus, which is one of the major canditions seen

Fig. 10.27. Uterys )
02 rabbit with uierine adenccarcimoma. (Courtesy of N.M. Patton)
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with deficient levels of vitamin A in the diet. It
can also be the result of a genetic defect, Some
of the later reports listed other adverse elfects
that are primarily observed during the reproduc-
tion process. These changes in the reproductive
parameters are usually seen before hudroceph-
alus is observed. Decreased litter size. poor
conception, abortions, and resorptions are
all part of the sundrome. The tips of the ears
begin to droop on breeds of rabbits with erect
ears. Crooked legs may oceur with severe vita-
min A deficiency. An increase in sore hocks
and weepy eve is also common, Mast of these
clinical symptoms occur because of the dele-
terious effects that a lack of vitamin A has on
epithelium, cartilage, and bone.

The decrease in reproduction is due to the
effect of vitamin A deficiency on the reproduct-
ne organs. Premature degeneration of the
owm and reduced numbers of fertilized ova
occur The hydrocephalus (water on the brain)
that results from vitamin A deliciency is charac-
terized by a distertion of the portion of the skull
that covers the brain. A hydrocephalic newborn
rabbit is usually born dead and is recognized by
adome-shaped head (Fig. 10.28) or by a larger
than normal fontanelle (soft spot) at the apex of

Fig. 10.28. Vitamin A deficiency caused the

hydrocephalus in the kit on the left. (Courtesy of
05U Rabbit Research Cenler)

the shull. The enlargement of the head is due to
an increase in the size of the ventricies {cavities)
of the brain, which becomt filed with a clear,
colorless luid. Rabbits that live show signs of
nervous system duslunction. Wiy neck, inco-
ordination, and loss of eguilibrium are com-
mon. Hydrocephalus is fownd in kits bom to
does that show low vitardn A levels in the
blood When maternal blosd levels fall below
20 micrograms per 100 mililiters [cc) of serum,
hydrocephalus appears in the young.

Commercial diets in general supply ad-
equate amounts of vitamis A or b-carotene,
with b-carotene converted io vilamin A by (he
rabbit. However, b-carotere deteriorates quite
rapidly in stored hay and pellets. In fact. hay
stored longer than 90 days may lose as much
as 90% of the b-carotene alue, depending on
the temperature and comditions of storage.
Therefare, it is wise o be sure synthetic vite-
min A has been added to he diet. Mast com-
mercial companies are now adding 4400 1o
11,000 IU finternational Unils) per kg {2000
ta 5000 U per ) of diet, depending on the
season of the year,

Scientists at the Oregen State University
Rabbit Research Center showed thal excess
levels of vitamin A can caise symptoms and
lesions in rabbits similar tothose produced by
a deficiency of vitamin A. Although the levels
used were quite high, it isconceivable that &
mistake in adding vitamin A to the diet could
cause conditions resulting from an excess ol
the vitamin. Liver biopsy ad subsequent vita:
min A analysis are requiredto demonstrale ex:
cessive levels of vitamin £ Checking serum
vitamin A levels is not adegate lo demanstrate
an excess mnm.munmw
can be normal even when excess vitamin A is
present,

The treatment of vitamin A deficiency can
be accomplished immediakly by injecting all
does, bueks, and junior repheement stock wilfl
vitamin A (11,000 1L per kg (5000 1U per b)
of body weight), It can alsobe accomplistied b
adding vitamin A to the det; however, this 1
somewhat slower, If an excess vitamin A cond-
tmnlgim—.d‘ﬁmmhbiumwm'
becmuedepletmahlghiﬁdﬂ‘m“w
a\'—\.inIhlzIl\lerlalqm;n-m;mll-nsm's:ll!al'!l“’“"“d‘mﬂ
vitarnin A and brcarotene ae severely
in the diet.



Young doe syndrome

The term “young doe syndrome” came aboul
because the disease seems 1o be more preva-
fent in first and second litter does, but it can
occur in does of any parity (number of litters).
A doe kindles a fine. healthy litter, and when
the litter is 4 to 10 days of age, the doe dies.
Samelimes diarrhea s observed, Sometimes il
is noted that the doe is off feed for a day or
two. In other cases, nothing out of the ordinary
is noticed except for a dead doe,
Enterctoxemia is the major cause, but
staphylacoccal maslitis can also cause this syn-
drome. When enleroloxeria is the cause, a

amounts of fluid in the upper digestive tract, Be-
cause the toxin ﬁuncbslddinspp.lsgopg.
tent, the rabbit will die in 12 0 24 hours, If the
couse is mastilis, the death may be somewhat

slower. If the initial signs of being off feed and
having a high temperature are missed, it will ap-
pear that a normal doe has died suddenly. The
toxins from the bacteria staphyloceoci that have
invaded the mammary glands pass into the blood
system, overwhelm the defenses, and kil the
doe. Careful observation, immediate attention,
and treatment of does off feed may save them
from the mastitis phase of young doe syndrome.

The enterotoxemia phase can also be pre-
vented, It is commeon to resirict the feeding of
does during gestation and then to put them on
full feed or double feed when they have kin-
dled. This may lead 1o enterotoxemia. If you
are going to use restricted feeding, then a more
gradual increase in the feed will completely
eliminate young doe syndrome due to entero-
toxernia. Gradually increasing the feed by 30 g
{1 oz) a dav or every other day from kindling
until full feed is reached has been quite effect-
ive in eliminating this disease.
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Rabbit Reproduction

Reproduction is a complex process that re-
quires coordination between the male and the
female. The primary means of such coordin-
ation is through the nerveus system and by
hormanes, which are substances carried in the
blood from special glands to the organs upon
which the hormenes have their elfects. The
hormones may stimulate changes in the or-
gans themselves [as in ovulation), or one hor-
mone may stimulate a target organ to secrete
a second hormone that, in turn, is carried to
another organ, where it has an eflect.
Because of such complexity, it ks difficult
to deseribe rabbit reproduction completelv in a
sdngle chapter. The purpose of this chapter,
therefore, s to provide an overview of the pro-
cesses and the major hormones involved in re-
production. Special emphasis has been placed
on thiose aspects thal are of direct concern lo
the rabbit producer. Readers wishing more
detailed information regarding this topic are
directed to books that deal specifically with
reproductive physiology

The Male

Organs of reproduction

The reproductive organs of the male fall into
four basic categories: the primary sex organs,

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (5.0, Luketahr ef al.)

DOl 10.1079/9781789249781.0011

accessary sex glands, ducts and external geni-
talia (Fig. 11.1).

The lmtumhm':mch
production of the male. §
atozoa (sperm) and hormones (androgens.
which affect reproductive finction and behav-
ior. The paired festes am ovoid structures
measuring about 35 x 15 millimeters {1.4 %
0.59 in) and weighing approximalely 2 g
{0.071 ca). The testes are i
coiled tubules within whigh the sperm are
formed. This process, lnownas: %
knudmdmmhm;mhwmm
spheroidal cell into the highly LT
SPermMmm.mdlhﬁW‘m':wi;ﬂ
etic information to the ovun as its 7§ C0
ﬁm.Spemdeueinpnﬁ'lhﬂ"’mu“M
the tubules, and as the sprmalazon £€7
they move toward the “m‘amwlalim
tubule. Among the cels ofthe tubule W0 B

: cells, which
Sertoli (sustentacular) oce the sperm

]
This transport takes the sperm to the 109 @
the testis and out mﬂw% i
Androgens are pratuc the
(interstitial) cells, which an found amnd T
iubules, These cells are usder the W""‘M
hormanes from the anterbr %mﬂ
Blncaleda.ll!’lebas!oflhbrﬂnmdm
trolling hormones regulate the
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Bulbourethral Hfmu; paris)

Fig. 1.1, The reproductive

system of the male
rabit trom ¢ ¥ Anatomy of the
Ha_btur, 1990, McLaughlin, C.A, and A.B
Chizsson, 3rd edn, Wm. C. Brown Publishers.)

:!:‘r:‘g:nsin the I:::i‘ which, in turn, control
ogenesis sexual activity or desire
of the buck. It is the lack of androgens that
makes the castrated male disinterested in fe-
males ar in fighting with ather bucks.
MTll;;musory sex glands of the male in-
e vesicular, prostate, and bulbourethral
gl - All these glands produce secrelions
that are added to the spermatozoa to form the
ejaculated fluid known as semen. The functions
of these secrelions include adding fluid volume
to the eaculale to fachtate movement of
mh Ihz male and female reproduct-
s + providing nulrients and buflers for
\ providing a gelatinous
to seal the female tract, wﬁm subslauilg
that stimulate contractions of the vagina and
uterus of the female to enhance movement of
spermatozoa through the tract,
d Thedmlsu;mqhudﬁchmgspmnnm
; fer leaving the testes proper inchude the epi-
_lﬂwnddes. _deim'enl ducts, and urethra. The epi-
hmm' lie close 10 the top of the festes and
ion as a p!we[urmamazamolﬂmqmm-
wﬂm.jpmm that have not undergone a
u;na!nr_a_ﬂm in the epididymides are in-
mmnsa l:cﬂth'ngems.TMeph‘inrd:s' also
= mp[ e fﬁfﬂwage of spermatozoa; fer-
0208 have been recovered from epi-
malﬁdu m'i“ ater eight weeks of storzge. The nor-
n:hmed for movement of sperm

'Pmkdes is 8 to 10 days.
f : cany the sperm from the
epididymides 1o the urethra and also function

to some extent in sperm storage. The accessory
sex glands normally add their secretions to the
semen al or near the junction of the deferent
ducts and the urethra.

The urethra is the common passageway
for semen and urine. It carries semen from the
junction with the deferent ducts to the end of
the penis, from which the semen is ejoculated
into the vagina of the female. The bladder
empties into the urethra just beyond the point
ol junction of the urethra and deferent ducts.

The external genitalia of the male include
the penis, the scrotum, and the prepuce. The
penis is an erectile organ that is used for inser-
tion of the ejaculate into the female tract. The
penis is normally flaccid and rests in the pre-
puce, as shown in Fig. 11.1. It becomes rigid
from constriction of the penile veins at the time
of breeding. Since arterial blood continues to
flow into the argan, it becomes turgid and can
thus penetrate the vulva and vagina of the doe.
The erect penis is held forward along the abda-
men. There is a sensitive tip on tha penis,
knoun as the glans penis. Stimulaton of the
glans pents by the vagina of the female (or by a
properly prepared artificial vaginal results in
efaculation. This is due to a reflex contraction
of the duct system that farces oul spermatozoa
stored in the deferent ducts and the last third of
the epididymis. Fluids from the accessory
glands are also released into the deferent ducts
and the urethra at the time of ejaculation. Alter
subsidence of erection, the penis is pulled back
into the prepuce by muscular contraction

The scrotum of the rabbil consists of two
relatively hairless sacs that conlain the lestes.
These function 1o protect the lestes and lo pro-
vide an area with a lower temperature than that
of the bady cavity, since spermatogenesis can-
not accur at body temperatre. The lestes of
the rabbit can mave freely in and out of the
abdomen and so are not always found in the
scrofal sacs.

The prepuce is a lold of skin on the abdo-
men which protects the penis.

Spermatozoa

Spermatozoa are highly specialized cells that
carry genelic infarmation [rom the male
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through the femae reproductive tract to fertil-
ize the ova of the female. Each spermatozoon
has i head that carries the genelic information
end a tail that provides propulsion by its
whip-like movements (Fig. 11 2). The pori

shown that sperm concentations of less than
1 million sperm per mi can result in pregnancy.
It is thus likely that most ejeculates will contain
sufficient sperm lfor fertiization unless, as

i an eficulate is produced

of the tail nearest the head is known as the
midpiece and contains organelles, such as
milochondria, which function in metabolism
and provide energy for movernent of the tail
Spermatozoa do not begin to swim (become
malile) until they are ejaculated into the vagina
of the doe, where there is a higher concentra-
tion of oxygen than in the male tract,

The testis produces 50 to 250 million
sperm each day. The numbers of sperm pro-
duced may be affected by breed, age of the
buck, and nutrition. Production of spermato-
208 begins at puberty and is continuous
throughout the reproductive life of the buck.
Most unejaculated sperm degenerate in the
epididymides, and the components are re-
sarbed into the blood. Some sperm may be
passed in the urine

Reproductive activity of the buck

Bucks reach sexual maturity between four and
eight months of age, depending on breed and
level of nutrition. In a study of New Zealand
White bucks, daily sperm output was lound to
increase from 20 weeks of age o a mature
level at about 31 weeks of age. The normal
Sjaculate volume for mature bucks is 0.4 to
15ml, with an average of about 0.7ml
Sperm per ejacubate is highly variable among
bucks as well as among successive ejaculates
from the same buck and varies from 10 to 300
million spermatoaca per ml, with an average of
around 150 million. The number of spermato-
20a ejaculated depends on the breed of the
ck, recent use, and level of stimulation
There is also indication tl 1at there may be short
cycles of three to cight davs’ duration in some
of the semen characteristics, such as sperm
toncentration. In the wild. testicular size is
greally reduced in the avtumn and reaches a
Peak in late spring.
The number of sperm and the volume of
jaculate required (o fertilization are unknown,
but studies using artificial insemination have

= H
matiswtallydewidoispem{maspm:mtor
“dry” ejaculate). Such “dby ejaculates” can
oceur following repeated epculations. In cther
words, the buck’s motivation to copulate has
exceeded his ability to prajuce sperm. Thus,
breeders should be careful aot to use bucks ex-
cessively. Besides resulting in an infertile mat-
ing, another consequence would be to induce
pseudopregnancy.

The Female
Organs of repreduction

The organs of reproduction of the female in-
clude the ovaries, oviducts, sterus, cervices. ve-
gina, and external genitalia(Fig. 11.3).

The ovaries, the femake’s primary organs
of reproduction, produce the eggs. or ova, and
hormones (primanly estragens and proges-
lins].Theyﬁewi:HnﬂnaHnm&\Hmty,wh
one on each side, near thekidneys. The ovar-
ies are ovoid structures about 20 x 10mm
(0.79 x 0.39 in) and wagh 0.5 to 0.'.-‘59_
[0.018 x 0.026 0z), depeading on the m;;l
nyohhem.arlanmmmnu.ﬂnqend
portion, or medulla, of eadh ovary cmnslusmd
connective tissue containing nerves and
mséh,muﬂerhyw.wm.mm‘:t;
ova in various stages of development, as
as other types of fissue, {zchuding blood :;s
sels, nierves, and muscle fibers. At the time of 8
doe‘sbirﬁ,ﬁwumrd!dmhpedma:;
contained in the gerrrunaleplthdlum Lay!;ﬂ
the cortex. From the time of puberty

he
death or the end of the reproductive hie nl:m

of these

fmmale- gs;_d;:pmnlmﬁlmm {uvdalecgi
orﬂ:cydegenems.ﬁ!mdduﬂﬁﬂwg::m
fertilization, lunctions in amaturation pmd &
of spermatnzon known as xapadlaa_.tunw
the location where early mw:nﬂ il
ment occurs (Fig. 11.3). The upper end ot
oviduct is spread into the astium IM@ -
partially surounds the ovay. On the
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the ostium tubae are numerous small projec-
tions known as the fimbria. These nearly cover
the ovany. Bealing of the limbria causes waves
of movement of fluld toward the opening of
the oviduct and, at the time of owulation,
sweeps the ova into the oviduct.

The uterus is the organ in which most of
the embryonic development oceurs (Fig. 11.3),
It also provides muscular force by contraction
for the expulsion of fetuses at birth. The uterus
of the rabbit is formed of two distinct horns,
which da not join to form a bedy.

Each horn of the uterus connects into an
individual cervical canal, which opens into the
common vagina [Fig. 11.4a, b). The cervices
function as muscular plugs to keep the utering
herns closed except at the time of mating and
parturition (birth or kindling).

The vagina is the site of sperm deposition
at mating and acts as a channel for the young
al partuntion

The external genitalia of the doe include
the urogenital sinus, which is continuous with
the vagina and is the chamber inlo which the
urethra empiies urine. The external lips of
the urogenital sinus form the vulva, which can
be used as an indicator of sexual receplivity of
the doe. A doe with a maist red or pink vulva
s much more likely 1o accept service than a
doe with a pale, dry vulva, The clitoris lies

—— Ostium tubae
B

— Uterus
Corvix
- Vagina

Urogenital sinus
Urogenital orifice
and Vilva

Fig. 11.3. The reproductive tract of the lemale
rabiit, (Modified from Laboratary Anatomy of
the Rabbir. 1990. McLaughlin, C.A. and R.B.
Chiasson, 3rd edn, Wm. C. Brown Publishars.)

within the urogenital sinus with the sensitive
portion, the glans clitors, projecting into the
urogenital opening. Becaus: the urethra apens
into the vaginal sinus poserior lo where the
sperm are deposited (Fig. 11.3), urination by

the doe following breeding does not
ily interfere with fertilizatios.
Estrus and owlation

Does become receplive lo bucks at about 3%
months of age and becomecapable of concep-
tion at 4 or 4% months. These ages will vary
with the breed of rabbit, the smaller breeds

(a)

(v}

E Ak, ! |I¢ i
1 -
- --‘r
T
o

Flg. 11.4. (a) A drawing of thadouble cenvix ol

fhe rabbi. (Courlesy of Wolies Kluwar Publishing).
(b) Dissection of uerus showng dual carvical

openings (with a piece of papir in each openingl
(Courtesy of N.M. Pafion)
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generally reaching puberty earlier than the lar-
ger breeds. The level of nutrition will also affect
the age of onsel of reproductive function. It is
generally not advisable to breed a doe during
the first month that it is capable of reproduction,
because it is still growing and the attainment of
mature size may be prevented or delayed if the
doe is also expected to produce and feed a
litter at this time. However, undue delay in
breeding may resul in breeding difficulties if a
doe becomes too fat. Also, delayed breeding
may make a doe more susceptible to hairballs.
Rabbits do nol have a precise estrous
cyele as is found in many other animals. At the
time of puberty, lollicle-stimulating hormone
from the anterior pituitary gland located
4t the base of the brain begins inducing growth
l d 1

Ouwulation in the rabbit occurs only after in-
duction by an external stimulus, such as mating.
This includes stimulation of the anterior vagina
by the penis as well as pressure on the hind-
quarters from mounting by the buck. Intense
sexual excitement or mounting of the doe by
other rabbits may also induce ovulation. This
may result in a condition known as pseudo-
pregnancy. An ovulatory stimulus results in the
release of luteinizing hormone (LH) from the
anterior pituitary. This hormone causes rupture
of a number of mature follicles on one or both
ovaries approximately 10 hours after the stimu-
lus ocours. The number of ova shed from each
ovary is one lactor that determines the litter
size. Other lactors include the number of shed
ova that are fertilized by the sperm and the

ber of fertilized eggs that go through the

of follicles, with the panding P
ment of ova within them. The ova begin devel-
opment with 2 single layer of follicle cells
surrounding them. The nm{nber of follicular
adually increases until numerous La
s ent. s  olicedevelop uther a
idilled cavity forms, with the ovum located in
he center upon a hillock of cells. By this fime,
e loflicle has enlarged to such an extent that
1t buiges from the surface of the ovary. At gu.
jation the outer layer of the fo]ll_de Ruptures,
and the avem 5 expelled along with the fluid,
The falicles w$efmns.hm:h
hormones ¢ ; emale to e
:ﬁu‘;‘fm 10 the male. Follicular developmen
raily occurs in waves, with 5 to 10 o).
ficles on each 2\a% at the same stage of
d tat any 0‘: ‘:s";lm'd? contin-
mence develop! . 50 lollicles at
aly o of development are oy pre.
SEVE fallicles reach mature size, they
it Y produce estrogens for aix_:ut 121014
achive y this Pgrjod, 1{ ovulation has pej
days hese follicles will degenerate, with
e espondis ekl b O, srogen
a | ,eocp““'“" Alter t 4 dny; anew
Jevel ‘mr f{,ﬂi’de's will begin P]'wllclﬂg estro-
wave @ e dot will become receptive
e thus has a cucle of 16 15 18
12 to 14 days of receptiviyy,
en the doe will refuse to mat,.
yiremely variable because of
This imi"3 o nees, sexual stimulation, and
- Auadual differ such as nutritio,
.ndtlm nta) [aclors. n, light,
envi

ronm* Y
and :erﬂP""’m"z

entire intrauterine development process. For
clarity, the remainder of this discussion refers to
a single ovum and its development, but it should
be borne in mind that similar processes are sim-
ultaneously occurring with up to 20 other ova.

When the ovum has been shed from the
ovary, LH stimulates changes in the follicular
cells that rapidly develop inlo a corpus luteum
{vellow body), which produces hormones known
as progestins. These are necessary throughout
pregnancy for the development of the embryo,
which becomes a fetus. The primary action of
the progestins is 1o stop muscular contractions
of the uterus and to stimulate the preduction of
nutrients for the embryo and fetus.

The corpus luteum begins actively secret-
ing within three davs alter avulation and con-
tinues throughout pregnancy. The hormone
output increases until about the 15th day of
pregnancy and remains at a high level until the
last week, when the hormone level begins o
fall. The progestins control uterine function,
especially inhibition of muscular activity so that
the embryo and fetus can remain in the ulerus
and be nourished throughout pregnancy. The
progestins also inhibit sexual receptivity in the
pregnant fernale, although follicles continue to
develop and P.-r,dm:u some estrogen through-
out pregnancy. It has been shown that the
estrogen is required for the corpus luteurn to
continue secreling progestins. Since [ollicles
are present at the end of pregnancy, the doe is
sexually receptive and capable of ewulation

immediately after parturition.
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Pseudopregnancy

Ii ovulation does not result in pregnancy, either
because of lack of lertilization by the spermato-
zoa or because of an abnormal stimulus, such
as mounling by ather does or excitement, the
doe may become pseudopregnant. In this con-
dition a corpus huteum is lormed, with the sub-
sequen! production of progestins. The doe
may not be receptive during the period of
pseudopregnancy, which lasts 16 to 18 days.
1 mating does occur during pseudopregnancy,
it often is not fertie, since the hormones of the
corpus luteum interfere with capacitation of
the sperm and movement of the spermatozoa
through the femake traci. At the end of pseudo-
pregnancy, the doe mav engage in behavior
normally seen at or near kindling. such as nest
building and lactation

Fertilization, implantation,
and pregnancy

At the lime of mating the buck deposits several
million spermatotoa in the vagina of the doe.
These move by contractions of the female tract
and by swimming to the middle portion of the
oviduct, where [entilization occurs. The first
sperm are found in the oviduct within 15 to
20 minules of mating, although the majority
are not found there for several hours. Of the
millions deposited into the vagina, only a few
thousand actually reach the site of fertilization,

Belore the sperm are capable of fertilizing
the eqq, they must undergo a series of changes
known as capaciialion. These changes require
approximately 6 hours, Since ovulation occurs
10 hours after mating and the ova remain vi-
able for only 6 1o 8 hours, it can be seen that
at the time the freshly ovulated ova move inlo
the aviduct, the sperm are just reaching a stage
when fertilization can occur, This is important,
as il has been shown that as the SpPerm or ova
age, the proportion of ova that are fertilized
declines and the proportion of abnermal em-
bryas increases

When the ova are released from the fgl-
licle, they are swept into the oviduct and move
to the middle third of the oviduct, where fertil-
ization occurs. This movement generally takes

less than 10 minutes. Fertilzation refers to the
eniry of a spermatazoon iato the egg and fu-
sion of the genetic materialof the male and the
female (syngamy) Once ane sperm has en-
tered the ovum, changes occur in the egg
membrane tha! function t» prevent entry af
additional sperm. Cellular division and devel-
opment of the embryo begin almost immed:-
ately after syngamy. The Jeveloping embryo
remains in the oviduct untl the 8- or 16-cel
stage is reached.

This takes 72 hours, after which the em-
bryo migrates to the uterw, where it floals in
the uterine fluid and is nowished by it. During

be properly nourished solelr by diffusion. so 1t
becomes attached to the wall of the uterus, and
the placenta (afterbirth) bagins to form. This
process is known as imphntation. The pla-
centa provides protection fer the embryo and a
close connection between the embryonic and
maternal circulatory systens. Therz is no dir

ect connection between these two systems, ab
though the two blood supies pass very dose
to each other in their respective vessels. In this
fashicn, oxygen and nuients can diffuse
through the vessel walls fom the doe o the
voung, and the wastes fran the young can dif-
Tuse out to the circulatory system of the doe.
Transport of oxygen and sutrients within the
embryo is carried out by the embryonic circula-
tory systemn,

Berause the doe has two entirely separ-
ale uterine horns and two cervical openings,
there is no opportunity for movement of em-
bryos from ane horn to theother. Such move-
ment is often seen in literbearing species
such as the pig, in which there is a comman
bedy of the uterus and a sngle cervix, allow-
ing balancing of the numbers of !w in
the twa horns. No such bilancing is possible
in the rabbit, so the embryos in one horn re-
sult from fertilization of ava shed from the
ovary on that side omnblz ARy 0

Pregnancy in its
31 to 32 days but may be as shor as 29 daus
or as long as 35 days. The longer gestation
peﬂodsalegemraibseenl'hm there are only
a few voung in the litter (e Fig. 5.6). Thﬁe
voung are usially heavier at birth (as high as
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90g or 3.2 oz) than those [rom larger litters
that are carried for a shorter period of time.
Embryonic growth is not constant. Al day
16 of pregnancy, the embryos of New Zealand
White does average 0.5 to 1g; at day 20,
about 5g; and at birth, about 60 g (2.1 o2).
Birth weights vary from 25 to 90 g (0.88 to
3.2 o). depending on the age and breed of the
doe and the number of young in the litter,

Parturition and maternal care

During the last week of pregnancy, the corpus
Jutewm secretes prostaglandin F, , which des-
troys the corpus luteum and markedly reduces
estin secretion. There is also an increase
in the hormone prolactin, which stimulates the
behavior known as nest building, Nest building
is seen a few days before parturition and in-
volves building a “material nest” of hay, straw,
or whatever nest malenial s provided, In the
day or 5o prior to kindiing, there is a loosening
of the hair on the belly, thighs, and dewlap.
The doe puls this hair (see Fig. 5. 11) and inter-
weaves it wilh_lhe malerial nest o form (he
“aternal nest” (see Fig. 4.17). The quality of
the maternal nest and the time at which the
nest wa&mmdwmlmm of
& doe, her previous expenence (the quality of
:::e niest nendi_ to Emprove with ,Mf::i:"'l‘;_
. the nesting material available, and the
of the year.
Parturition 0Cours in respanse to 5 de-
ase in the progestin levels {which majniain
the utering muscles in 3 quiet stalg dyring prog.
nancyl, an increase In estrogen and prostaglan
din F,, levels, and the sudden releagy of 1
grmone oxytocit from the posterior pityiary,
The exact ;;":*:; for this dﬂ?l!\ase is not
O . estrogen, and pro
:;,-,gu.u‘l te coniractions of the urm::ml?
e, which force out the kits. Refle ¢nypac.
ions of the abdominal musculature alsg assiey
inthe O in the rabbit can, L

B g
uﬂ“’!}‘__’ﬂ_l at intenvals of 1 t0 5 minyae The
it in the nest and ficks each of (he
doe 7 itis delivered. This dries he g,

yourd and tissue debris, angd g0

kits generally begin nursing belfore ihe rest of
the litter is born. This may assist in the birth
process, since the suckling stimulus will result
in the further release of oxytocin. The entire
litter is generally delivered at one time, ab
though it is sometimes spread over one to two
days. Occasionally a single fetus will be de-
livered a day or more before the remainder of
the litter. The kits are hairless (Fig. 11.5), blind,
and deal at birth. In rare cases, the litter is de-
livered three or four days before milk produc-
tion begins. These kils often die of starvation
because the doe cannot feed them. The cause
for this behavior is unknown.

When parturition is complete, the doe eats
the placenta and dead kits. This is common be-
havior among animals, even non-carnivores
like the rabbit. Since the waste material may
attract predators or act as a medium for the
growth of bacteria, such behavior increases the
chances of survival of the young.

The number of voung in the litter and
their total and individual weights depend on
the breed of the doe, her nulritional status, her
age, and her environment. The small breeds,
such as the Polish, generally produce four or

moves " and blood circulation. The firggpeyn

Fig. 11.5. Newbern rabbits. (Courtesy of N.M.
Patton)



fewer young, whereas the larger breeds, such
as the New Zeabnd White, the Californian,
and the Flemish Giant may average 8 1o 10 kits
in each litter. Litters of up to 18 kils are occa-
stonally seen. Poor nutrition may result in the
production of small, weak or dead kits or may
result in resorption of the entire litter. Simi-
larly, overly fat does may not carry their litters
through the entire gestation period. First litters
are generally smaller than second and subse-
quent litters. After the seventh or eighth litter,
size again declines.

Some does, especially those that are young
or exceplionally nervous or those that are dis-
turbed during kindling, may give birth outside
the nest (scattering) or may eat some or all of
the young {cannibalism). The causes of these ab-
nermal bahaviors are not known, although they
are most often seen with does that build poor
nests. A doe that persiste in either behavior for
several successive litters should be culled. Scat-
fering of the litter often results in loss of the kits
because rabbits, unlike other species such as
cats, do not return kits to the nest.

The doe normally nurses the litter only
once each day for about four or five minutes,
usually at about the same time each day. This
normal once-a-day nursing is critically depend-
ent on a minimal amount of suckling stimula-
tion, especially if there are al least six kits in the
litter. Sometimes a doe with less than six kits
will lend to jump into the nest box several times
a day, which puts the litter at risk of injury.
Cross-fostering can Jargely prevent this prob-
lem. Prior 1o her amival for nursing, the kits
maove to the top of the nest material to facilitate
reaching the nipples. The kits change nipples
very frequently during the early part of suckling,
remain relatively quiel through the middle of
the period, and then beain maoving rapidy to-
ward the end. Despile being blind, the kits can
rapidly locate the doe's nipple and suckle due
to their perception of a chemical cue (“mam-
mary pheromone”) that the doe emils from
glands found in the skin of her belly region

Al the end of suckling, the doe deposits
several fecal pellets in the nest bax and abruptly
leaves. This is independent of whether the kits
are still nursing. The kits are slimulated to urin-
ale by wet or cold, so because of the dampness
from nursing, they all urinate. They then begin
a patlern of behavior that includes digging

through the nest material far 15 to 30 minues.
This sarves to fhall and drythe nest. After this,
thee kits form into a group and remain quiet for
about 22 hours when they again mave to the
top of the nest material to await the doe.

Contrary to popular leliel, the doe does
little to maintain the nest o the kils. She may
lick one ar more of the kitsduring suckling, but
this appears to be for recagnition rather than
for stimulation of urinatior and defecation as
previously thought. There s no evidence that
the doe needs to lick the kis for stimulation of
either of these functions.

The doe may sit in thenest at limes other
than when she is nursing, but she pays littie
attention to the kits. This vry often is because
the doe has sore hacks or b sick. In fact, daes
alten seem oblivicus o the squeals of voung
upon which they happen lobe standing. Some
does may be defensive abaut their young and
jump into the nest if the kits are disturbed. This
may cause injury lo the Lits and should b2
avoided or prevented if posible. More aggres-
sive does may stomp whenupsel or may affack
by biting or scratching.

Lactation

The growth of the young during the suckling
pericd, especially during u-enxstlrmww:_:;
greatly affects their later paformance. For
reason, lactation can be cansidered as much &
part of the reproductive pocess 35 ovulation,
, or parfurition.
ngﬁdzrymmpaﬂ nllhedolegﬂ'ﬁfﬂn\i‘
consist of eight pmm distinet sec
tions, four alungaachsﬂznlﬂ‘teabﬁbmam
(Fig. 11.6). The number nay vary |'°":‘m
12 Theqlaﬂd.ﬂﬂrﬂsmeoflhsm.bb“ is le
ta that of other species andconsists ol h:herg
ball-shaped structures known as alect,
the milk is actually formed The =
from the ahveoli through a sries of ducts Iolhe
gland and teal cisterns. The leat itsell 'i;s >
external opening of the glind mﬁ;mm
the external protuberance hipple). wulil:e i
cight central canals throush which sand
flows during suckling, The mammay -
also contains blood and terve supples

variable amounts of fat.
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Milk is formed in the alveoli by direct diffu-
ston of constituents from the blood, by modifi-
cation of substances from the blood, and by
synthesis within the cells of the alvecli using
materials that diffuse into the cells from the
blood. Milk formation is a continuous process.
As the milk is formed, it is stored in the alveoli
and upper parts of the duct system until a suck-
ling stimulus causes let-down of the milk and it
enters the lower duct system.

‘The mammary glands of the doe begin
forming when it is still an embryo. After birth.
development stops until puberty, when in-
creased levels of estrogen result in partial de-
velopment of the duct system. The elevated

ogestin levels of pregnancy stimulate devel-

:::msnl of the alveoli. Prolactin release at the

.ssye of the rabbit. Shag;
pam oy

ATy e and dais the nippieg
Fig- 118 amm L wer Publishing)
indicates of walters
{courte

116

time of parturition initiates milk production.
Stimulation by this hormone is responsible for
continued milk production during the lacta-
tion period.

Although milk production is a continuous
process, the milk is unavailable to the young
until a stimulus causes the release of oxytocin,
This hormone causes the contraction of the
museles around the alveoli and forces the milk
down the duct system to the gland and teal cis-
terns. Suckling by the young forces the milk
past the teat sphincter and into their mouths.

The quantity and composition of the milk
produced by the doe vary throughout lactation,
as shown in Table 11.1. The quantity of milk
produced increases until the end of the third
week of lactation and declines thereafter.
At that point the kits generally start ealing solid
food, and the milk of the doe becomes less im-
portant to the performance of the young,

The first milk produced by the doe after
giving birth is known as colostrum. As shown
in Table 11.1, this first milk has more fat and
lactose and less ash than later milk. Calcium
and phosphorus levels are also lower, and the
vitamin A activity is higher. In other species,
such as the cow, sheep, horse, pig. and goat,
there is a substantial increase in protein con-
tent as well. This is because of the high levels
of antibodies (proteins that confer resistance to
disease). These are transferred in the milk from
the mother to the offspring to provide protec-
tion from disease until the young can manufac-
ture their own antibodies. In the rabbit, the

Table 11.1, Approximate quantity and cemposition
of milk produced at various stages of lactation in
Fauve de Bourgogne does.

Days after bitth
1 B T B (R
Mikyiold (gidey) 50 160 220 240 220
foz) 18 58 77 85 17
Waler (3) g M ™ 73 &
Protein (%) 4 4 13 13 18
Fat (%) 15 9 9 10 14
Laciose (3) 16 08 10 095 08
Ash (%) 18 23 22 24 28
Source for quantity data: Lebas, F. 1968, Annales di
e 17 169-182
Source for composation data: Lebas, F 1571 Annales de
20; 185-191



maternal antibodies are transferred 1o the fetus
during pregnancy. During the second hall of
the gestation period of the rabbil, maternal
antibodies are absorbed by the fetal mem-
branes for transler to the developing letuses
These antibodies function for the first few
weeks of life. In addition. during nursing does
often leave a few fecal pellets in the nest. Kits
have been seen to nibble on these and it is
thought that this may also provide them with
antibodies. This is known as passive im-
munity. As they age, the young rabbits are
capable of making their own antibodies (active
immunity).

Caolostrum is produced for two or three
days, after which there is a decrease in the fat
and lactose content. After day 21, the compas-
ion changes again with a decrease in the
water and lactose (milk sugar) contents and an
mcrease in the contents of protein, fat, and ash
{which represents the mineral matter, such as
calcium), Table 11 2 is a compilation of ap-
proximate milk composition figures for various
species and has been included for comparison
purposes. Among the listed species, the rabbit
has milk that is ligher in fat than the milk of
the athers except the rat. The rabhit's milk also
exceeds that of all the other listed species in
the level of ash and protein. The lactose level is
lower. The milk of the rat is, in many respects,
similar to thal of the rabbit, although rat milk
has a much higher level of fat.

A typical lactation curve is shown in
Fig. 11.7. The shape of the curve is influenced
by the breed-back schedule. With a short
breed-back, the decline occurs sooner and
more rapidly than with longer breed-back
schedules. As the litter gets older, the amount

Table 11.2. Approximate milk composition of
VANOUS Specios.

Y=Compasition

Waler Protein  Fat  Laclose Ash
Rabbi R
Cow 88 3 4 (-] 0.8
Goat -1 4 4 5 0.8
Human B7 2 4 T 0.3
Cat B2 ] 3 5 0.5
Rat 68 12 15 a 15

of prolactin declines, so there is a decline in the
amount of milk produced. When the liter is
weaned, there will be no sickling stimuhes and
the ahueoli will fill with milk. Filling of the alveali
inthibits milk formation.

Artificial Insemination

Artificial insemination (Al) of rabbits can be a
useful technique in large cperatiors. The pri-
mary advantages are hwolold: first, a large
nmnbzral&:ﬁmbeba‘ialﬂma:f
gardless af their receptivily to the buck,
second, genetic progress ran be accelerated
due to using only superior sres. This eliminates
the time required for checling each doe: pro-
vides large batches of kits ef uniform age; and
allows an allin, all-out systim of management
in which does are pul inls a building where
they all kindle within a two- or three-day
period. The litters are all waned the same day,
and the does are moved o another house. The
lryeramll‘mgrmmcnﬂl'ﬂalmﬂdw'
gether. While the house b emply it can be
cleaned and dmwndmmn new ‘_H'#"l::
does is brought in. Artificil insemination
nlhmmﬂmﬂemulaﬂihﬁk»wd‘
reduces the feed and cage sequirements.
Arlificial insemination is not a solution to
breeding difficulties and willnot raise fertibty in
nrﬂhbilryu'}mesuﬂlwdh“"m'mh

Data compéed fram variows sources by 11 MeNit,
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Fig. 117, Milk production of dees during the frst 30
days of (Courtesy olOSU Rabbit
Research Cenler)
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required, some equipment will need to be pur-
chased, and strict hygienic practices must be
lollowed to prevent spread of disease. Further-
more, an owlatory drug must be given to each
doe 10 induce owlation. This will cost at least
25 cents per doe fand probably more] and
must be obtained and used under veterinary

supervision,

The fallowing briefl description of the pro-
cess is meant to provide background informa-
tion. Anyone considering the wuse of Al in a
rabbitry should carefully study all the literature
available and discuss the process with growers
wha are using it or have used it before making
any investment.

Semen is first collected from the bucks by
using an artificial vagina {AV) (Fa. 11.5). It may
be purchased ready to use or be constructed
from available materials It consists of a stiff
outer liner, such as a section of 2.5 em (1 in) car
radiator hose or PVC pipe The inner liner
should be flexible rubber or plastic tubing, such
as that used in hospitals after surgery to provide
drainage [rom large incisions. This inner liner is
folded back over the cuter liner on both ends,
and the cavity between is [illed with air and
warm water, The collection wbe can be at-
tached to the AV by means of a collection cone,
as shown in Fig, 11,8, er connected directly to
the AV, The collection cone can be of any rub-
ber material that will fit tightly over the collec-
tion tube at one end and the outer liner at the
other. Fingers cul from disposable surgical
gloves are ideal for this purpose. If necessary.

1 laner liner 3, Mrm;.llan
2. Outer liner 4. Rubber tubing 5. Collection tube

rubber bands can be placed over these junc-
tions to hold them together. If rubber bands are
used, they must be counted when placed on the
AV and again when they are removed. If any
are missing, check the buck's penis to ensure
that a band hasnt slipped off and constricted it.
If this happens and the band is not removed,
the buck may have to be euthanized. The col-
lection tube can be any small vial that will hold
at least 5 milliliters of ejaculate (metric units are
used in Al). The bottom cut olf a plastic gradu-
ated centrifuge tube works well for this.

Semen colleciion can be accomplished us-
ing a doe (Fig. 11.9) or a rabbit skin. The for-
mer is often necessary when training a new
buck to the use of an AV. The AV, lubricated
with a small amount of water-soluble lubricant,
such as K-Y jelly. and inflated with air and
water at the suitable temperature, is held under
the doe. The index finger can also be used to
hold the doe’s tail down. When the buck
mounts and makes copulatery thrusts, the AV
is directed onto the penis. If the temperature,
texture, and pressure are correct, this will in-
duce ejaculation,

Once an ejaculate has been collected, it
should be evaluated to determine the total
number of spermatozoa, the proportion thal
are alive and motile (moving), and the propor-
tion that are morphologically normal. The con-
centration of spermatozoa is determined using
a hemocytometer, which is a special micro-
scope slide made for counting concentrations
of blocd cells. The proportions of live and mo-
tile spermatozoa can be estimated by placing a

Fig. 11.9. Semen collaction from the buck; the
technician is holding the AV near the doe's vulva,

(Courtesy of D.J. Hams)

Fig. 118, An artificial vagina for use with rabbits.
(Courtesy of 4., Mchit)
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drop of semen on a microscope slide. A drop
of extender (2 9% sodium citrate or 0.9%
saline) is mixed with the semen, and a cover
slip placed on top. When the slide is viewed
under a microscope at 400x magnification, in-
dwvidual spermatazoa can be seen. Moving the
slide around 1o observe a number of fields will
permit an estimale of the proportion actively
swimming. To study the morphology of the
spermatozoa, a smear ol semen mixed with
eosin-nigrosin slain should be made on a slide.
When this dries, the spermatozoa can be indi-
wvidually observed under an oil immersion lens
(I000% magnilication).

From the time of collection until the
semen is used lor insemination or cooled for
storage, the ejaculate and all glassware, solu-
tions, and equipment with which il comes into
contact must be maintained at 37°C (99°F
This is necessary to prevent cold shocking the
spermatozoa, thereby reducing the conception
rate. A number of solutions may be used to di-
lute and extend the ejaculate, but 2.9% sodium
citrate and 0.9% saline are the simplest and
cheapest to make up, and they each work as
well as others as long as the semen is used
within a few davs.

One million or fewer spermatozoa are re-
quired to breed a doe, but it is usually recom-
mended that 10 to 20 million be used. Depending
on your technique, the volume of material that
Is inseminated may be from 0.2 to 1.0 ml. The
total volume of extended semen that can be
made up from the ejaculate is determined by
the lollowing equation. For example, suppose
the tolal number of sperm in a 0.5-ml ejaculate
is 100 million, motility is 65%, and 10 million
spermalozoa are lo be included in each 0.4 ml
insemination (insem.} aliquot. The total volume
needed would then be:

Total sperm Aperm per insem.)
s (Matility/100)) = Vol per insem.
= Total Volume

fi100 million /10 million) = (65/100))
w04 =26ml

Since the epculate volume was 0.5 ml,
the amount of extender to be added is 2.6 -
0.5 = 2.1 ml. This will allow breeding six does
(26/0.4 = 6.5) Irom the one cjaculate I

grealer extension rates an used, even mare
does can be serviced from rach ejaculate.

Alter the semen has been extended, it will
remain viable for several kours al room tem-
perature or, if refrigerated at 5°C (40°F), will
be usable for two or three éays. Before the ex-
tended ejaculate is placed in the relngerator, it
should be allowed lo cool dowly 1o reom tem-
perature. When using semen that has been
stored for any length of time, it is advisable first
to make a microscopic chedk o ensure that the
sperm are still viable.

For insemination, the doe is held on her
back (Fig. 11.10), and the issemination pipette
is gently inserted into the rgina <o the fip is
Jjust oulside the cenvcal openings, where the
semen is deposited. Since the doe 15 an in-
duced owulator, a drug must then be given to
induce ovulation so fertilizaton can eccur once
the spermatozoa have mowed into the owiduct
and undergone capacitafion. Early attempls at
Al used human cherionic genadatrapin (hCG),

|

Fig. 11.10. The position of thedoa for artficial
insemination. (Courtesy of O Rabbil Research

Center)
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a natural form of luteinizing hormone (LH), but
this was not suitable for commercial use be-
cause does developed antibodies to the large
drug molecule, which rendered the does sterile
alter two or three treatments. Furthermore,
hCG had io be administered inlo the ear vein. It
has since been discovered that the release of LH
is under the contrel of another hermone called
gonado{mpin-relzaslng hormone (GnRH)
“This is a relatively simple compound with
molecules 100 times smaller than those of the
gonadotropins. Becatise they are smaller, they
do not induce antibody formation, Further-
, they can be simply administered inira-
musculary, and synthetic forms can be made.
Two synthetic GnRH compounds used in
rabbit Al are Lutal and Receptal, which are
available in Europe and in other couniries
However. they are not avallable for use with
rabbits in the United States because they have
not received Food and Drug Adminisiration
approval. There are GoRH compounds now
svailable in the United Slntris, however, that
e used for the treatment of ovarian cysts in
iy catte. Some will induice owlation in rab-
bits but must be wsed under veterinary supervi-
<ion, New methods have been developed that
consist of including the “owilalion-inducing”
15 within the semen itsell,
Careful use of Al in large herds is techno-
feasible and will allow service of 100
in a single day, with a 70 or 80%
rate. This will result in the produc-
or more litters within a two-day
Pu[!ﬂ‘iﬂj of 51“_]'?2!0 700 or more
e same age. technique of
fryers of ;ﬁa_ altention to detail, an initial :‘u
it and @ serious commitment on the
“gtml_agmwbm may result in significant
part us in time and money as well as more
id genetic proveieils [
rap A,-ﬁﬂdﬂl insemination is widely used in
rerds i1 Europe. This allaws Organizing
large into groups in @ program known as
herds tion. Under this system, each
cycled P p s bred an the same day every
doe in @90 At the time of Al does are
six ith e chorionic gondaotropin
injected W known 85 pregnant. mare
(eCG) 1O ophin; PMSG), which is a nat.
serum 897 ¢ hormone FSH. This increases
ural for™ ol of O3 released and increases littey
the tll.lﬂ']b'!r

or more

size. This treatment, however, also may lead to
ineffectiveness due to the formation of anti-
bodies. Because of increasing emphasis by ani-
mal welfare groups on “natural” production
methods and reduction of hormone use, there
is increasing interest in the use of biostimula
tion methods to get the same effects. These
programs may include manipulating lighting
regimes, limiting access of the lactating doe to
the litter, or manipulating the doe by changing
cages, putting several does together, or provid:
ing other natural stresses.

In commercial operations, does produce
about eight litters annually. Hence, for most of
the time, does are concurrently pregnant and
lactating, which may adversely alfect fertility.
One popular biostimulation method is to sep-
arate the litter for one day between 9 to 12 days
of age. Alter the return of the litter and nurs-
ing, the doe can be immediately rebred either
naturally or artificially. However, there may be
certain long-term consequences pertaining to
the kits when used later for reproduction.
Bucks may have a higher incidence of mounts
but without ejaculation and both bucks and
does may have higher response levels to stress
(increased corticosteroid secretions).

Winter Breeding Depression

The syndrome of “winter breeding depression”
has been alluded to in the discussions on feed-
ing, temperature, and lighting, A more detailed
discussion of this syndrome is warranted, as it
seerns to be a universal problem in rabbitries in
areas where there are marked changes in the
environment from one season to another. The
typical syndrame as seen by the rabbit raiser is
as follows. First, it is noted that does won't
breed. The bucks are willing, but the does are
non-receptive. The vulvas are pale and dry, and
the does will not accept service, Then the raiser
begins to notice that, when breeding does
oceur, the does abort or resorb the litters, or the
litters are very small (three or four kits), or the
kits are born dead or weak. When a weak litter
is born, the doe sits in the nest box with full
mammary glands but the young are too weak to
nurse and die within two to three days,

Wild rabbits are seasonal breeders. with
the highest activity occurring in the spring and
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early summer and none during the late fall and
winter. Although rabbits have been domesti-
cated for hundreds of years, there appear lo be
persistent seasonal rhylhms in reproduction
and other physiclogical phenomena. Rabbits
hept in an environmentally controlled building
with a constant lemperature of 19°C (66°F),
60% relative humiditv, and 14 hours of light
each dav, still showed streng seasonal trends in
body temperatures over the course of a 3%
vear study, as shown in Fig. 11.11. The high-
est values occurred during the late autumn and
early winter. Does housed outdoors have high-
est concentrations of LH in the blood in the
winter and lowest i the fall (Fig. 11.11). The
decline in LH lewels through the summer and
fall is related to a decrease in the growth and
maturation of folicles, resulting in a seasonal
decline in receptivity and conception
Although there is basic physiological
evidence for the existence of winter breeding
depression, and many growers are sure they
observe il, research using large numbers of
animals over long periods of time has failed
to provide unequivocal evidence that this phe-
nomenon exists. Until such information is ob-
tained, it is difficult, if not impossible, to design
studies that will test methods to keep rabbits in
full production throughout the year. The cause
of the lack of consistency in research results is
that “season” is a complex of factors, including
light, temperature, humidity, winds, leed, and
managemeni, that not only have individual
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effects, but also may interaa to have combined
effects. To further compliate the problem,
“reproductive efficiency” is also complex and
inchudes aspects of doe receptivity, buck fertiity,
ovulation rate, conception rate, implantation
rate, resorption rate, litter size and number
born, litter size and number barn alive, and
litter survival. There is alss the problem that
the effects of a particular anvironmental stres-
sor may not be seen for one or several months
after the stress is apphied. Until research results
are available that indicate the exact causes of
seasonial variations, growes are lorced 1o uiil-
ize those management sysiems that work best
in their rabbitries to overcome thesz persistent
seasonal effects.

One of the most impoant factors in over-
coming winter breeding depression is o ensure
that the quality and quantty of feed are ad-
equate, With the advent of kigh-fiber feeds (with
consequently lower energy kvels) and the use of
restricted leeding, does often do not get suffi-
cient energy to keep warm and 1o maintain re-
procuction during periods of cold. Even when
full feeding is pracliced with low-energy feeds,
the rabbit’s stomach may net have the capacity
to hold the amount of feed necessary to mezt its
energy requirements. Providing leed ad libitum
or changing to a feed with ahigher energy Jevel
may bring dramatic results, with the does back
in normal production withina few weeks.

The provision of a langer lighting cycle
may also help overcome the breeding decline.

F 15

1]
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WINT EF-I SPRING

SUMMER FALL

Fig. 11.11. Seasona changes in blood luteinizing hormone levals in does. (Couriasy ofBahr, JM. and OK

Dial. 1982. Effect of day length on h

in the o rabbil J. Appl. Rabbit Res. 5:8-7)
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The current recommendation is to provide 16
hours of light each day or to use a lighting
period as long as the longest day in your region.

Embryo Transfer

Embryo transler (ET) Is a technique in which
embryos from & denor animal are flushed from
the reproductive tract and introduced into a re-
cipient animal to grow to term. This procedure
has been extensively used in the catile industry.
Highly productive fand expensive) cows are
simulated with hormones (o produce numer-
ous ova (superovulated) and then bred by Al to
a superior bull. The fertilized ova are removed
and inserted into other cows of lesser genetic
quality where they malure and produce super-
ior calves. The advantage of this procedure is
that numerous calves, instead of just ane, can
be produced from cne genetically superior or
olite cow each year There are potential appli-
ians of this technique in rabbit production,
Em“ bryos from genetically superior does can be
callected and introduced into recipient animals
a5 2 means of rapidly increasing the numbers
Ef th_qua]jty stock.
In rabbits, embryo transier is a surgical
adure, with collection from the donor and
fransfer 10 the recipients performed at the ou-
ductal or uterine sites (see Fig. 11.3). Less
ama and more efficient embryo recavery
tra d smalier volumes of medium are ysed
{or flushing when the aviduct rather than the
or The does are Wﬂhetimd, and

s used.
4 ventrel midline [aparotomy s performed,

Embryos are collected from the oviduct by
retrograde flushing (flushing back up the ovi-
duct) from the wterotubal junction. Embryes
are collected in flushing dishes and, prior to
transfer, are evaluated with a dissecting micro-
scape to eliminate abnormal ova. The rabbil
embryo is unusual in that it has an extra-cellular
mucin coat in addition to the zona pellucida,
the latter of which is the usual covering in other
species, This mucin coat is a mucopeolysacchar-
ide layer secreted around the zona pellucida by
the owiduct epithelium. This thick coat is an
impediment to microdissection work with rabbit
embryos.

To ensure successful embryo transfer, the
recipient doe should be in a similar reproduct:
ive phase to the donor animal. This is done by
sham-mating the recipient o a vasectomi
buck or injecting with LH or hCG at the time
the donor is mated, to cause ovulation. The
embryos are inserted into the oviducts of the
recipient does with a micropipette. Fellowing
the transfer, both donor and recipients should
be watched closely for several days to ensure
that the animals do not tear the sutures or incl-
sions and to observe for signs of infection.

Cloning

A relatively new genetic innovation is the abil-
ity by scientists to produce clones (Fig. 11 12).
Basically, a clone is a “carbon copy”, genetic-
ally speaking, of the same animal. The first
successfully cloned mammal was a sheep
named Dolly who was produced by Dr lan

bhits and (8| i
nreecloned a (B) the donar rabbit, (Courtesy of Li S., X. Chen, Z. Fang, J. Shi,
fig. 1112 (A 506 Rabits generated from fibrobiasts through nuclear transfer. Aeproduction 131(6):

2|
H.Zﬂ"e"‘-’.'
:m 5 p. doi 1

7 1530/rep. 101085, PMID: 16735547)
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Wilmut and his team at the Roslin Institule in
Scotland. Dolly lived to seven years of age. but
evenlually died of progressive lung disease that
was suspected to be due to imperfections asso-
ciated with the cloning technique. Since then,
doning has become a fairly commen practice
in the animal industry, although the cost is ex-
orbitant. Perhaps in the near future the cost of
producing cloned animals will become mare
affordable

The technique of cloning is complicated
and involves many critical steps. Cloning in-
volves the transler of the nucleus containing
genetic material fom one cell of an animal (a
process called nuelear transfer) to an eag (oo-
cyte) from a different animal in which the nu-
cleus has previously been removed. The cloned

cell is then incubated and hier, as an embryo,
is transferred 1o a host aninal, much like the
routine method of embryo transfer.

In ;, artificial ination, em-
bryo transfer and cloning i rabbits shoukd be
considered only with high-qualily superior
mercial (meat, Rex fur, or Angora woal) ani-
mals or prize-winning show rabbits. Hi 3
a general concern among geneticists workd-
wide is that greatly lmiting the number of
breeding animals in a bmed or population
could lead ta the substantialloss of genetic vari-
ation, which is the key to future genelic progress.
This effect would further result in increased
levels of inbreeding, which generally would
reduce perlormance.
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Rabbit Behavior

The study of the behavior of domestic animals
s a rapidly developing aspect of animal science
There are several reasons why interest in this
field s burgeoning. Perhaps of greatest import-
ance is the emphasis on raising live:
stock in .-_gulnwrm.. nene_sdln:hg a scientific
knowledge of the animals” normal behavioral
patterns 50 that production facilities and man-
agement can be designed lo maximize both the
comfort of the animals and the income gener-
iad from them. The aim of such an under-
Jing is for humans to provide
wellare conditions and proper m::uﬁmanlmal
e deopment of e vt
roduction systems been encourag
:' mic cunsld?lalicns. It is often ‘:of:
““’on"um{ jcally efficient and profitable 1o rajee
ﬂdminnsmalmnand!o thieir
e ‘mechanically than 1o allow free-rangin
tions, In the United States. :
Cdlnrﬂd] o very costly, making it prohibitively ex.
1o raise animals such as pigs ang chfl.‘k.
pasture, as was 1 done, Th ]
Jow cost of human food in the {niieq
Grates i due to the continual intensification of
sgricultor®! production techniques. A return 1o
o e iy e
e {ood to the consumer.
= dgvdam"' of scientific knowledge
il ARV s 8 ey ooy
¥ a m- st
dgoﬂd ist Qmmu:ls A thorough hm;\dedge
a‘ ;ﬂmnd pehavioral patlerns and of whay

o ive
pens
ens o1
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and is not stressful can lead to increased effi
ciency in animal production and handling. As
an example, it has been found that cattle can
be handled with much less stress and excite:
ment if chutes are curved and solid-sided rather
than straight and open-sided. This type of ani-
mal-handling facility puts much less stress on
both the catlle and the handlers than old-style
corrals, and vet. to the uninformed, it might
appear that it is less humane to the anirals
Perhaps similar improvements in rabbit handling,
il indeed they are needed, eauld be developed.

Ethology: the Science of Behavior

Ethology is the scientilic stucly of animal behavior,
Ethology as a science s an attempt o under-
stand the biclogical, rather than the psycho-
logical, basis of behavior. Behavior is the response
of animals to internal er external stimuli. Ethol-
ogists consider behavior an aspect af the ani-
mal's phenotype (P), and they recognize that
behavior is influenced by hereditary (H) and
environmental factors (E) acting in synchrony.
Thus, for a given behavior:

P=H+E

For some behaviors, H is much greater in
importance than E. In some cases, it is appro-
priate to call these instinctive behaviors. Insects
exhibit many behaviors that are instinctive
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Much of their behavior is determined almost
completely by their genes. Environmental fac-
tors, such as leaming and experience al per-
lorming a given behavior, are generally less
important in the insect warld than they are as
an influence on rabbit behavior. For an individ-
ual animal, the hereditary compenent (H) is
lixed at the fime of conception and cannot be
changed by the husbandry specialist. However,
this person can greatly influence the behavior
of individuals through control of the environ-
ment of their animals, Nutrition, housing, animal
mixing, weaning age, and all other aspeets of
management can nfluence phenotypic behavior
(P) because they are part of the environment
{E). A knowledge of the behavioral patterns of
animals can be very helplul in developing facil
ities and systems of management that mesh
with the animals' normal behavioral patterns
and thereby minimize stress. The resulls nol
only improve the quality of life of domestic ani-
mals but also increase their productivity. It is
probably true that a cantented animal is also
2 productive one, whereas an animal under
considerable siress is likelu to be less product-
ive, particularly with respect 1o reproduction.
To assess whether eurrent management sy
tems are humane and, il not, what changes
need to be made, it is necessary to understand
animal behavior and whal consfitules stress,
An objective or measurable means of assessing
stress levels of animals is needed. Stress levels
are frequently judged by the measurable levels
of circulating stress hormones such as cortisal
and norepinephrine

A basic tenet of animal behavioral research
is that the study af wild animals provides clues
to the normal behavior of domestic members
of that species. The behavior of wild rabbits
might vield information useful in establishing
oplimal methods ol raising domestic rabbits
Enthusiasm for this approach should be tem-
pered by considering that the rabbit was do-
mesticated 500 o 2000 vears ago and has
been subjected to both artificial and natural
selection ever since. Thus, what is aptimal for
a European wild rabbit might not be optimal
for a New Zealand White, an English Angora,
a Rex, a Flemish Giant, or a Netherland
Dwarl, Consideration of the situation con-
cerning wild rabbits can nonetheless be
informative.

Domestication ef Rabbits

The criginal site of domesteation of the rabbat
is not lotally clear. All donestic rabbil breeds
have been developed from the European wild
rabbil {Oryetolagus cunicuhs), which is thought
to have evolved on the Iberi
{Southern France, Spain, and Port !;_ i
Domestication is defined as that condition
in which the breeding, care. and feeding of an-
mals are eontrolled by husans. It is different
from mere taming; a pet kon may be tamed.
but lions are not domesticated. Domestication
ofm.hnnoimrﬂy.whﬂ::;;f
the ability of an animal to return o
Feral animals are domestic Is that hivve
rmadloﬂmmm.arhas_fmfcaﬁh
and pigs in norihern Austalia. It is not com-
mon lor domestic rabbits 1o became feral, In
most situations in which rebbits have becoma
Pﬁls.thehmmumams@w_
mm'hmcﬂholkﬂmmm?
trala. This accurred largely because of the
sence of Mlmmmhwm.
Most domestic breeds, such as the New Zea-
land White, are not well adapled to life in the
wild and are casy targels br predators. As 3
result of selection in captivty, their body con
formation has changed grestly, M amang
ather things, has affected their abifity o outrun
predators. In a very few hstanmdmnwslk
rabbits have been pests on isolat wishndsm
where there was a lack of predators -
caused severe damage to the wﬂm
Fig. 21.9). In general, hovever, the i
of feral mhhnwmmmmh -
caped domestic rabbits is remote. e
America, even the Europen wild 13 o
been unable to survive in he wild. m::w .
the isolated San Juan Islaxds of the o
Washington and in the Canadian province

British Columbia

Behavior of Wild Rabbits

of wild
A briel description of the b;g;haﬂinr e

rabbits will be giveih:ﬂa:c [
discussion ol the onl cf :
domestic rabbits, “Wild rgﬂ:lil &%ﬂ?o
refers 1o the European will rabbil.
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cottontails, jack rabhils, etc., which are of dif
ferent genera from Oryctolagus. The behavior
of wild vabbits has been studied by a number of
scientists. Lockley (1974) provided a fascinat-
ing aceount of the behavior of wild rabbits in
Wales. He constructed an artificial warren with
a glassed-in viewing area that permitted him to
observe wild rabbits in their burrows and to re-
cord their living patterns.

There are two distinet social hierarchies
formed in the breeding groups. The males
compete for access to breeding females,
whereas the females compete for access to
breeding warrens, Wild rabbits generally live in
communal groups of one to three males and
one to five females. There is usually a domin-
ant female. The formation of a group s pri-
marily a function of female behavior, with the
males attracted o the group of females. The
rl_lales exhibit a peck-order ranking ([dominance
hierarchy) with one daminant male. Territory
for the group is established by the dominant
male setting the boundaries by chin gland se-
cretions and feces and urine deposits. Com-
plexes of interconnecting burrows {warrens)
ase_dug by the females. with litthe or no partici-
pation by bucks in this activity. Does construct
a new nest for each litter, In areas of abundant
feedk_ such as new territory being oceupled by
rabbits, post-partum breeding oceurs, with the
does rebreeding within two days of kindling.
The male usually senses, probably by smell,
that the doe is about to give birth and follows
or guards her closely, Shortly alter she first
leaves the nest, mating takes place. At four
weeks of age, the litter is fairly independent

rabbit population can expand rapidly. As the
number of animals grows, there is increasing
social stress among individuals. There is more
fighting both within and between groups. Nat:
ural birth control measures begin in response,
elther due to the aggression or to lack of feed.
Birth control in the rabbit is accomplished by
the process of fetal resorption, Under condi-
tions of stress or dietary inadequacy, the female
resorbs the fetuses up to day 19 of gestation
In addition, as population density becomes
high, hierarchical relationships develop, and the
aggressive persecution of subordinate individ:
uals inhibits their reproductive processes. There
may also be instances of does killing the off-
spring of other does, referred to as infanticide.
Populations of some species of rabbits
and other small herbivores tend to be eyclic
Snowshoe hares and lemmings exhibit this ten-
dency. When conditions are favorable, the high
reproductive potential allows for a very rapid
population expansion. As aggressive tension
with the high density of animals begins and as
the food supply becomes limited, population
“crashes” oceur, with huge decreases in animal
numbers, This may be a result of reduced
reproduction, disease cuthreals among the weak-
ened animals, and/or increased predator num-
bers Predator populations lend to increase
coincident with the increase in their prey Alter
a population “crash,” the small numbers of sur-
viving animals find a situation of lots of space,
litle stress between groups, and abundant
feed, so the explosive population increase be-
gins anew, The European wild rabbit doesn't
e cyclic changes in populations,

ﬁ ::ﬂioe rejects its attempts to nurse. The
@ new nest in preparation for the

arrival of the new litter in a few days. Mortality
of the young rabbits at weaning i often high,
:::In: because ?f predation. The kits are kin-
a nest inside the warren. The doe blocks

off the entrance o the burrow with earth,
:Zel?[i;g I_l[::oea day to go to the nest to nurse
e 1. These behavioral traits of post-partum
e domets s s S e
'ha[ e and are normal be-
areas of abundant feed and low inci-

denc_a of r;ill::se and predation, there is a high
begmwlh i the young, and the females may
ing in the year of their birth. The

allhaugr: since the widespread distribution
of myxomatosis and other contagious dis-
eases in Europe, there are frequent population
“erashas”,

Behavior of Domestic Rabbits

Behavioral patterns allow animals to adjust to
changes in their environment Animals have
«arious instinctive behaviors, which are nherited
characteristics. Other behavioral responses are
controlled primarily by physiological factors as-
sociated with environmental conditions. The
nervous system and the endocrine glands
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(pituitary, thyroid, adrenals, lestes, and ovar-
ies) are pivotal factors in regulating behavior.
In general, domestic rabbits have retained
most of the behavioral characteristics of wild
rabbits. The major differences in behavior be-
tween domestic and wild rabbits seem to ba in

in tharough mastication of the forage. In the
wild, rabbits feed primarilyat dawn and dusk.
Similarly, domestic rabbits consume much of
their feed during dawn and dusk feeding
periods.

Rabbits are veny selectve in their feeding

LT

the animals' responses to i . Wild
rabbits do not adapt well 1o being caged and
may [ail to breed or may exhibit other signs of
stress, Even females born in captivity as a result
of egq transfer from wild to domestic females
have nervous dispositions and may not mature
sexually. Domestication has thus resulted in an
animal with a more placid disposition that is
not stressed by confinement, while retaining
most of the behavioral repertoire of its wild
ancestors. Other wild lagomaorphs, such as the
European hare and the jack rabbits of North
Amenca, rarely tolerate domestication and
cannot be successfully raised in cages,

Systems of Rabbit Behavior

Behavioral scientists have characterized several
systems of behavior, as listed below, and some
of these will be discussed because of their rele-
vance lo domestic rabbil production.

ingestive

eliminative

sexual

maternal

social

sheller-seeking

investigative; and

behavioral disorders,

I I I I Y

Ingestive behavior

Feeding behavior

The digestive systeim ol the rabbil is adapted to
a herbivarous diet, including adaptations in-
volving the teeth, the enlarged hindgut for fer-
mentation, and the separalion of cecal contents
dlowing for coprophagy Food is masticated
thoroughly, so it i finely ground when it enters
the stomach. When greens are fed or rabbits
are grazing, the number of jaw movements
may be as many as 120 per minute, resulting

and in the wild aill nibble selected
plant parts, Rabbits, in common with other
herbivores, generally seled leaf rather than
slem, young plant material sather than old, and
green material rather than dry. resulting in a
diet that is higher in proteis and digestible en-
ergy and lower in fiber thar the iofal plant ma-
terial available, Domestic mbbits are “finicky”
and will readily go off fea. They are much
more sensitive 1o slight changes in the feed
than other livestock. Somutimes they will re-
fuse to accept a new diet axd will starve rather
than even taste the new led, This fastidious
behavior frustrates both rakbil raisers and feed
manufacturers.

Contrary to common belief, there is liitle
evidence that rabbits possess “nutritional wis-
dom.” allowing them to select feedstuffs 1o
pravide the nutrients they equire. The excep:
tion is salt, for which animas do have an appe-
tite. It is niot valid to corclude that the diet
selected by wild rabbits accurately reflects their
nutritional needs and that the ration for domes-
tic rabbils should be formuhted on the basis of
what wild rabbits consurme. The lood cont
sumed by wid rabbits rellects what plants are
available in their territory, rather than inborn
appetite patterns. However, there is growing
evidence in other livestock species that select-
ively graze, such as cattle axd sheep. that nuir
tional wisdom does exist.

The feed intake of nbbits, in comman
with that of other animals, is reg
ing 1o energy need. Animab eat to satisly their
enerqy requirements, II they are fed a ok
energy diet, they will consune more than they
will of a high-enerqy diet, Jut the total calaric
Inlaloewiﬂbeabuunhemh;:d‘mﬁ;lx
is illustrated in Table 12.1, As the pe
of alfalfa meal in the diet increasedl, the lanzd
consumption was higher, tut the daily caloric
intake was similar in all cags.

Animols reguiate the energy inake by
means of the nervous syﬁ!ﬂ""d blood lave
dmmmwhwwﬂmh“h::
ample, food intake in the gig is controled
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Table 12.1. Efiect of increasing the parcentage of distary alfalia on feed and energy imake

Digestible energy A, daily feed daily en

Dietary aifelfa (%) (kealikg feed) intake (g) i {h::l;w
o 3482 108 an
3327 108 350
0 3160 10 349
40 2074 116 344
: 2788 131 365
o 2602 134 343
2342 148 346

Saurte: Pote, LM., PR Cheeke end NI, Pation. 1980 Utiization of dists high in alfaifa meal by weanling rabbits.

- Appl. Rabbit Rps. 3(4): 5

the level of glucose in the blood (blood sugar)
When the blood glucose level becomes de-
pleted, cels in the appetite center of the brain
{a region of the brain called the hypothalamus)
delect the low glucose level and iniiate re-
sponses via the nervous system to inform
ll1e P that it is bungry. Species of microbes
h"']“'a in the digestive tract may play a related
r:;_‘by 5”"‘!"9 chemical messages to the
- In rurminant animals, the blood levels of
conin volatie faty acds the mejor absorbed
"ees of energy in ruminants) play a similar
role. Becayse rabbits utilize both m glucose
and volatile falty acids as cellular energy
W' It 15 not certain which is the principal
s Lol Mponent tegulating feed iniake, but i
W 0 be the blood glucose level.
dietary energy level appears to
E:“:omahr factor controlling the amount of
ence on o olher factors have an infu-
i D‘ﬁd iniake. Palatability refers to the
that nfi actors, including taste and texiure
andmal R"E“ne the acceptability of a feed to an
saly h“w:‘iﬂsnlzed tasle responses are sweel,
nearéy i "‘d sour. Rabbits, in common with
Wi r‘“mh‘ show a preference for
B kel s It has been shown that rabbils have
Preference for a diet containing table

quite low levels in the diet, whereas rabbits will
readily consume high alfalfa levels, The aver
sion of pigs and poultry seems to be in part due
to the saponin content of alfalfa.

Another major factor influencing feed in-
take is environmental temperature. Actually
the effect is that of modifying energy require-
ments. As the temperature drops, rabbits must
generate more heat in order to maintain their
body temperature. This heat is generated by
metabolism of energy sources, such as glucose;
2o to meet this increased metabolic demand, a
higher level of feed intake is required. Thus, in
the winter in cold climates, rabbits will consume
much mare feed than they will in the summer.
It is probably less expensive to let the rabbits
generate the heat they need from a higher leed
intake than it is to heat the entire rabbitry with
a healer,

The feeding behavior of rabbits can be in-
fluenced by social factors. If animals are caged
Indivicually, their leeding pattern and feed in-
take may be different than il they are caged in
groups. When two or more animals are caged
together, more feed may be eaten because of
increased stimulation to eat {feediol competi:
tion) or a reduction of anxiety. On the other
hand, overcrowding in a cage may result in

SUGAr fslicrase) or mol, s iy

comy n for feeder space, with some ani-

f;ﬁ?bf“' without this material. Rabbits
fact, may Quite tolerant of bitterness and, in
degree u[?;n show a preference for a certain
fmportant h:: taste in their diet. This is an
falia 25 & fo " Je2ding to the suitabilty of
mn-ﬂﬂﬂr;uswﬂ"" for rabbits but not for other
contains b such s swine and poultry, Alfalla
Pigs an; bitter compounds called saponins.

Y show an aversion io alfalfa at

mals not getting adequate feed intake for max-
imum performance. Submissive animals may
be prevented from eating and may die from
starvation [starve-outs).

Feeding problems and vices

Given a choice, most animals prefer o con-
tinue eating a feed with which they are familiar.
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This probably has survival value in that it may
protect the wild animal from consumption of
loxins. Some rabbits seem 1o be particularly
unwilling to accept a change of feed and will
refuse to consume any of the new feed for sev-
eral daws. In extreme cases, they will starve ra-
ther than eat an unfamiliar feed, even though
the feed is of adequate quality.

One feeding vice of rabbits is scratching
feed out of the feeder and wasting it. This is
called serabbling, Often this vice begins after a
change in feed, particularly if the new feed is
less palatable than the one they are accustomed
to. This vice becomes a habit that is not easily
broken, The use of scrabble guards (wire mesh
placed over the feed) in the feeders can be help-
ful with chronic leed wasters. Pellet quality is
important in prevention of feed waste. A firm
pellet. with a munimum of dust or fines, is desir-
able 1o reduce scrabbling or feed selection. Rab-
bits shaw & marked preference for pellets aver
the same diet in a non-pelleted form

Fur chewing is another vice of ingestive
behavior. In most cases, this is associated with
a diet too low in fiber or protein and is cor-
rected when the diet is changed as needed.
Feeding hay often breaks an episode of fur
chewing, A block of wood placed in the cage
will provide fiber and help keep the rabbits'
teeth worn down. A soft drink can for the ani-
mals lo “play” with will redirect their energies.

Drinking behavior

Drinking (or consumption of water as part of the
diet) is necessary to replace body water losses.
Losses of water include the urine, plus water
vapor in the expired air. The latter is particularhy
impartant as a cooling mechanism in rabbils
under high environmental temperatures; the
evaporation of water resulls in the dissipation of
heat The sensation of thirst develops as water is
lost from the body, causing a concentration of
the blood and other body Huics.

Rabbits need 1o learn to drink from auto-
malic watering nipples. Normally the voung
rabbils learn by mimicking the drinking behav-
ior of the doe. Some individuals may not learn
to use the water nipple and instead lap water
spilled on the cage and on the fur of animals
that have learned 1o drink. When these animals
are subsequently caged individually {if they are

replacement stock), they miy suffer from water
deprivation because of thei inability to use the
walerer. It is advisable witk newly weaned lit-
ters 1o let the water nippledrip slightly so that
the rabbits learn to use it

Eliminative behavior

Rabbits excrete two types of feces: the hard
(day) feces and the soft [night) feces. The sep-
aration of particles in the hindgut resulting in
the formation af these twe types of feces has
already been discussed. Technically, the soft
feces are more approprately called coco-
tropes, because they are ecal contents. The
ol oot oo e
synthesized by the bacteris in the cecum, as
well as with bacterial protein. CupruMk
a behavioral and anatomital adaplation that
allows the rabbit to utilize herbage efficently.
The cecotropes are consmed directly frem
the anus, so keeping rablik in wire cages has
MéfMWmm.thhmﬁﬁ
ficult to cle\.a';emf:w WM&];.; s?t
i in 5 5 R
MIﬁmﬁmlmm lnd
alsa part of tenitorial bebawior. In the wild.
bucks establish territorial brundaries by rubbing
their chin glands on objects(chinning] and urin-
ation. Urination armlmnmmwm
beha\inl.ashn:lsmm‘rb;kh:“m
1:";?& behavior. The usne of adull femalz
mbbﬂs.vimsprmdmhepm.einly?m

bl excrels their droppings at
Rabbits tend to i e

a particular site, so pet rab ;
use a litter box. In awgt.d:hitswﬂsmﬁi?s
have one area that they us: as a latrine

i attention in
area should be given
cleaning, and the nest box hould not be placed

in that part of the cage.

Sexual behavior

Wild rabbits exhibit various types of :nuﬂshi:
behavior, but this is generdlyrg; st
domestic rabbits, because the
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the buck and mating occurs almost immedi-
ately. The doe is taken to the buck, rather than
the buck to the doe, because of temitorial be-
havior, If the buck is put in the doe’s cage, the
doe may attack him and inflict serious injury,
even castration, or the buck may explore the
new cage, in preference to breeding the doe
Copulation proceeds rapidly in rabbits.
If the doe is receptive, she raises her hindquar-
ters to allow copulation. The buck mounts and
performs several rapid copulatory movements
to effect intromission, followed by penetration
of the vagina and ejaculation. The ejaculatory
thrust is so vigorous that the buck's hind feet
are |l||edl olf the ground, and because his fore-
legs can't grip the doe sulficiently, he may fall
backwards or sideways, often emitting a snort
or ey The falling over and/or the cry is indi-
cative of ejaculation
If the doe is not immediately receptive, the
i:uck may initiate various courtship rituals, such
:soehc_kng. However, mating is not likely if the
15 unrecepiive, so il copulation does not
oceur within a few minutes, the doe should be
:::vedandplwedwﬁhannﬁlerbwk If this
- l::dslunmmml_bteedm should be at-
In:.n;td again the next day or two days later.
s a different doe can be presented to the
k before he becomes exhausted,
e ?u:::io{ mucus usually forms in the va
ey ng the mating or coitus. It is not
: nitial for a fertile mating. The plug is formed
rom gel contained in the ejaculate.
Sexual behavior is greatly influenced by
ones. In bucks, testostercne is the major

insemination {Al). For Al, an injection of hor
mone is given to induce owulation. Owulation
may also be induced by contact with other fe-
rmales, resulting in pseudopregnancy.

As is the case with wild rabbits, domestic
rabbits will breed within a few hours [ollowing
kindling. Their receptivity and fertilty are high
in the immediate post-partum period.

Maternal behavior

Normal maternal behavior in the rabbit in-
volves selecting a site for a nest, building the
nest. and giving birth to and successfully raising
the young to weaning. These hehavioral pat
terns are gly infl ed by h

Nest building begins several daus prior 1o
parturition (kindling). The first behavior, dig:
ging, slarts six to eight days before kindling.
This declines, and one to three days belore
kindling, the doe carries hay or other nest ma-
terial in her mouth to form the material nest
Hair pulling is generally not seen until the day
belore or even not until kindling. The nest box
should be placed in the cage on the twen
ty-eighth or twenty-ninth day of gestation. it
is put in too early, the doe may use it as ala-
trine. Nest building involves hwo processes:
hair loosening and actual building of the nest
About five davs before kindling, the hair begins
1o lpasen, and the doe plcks the |oosened hair
{0 mix with other material (hay, straw. shav-
ings, etc.) to form the maternal nest. During

h;mnone affecting behavior. The enth d
zdhle:.lck for mating is called libido and is con-
i mﬁz::'s‘l:stmnz levels, Libido is one of
o t should be used in the selection

ng!:crmnldhr!:s. Does may exhibit a

! uncertain length. Ther

Pear log;c:a:les ol female attractiveness :a ?r:.
:mb‘mm.,d mrf:_at are receplive often exhibit a
R ist vagina with a reddish color-
ot r;mn: or less constant receptivity
a m:ﬁ survival advantage in the wild,
mhmwmmmm?mw‘d rapidly to changing
P tions and reproduce at
wl;!ﬁhns are induced ovulators, owulating
bt houls_ after coitus or after mechanical

monal stimulation when bred by artificial

early gestation, the ratio of the lwo reproduct:
e hormones estrogen and progesterone is
such that progesterone predominates, al-
though the ratia is reversed near the end of the
pregnancy period. These changes may be in-
volved In the initiation of hair loosening and
nest building. The shilt to estrogen dominance
and the secretion of prolactin seem to be the
factors that trigger nest building at the conch-
sion of both normal pregnancy and pseudo-
pregnancy.

The quality of the nest has a great influ-
ence on the survival of the young. A farst litter
doe often fails to make an adequate nest or
may have her litter on the wire (i.e the cage
bottom). This may be a reflection of immaturity
in the development of the hormonal system.
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The subterranean or drop nest box, which is
below the level of the cage floor. allows the
rabbit to mimic ils natural tendency to kindle in
a burrow and thus may be superior to a nest
box placed in the cage. Attempis lo prevent
on-the-wire birthsby placing fur in the nest box
to induce the doe to make a nest are nol gen-
enally effective. The quality of the nest tends to
improve over the first three parities. suggesting
that learning processes are involved in addition
1o hormonally induced behavior.

Parturition is nitiated by hormonal changes.
Impending parturition in the rabbit is suggested
by behavioral changes, such as restlessness
and increased time spent in the nest box. Oc-
casionally does do not kindle on time, resulting
in prolonged gestation. Injection of oxytocin
can be used to induce parturition il necessary.

Following parturition, the doe cleans both
the nest box and the kiis, consuming the pla-
centa and mucus. This behavior is helpful in
preventing bacterial build-up and disease in the
nest box and eliminates scents that might at-
tract predators

Certain  abnormal maternal behavioral
palterns may occur. A first litter doe is particu-
larty likely to have her litier on the wire or fail
to build a nest. Other common abnormal
behaviors are cannibalism and neglect of the
litter. Cannibalism (infanticide) occurs when
the doe begins to devour the kits after she has
eaten the placenta. Some evidence suggests
that this is related to the level of feeding. Does
on resiricted feeding or on a low-eneray diet,
which therefore do not gain much weight
during pregnancy and lose weight alter partur-
ition, show the highest incidence of cannibal-
ism. Handling by strangers and disturbances in
the environment can also induce both canni-
balism and neglect of the litter. Moving the
doe to a new cage a lew davs before kindling
can result in an increase in abnormal maternal
behavior. Abnormal maternal behavior is most
likely to ocour when the mother is subjected o
stress. The stress can be nutritional (improper
amount or type of diet). weather related (heat
or cold), or social jmixing with strange animals),
ar can have many other causes, including
rough handling or being frightened by a preda-
tor. Stress increases the incidence of poor
nests and infant mortalioy

Rabbils are non-relriering animals. A cat
will retrieve her kittens andbring them back to
the nest, but a rabbit will not. A baby rabbit
that gets out of the nest box is doomed fo
death from exposure unless it is retrieved by
the rabbit raiser. An advantage of the subterra:
nean nest box is that if a lit crawls out of the
nest box or Is caried out by attachment lo a
teat when the mother leates aiter nursing, it
may fall back in by lself.

In the wild, rabbits nurse their young
ance a day. The kits are is the nest in a bur-
row, and the doe blocks the entrance with
earth. Once a day, she renoves the covering
and goes into the nest for a few minutes to
nurse. This behavior has dwious sunival im-
plications, in that the vowng remain hidden
from predators and traces of the doe's scent
are minimized. Domestic wbbits likewise will
normally nurse only once per day. At other
times the doe pays little atention to the kits,
again reflecting the wild behavioral pattern
that has survival value.

Social behavior

Wild rabbits are territorial animals and live in
groups, as previously descrbed. Demestic reb-
bits are normally caged indiddually as adults or
as litters when voung, so the formation of a so-
eial structure is inhibited. Rabbits regard their
cages as their territory and nark the boundaries
by wrination and “chinning” Rabbits secrete a
eolorless fluid from glands keneath the jaw and
mark objects by rubbing the chin on them (chin-
ning). These glands are mach larger in bucks
than in does; the fur under the chins of bucks
may become matted with the secretions.

Because of their terribrial behavior, rab-
bits display aggression when caged in groups.
Their teeth and the claws on their powerful
hind feet can inflict severe wounds in fighting.
For this reason, it is inadvisable Lo keep more
than one rabbil per cage after they have
reached sexual maturity. In addition, when
does are housed together, mounting behavicr
maylzmﬂlhpsmgnm.

Weaning is a stresshul situation for yound
rabbits. Research suggests thal weaning stress
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is bess severe if the young are weaned at four
weeks compared lo six weeks. The stresses
associated with mixing rabbits from different
litters often result in cutbreaks of enteritis. This
is probably caused by irregular feeding and the
effects of hormones such as adrenalin on the
matility of, and the blood supply to, the digest-
ive tract

Rabbits communicate by sight, smell {ol-
faction), and hearing. Vocalization is of minor
importance, with the major sound being a
high-pitched scream uttered when a rabbit is
terrified. Thumping with the hind feel com-
municates warning or fear A siranger in the
rabbitry can cause the rabbits to show fear with
thumping, followed by the animals dashing
around the cages in panic. This may result in
broken backs. Il frequent visitors to a rabbitry
are anticipated, it i advisable lo train the
animals {o be accustomed to noise by playing
a radio continuously. Visitors should move
slowly and quietly in the rabbitry and avoid
sudden moves or loud noises that might star-
tle the rabbits. The rabbit raiser should make
a prachice of lalking to the animals as a calm-
ing influence.

The principal means of communication is
alfaction. Rabbits secrete pheromones (chem-
ical aftractants or stimulants) that convey
information 1o other rabbits about an individ-
ual's phusiological state, including its sex, age.
reproductive status, and individual identity.
Bucks produce pheromenes in their chin
glands and, by chinning on objects, mark their
territory. Pheromones are secreted by the
anal and chin glands and are found in the
urine. The anal gland secretion coals the fecal
pellets

Shelter-seaking behavior

Wild rabbits inhabil burrows, or warrens. These
are dug by the animals and expanded with new
tunnels over long periods of time. The warrens
pratect wild rabbits from predation and also
protect them against high temperatures. Do-
mestic rabbits have retained in their behavioral
patterns some burrow-making tendencies, but
to a lesser dagree, In studies comparing do-
mestic and wild rabbils. the domestic animals

e T

were less vigilant to potential danger. They
tock flight only in respense to exireme stimuli
and never sought vefuge in burrows. They
tended to remain above ground during their
resting periods, For these reasons, domestic
rabbits have been able to survive in the wild
mostly on islands where predators are few or
absent All the successful mainland invasions
have been of the Furopean wild rabbit.

Environmental Factors Affecting
Behavior

Behavior of animals is influenced by genetics
and the environment. There are various basic
biological cycles, closely intertwined with day
length and the seasons. Some animals are
seasonal breeders, with the reproductive
period coinciding with the most favorable
periods for survival of the young Maost breeds
ol sheep breed seasonally, with mating oceur-
ring in the autumn so that the lambs are born
in the spring, when the availability of feed is
highest. In sheep, the breedng season is con-
trofled by changes in day length and light in-
tensity. These light. or photoperiod, effects
are perceived by the pineal gland, a special-
ized tissue of the brain that produces the
hormone melatonin

Ins rabbits, there is some evidence for sea-
sonality in breeding, with a ‘winter decline” in
fertility often described by mbbit raisers. This
is confounded by environmental temperature
effects, both on the rabbits and on the rabbit
raisers. In some cases, paor breeding per-
formance may reflect the reluctance of the
rabbil raiser 10 spend as much fime in a barn
in the winter, when it is cad, as they might
devole during other periods of the year. Ex-
periments with controlled lighting have not
shawn substantial dilferences between rabbits
kept under natural lighting and those with
controlled photoperiods. The effects are obwvi-
ously complex, and we do not currently have
sufficient information to describe them ad-
equately. There are noticeable environmental
effects on behavior related to body tempera-
ture regulation. In hot envionments, rabbits
breathe rapidly, throw ther heads back and



sretch out in their cages (Fig. 12.1). The rapid
breathing helps lo dissipaie water from the
lungs, removing heat (as heat of vaporization

Fig. 12.1. A doe experiencing severe heat stress.
that is panting rapidly. Rabbits with short-coupled
bockes, thick fur coats, and short ears are highly
vulnerabie 1o succumbing to heal stroke,
(Courtesy of S D. Lukefahr)

of water) from the body. Stretching out maxi-
mizes surface area, faciliting loss of heat.
Under cold conditions, rabbits increase their
physical activity to increse metabolic heat
production. When resting. they reduce their
surface area by assuming 1 crouched posture
and litters often huddle together as a group
Feed intake is increased.
Rahbits are of Meditaranean origin and
adapt best to dimatic conditions that are not
extremely cold ar hot. They are not very foler-
ant of high temperatures and experience sub-
stantial heat stress when the temperaturs
reaches about 30°C (86F), Pregnant does

minimizing exposure to high - In
hot areas, rabbitries or unils that
simulate conditions (Fig. 12.2)

stress problems.

Fig. 12.2. A small rabsbitry in Naly with concrete indaar units (left) connectad o wire @gas on the ngft
The fioors of the win cages al‘ﬂmﬁdeofplasﬁcsaamugatgma_nqn(l_em]'ﬂiﬂlmw"i ol

13em ( 5in). Note the flowers

cting the wire and mncrele

g on top of th

the units. (Courtesy of consortium (Green Rabbit Leprino of Viterbo), aly)
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Principles of Rabbit Genetics

Rabbit breeders who consistently produce
superior stock, whether for backvard, commer-
cial or [ancy use, generally have a basic under-
standing of fundamental yenetics. The subject
of genetics is often complicated and requires
dedication and patience, but a basic knowledge
of genetics is critical if a rabbit raiser wishes ta
select most effectively to improve herd quality
for traits of interest. Actual rabbit breeding ex-
perience involving planned matings, accurate
production and pedigree recordkeeping, and
rigorous selection and culling practices will be
the ultimate test of one's applied knowledge
and understanding of aenetics,

The purpose of this chapter is to intro-
duce the subject of genetics as it pertains to
practical rabbit breeding. The following three
chapters will address the more specialized
aspects of rabbit genetics, such as breeding
systems, selection sirategies, and coat color
inheritance.

An effective way of introducing the subject
i o define and flustrate relevant terms, pro-
cesses, and concepts involved in the inheritance
and the expressicn of genetic material

Genes: the Basic Units of Inheritance

The nucleus is an organelle found in most bady
cells, such as those in bone, muscle, and shin.
Within the nucleus are fine, thread-ike structures

© Steven Luketahr 2022 Rabbit Production, 10th
DO 101079978 1789249811.0013

called chromosomes, whith are the largest
units of Inheritance. There are a total of 44
chromosomes in rabibit celli; 22 ehromosomes
were inherited from the site and 22 from the
dam. Located on the chmmosomes are the
basie units of inheritance, knawn as genes.
The speciiic location or pint on a chromo-
mwhﬂapaﬂwhm“m“w};
a locus. (The plural of locws is loct) A gene
made of the compound DA ecxyrborucid
acidl.bhedrnmw‘:wmw ey
in . One chromosone
dm:.lﬁmentmm ullmﬁ':'m"h
locations of many specific genes
somes, the “qenetic map”, hmh:meﬂlﬂ;
lished {Fig. 13.1); chromoseme P“I i
order of their size and the sex
last.

" The main purpose o sk
basic unit of inheritance, isthe 0reg€ 5 T
mation (blueprint) needed o INETE L
specilic protein, Proteins ire major and of
enrsn{enzynus.hm!lﬂ%
muscle and skin tissues thatare TSFUTRL G
forming and maintainind & MSCE e
Genes contain mvw*‘"mwng
specific amino acids, whid are agenemay
blocks of all proteins. For essmple. :mmw
ccxje[crlhnssmﬂ\eﬂso"mp of these
mts.whid'lfm;':ri

Jored pigments in 3 3

Agzinge wmmarmﬂm—;

referred to as alleles. For eample,

Edition (S.0. Lukefahr et al.) 193
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Fig. 13.1. Cylage
Ewmumm”;k map showing the chromasomes bearing identified genes to dale n the rabbil
Darmon, €., M. Bertaud, C. Urien, S. Chadi-Taourit, M. Perocheau, C. Rogak-Galtiard,

and H. Hayes. 2005, E;

Bl

man and rabbit and datection of a new

conserved AU Cote
sogmant betwoen HSA22 and OCU4. Cytogenet. Genome Res. 111:134-133)

exist at the A locus on Chrol
: mosome 4 tha
aHec:slmatmhrmahhils.ﬂwhaﬂeie:odeslo:
EO:I "type (wikd-type) fur, the a allele codes
mde:l;-agg‘ml black fur fself), and the a" allele
5 1:»1-f e 1an lur patlern, (Agouti refers
i !Iandsco:ci?l:a an the hair while self refers to
S r. such as black or chocolate),
i w:: ic protein that produces the agouti
o UEI!I’?T,:\L‘ called the agouti signalling pro-
ek i rabbit possesses cither two iden-
e or two dissimilar alleles for each
- Wl'm anhe aIJeI-a inherited from each par-
i reas an individual rabbit may have no
:ore than two alleles per locus, a population
; 3y contain several alleles at the same locu
e.g,hﬁ, a, and a'). X
T l:u ﬁg!e&r;i arise as a resull of mutation,
o .Nalure's a:n:mddcl n heritable change.
X W of creating new genetic
::gr:ﬁ;n mpula_mf‘s which is erifical in en-
oy dhpaputalm s ability for adaptation to
nges in the environment. However,

gene mutations are exceedingly rare with anly

1 mutation occurring for each 100,000 to

1,000,000 gametes per locus per generation

in @ population. Further, most mutations are

lost in & few generations. Most mutations that

accur are harmiul because of metabalic, phys-
ical. or nervous conditions that are the result ol
the loss of a specific protein function. Desir-

able mutations are more likely to be propa:
gated in a population owing to selection, One
mulation in rabbils that occurred centuries ago
was albinism. This gene is found on Chrome-
some 1. What actually causes this condition is
a change in the DNA code for the enzume
tyrosinase (see TYR on Chramosome pair 1 in
Fig. 13.1). This enzyme is required for pigment
formation. In the case of albinism, tyrosine is
non-functional; hence, colored pigments can:
not be synthesized. Today, premium prices aré
paid for white-coated fryers, since their white
hairs are Jess noticeable on the carcass, al-
though in the wild the albino gene would be



Principles of Rabbit Genatics

undesirable because the rabbits would be more
noticeable to predators. However, when a new
trait suddenly appears in a herd, it is usually not
due to a new mulation but is simply the result
of mating related animals, which exposes a less
dominant or recessive gene that is less com-
monly expressed in the herd.

There are two forms of cell division, mitosis
and meiosis. Mitosis is the form of division
involving body cells. In mitosis a cell divides,
producing two identical daughter cells with the
same genetic make-up as the parent eell. This
explains how a rabbit grows. Meiosis is the
form of cell division that results in the forma-
tion of the sex cells (sperm and ova). During
meiosis a separation occurs between paired
chromosomes (called segregation), forming the
specialized sex cells. As a consequence, anly
one chromosome (and therefore only one gene
per locus) of each chromosome pair is found in
the sex cell, or gamete, which thus has only
22 chromosomes This process occurs in the
testes and the ovaries. where gametes are
formed.

Mendelian Genetics

In the middle of the nineteenth century, an
Austrian monk, Gregor Mendel, observed that
certain charactenistics ol garden peas leg..
flower color and seed shape) were simply
transmissible as inherited units from parent to
progeny. He kept a detailed diary of his breed-
ing experiments, which was later rediscovered
and published. The basic understanding of the
processes or laws of inhentance - segregation,
independent assortiment, and recombination -
is credited to Mendel. During the twentieth
century, a “genetic revolution” occurred involy-
ing major scientific breakthroughs into the un-
raveling of the mysieries of gene control and
expression. These breakthroughs continue
(eg, DNA tests, genomic maps of species,
gene editing, and cloning) and should ultim-
ately benefit humankind il they are responsibly
controlled. A new revelation in the science of
genetics is the topic of epigenetics. Epigenetics
invalves a process called fetal programming
whereby maternal cues during preanancy can
result in certain genes being literally turned on

or turned off. For example, iy cattle poor-quality
forage during pregnancy may resull in the cow
reprogramming the fetus such that specific
genes are turned on lo improve forage digest-
ibility le.g.. more effective anzymatic activity)
that will later benefit the fetus as an adull.
Ford rabbits fed nuritionally complete
diets there is less of an gportunity for this
event to occur. More reseach is nesded to elu-

Segregation involves the separation nf
members of each chromossme pair, which oc-
curs when gametes are formed during meiosis.
Emdwunmuumrhmwﬂﬁnyaﬂyane
allele per locus, When geres are inherited in-
dependently. regardless of sther genes present
on the same chromosome, this is called inde-
pendent assortment of genes. This process will
resull in more gametes possessing different
gene combinations. Recembination occurs
when members (alleles) of each gene pair re-
combine during the procss of lentlization.
thereby restoring all gene pair members and
the norm of 44 chromossmes in the newly
formed rabbit. More specifitally, recombination
refers to new combinations of genas resulting
from meiosis. Segregation, independent
assoriment, and recombitation ensure that
ample genetic variation, the raw material for
genetic imprevement, is mantained in the rabut
population.

Other Basic Genstic Terms
A body cell (muscle, bone, gkrduhfoe'ﬂ eic)

containing plete set ofd4 pai

somes is also called a mrmth:r.eﬁ The num-
bers of chromosome pairs normally found in
somatic cells for humans md several livestock
species are listed in Table 13.1. A sex cell con-
tains only one gene member from each
chromosome pair, Therefoie, a sex cell from a
rabbit has 22 chromosomes, whereas a body
cell contains 44 chromosones. Upon lertiliza-
tion, pair members of chramosomes unite, re-
storing the chromosome sumber to 44 (22
from sperm + 22 from ovd Thus, for a given
chromosome pair, one chromosome was
inherited from the sire and the other was in-
herited from the dam. Thesame can be stated
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Table 13.1. Number of chromosamas for humans

and domesticatad vestock species.

Species  Pairs of chromosomes  Total number
Chicken a8 78
Caliie 30 60
Horsa a2 4
Human 2 46
Rabbit 22 a4
Sheep 27 54
Swine 18 a8

of genes, since chromosames carry

4 genes. The
nf;:dy festiized ega, which possesses 44
omosomes, is referred 1o as a zygole. After
:u'my cycles ;fwuﬁ division, the zygote be-
comes an embryo. After the embryo i ts

in the uterine wall, it is called a fetus i
- The pair of chromosomes determining
= sex at ferlifealion are called the sex
t,ﬂmm" In mammals, a normal sperm
contams either an X or a Y sex chromo-
:;;er,hwmmas a normal ovum contains only
o x\"mm Females are %X, and males
ol  thus the sperm determines the sex of
o spring at the time of fertilization. Figure
2 displays this phenomenon. All chromo-
somes other than the sex chromasomes are
zraﬂudl autosomal chromosomes. The rabbit has
2l autosomal chomosome pairs and 1 sex
cM::ﬂmr:.;:enma pair. Linkage refers to genes lo-
e close together on the same chromasome
; tend 1o be rassmitled together as a block
I? aenes rather ikan independently. Linkage
mits recombination of genes durh\é the for-
mation of gametes g
Sex linkage issimilarly defined except that
?_:‘:s on the X ses chromosome are invelved
. Ihdﬂ;a;ﬂmmph of a sex-linked trait is that
s .:w cat, which is always female (X).
i X chromosome there is a gene for
e, I:Terceol?r. while on the other X chromo-
sy s a gine for orange fur color, A
ey m:: with thi mlherilnd condition will be
e orange (calico). Sex linkage for fur
_ : m:ms has not been reported. On the
i . & sex-lmited trail can be expressed
g :hﬁ sex, sich as milk production in the
-mhed:m praduction in the buck. Genes
. lo:amshn of sex-limiled traits are
primari ted en autosomal chromosomes

g + (P = @ ¢

m sparm rilized egg — male
@ + GO = ®

ovum sperm lgtilized egg — femala

Fig. 13.2. Determination of sex at fertilization.
(Gourtesy of OSU Rabbit Research Canter)

and involve equal contributions [rom the sire
and the dam. Therefore, the ability of a doe
to produce milk, for example, depends on
the genes transmitted from both her dam and
her sire.

Gene Expression

The genetic make-up of a rabbit is called its
genotype or more broadly its genome. One
gene pair, several pairs, or even hundreds of
pairs may be involved in the expression of a
particular trait of interest. For example, as
sume two bucks are agouti in fur color. Agouti
is Latin for “wild-type,” as in the coat color of
wild European rabbits, cotlantails, and jack
rabbits. However, when the agouli bucks are
mated {o albine does, ene buck produces only
agouti offspring while the other buck produces
nearly equal numbers of agouti and albing off-
spring. Based on these breeding results, the
genotype of the first buck is AACC and the
genotype of the second budk is AACe, where
A codes lor agouti, C for full color, and c for
albinism, Although both budts have agouli fur
color, they clearly have dilerent genotypes.
The phenolype refers to the observed ex-
pressicn of a trait due to combined environ-
mental and genetic influences, In the previous
example, both genolypes AACC and AACc
resulted in the same phenolype — agouti calor.
Another example, a rabbil's genetic polential
for growth rale Is also detemmined al fertiliz-
fion. However, ils genolype plus the environ-
ment provided fe.g., the amaunt af milk pro-
duced by its dam, its managament, and the diet
it receives) will also regulate how fast the rabbit
aciually realizes its phenotypic potential. The
extent to which genetics irfluences a trait is
called heritability. In other words, heritability is
the proportion of the total observed (pheno-
typic) variation of a trait thatis due to genetics.
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Heritability is typically estimated based on trait
records from animals and their relatives reared
in the same herd environment. To illustrate Lhis
concept, if a trait of interest is 0% heritable, all
variation among individuals in a herd is due 1o
the environment. For a trait that is 50% herit-
able. one-hall of the variation observed be-
tween individuals is due to genetic effects, the
other one-half is due to environmental effects.
Accordingly, il all the ohserved variation be-
tween individuals is due to genetics, such a trait
is 100% heritable, In a successful breeding pro-
gram, the traits that are most highly heritable
and of economic importance should be em-
phasized. This subject is covered in depth in
Chapter 15

Some traits are influenced by only a single
gene pair (or a few gene pairs) and are said 1o
be simply inherited. A dominant gene masks
the expression of its paired recessive allele.
In the previous example of fur eolor, gene
C cades for colored (agouti) fur, while gene ¢
codes for non-pigmented white {albing) fur.
Mating a colored rabbit with the CC genotype
1o an albino rabbit with the cc genotype would
produce all colored offspring (Fig. 13.3). Since
the colored rabbit can tranemit only C genes
and the albino rabbit can transmit only ¢ genes,
all of their offspring will have one C gene and
one ¢ gene, meaning that they will all have col-
ored fur. Full color is thus dominant to no color
pigmentation (albinism). The expression of col-
ored fur over albinism when both genes [alleles)
are present in the individual is called complete
dominance. Letter symbols for dominant genes
are usually capitalized, while those for genes
that are not dominant are usually written in

Ggiu!tes produced by sire

Cc
Gametes € Cc
produced by
dam

Fig. 13.3. liusiration of the genotype of the progeny
produced by mating a colared homozygous

buck with a homazygous albino doe. (Courtesy of
05U Rabbit Research Ceriter)

lower case. For a simply inkerited trait, and us
ing the above example, the only possible way
for a rabbit 1o be an albiro is il it has two ¢
genes (cc). Albinism is therefore a recessive
trait. Ta be clear, recessheness s expressed
only when both recessive genes are present in
the individual.

An individual having Hentical alleles at a
specilic locus is referred te as a homozygote.
When two recessive genes for a given gene
pair are present (cc in the last example), the
rabbit is homozygous recessive. If a colored
rabbit is CC, it is homozgous dominant for
coat color at that particulariocus. In contrast, a
heterozvaote is an individul having dissimilar
alleles (Cc) at a specific locws. When the genes
of & given pair are dissimilir, the rabbit is het-
erozygous. Mating a colored heterczygote (Cc)
10 an albing rabbit {cc) woull produce. on aver-
age, hall colored (Cc) and half albing (cc) aff-
spring, because of segregtion of C and ¢
genes in the formation of gmates.

Expression of domirance in the rabbit
nwmlalwaysbuwﬁrpl!k,hmmph!dnm—
inance is the term used when dominance is not
cmaﬂeiemispm'ﬁaibemmﬂelad
the same gene pair or loous. For example,
maﬁngaCalihmiaﬂl{'ﬁlo!Mm
White (cc) will produce leteme!.?;ows ic'd)
that are more or less infernediate in color on
the extremities in relation to the parent
breeds (Fia. 13.4). The dosinance  said to be
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incomplete because the ¢ gene is expressed
but not as strongly as in the homozygote and is
dloser lo the homozygote phenotype (purebred
Calziom\anl Incomplete dominance (also called
parhal_ dominance] may be the resull of one
recessive gene tending to be dominant over an-
othe_r recessive allele. Likewise, incomplete
dominance could occur between two different
dominant genes al the same bocus or between
a dominant and a recessive gene.
~ Still other lorms of gene expression or
interaction exists, If the expression of genes at
one locus is influenced by genes at another
locus, this is called epistasis. In other words,
the Interaction between pairs of genes found
at d{ffmnl loci results in a unique phenotype.
Mating a blue rabbit (aaBBdd) to a chocolate
rabbil (aabbDD), where a = black, B = agouti,
b= choFUlate.Dnagouil. and d = blue fur
color, will produce all black olfspring that are

genetically aaBbDd The aa genotype prevents
B and D from producing any other pigments
besides black (melanin). Epistasis is further
demonsirated when two black rabbits of this
genotype are maled lo produce olfspring in
the next generation. The results of such a
mating are shown in Fig. 13.5. As a result of
meiosis, both parents produce gametes with
equal frequencies of aBD, aBd, abD, and abd
genolypes This mating will produce, on aver-
age, an expecled ratio of nine black, three
blue, three chocolate, and one lilac-colored
(“blue-dove”) offspring (see the phota of the
Lilac rabbit in the Breeds Photo Galleryl.
Because of epistasis, the two homozygous-
recessive gene pairs (bb, which codes for
chocalate, and dd, which codes for blue) inter-
act in producing lilac-colored fur, resulting ina
unique phenotype. This is also an example ol
recombination.

Gametes produced by sire
aBD aBd abD abd
28D aaBBOD aaBBDd aaBbDD aaBbDd
black black black black
E
2
B aBd aaBBDd a:BBdd anBLDd aaBbdd
s black biue black blue
.
g D aaBhoD aaBbDd aabbDD aabbDd
a biack Hack chocolale chocolato
e
abd aaBhd aaBbdd aabbDd aabbdd
L black blue chocolale filac
Fig. 135, Nustration .
dam have Im!:!m Of epistasis with a 9:3:3:1 phenolypic ratio of offspring, where both the sire and the

¥pe aaBbDd. (Courlesy of OSU Rabbit Research Center)
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Gametas produced by sire
ace aCe acE ace
adCcEa
aaCCEE aaCCEe aaCcEE
e black black biack ok
§ aCeee
?_ aaCCEe @aCCee aaCcEe e
<! i black torigise-sheil black
£
b3 E atccEe
£ aaCcEE aaCcEe anccEl
£ ack black black altino abina
&
aaCcEe aaCcee ﬂaﬂﬁ. e
i black torbise-shell | albine Rk
T where both the
Fig.13.6. 0 10t re i with & 334 c ratio of ofispring. Sire

and the dam have he genotype aaCeEe, (Caurtesy of S\ Rabbit Research

Another type of episiasis is recessive epis-
tasis. For example. if an albino rabbit with black
ancestars (aaccEE) is mated (o a tortoise-shell
rabbit (aaCCee; a red rabbit with dark points),
the offspring will be black with the genotype
aaCcEe. Mating two black rabhbits of this aeno-
type will yield the results shown in Fig. 13.6.
This mating will produce, on average, an ex-
pected ratio of nine black, three tortoise-shell,
and four albino rabbits. In this case, albinism is
a recessive epistatic condition; any rabbit that
is homozygous recessive for the albino alleles

ino. regardless d the genotype o,
L‘:L‘Zu??!"uww“-““%m
mnseﬂwmﬁ'"'“vmml;:mf“m‘ far
synthesizing color PIMENS & CEfective wi,
causes albinism. For this rason, all Ney, 7.,
land White rabbits are albiz, since they by,
the“mwlmmﬂube-ﬂﬂmlom,ku

episatic condition, e botk gene g
{am and ee) codfor black axdred fur,
ercenoted on dlleren bty o,
.che,wmﬁunﬂﬂm“"““mm"%
udedinChBﬂ“m
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Breeding Systems

In most rabbit herds, some tupe of breeding
system is practiced. Inbreeding, linebreeding,
outcrossing. crossbreeding, and random mat-
ing are the most common breeding systems
currently utilized. Each of these breeding sys-
tems manipulates the genetic variation present
in a rabbit population for a trait or traits of
selective interest. However. the best breeding
system for a rabbit producer depends on many
factors. Initial genetic qual ity of the base herd,
type of operation (fancy vs commercial), eco-
nomics, the phisical environment in which
production occurs, and personal preference
are a few such factors. For example, within a
quality line of Britannia Petites, linebreeding
may be preferred, while within a commercial
meat herd, crosshreeding may be the desired
breeding system

Regardless of which breeding sustem is
used, one essential record in maintaining
knowledge of the breeding background of an
animal is the pedigree. A pedigree is a simple
description of the ancestry of an individual.
The most popular pedigree is the bracket-style,
as shown in Fig. 14.1. In this style, the upper
ancestor for each bracket is the sire or male
line for that particular individual, and the lower
is the dam or fernde line. Each ancestor is shown
separately for every mating involved that coms-
prises the individual. To illustrate, in the more
complete pedigree found in Fig. 14.2, Caesar
was involved in four matings, so he is shown
four times in the pediaree. He is thus a common

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (S.0. Lukefahr et af.)
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ancestor of both the dam and the sire of Cazsar
v.%mimmhmmmw
form “Caesar x Penny.” itis a commen
tice to list the sire first andthe dam second.
Furmmmm‘
ships, an amowstyle pedigree is often more
convenient because it is mure condensed then
a standard pedigres P, 14.1).In th s,
each individual s included enly once. An arrow
mmwwdmkﬂlvﬁﬂmiwﬂ
ance of genes from an individual's ancestor,
Mﬂknnnﬂwpﬂmﬂﬂwmm
transmission from the indivifual to its effspring.
Nmemmglommmv‘m"'l"""
mdhmnl&m!vmmwﬂi
arrows pointing away fron him. Tiﬂ: m
ings produced Caesar i, Forence, i
Mamﬂ#ﬁmmﬁmﬁ
anceslors descerdants
tﬂgge-ﬂow'linclmlhﬂmml o
Such a pedigree stye is egah more SO7FE Ty
umwdinahﬂ;dm
linebred families o ¥
mlnwmndmmmm
relationship of twoindividuls can be o
al\dexptesszdmm‘mz!mm.
genes the two have in common. A
shiplsaﬁfdedbv!hemim o
and ey fioel T8 SRS RECGS
ship) to 100% fcomplete gimetic te SO TE
Using the extremes a;mnplﬁ.“ genetie
o different breeds could kave a
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Caesar Il { Caesar
Caesar IV :
Flarence { Caesar
CansarV/ Cleopalra
Caesar /I Caesar
Juliat
Duchess
Caesar
Charlene
Empress
Bracket-style
Caesar ll

‘-"'/
Ca
Caesar¥ / m:lll"_‘__\mmu

. ?

Caesar

—_ Charlene

Amowstyle

Fig. 14.1. lustration of linebreeding with L g
undarlined). (Courtesy of OSU m&ﬂ:ﬂrﬁ:m style pedigrees (the common ancestor is

relationship, while two rabbits that ape
swins or clones would have o ]00“.-59;:::';?3]
Jationship: R,}_,tbnshlps ol 25% ar greater :‘
anerﬂu!’ mnsud_ercd close in rabbit breed:n'e
In addition, two individuals may share muli i;
relationships = for example, being Ieleledp
i ih uncle-niece and cousins. Table Mals
measures of the geneyic relation-
R petween specific relatiyes In more
2 it ted, large purebred rabhiy operations
use of comPUter programs that are can.
5 sl B e
pedlg'e” for the entire rabbit herg cal ’I':g
pedre diathe n be
The genetic relationship copfficigns is the
porcentsgs ol geres that an indivsa] pyys in

with anather individya)
commen ¥ bbi due to com-
© on breeding. A bl would have 508, of i1

genes in common with its dam, since it received
hall of its inheritance from its dam at the time
of fertilization. As the number of generations
in the pedigree increases between a rabbit and
ane of its ancesiars, the percentage of genes in
common with that ancestor decreases propor
lionally at the rate of one talf per generalion
[1/2)". where n stands for the number of gen-
erations]. For example, an individual is related
1o ils sire by 50% [(1/2)), its grand-sire by
259, [[1/2)%), and its great grandsire by 12.5%
[(1/2)"). First cousins share the inheritance
fram one set ol grandparent, and double first
cousine by a replication of thesame set of grand:
parents, Quantilative procedures for calculating
genetic relationships are gwen in Bourdon's
text Understanding Animal Breeding [see
“Further Reading” at end of this chapler)
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RABEIT RESEARCH AND TEACHING PROGRAN
TEXAS A&M UNIVERSITY-KINGSVILLE

PEDIGREE FOR — Caesar V R356

DOB -4-23-2011
BREED - NZW
SEX - Buck
Caesar
e —i— Caesar | R50
: Panny
Caesar IV R183
Caesar
Florenca AS4
Cleopatra
— ~ Caesar V R356
Caesar
| ——— Caesar|ll B2
| Juliet
| N Duchess R212
Cagsar
————+———— Chariene R3T
Empeess
on P P

Fig. 14.2. An exampie of a typical bracket pedigree. (Courtesy of 5.0, Lukstahn)

Inbreeding Brother x sister (il 5b%) ‘fn:;m of cloge

{progeny] matings aré &  Slose

Inbreeding is the mating of individuals more :El:fedm In fact, Muofm’-awﬁh.
dosely related than the average of the population. tionship is 50% for both L

(m ot ——
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Table 14.1. Genelic relalionships between specilic
relatives,

Genelic
Type of tamily relationship relationship
Pareni-oflspring 50%
Brother-sister {full sis) 50%
Quadruple greal-grandparant- 50%
greal-grand-ofispring (0.9,
Caesar, Fig. 14.1)
Half-brother-hall-sister 25%
{half sibs)
Uncle-niece, uncle=nephew 25%
Aunl-pace, aunt-nephiw 25%
Doubile first cousing 25%
Grandpareni-grand-offspring 25%
First cousing 12.5%

Matings of lesser related relatives, such as
grandsire % granddaughter or first cousins, in
an allempt lo concentrate the genes of a su-
perior ancestor is a mild form of inbreedi

level of homozygosity rises with each successive
generation. Such a cumulative rise in homozy:
gosily — more gene pairs becoming concen:
trated in the homozygous state - occurring
within each inbred line is conversely resulling
in a cumulative decline in the number of het-
erozygous gene pairs present,

The challenge for the breeder is to identify
accurately those developing inbred lines that
possess the desired set of superior perlorm-
ance or display charactenistics. This is best
achieved through strict culling and/or elimin:
atian of inferior inbred lamilies or lines. Maturally,
lines possessing a preponderance of unfavar-
able genes in the homozygous state will be less
vigorous, resulting in lowered productivity.
Allernatively, those inbred families or lines
compesed of individuals thal possess an accu
mulation of desirable genes lixed in the hamo-
2ygous state not only will permanently refain
their superiarily for traits selected but alsa will
it such superiorily to their

Lot anthy

ﬂ:ﬂ|w.lohdwm in the
section. The genetic effects of inbreeding
and linebreeding are similar, although more ex-
treme in the case of inbreeding. Under certain
conditions, inbreeding can be invaluable to both
cammercial and fancy breeders. The main gen-
elic reasons for inbreeding are:

1. To increase the level of homo:
2. To aid as a test | s
o ! ;"s;rwung carriers of
As the level of homoaygosity is |

increased,

ﬁdeachgmpairtnne allele ks derived from
: parent) become concentrated or fixed
ahmy inbreeding. In other words, by mating
s e to his daughier, many of the same genes
m Ihei:g_ hucnmmd concentrated or made

In paired unils in the inbred off-

Spring. As the rate of homozygosity hneat;f:s
Irhmu-gh inbreeding, heterazvgosity decreases
;;pr;pmionai manner. In addition, the in-
mmﬂ 5prilng are more homozvgous and are
i ﬁnehmﬂy unilorm. Potentially, the initi-
“napplbd inbreeding within a rabbit
ipoﬁ-ﬂ!ms noin fie creates distinct genetic
’ :b.s:ach line cansisting of individuals with
2 becr&ernhtance. Hence, the base popula
omes subdvided into small lines as the

olfspring. This phenomenon is referred 1o as
prepotency. It should be ment joned, however,
that even in the best lines of inbred stock, ind-
viduals may show somewhat less vigor in terms
of health and reproductive related performance
than non-inbred individuals. This is referred to
as inbreeding depression. Therefore, inbred
stock generally require better management and
pratection from unfavorable environmental
conditions. Reports of reseach on inbreeding
of rabbits are scarce in the genetics literature,
Two studies in Brazil reportad a large decrease
in body weight at 70 days and In total 21-day
weight of the litter (a reflecton of the milking
ability of does) as inbreeding increased by 10%
relative 1o non-inbred rabbits

From a commercial standpaint, the pri-
mary advantage of producing inbred lines is for
crossing purposes. Through crossing of unne-
lated inbred lines, the generd resull of vigorous
and productive and more prafitable hybrid stock
is expocted. For example, 1 the eommercial
poultry industry, inbred lines of superior slock
are formed with the intended purpose of ultim-
ate crossing. This approach has successiully
resulted in the advent of the technologically
advanced hybrid brailer and laver industries ol
loday. Geneticisls employed by breeding



companies develop the inbred lines for cross-
ing or hybridization. Commercial producers
oblain the test-proven hybrid bird produced by
the breeding companies. Such a sophisticated
breeding approach is certainly possible for the
commercial rabbit industry and has already
been adopted in Europe and in China.

As a means of screening lor carriers of
undesirable recessive genes, inbreeding is a
most effective breeding tool. The presence of
an undesirable recessive trait, such as vellow
fat in commercial meat stock, can be a serious
prablem. Through inbreeding, alleles become
hemaozygous at a higher rate, so undesirable
recessive genes become expased and expressed
phenotypically. Examples of several undesir-
able simply inherited genetic conditions {mostly
due to recessive genes) are provided in Table 14.2.
The reader should be aware that there can be
several different genes or alleles involved in the
same condition le.g.. buck teeth, dwarfism,
and furless) and that not all undesirable genes
involve recessives.

For example, a brother and a sister (full
sibs) may both be carriers of the spina bifida
gene (sh). but neither may ever produce a delect-

ve offspring when unrelated matings are involved.
This is because expression of the sb allele is
masked by its dominant coumnterpart. However,
when these carriers are mated together, one-
quarter of their offspring aill be affected on
average. Close test-matings involang full sibs,
half sibs, and sire x daughter ar dam x son progeny
are most appropriate, because these close
matings increase the probability or chances of
expression of the homozyaous recessve. This
way. the breeder will know what undesirable
recessive genes exist in ther herd.

Another effective strategy is to mate either
a confirmed camer or ar individual that is
homezygous for the undesred condifion, e.q.,
long wool growth, to a suspected camier individ-
ual In the latter test-mating of homozygote x
suspected heterazygote. ene-half of the off-
spring may be affected conaverage. In either
case, at least eight normaloffsprirg from the
same or repeat test-mating should be scored
before the breeder declares a previously sus-
pecied carrier nat to br a camer. Such
planned matings are mostaseful to producers
who want to ensure their dock is proven [ree
of genetic delects.

Table 14.2. Some simply inherited genes expressed in the rabbst.

Locus Alleles Condition

Achondroplasia ac Shorlening of imbs

Ataxia ax Loss of body coordnation

Brachydactyly br Lack of nails, digits. limbs

Bupthalmia bu Similar 10 humnan glaucoms

Dachshund anomaly Da Farm of dwarfism

Dwart Ow Dwarl, hormonal dafic

Furless nk Fur is mostly lacking

Hemolytic anemia ha Hemoioytic anemic conditen sharidy

Hypogonadia hg Underdevaloped leslis and ovanas:

Hydocephalus hy s (“water ml;::::;'.‘

Hypogonadia h sparm and ovi

Mandibular prognathism mgp m:ﬂl or “puckizets” probabily
= polygenic

Osteopetrosis o8 ile bones

Tremor paralysis o Nervous dsorders, sexbied conddon

Aed eye e Red eye color

Spina bilida b Spina bifida

Yollow fat y Yellow fat deposition

En‘ormation ts from various scurces. 'Hydrocophalus may akso ba caused by o deficiency of mIpius of dietary

witaumin A
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For large-scale commercial production of
meat rak!bils. systematic use of inbreeding and
:aulilcer:smngwu_ﬁdheadopled. Such a system is
o n:emg Since a high state of vigor is
s in breeding does, it is considered best

! they be crosshred or outcrossed (defined

s the erossing of breeds or of lines of the same
breed) through the crossing of superior inbred
parental breeds or lines. However. since bucks
;1?::1?‘ a smaller proportion of the breeding
herd, ]imn;fh ecanomically feasible to create
Mlﬂhﬂ!d“ urud:D produce inbred herd bucks to
e Dm - ted does, prelerably of a different

iy b necross. Select, improved, inbred

s dh"“dwpmm thrifty, more uniform,

s b performing market rabbits than

it sires un_gll_'\ath-ng from a common

Dﬂwh‘hnn. . This is lo be expected for two

1. A partion

in mzﬁ::ww s g
b8 O2ug0us state in the progeny; there-
= ﬁ{::usm of any less favarable reces-

5
;mﬂmmmasled by their dominant allelic
E[.ﬂ:;:ment Iransmission of superior genes
(e 10 the sire’s Ehi?o?w M&' g
osityl.

Otwig
b usly, only experienced commercial
genetics, a lar ey h ¢
i g¢ herd, and an accurate record-
e “:?ﬂl should consider using such an in-
crossing breeding system. For

Linebreeding

Linebreeding is an atletmpl

crease the genel;
man ancestor cinfluence

1o preserve or in-
of a superior com-

breeding i dam ;
reeding is a mild form oia::b':‘::i‘:l.gl_:ﬁ
n

ok
ﬂs;p'z"g’ﬂsdy.ww ed animals, Examples
ed matings would be ind-

viduals with a ¢,
Ommon grandsi
re, granddam,

great-grandsire, great-granddam, efc, A supenct
rabbit might be a grand-champion with excel
lent show table qualities or a commercial herd
sire with a progeny average of 2.0 kg (4.4 b)
al eight weeks of age. Linebreeding con-
linues to be valuable after the supernior ances:
tor is dead, since its genes can still be concen
trated through the matings of its relatives. The
purebred pedigrees in Fig. 14.1 and Fig. 14.2
illustrate the use of linebreeding with pedigree
styles commonly used by breeders and genel
cists alike.

In this pedigree, Caesar is a grand-champt-
on buck as well as a common ancesior. Caesar,
the great-grandsire of Caesar V, appears four
times in the pedigree. Caesar could be called
the “quadruple great-grandsire” of Caesar V.
The parents of Caesar V likewise have Caesar
as their double grandsire. The genelic relation-
ship between Caesar and Caesar V is approxi-
mately 50%, which is equivalent to stating that,
on the average, one out of every hwo genes is
shared belween Caesar to Caesar V. If, on the
other hand. Caesar had appeared only ance in
this pedigree {as a single great-grandsire), his
average relationship to Caesar V would have
been only 12.5%. Caesar V's genes have thus
been concentrated four-fold without causing in-
fense inbreeding depression. This is because
Cagsar is found farther badk in the pediaree
such that parents are loss-chsely related. The
parents of both Caesar 1V and Duchess are al
paternal half-siblings with Caesar as their sre.
As a result, Caesar V is inbred by 12.5% com-
pared to 25% if Caesar inskead had been the
sire of Duchess. These numeric values reflect
the average level of increased homozygosity

This example demonsirat how linebreeding
concentrates genes of superior ancestor(s) but
ty The next

minimizes the level of homozygosi
pechigree represents the use of linebreeding in
a commercial herd (Fig 14.3). In this pedi-
gree, three common ancestors appear: they
are Al0, BOZ2, and C22. In the more con:
densed armow-style pedigree it can be ol
served thal arrows point away from the com-
mon ancestors for more than one path
(generation), which is the direction of gene
transmission from ancestor o progeny. Ances
tors that appear on both sides of a bracket-shyle
pedigree but not in an armw-style pedigree
are not common ancestors,
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*Common ancestors (e.g. A10, BO2, 022} are undedned.

Fig. 14.3. | vof | h

wath brackel- and armow-style

ing multigie
pedgraes {comman ancastors are underlined). (Courtesy of OSU Rabbit Research Cenier)

If commercial herd sires AL0 and C22
and dam BO2 are proven superior for import-
ant traits, their genes and gene combinations
can be concentrated bw use of a linebreeding
system, as shownin Fig. 14.3, In this pedigree,
three common ancestors make up the linebred
individual. A detailed study of the pedigree
reveals several types of family relationships.
The parents of B45 are related as maternal
half-sibs as they have the same dam (B02).
However, they are also both related to A10
and C22. B12 was produced [rom a paternal
half-sib mating (A10 x BO2), with C22 as their
sire. B34. the sire of B45, was produced from a
son x dam mating (B12 x B02). To B45, C22
i related s a double paternal 2nd areat-grandsire,
a paternal greal-grandsire, and as a double
maternal great-grandsire, B18, the dam of B45,
Is a full sib of B12. Because B45 has related
parents it is inbrerd. The value for the inbreed-
ing level for B45 & 31.3%. This value would be
suilable for a selected buck as a herd sire
because it would be prepotent. This means
that it would maore consistentl it the

does because, instead, hybid vigor (asmda:;:
with outcrossing) as opposd to inbreeding .
pression is critical to optinel perlnmuan:u.s
nddl:m.bylrmullvmbadtwms.
common ancesiors, the drect genetic =
tionship to AIQ and B02 is37.5% and 62.5%,
respecti the direct relation-
tively. A
ﬂipofssémczzuso%dgwmﬂé%
o it i that of
and C22 is genelically equivalent to 0
simple sire-offspring. Ir addition, genetic
:o&wam programs are usel by geljlﬁ-ﬂils to
compute genetic rdnnonﬂ‘ ips and mhm::::
levels based on pedigres. A more ©
development is the use af computer prl;;u:w
that involve DINA wnpmlu tzh:! e:
determine the molecular ips canonti
individuals. Such statistics are more
than estimates based on pdlmh e
It should be stressed that,
family, strict culling of individuals with poor
:;‘IM chould be mdmﬁwd wach g
lo concentrate orly the genes
Smm{“ :lieus in the seleded individuals. The

same desirable genes due 1o its increased level
of homozygosity. In contrast, the 31.3%
inbreeding level is too high for commercial

genes and gene cordi m,wnlm:ed or in-
common ancestor can be ma descendants
creased through the mating of its :
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Since linebreeding is actually a mild form of
inbreeding, inbreeding itself is differentiated by
the maling of closely related individuals in a
herd (e g., brother x sister, sire x daughter, son
% dam] and is practiced o increase homozygos-
ity rather than lo concentrate the genes of a
particular ancestor, Mast commercial breeders
prefer linebreeding over inbreeding, because a
depression in health, growth rate, and repro-
ductive performance may be observed when
intense inbreeding is practiced. This depres-
sion oceurs because undesirable genes fusually
recessive) become homozugous ar concentrated
quite rapidly and, as a result, overall vigor is
reduced. Linebreeding lessens this effect,
although it still occurs at a milder rate. Strict
culling of individuals with lower performance
or axpression of specilic undesirable genes is
critical to prevent the spread of undesirable
genes whenever inbreeding or linebreeding is
used] Select only the best!

5 | is imperative that the common ancestry
or “lamily lineage” be indeed superior, as proven
by accurate records, if it is 1o be preserved gen-
etically through linebreeding. A relatively mod-
'55';12 1o large base number of breeding animals

or more] within a linebred strain is essential

2 avoid intense inbreeding and/or to maintain
snelic variation for traits of economic import-
|nce. It is wise 10 use several outstanding sires
1 & line in order fo secure such genetic vari-
:j?n Genetic variation and strict selection and
wp::i:’: key components that will ensure the

reeding merit of a linebred strain.

Outcrossing

&émﬁi:'g is the maling of unrelated individ-
quqm,,ma! s within the same breed flinecrossing)
ing, which i also includes crosshreed-
o is the mating of different breeds
red in the next section) Under al
10 Consider. A fow examplesate.
1. When a gonetj
c del
;na]mdum“ 5 F:‘:Cf 2ppears [e.g..
dedrmbecl:fugmmu fitness ar vigor of a line
3. When th ol mid or intense inbreeding,
for a trai e genedic quality or performance
7ot or traits is less than desired in a line.

The first example applies when a hine of
rabbits is known to transmit defective genes. It
is lly advised that offspring from thisline
should not be saved as replacements (which is
a mosl effective way of “weeding the genetic
garden”). Often it is economically desirable to
keep the “genelic carrier’ parent breeders in
the herd until their productivity declines. Through
outcrossing, both objectives are met: the lkeli-
hood of further ocourrence of the abnormality
is decreased, and the breeders remain in the
herd until unrelated young stock are available
to replace them from other lines. To reiterate,
no offspring should be saved from carriers of
detrimental genes (e.g., hydracephalus, mal-
occlusion and spina bifida) unless they are
test-mated and produce no defective offspring.
A further discussion on selecting aganst
deleterious recessive trails is presented in the
section on the selection of qualitative iraits in
Chapter 15.

As staled previously, overall fitness or
vigor generally declines eventually as a result of
increasing the proportion of homezygous
genolypes in a line or inbred strain through
mild or intensive inbreeding. Outcrossing, on
the other hand, reverses this trend by increas-
ing the proportion of heterceygous gene pairs
in the progeny. This effect will in itself restore
physical vigor, because the expression af defect-
ive recessive genes is masced by dominant
genes. It should be clearly recognized (hat
undesirable genes affect not only qualitative
traits, such as spina bifida but quantitative
{raits. such as fertilily and growih, as well. In
commercial Leghorn chickens. hens are iypically
a linecross

Genetic quality of a Ine may be cor-
sidered inferior lor one or several traits through
inbreeding and/or a limited number of rabbits
making up a line or a poor initial stock base.
Flat shoulders, protruding Hpbones [evidence:
of a narrow lain), and poor lesh covering over
the rump or hindquarters fmy be a consistent
weakness in a line. Within-lne selection gives
extremely slow improvemert for these charac-
feristics il genetic meril is poor and limited:
Aumbers are involved. By aulcrossing several
members of such a line to an unrelated line
that exhibils excellent qualities for these traits,
the line weaknesses can be quickly overcome.
“This is the process of upgrading a line within




the same breed. Once an improved state has
been reached, the line can be re-established
thraugh linebreeding il desired. Skilled breed-
ers use both oulcrossing and linebreeding over
wo or more generations lo systernatically
introduce and concentrate superior genes.

The pedigree shown in Fig. 14.4 is repre-
senfative of an cutcrossed mating. Note that
bath the sire and the dam of rabbit XY0I are
linebred, although to different ancestors (X10
and ¥42). This is an outbred or linecross mat-
ing. since no relatives of rabbit XY01 are found
on both sides of the pedigree (sire and dam
sides). Suppose that this pedigree came from a
commercial herd in which line X possesses ex-
cellent growth characleristics, but has poor tex-
ture and density of fur, as well as thin foot pads
that make X susceptible o sore hocks. Line Y
does not have the genetic growth merit of line X
but it possesses excellent texture and density of
fur and has thick ioot pads. By crossing hnes X
and Y [outcrossing) the growth characteristics
and fur qualities of the progeny should be above
the average of bolh parental lines.

Quicrossing in the form of linecrossing may
be the best breeding system for commereial

X10

[xza {
T Xo3
l X10

26 {
X12

xY01 J

Y42

Y61 {
¥a1
\ ye2 Y4z

¥sa {

Yas

Fig. 14.4. A bracketslyle pedigree of an oulcrossed
ralsbie. An arow-style pedigres cannat be drawn,
=nce no comman ancestor of XYO1 appears on
both the sire side and the dam side of the pedigree.
(Courtesy of OSU Rabbit Research Center)

producers who raise onlv e breed.
1. Dl Aaetirahl L w

growth vigor should incease performance
and profils. A commercialbreeder can expect
10 see a noticeable improviment in bath vigor
and performance of outtrossed compared
to linebred or inbred sisck. especially for
health- and lertility-related trails, since these
are, in general, more afected by undesir-
able recessives.

Crossbreeding

Crossbreeding is the matisg of individuals of
different breeds. It differs from linecrossing.
which is the mating of wrelated indiiduals
from different lines withis the same breed.
Although the genetic effats are similar for
the two sustems, the posilive effects are mor2

ed when crossbrieding i practiced.
i‘lmmjofgmaﬂ: elfects of crosshreeding are:

1. To increase the level d heterozygosity or

.
mmﬂzmﬂdﬂm reces-
sive genes.

Hybrid vigor

ity i he degre2
Helemqwtvssﬂw;armg!mlnl
to whl.;hnnearwalalucpmrsmﬂh 2
similar genes. Because hal the inheritance :
derived from each parent, the level of hntmt
zygosily of the olfspring inceases as the genet
relationship behween the parents "m;';,“,;
This concept applies to induiduals of the
Ibreed or of different breeds. kguﬂ!,acmsshwﬂ

the average of the parental breeds of
;bn:s“:hal is due to the incrased helem:yso:;l{
of the olfspring. Dominance nnd imal‘k‘ e
salic {i.e.. favorable gene mbinatio




210

Chaper 14

of gene action it to h The

by genes that are expressed in the

term “vigor” is commonly used to refer to health
and reproductive trails.
Traits that may be significantly affected by
hybrid vigor are liter size, conception rates.
and growth traits. Hybrid vigor, or heterosis, is
a lly highest for ductive and survival
traits, intermediate for growth and feed effi-
ciency, and lowest for careass quality traits
(Table 14.3). Numerous studies have demon-
strated crossbred superiority above the average
of parental breeds fwhrid vigor) for many com-
mercially important traits. Rabbil breeding
farms producing commercial hybrid stock are
widespread in Europe and China. Hybrid vigor
is also seen in other meat animal species (e.q..
beef cattle, lambs, poultry, and swine) in which
the vast majority are crossbred because of the
economic benelits associated with the genetic
effects of crossbreeding,

Crossbreeding and linecrossing increase
the level of heterozygosity, thus masking the
expression of delrimental recessive genes,
This alone is the means by which gene pairs
that may have been previously homozygous in
he web.-eﬂ parental generation become het-
srozyaous in the crossbred generation {F, gen-
wration). Many iraits are unfavorably affected

Table 14.3. !‘”‘f""“""”"""m"ﬂrmm
trails in rabbils.

Hybrid vigor Hybrid vigar
Incrossbied in crossbred

Trait iers (%)  dams (%)
conception fl‘_'""’ o .
Litter size B2 g 1
Longevity 2 13
ik productios = 10
Liter size 8128 02y 15 12
4
Litier weaning waight " =
8
jual waight:
s 56 days f 1
days
“:rom,gm al 56 days 5 ?;
:n;si"‘g PUEHIAT ! 2
preat yield from 1 1
ostimatos are om vanous kariyey
o astimate M Wy

homozygous state. Crossbreeding tends to pre-
vent their expression by substituting a favorable
dominant gene for an undesirable recessive
gene, thus altering gene pairs from the homo-
zygous to the heterozygous state, However, it
should be emphasized that dominant genes are
not necessarily all good and recessive genes
are nol necessarily all bad. There are always
exceptions when it comes to genetics. Because
hybrids show increased vigor, greater uniform-
ity in performance is usually expected in cross-
bred animals in the F, generation. Conse
quently, vigor, especially health and fertility, is
improved, Growth-related frait performances
also tend to be improved in crossbred animals.

To benefit from hybrid vigor in a commer-
cial herd, breeders should fellow several guide-
lines closely:

1. Obtain the best purebreds to produce hybrids
2. Combine strengths of breeds systematically
in a croasbreeding program.

3. Utilize hybrid vigor expressed by the dam
and the offspring.

Logically, the best commercial hybrids
are derived through the planned mating of
the best purebreds. Of course, some lines of the
same pure breed are more outstanding than
other lines. Indiscriminate mating of arbitrarily
chosen breeds (lines) to produce crossbreds is a
way to generate poor-guality stock. The best
purebreds would be rabbits from a productive
line with proven records fer traits such as fertility,
milking ability (estimated by recording 21-day
total litter weights), health, and weight of rab-
bits marketed

Breed complementation

An example of optimal utilization of the breeds
in a crossbreeding program would be fo mate
crosshred does of excellent maternal breeds
{which produce many large litters and a good
supply of milk) to bucks of another breed
known for superior post-weaning gains,
feed efficiency. and carcass merit. Whatever
breed combinations are emploved. the end
goal should be to profitably produce market:
able rabbits of good quality by eight to nine
weeks of age.
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The doe as well as the offspring should be 1o a sire of anather breed vould produce what
crosshred to maximize the benefits of hybrid s called a two-breed termims) eross (Fig. 14.6),
vigor. More specilically, a crossbred doe should Replacements are generated through the mal-
have higher fertility, should produce larger ing of purebred parental lires. Actually, only a
litters and maore milk, and should last longer in  small proportion of the beeding rabbils in a
the herd than the average of the parental pure-  herd would need to be peebred in order to
breds involved in the cross. Such an added effect  sustain a predominantly cossbred operation.
expressed by hubrid does is called maternal  The purebred animals coulf also be purchased
heterosis. This is seen when the performance  from a reputable seedsteck producer. The rabbit
of Californian x New Zealand White does is pmdmmmawuﬂa&umlmalmdm
compared 1o either purebred (Table 14.4). OF-  cial ilable bef geging in such
spring have more rapid gains b of the an end
better mothering ability and mmlk production of A recen! development in the rabbit meat
their crossbred dam. If anly one superior breed  indusiry s the utilization d large sire breeds,
&s available, then outcrossing of lines within the  such as the Altex (Fiz 14 7) developed at
superior breed is recommended, Alabama A8M University and Texas AZM

To produce does that are crossbred, it is  University-Kingswlle. The breed was developed
best to choose breeds knoun for excellent fer- by crossing high-quality, parebred Californian
tilty and mothening ability. A crossbred doe  (CAL), Champagne D'Arget (CHA) and Flem-

coukd then be maled 1o a buck of a third breed,  ish Giant (FG) rabbils. The Inal compesition of
preferably @ fast growing and thrifty breed  the Altex is % FG, me“m'm
(Fig. 14.5). To capitalize on the vigor, it is best  three breeds were included b provide Smicaly,
to markel all of the three-breed cross offspring,  i.e., rapid and efficient body weight gains, high
since uniformity and profitability of production  dressing percentage, and high meato-bane
ks greatest. Such a crossbreeding svstem is  ratio. The Altex m“"‘d on New Zealand

White does (for their mottering ability} or on

called a three-breed terminal cross. If the best
maternal source available is a purebred, mating  Califarnian x New Zealand White to provide

Table 14.4. Purebred and crossbred doe performance for reproductive frais.

Trait CAL' NZW CAL = N2W
Expnn‘menh_ ST S
Concaption rale (44) 705 641 i
Litter size born B0 88 to iﬁ m
Daily milk production (g (0z))* 145.7 (5.14) 189.0 (6.67) ?m o)
Litter 21-day weight (kg (b)) 2.07 (4.56) 272 at;-oﬂl i
Litier size at 28 days 5.9
Liier weaning weight (kg (Ib)) 255 (5.62) 2,66 (8.07) ARl
Experiment 2 oy
Fur weight of nest (g (lb)) 11.8 (0.026) 16.0(0.040} 4
Kit survival al birth (%) 876 B9.5 0
Litter size a1 28 days 6.1 72 Y
Litier waaning weight (kg (b)) 301 (664) 3,64 (B.02) 369 (814)

Calflornian Mew
“Dou breed group ablreviations: CAL = Caltornian; NZW = New Zealand Whie: CAL x NZW = =
Zoaland White dam. Nolo: Studees were a2 conducied in the us

"Daily milk procuction was. measusad from 1 1o 21 days.

Source lor Expenmant 1 iy, Th.O,
Luketahr, 5.0, 1983, Evatuation of rabbit broeds and crosses for l
DOmgan State Universty, Gorvalls,

Sources for Expariment 2 survival and
Hamillon, H H., 5.0. Luatahr, and J.1. MeNit 1897 Maternal nest quality and 15 infiuanca on Wi

weaning periormance in commercial rabbits J Amin. Sei 75 826-833. rabiits. In: Proe, 6t Workd
Khan, M.A., and 8.0 Lukefahr. 1986, Brosd type comparisans tor postweaning liter tralts in

Rabbit Cangress, Tououse, France, 2 209-304
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Flg. 14.5. Ath
w:l Lo ;?:“d lerminal cross. The doe (arrow), a Florida White x New Zealand White hybnd,
s ) Fiamish Giant buck to produce the terminal-cross liter. (Courtesy of OSU Rabbit

Fig. 14.6. A lwo-breed tarm,
g, esiand Wi goq ol 1055 The oftsping vere produced by maing a Caifornian buck 0.8
Tow). {Courtesy ol OSU Rabbit Research Center)

terminal cross frvers. In one experiment involing
460 litters, the purebred Mew Zealand White
fryers averaged 1.83 kg (4.03 1) at 70 days
whereas the Altex x NZW crossbred fryers
averaged 2.05 kg (4.51 Ib). Large sire breeds
or lines are crossed with commercially suitable
doe breeds to produce terminal crosshred Iryers
(Fig. 14.8).

Resulis from several breeding experiments
conducted in the U.S. are provided in Table
14.5. Generally, market weights are heavier in
fryers sired by a large breed or line. Thus, the
fryers can either be marketed earlier or be sold

A a ARM unm;;ﬁ’b‘“d was developed 2t the heavier market weight, The market weight
Wrmymmg MJ%SMM improvement through judicious crossbreeding
§.D. Lukefahr) is referred to as breed complementation, This
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Alfex
buck

All offspring are marketad

Fig. 14.8. A three-breed terminal cross, (Courtesy of OSU Rabbit Research Center)

means the superior genes for growth charac-
teristics of the buck, complemented by the
excellent genes for maternal qualities of the
doe, lead to faster and more efficient grawth.
The studies shown in Table 14.5 also reveal
that dressing percentages and meat-to-bone
ratios are comparable to those of purebred
New Zealand White commercial fryers.
Anather system of crosshreeding, which is
particularly popular in modern swine breeding,
ks rotational crossing, in which purebred males
are mated wilh crossbred females, Each pure-
bred sire breed is alternated (rotated) between
successive generalions. Twao or more sire breeds
may be involved in a rotational crossbreeding
scheme (Fig. 14.9). The major advantages of
this system are thal female replacements are
mroduced from crossbred dams, and both the
dams and their progeny express hwbrid vigor.
Since the original pure breeds (possessing
genes for high maternal qualities) are continu-
ally introduced. hybrid vigor level would be less
than that for a first-generation {F,} crossbred
because the animals are not ful Iy crossbred,
A sulficient number of purebred animals would
be needed only to yield purebred males for
crossbreeding. These bucks could be purchased

from a reputable breeder s all cages could be
tmd[uuwhﬁhnmam
crossbred does could g

sire breed to produce a fhree-breed terminal

Cross.

Mew Breed Development

The development of new breeds i5 a regqular
ﬂhﬂyhﬂuwmw_.hm:m
ﬂwiuslﬂ‘h:a&mislod!vdmanmbwni

I}ngmﬁcquaﬁuaﬂmimmtiwdhm-
sent breeds. In fact, in the livestock i:ﬁnstly}
most bmedsumzcbvnbndimaum[so
two or mare breeds that canbined genes for a

rate,
passess genes for sire traite [e.g.. arowth

feed efficiency, and carcassvield) ;am.
the example of the development M
a commercial sire breed. xill be provided

previously described.
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Table 14.5. Large- end medium-size sire breed performance for fryer traits.

Market weight Dressing Maat-to-bone
Fryer breed type! (kg (b)) Feed:gain ratio percentage ratio
Experiment 1 (1983)
NZW purebred® 165 (3.64) a0z 50.4 312
FG purebred 174 (3.84) 3.00 52.0 3.24
FG x (FW x NZv) 167 (3.68) 3.24 526 423
Expsriment 2" (1983)
CAL-sired 1.35 (2.98) 459 54.5 4.02
NZW-sired 144 (3.17) 4.36 53.4 3.75
FG-gired 158 (3.48) 4.00 54.0 a.61
Experiment 3 (1991)
CAL puretred 197 (4.34) 392 558 4.81
NZW purebred 1.95 (4.30) 3.30 539 4.2
CAL x NZW 2,08 (4.59) 3.69 55.4 4.45
Altex 2.19 (4.83) 3.21 547 432
Experirngnt 4 (1992)
CAL x NZW 1.95 (4.30) a7s 54.7 4.09
NZW purebred 191 (4.21) 3.60 52.4 3.81
CHA x NZw 196 (4.37) 3.84 56.3 4.35
PAL x NZW 186 (4.10) a7e 54.9 3.93
Expanment 5 (2001)
Ahex pursheed 2.00 (4.41) 3,04 - -
Alta x NZW 2.0 (4.52) St = Z
NZW  Ahex 194 (4.28) a4z e -
NZW purebeed 183 (4.03) 355 8 =

"EaperFnonts 1 and 2 involved S6-day-old fryers, and experiments 3, 4, and 5 imvalved 70-day-old fryers. Note: In these

eaperiments, beciuse braeds wene being evaluated thorn Wes o

the litar stzo.

ing of kits 1o

#Breed group Bbbrevatons, CAL = Calilomian: NZW = New Zealand Wihite; FG = Flemish Giant; FW = Florida White;

CHA = Champagne diegent, and BAL = Pajoming.

ICAL. NZV. 8 FG bucks matod fg CAL, NZW, GAL x NZVY, and NZW! x CAL does.

iData not svalsbie
Source for Experiments 1 ane 3.

Ph D cisser tation,

Lukedahs, S0 1983 Eva)
Source for Experimant 3 i

averall

primba, CE., and § D Lukntghy 1881 Comparison of rabbil brood types for postweamng litor grewth, feed cliicioncy.

and 3 raste. J Anim, Sci. 6% 3494-3500

fr Expedimiont 4

40, and 50 Lukedalw. 1992. Evaluntion of Califorrian, Chompagne dArgen, New Zealand White and
palomind 25 potendal sro breegs | Postwoaning liter raits. f Appl. Rebbit Rea, 16 274-286

wﬂhiﬂm L

phedstin. MF, 30d S Luketahr 2001, Brpgi and heterotic elfects on postweaning frarts in Akex and New Zealand
vmito SITUGNEDCEd And crossbred rabas . Anum. Sci, 79. 1173-1178.

fin the U.S., althaugh breeds of rabbit
found. m::# i hdr;::yﬂmv Mone are
with  desirable meat-type conformation.
jr the mid 19805 2 Alabama pg Unjversity.
ge"wdgs c10ssed o medium-sized meal

{Cbilfo_mlan.“d Champagne D'Argent)
with the Flemish Gant. \hile certainly large in

e Possessing genes for rapid
Pasi*"'em“g growth and high feed efficiency.

are

the Flemish Giant was lacking in desirable
meat type. Two F, stocks (Flemish Giant) were
developed, which were then crossed to pro-
duce an F,. foundation population of rabbits
that had the breed composition of ¥z Flemish
Giant, ¥ Calilornian, and % Champagne
D'Argent (Fig. 14.10). In this generation, all
genes existed for a set of desirable traits. The
breeding objective was to develop a new
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elc

Fig. 14.9. A two-breed rofalonal crossbreeding sysiem where the best does are saved a5 replacemants.
All bucks are marketed. {Courtesy of OSU Rabbit Research Center)

commercial sire breed thal would transmit
genes for rapid growth and high carcass vield.
Ultimately, bucks of the new sire breed would be
mated to predomnanthy purebred New Zealand
White does to maximize both performance
and heterosis expression in the terminal-cross
fryers to increase profits. (“Terminal” again
means that all offspring (bucks and does) are
marketed.)

The next stage randomly separated the F.
population into iwo lines: select and control
The control line involved no selection so that
genelic progress could later be determined be-
tween the select and control lines, In the select
line there was inlense selection practiced for
five generations lor rabbits with the heaviest
body weights at 70 days of age (Fig 14.10),
Results showed that, after five generations of
selection, average performance of select com
pared to control line rabbits for 70-day body
weight was 2.21 and 2.09 kg (4.87 and 4.61
lbs). Because of positive correlations, genetic
pragress for 70-day body weight also occurred

for the percentage of the kin primal cut {rela-
tive to wlﬂmwﬁmk:#’wmm
ratio of the Join primal -
ation live were 20.7% and3.3%, respectively),
In 1994, select line rabbitswere moved fo the
rabbit program at Texas A&M University
where continued selection was practiced for
saveral more generations. Later the new breed
would be called the Alex ﬂspm-bmmuﬂ
b subseques perimant, pure

mZea?mﬂ '.\Wlenflay':‘ﬁ aversged 1.83%g (4.03
Ib) for body weight at 70 days, whereas thee
Altex sire x NZW dam crassbred fryers aver-
aged 2,05 kg (4.51 1) Basically, the Im-hul{‘
crosshred frvers could be marketed one weel
earlier than purebred NZW fryers.

Random Mating

The breeding systems dicussed so far can

the ticmake-up of a rabbit
T!”ﬂj'hf—lfmdl;r gene eding systems some
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BREEDS

Three Breads:
Flemish Giant (FG) - Sire source
Californian {CAL) and Champagne
d" Argent (CHA) - Dam sources

F, LINES
Reciprocal crossing of F,_ lines

F, POPULATION
(¥2 FG: % GAL: ¥ CHA
breed compaosition)
RAandom differentiation into
two closed lines: selected (5)
and unselected (U)

GENERATION 0
Initial parental generation
without selection

SELECTION

Five ganerations of intense
selection for 70-day
body weightin S line

NEW BREED DEVELOPMENT

Linecrossing of S and U o expand
genetic base - final stage in
developmant of the Altex breed

ing plan leading to the davelopment of the Allex

Fig. 14.10. A tion of the
commercial sire breed. (Courlesy of 5 . Lukefahr)

form of selection or non-random i

a basis for assorling parents 1o gﬂmwmmg;’?:
spring in the next generation, is involved. In
cortain ,.t!,ulicn& | it may be prz!erlll'd
1 maintain genelic variation found in a stock
jine rather than to alier it. This can be achieved
by procticing random mating within the line of
5 hrﬂd_a‘i a breeding sustern. Random mating
: Fl'acb‘:‘ed when any individyal, regardless of
15 genoiype. ha_s an equal chance of mating
e any other individual Following a single

generation of random mating in a large papu-
lation, all subsequent generations will possess
the same genes with constant frequencies,
assuming that no mulation, oulcrossing, or
selection occurs. Stated another way, the pro-
portion of different tvpes of gametes produced
in a population is directly proportional to the
respective gene frequencies in the preceding
generation. Genes. Jocated on sex chromosomes
will require several generations to achieve this

constant gene frequency.
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useful in ing lor camiers of undesirable

Random mating perhaps has gi
applications in laboratory rabbit lines rather
than in commerdal rabbit lines. For example,
several different laboratory companies may
chaose the same genetic line of rabbits, to which

with selection, in concentating genes from
superior indivicuals that conprise the fine. Line-
breeding has effects similar to but less intense
than inbreeding, and is wed 1o concentrate

similar experimental eonditions or Ireatment
are applied. Since among laboratories the
same line of randomly bred stock is involved,
abserved genetic differences have essentially
been standardized. This, in part, enhances the

gmbmsp;ﬂli:hm Linecrossing,
it crossbsadat 't I

but it occurs within a bread. Since there will
never be a perfect breed farall traits of import-
ance, ¢ i 1|"s. P whﬂ in

consistency of independent research finding

Olten a compuler-based soltware program
is used by the scientist in determining random
matings. For commercial breeders. random
mating could be used to maintain high genetic
quality in a line lo which further selective
improvement is not desirable. Only in rare
instances, though, would this breeding option
be seriously considered, since genelic improve-
ment and profitabiity generally go hand in hand.

Summary

In summary, inbreeding and crossbreeding are
essentially opposites in their respective genetic
elfects and consequences. When a producer
preflers a purebmed operation, inbreeding is

mmbmnﬂmheaﬂr@smmm
hybrid vigor to optimize hard productivity and
i of

through

genetic charactenstics fram two or more
breeds that are not all fourd in any one breed.
In time, animals of a breed or line becoms
mildly inbred since their pedigrees trace back
lo the same Wﬂl l;adaﬂon Randem
mating simply maintains the genetic variation
Ihal“:!suharabﬁl popdation. Il is import-
ant for each rabbil breeder to use their know-
ledgcofgmmmogﬁuwhmac}mg_e
mﬂleum-aﬂiypraclhﬂbrudmgms
needed and decide how bestto pursuz improve-
ment and/or maintenance of the genetic integ-
ity of the stock in future gmerations.
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Genetic Selection for Herd Improvement

The economic success of a rabbit business
de'pgnds to a large extent on the genetic
quality of the herd, To improve the herd genet-
I:a]h_!. careful selection of young stock Is critic-
ally important. The adage *Select the best and
-ul the rest” conweys the basic principle of selec-
on. This sounds simple, but the challenge is to
mtify what is truly *best.” To achieve genetic
provement, specilic breeding objectives
ust be defined. For a commercial meat herd
s might be “To focus on rapid growth per-
lormance” or for an Angora herd “To increase
rozﬁ'!w vield." The traitls) to be improved
o be genetically transmissible (heritable)
should be ones that can be accurately
measured. Selection can then be effectively
iIJursue:l over several generations to genetically
mprave the desired traits and total herd output
or productivity.

Traits or ch ics can be cl.
as either qualitative or quantitative. Qualita-
tive traits, such as fur color, dwarfism, wool,
:l';d vellu_w fat, are influenced by one or only
) :‘:H‘Dﬂ-lrs of genes. Quantitative traits, such
ol production, growth rate, and carcass
i . are influenced by many pairs of genes.

Some  quantitative traits, hundreds of
9enes may be invalved.

i
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Selection for Qualitative Traits
Selection for desirable genes

Selection for a qualitative trait is a simpler and
shorter process than selection for a quantita:
tive trait. For example, white fur can easily be
incorporated and maintained in a colored herd
or line through the introduction of a white
buck To illustrate, the albing white buck (gen:
etically ce) is mated to several homozygous col
ored does (genetically CC). where c is recessive
for absence of color pigmentation (albinism)
and C is dominant for full cdor expression. All
progeny from these matings are heterozygous
(Ce) and are colored. (If while progeny appear
in a litter from this lirst-generalion cross F)
then the dam is heterozygous for albsinism. ) For
any F, progeny that are heterozygous, Ce,
matings between these rabbits or rabbits fram
similar litters will result in progeny of which an
average of 25% will be albino white cc)
{Fig. 15.1). Thereafter, mating albinos to albinos
chould always result in albino progeny. Another
breeding adage is that “hemozygoles breed
true”, The qualitative trait has thus become
fixed in the herd in only two generations of

© Steven Lukefahr 2022, Aabbit Production, 10th Edition {S.D. Lukefahr et al)

DOl: 10.1079/9781789248811.0015
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(Alino Buck) {Colored Dos)
w© = K
5 F Cc % Ce
= T
g F, o Cc Cc ec x e Mlbino Do)
5 e
(4] Fy o

Fig. 15.1. lustration of the incorporation of a gene tor a qualitative, simply inhentedirait inio a herd.

(Courtesy of OSU Rabbit Hesearch Center)

planned matings invalving selection for white
fur. This same basic process could also be applied
for producing dwarf, Lionhead, salin, or woolly
varielies of rabbits.

If a rabhit raiser desires to apply selection
for a simply inherited qualitative trait, it is re-
commended thal several unrelated breeding
animals with the preferred trait (e.g.. albinism)
be introduced into the herd 1o avoid inbreeding
and subsequent depression of reproductive,
health, and groath traits in later generations. For
the same reason, matings of offspring should
be from different litters

Seleclion against an undesirable gene

Qualitative traits are generally discrete in
expression. A discrete trait occurs when a
“yes” or “no” condition arises, usually with no
intermediates. In nther words, a rabbit is either
colored or non-colored (albino). dwarlfed or
non-dwarfed, buck-toothed or normal-toothed,
elc. Dne undesimble qualitative trait, hydro-
cephalus (“water on the brain”), aflects new-
born rabbits. Hwdrocephalus is charactenized
by entargement of the head due to excess fluid
accumulation (Figs 7.4 and 15.2) and by death.
Newborn rabhits can casily be scored as nor-
mal or hydrocephalic; there are no intermedi-
ates. The genetic cause of hydrocephalus is a
simple recessive gene (hy). To select against
this undesirable gene (“to weed the genetic
garden”), breeders can use proven heterozy-
gous carriers {(Hyhy) as test animals and mate
them to suspected carriers (Fig. 15.3). I a
known carmer (test) doe is mated to a suspect
carrier buck and no kits with hvdrocephalus
appear (out of at least eight voung born in the

heocephalus in arabbi k. (Lel, side
. 15.2.
Ee’w;fcwwdﬂs”w )

bl (bout 90%) that the
;mﬂ]'“wmm%wmm
and has the HyHy genotipe nsiead. This i
hown on the night side d Fig. 153, If the
suspect buck is @ he left ol
hal shown on the left side of
mm 25% of the Kis in the litter, i
zuampll. l;unlﬂlih“‘“'ukmhuh"m-
3 the disorer (huhy).
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Mating of two carriers Mating a normal male to a carrier female
{Hyhy x Hyhy) {HyHy = Hyhy)
Gametes produced by Gameles produced by
buck buck
Hy hy Hy Hy
Hy HyHy | Hyhy Hy Hyty | HyHy
Gametes Gametes
by lest doe by na;::a
hy Hyhy ™ hy Hyhy Hyhy
Afliscted iifer Normal litter

*Oftsprng having the hyhy genotype are genatically afliclod with 7
Fig. 15.3. Two examples of testing for hydrocephalus. (Courtesy of OSU Rabbit Fesearch Center)

20% or mare) levels of alfalfa or that are sup-

v with vitamin A should be adequate

A vitamin A status to prevent hydrocephalus.

This is discussed in more detail in Chapter 7.

Anather congenital genetic delfect is the rare
case of a cyclops rabbit [Fig. 15.4).

Selection for Quantitative Traits
The concept of heritability

Quaniitative or *polygenic” traits are non-dis-
;{mle {continuous) and may show many levels
wi:l"“’r""!ﬂon. For example, 56-day market
1 5 In @ single litter may be 1.8, 1.9, 20,
+and 23k (4.0,4.2, 4 4, 4.6, and 5.1 Ib)
Im"‘““lﬂ-lw: traits include such economically
MP:;“"( characteristics as fertility, discase
o e, growth rate, feed elficiency, milk
Sh:ﬂ'm-lde_muv of fur, and carcass vield.
Iinuw_.: s lrallsh:ne f, d t;lzcm-
ner, graphing, for example, the

my weights of many rabbit frvers in a herd
g Portray a characteristic “bellshaped

or normal distribution (Fig. 15.5).

Fig. 15.4. A rare congenital genatic defect
involving a cyclops rabbil. (Courtesy ol S.0.
Lukefahr)

The vertical line in the center of the curve
shows that the average weight of all the rabbils
weighed was 1.5kg (3.3 Ib). The curve itsell

s the percentage of the fryers expected
at each of the weights between 0.9 and 2 2 kg
Quantitative traits are continuously (normally)
distributed because their expression is a func-
tion of many genes, each with small cumulative
effects. This tupe of gene expression is called
additive gene action. To illustrate additive gene
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E 30.0
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g:_gm.u
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Average body waight
al 56 days of age (kg)

Fig. 15.5. Bell-shaped curve or normal distribution
characterizing a guantitative trait. (Courtesy of
5.0, Lukefahr)

action, suppose that one arbitrarily

Table 15.1 Herdabitios of gantitative trats in
rabbits.*

that 100 genes influence 56-day body weight.
Il each gene contributes a potential for 0.02 kg
(0.044 1b) of growth, cumulatively 0.02 kg
(0.044 b} times 100 genes results in a 2.0kg
(4.4 1) rabbit

Heritability (h9) is the propartion of total
measurable variation of a trait within a herd
that is due to the expression of genes with
additive effects. If a trait is 100% heritable, all
Variation measured ameng rabbits in a herd
would be due solely 1o genetic expression with
no environmental influences, In other words,
any observed diflerences between rabbits for
the same trait would be due anly to genetic dif-
ferences. I a trait is 50% heritable, one-hall of
the observed difforences between individuals
for that trait are due o genetics, and the other
one-half are due to environmental factors. De-
gree of heritability does not reflect the number
of genes involved in the expression of the trait
of the degree that genes are transmitted from
parents to olfspring.

Heritabilities reported from the literature
for a number of economically impartant traits
are shown in Table 15.1. In general, traits re-
lated to fertility ard diseasa resistance are lowly
heritable (W < 15%). arowth and feed efficiency
traits are moderately heritable (b = 15-40%),
and carcass traits tend to be highly heritable
(h* > 40%). These same trends exist in other
livestock species,

To reiterate, herilability is a funciion of
addilive genetic variation present in the herd or
population for the trait of interest, Fertility
fraits are lowly henitable presumably because,
for thousands or millions of years, natural selection

Trait-relatod Heritabilty (%)
roduction
Mme 0-15
Longavity 16
Milk production 27
Health
Digestive disease mortality 3
disease mortdity 4
Survival 1o 56 days 6
Growtn
Body weights 13-23
Feed eficency 25-34
Carcass
Dressi nag 24-50
Fat percentage 61
Intramesscutar fal 54
Meat-1o-bone ratio 45-50

*Aange of figures fmm vanious Meafure SCUT05.

in the wild has lavored rablits that were above
average genetically for fertilily. Yt ‘:fmlhef
breeding adage is “survvalof the fittest”. After
numerous generations of ratural selection for
fertilty trails, genalic veriion has invariably
been reduced. Alternatively, matural selection
has given little or no advartage to rabbits with
above- or below-average dsessing percentage.
Because of little intervertion from nalu:‘al
selection, genetic variation for carcass lmits;
generally considerable and may be explait
through artificial selection by breeders. I:Izhrﬂ
ability is key to selection progress. In other
\worde, the higher the hertbility of a trait, the
grealer the opportunity to make genetic pro-
gress in response to selection.

Indirect selection for lovly heritable traits

for traits of low
To improve herd performaice .
heritability, providing a gocd nlgmgenwmnl :;
tem (proper housing desigs. high-aquali 8

iahting, saritation, etc} would
artificial barn lighting. Ao .

However, if anly emdmnmﬂall m\dma:;s ma
improved, a herd genetially _uﬂmw ar :
lowly heritable trait (e.g.. liter size Eum} worn
surpass the performance of a well = 8
genetically superior herd far the same trait.
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Despite the economic value of litter size
traits, there is little justification for attempting
lo improve herd performance by selecting for
litter size. A small litter size at birth is just as
undesirable as an excessively large litter size.
A statement such as “| save offspring only from
does that give birth to at least 10 young and
wean at least 8 young in each litter” is unsound
from a genetic standpoint because of the very
small influence of genetics on litter size and
because of the disregard for other important
traits that are mare heritable, such as milk
production and growth. In general, such a
poor practice would result in little if any genetic
progress,

kmp of traits of
economic importance should be achieved by
establishing culling levels rather than by direct
selection. This breeding practice is referred
to as the independent culling method. The
breeder decides on the culling levels to use. For
example. does may be culled if they have two
consecutive missed conceptions and/or il the
average litter size born alive drops below six kits
or the awerage number of kits weaned drops
below four. The culling levels will vary accord-
™4 o herd fertility and individual prelerence.
lter size born alive reflects bath the doe's fer-
ility and mothering ability in producing live Kits
at kindling. Litter size weaned s largely deter-
mined by the ability of the doe to construct a
99¢d nest and to nourish her litter with an
abundant milk supply. Bear in mind again that
mothering abifity traits are primarily influenced
by environmental conditions rather than by the
genelics of the doe.

_ To provide a more accurate basis for deter-
Mining real producing ability, it is important to
average the litter records of each doe rather
o focus on single exceptional records. Il a
Al S average litter size at birth falls below the
b Ing level, for example. of six voung, the
m"*dﬂ sl_muld soan sell the doe for meat, and

offspring from the doe should be saved as
Teplacements. An example is provided below
;l"hWtouseﬂic' dependent culling method
{:r:I: employs averages of doe performance

recards (Table 15.2)

average litter size born alive and
mﬁgurel that the breeder might set cull-
Bos A at six and four young, respectively.
falls below the minimum level of four

batakl

Table 15.2. Liter records.

No. of Average liter  Average liner
Doe records size born size weaned
A 2 6.0 35
B 5 82 73
c 3 75 70

weaned youna, so this doe should be culled.
Does B and C meet the criteria and should be
retained.

Use of the independent culling method
can also be applied to herd bucks, If the buck’s
average lertility rate falls below a set minimum
level (for example, 70% pregnancy rate), the
buck should be culled from the herd, regardless
of the buck's merit for other traits. Culling
levels for litter size traits for herd bucks is inappro-
priate because the size of the litter is determined
by the number of egas evulated by the doe. As
long as the buck is fertile, he has little influence
on litter size born

The long-term genetic consequence of use
of the independent culling method for a lowly
heritable trait, such as litter size, is to at least
maintain (even possibly slowly improve) the
herd average for that trait.

Direet selection for moderately to highly
heritable traits

As previously noted, genetic progress for a
\rait is determined by the heritability and by
how rigorously the young rabbits are selected.
The lormula that expresses this concept is:

G= NW=x5

where G is the genetic response [0 selec-
tion, h is heritability, and 5 is the sedection differ-
ential. Sclection differential is the numeric dif-
ference between the average of the selacted
animals and the herd average for the trail of
interest. As an example, suppose one hundred
56-day-old frvers in a herd have been weighed
in a week, with an average weight of 1.6ka
(3.5 Ib). The breeder needs to save 10 replace-
rments (5 bucks and 5 does). The 10 replacements
selected weigh an average of 2.2 kg (4.8 [b).
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The selection differential 15 0.6 kg (1.3 Ib) (i.e.,
the select group average (2.2 kg) minus the
herd awverage (1.6 kg)). Il heritability for this
trait is 0.20, the predicted genetic response (G)
for the offspring would be G = 0.20 x 0.6 kg
or 012 kg (0.26 B). The predicted average per-
formance of the alflspring Irom the 10 selected
parents would therefore be 1.6 (herd average)
plus 0.12 (G), or 1.72 kg (3.79 Ib). On the
other hand, if all 100 rabbits had been saved

Tewer kits during the pre-weaning period. To
circumvent this association, it is advised that
the best dams with several Itter records be first
identified, based on average milk production
records and average 56-day market weight of
their oflspring. The best herd sires can also be
identified on the basis of hiter records that
demonsirate the heavies average 56-day
markel weight. Records fom a minimum of
30 litters should be averaged for each sire 1o
lecti Sire and dam re-

for breeding, the selection diff ial would
have been zero fie.. 1.6 - 1.6 = 0). Hence,
the genetic response due 1o selection (G would
likewise be zero since there was actually no
selection at all. From this example it can be
appreciated that the higher the heritability and
the more intense the selection (praportionately
fewer offspring are saved as replacements), the
more rapid the expected rate of genetic progress

Commercial meat rabbit breeders, o in-
crease profils, sheuld aim at selection practices

cord sheets suitable for recording these data
are shown in Figs 15.6 and 15.7. After identi-
fying the elite parents. the breeder should se-
lect the heaviest rabbitls) at 56 days from wilhin
each litler produced by these elite sres and
dams This strateqy refledts both family and
within-family sel Firnlly, all prospecti
replacements should be carfully inspected lor
physical soundness, such s thick foot pads,
dense fur with good textue, good meat-type
formation, and normal lesth, Of course,

that will result in rapid genetic imp went of
economically impartant traits. Among important
commercial traits are lertility, including libido
(sex drive); disease resistance; litter size born;
growth rale to market age; and carcass vield
and quality. The independent culling method
should be used for fertilitv- and health-related
traits, as discussed earlier, whereas direct selec-
fion should be applied for the moderately to
highly heritable economic trails.

Feed elficiercy {units of feed required for
units of body gair) is a commercially important
trait that is modertely heritable. However, be-
cause of the labor involved in weighing and
feeding individually caged rabbits, and because
of a positive genetic correlation that exists be-
tween leed efficiency and rate of growth (many
of the same gene thal improve feed efficiency
also increase growth rate), selection of rabbits
with heavy market weights is the most practical
means of genetically improving feed efficiency

Economically important traits to select for
are milk production and market weight at 56
days. Since kits generally consume only milk
until 21 days of age. total weight of the litter at
21 days is an excellent indicator of doe milk
praduction. Weight al 56 days s mainly influ-
enced by genetics and the number of rabbits in
the litter. It is well known that the heavier frvers
at 56 days are more likelv 1o be from small lit-
ters, because of increased milk consumption by

;ﬂiv the best voung stock should be selected,
since their genes will determine the rate of

elic improvement realizd in the next gen-
:;:ﬂ““ This, in turn, will relate to increased
business profits.

Herd dam and sire avenges can be updated
whenever new litters with tetal 21-day and aver-
age 56-day weights becore avalble Bt ks a
good practice 1o establish axd know, in partiar
lar, the present rank of herd sires for their gen-
etic menit for average 56-day market weight.
Similar rankings ean also bedone on the basis of
average millk production (21-day litter weights)
of daughters from senior hed bucks

The labor required 1o accurately measure
and record 56-day market veight is more than
economically justified whengenetic progress re-
sults. Computer programs are available that can
rapidly calculate indnidual dam and sire trait
ava‘ngashnsedmhmmds.ﬂﬁsgwbm
awlmmnlwuﬂdﬂwgpeﬂ;mmm

caleulations. Hence, the use of a computer
o is o vahiable tool for such genetic selec-
tion decision-making practias.

Fostering kils belwm:: litters slm;fﬂd ]r:t

ubstantially interfere with accuracy of selec-
:bon. Fol:Iu:red kits should be identified by
some permanen! mark (eg., ear tag, tattoo,
chick toe punch mark in @) if replacements
are 1o be chosen from the fitter. ll 56-day
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Doe Breeding Record
Cago Leeaton
Bt Nermivichoo i
re
2 Dam
Broed
Dos Pertormance
v Lizer Growin
Sares Canceplion Date Littar Litter Sire  Litler Sira T
lal 21 56Day
Buin Die  Scow'  Keaed SueBom  BomAive  Woaned I-'W"\":: w‘”‘

*Conception soore: 0w inlerilo matng, 1 « larile mating.

7. 15.6. Asampla dae performance record sheet. (Courtesy of S.D. Lukelahr)

dividual weights are (o be used as a basis of
election, weights of lostered kilsﬁs;od; :r:t
pe inchuded.

Selection practices for fanciers

Fancy rabbit I:'rrlelndgrs achieve ge‘nel.ic
in two ways: (1) among-herd sefect;
yithin-herd selection. AR mici
when stock is acquired from a reputable
preeder wil_h impressive show winnings to
establish a ipe or 1o outeross with an existing
one for |hz_!mpmvanenl of a particular show
characteristicls). The same reputable breeder
more than likely obtained his or her stock from
yet another rep:taﬂeshﬂnwmbbuhrem. This
pop'l-ﬂﬂ' lradmg_-lnnds selective approach is

several generations of within-herd selection.
s because i”ﬂw type and conformation
traits (fur, muscle. and skeletal growth and

development) are quite heritable but are also
influenced by environmental factors (e.q., age.
diet, management, and season). A breeder
may simply desire to increase, say, shoulder
width, by purchasing a rabbit that presumably
has genes for outstanding width of shoulder
This is called corrective breeding. Further, it is
not an uncommon practice among fanciers (o
cross their own line to even that ol another

breed to acc ; :

plish the same ¢ g
ive of mare rapidly improving a specific show
trait or characteristic.

Another reasan lor elfectiveness of among-
herd selection praclices is that mest fancy
herds are small {less than 10 does of the same
variety or breed), so it is not possible for the
breeder to be very rigorous or intense in select-
ing voung stock. Being too selective in a small,
closed herd (without regular introduction of
stock from other herds) often puts the stock al
risk of the adversz effects of inbreeding. To reduce
inbreeding and ensure genetic diversity, it is
also important that animals of the same variety
or breed be purchased from (and sold to) a
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Buck Breading Recond
Cage Locatian
Ears sn
Barn D
Breed
Bush Parkemarce
Foctity Momaizy Lt Gy
—_—
Mhambar ot K Aace Liser
Dats Gorcap Wumber ThalDwafom  LiserSia Weght,
Doe it el e Nw BomAbw |RSEDNS  olSECes ﬂmu':p
“Concepton oo O = infistie makrg, 1 = lerile mating.
Fig, 15.7. A sample buck performance record sheel. (Courtesy of S.D. Luketahd)
number of breeders. Some dog breeds have  Selestion Practices for Angor brge e,

been devastated by over-limiting the gene pool
by matings to close relatives and by not tesling
for undesirable recessive genes.

In other words, within-herd selection is
effective only when the herd size Is ad-
equately large and when superior genes lor
Qualitative and quantitative show trails be-
come concentrated in the line As discussed
in Chapter 14, this is accomplished usually
through careful linebreeding practices that
emphasize the contribution of oulstanding
common ancestors being highlighted through
pedigree selection combined with selection
and culling.

The secret for genetic success ol show
stock development is that the “best” stock is
firsl acquired from one or more reputable breed-
er5 1o establish a cuality base line. Then, through
sound within-herd selection practices involving
several generations, “best” eventually becomes
even better!

Angora rabbit breeders Pammiarily "
R
quality trails. Heritabilities for woal ey
density characteristics teed 1 1, o and
(Table 15.3). Hence, an S1Dortuniy, werale
make rapid genctic progres hygy gy 1St 10
o igoroushythe b - 0 delermingg
in turn depend. in part. onhe
1f the herd consists. for s
and 10 does, the MWHWEM
Wmmhewﬁ] n:"":ke in-
“‘ill'nm}:;mh

‘”Bithm“:

fispring from which to selyey
= dgﬂmﬁch'hmeimm
is as opposed 10 large offgy Iraits. This
duced in 3 20 buck ang mﬁ::'hhmpm,
Mﬂmmm‘w ;
selected annually from 5 need 1 be
wmmmmm,n%mﬂ
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Table 15,3, Heritabilties for wool characteristics
in Angara rabbits.*

Trait Heritability (%&)
Woad yield: '
Fleeca weight 35
3d of later harvest 23
‘Woal characteristics.
Bristie diamaler 39
Back bristle length 25
Back down length 16
Haunch bristle length 25
Haunch down length 15
Comlort faclor 15

+Fiures rom vanous French ktorature scurcas,

Perthaps the most elfective strategy for
breeders of small herds is to purchase bucks for
breeding {mm large operations where good
Mpmd.monmo_!dsambzhgusedlo iden-
tify genetically superior rabbits. In addition, if
the primary tralt of interest is wool yield, the
::adc:n:a;bs:rmm}?wably more confi-

ce & high average wool
Mmmﬂlmmm.umpﬁg
a rabbit with o0y one wool yield record.

Another stralegy would be for small
preeders o form cooperatives or associations
wherein uniform standards of leeding, man-
agement, and trait recording pmcl!du;es are
consistently met, In addition, wool trait and

igree records from breeders would be
collected with the data analyzed (o compute
genelic scores called expected progeny differ
2nces (EPD), wh!cll reflect the numeric effects
of all the animal's genes lor a trail of interest

sbbits with the best EPDscmes are the best
candidates for selection. This approach
: reward participating members through
et accurate amur:s_;-herd a5 well as with-
oot genetic selection to target wool irait

jmproverment-

Recordkeeping

f records of
jematic use of ¥ of average herd
Sion and il rabit erformance 1
| in developing a profitable |ysiness.

essent® &
i , many producers are either unaware

of the importance of herd production records
or they are simply reluctant to maintain re-
cords. Perhaps the reason is because it lakes a
lot of time and diligence to keep good records,
especially il weights are being recorded. It is
possible, (oo, to get so carmied away with the
details of recordkeeping that other important
management activities, such as sanitation and
marketing, are neglected. Good records, from
a genelic perspective, serve as a nanagement
tool for accurate stock selection to improve
breeding stock quality and enhance rabbit busi-
ness security.

There are several types of records com:
mercially available to rabbit producers. Doe cage
or hutch cards are popularly used in recording
cervice dates, fertility success or failure, litter
curvival [total number bom, alive or dead; fostered;
and weaned), and litter weighls at specilic
ages Hulch cards can get lost or damaged,
and performance information is also lost. This
deleats the purpose of long-term recordkeep
ing. From the genetic selection standpoint, many
manufactured  hutch cards  over-emphasize
lowly heritable litter size traits. A better system
is to highlight the more important litter
welght traits (21- and 56-day litter weights) as
measures of doe milk production and fryer
growing ability.

Easily accessible permanent record sheets
for all breeding stock are necessary in monitor-
ing and projecting herd performance, An or
ganized recordkeeping system may also be an
asset when bank loans are sought, Permanent
record sheet forms for herd and individual rab-
bit productivity are also commercially available.
The record sheeis can be kept together in 3
notebook or filed on computer for convenr-
ence. Preparation of monthly and annual herd
average summarics is a sound business prac-
lice. For example, total feed costs and sales of
frvers can be summarized at the end of each
month to determine present herd output, feed
efficiency, and net business returns, Over time,
herd genetic performance, and seasonal and
profit trends can be closely monitored to aid
the producer in delermining present herd qual-
ity level, in determining cash-flow status, and in
making future business projections.

Pedigree records are a must for all breed-
ing animals in the herd. Some hutch and per-
manent record forms include space for sire and
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dam identilication, or even for three full gener-
ations. The commercial producer should use
pedigree inlormation. supplemented with per-
formance records, as a teol in making wise re-
placement stock selection decisions and in
avoiding closely related matings that might re-
sull in inbreeding depression of the offspring.
Seedstock or fancy breeders should closely ad-
here to pedigree records in planning linebred
matings lo concentrale desirable genes from
common ancestors or in planning test matings
to screen offspring that are suspect carriers of
undesirable recessive genes. A buyer of breed-
ing stock should always request pedigree re-
cords fram the seller.

Computers as an Aid to Genetic
Selection

To reiterate, the challenge of maintaining a sys-

C ke ‘k’&ﬂﬂ"
ization in rabbit productionenterprises can aid
in making a more accurate pvaluation of breed-
ing stack, and in substantblly less time. The
same computer program peckege can be used
to prnt dally work sheeli (eg. matings to
make, nest box entries, palpations, litters 1o be
weighed, efc.) in a matter aljust a few seconds

A personal computer Fia 15 5) generally
will pay for iiself even in a small herd operation
by reducing errors fe.g., brgetting to put in
niest boxes) and by allewisg the producer to
spend more lime bocking dter rabbits and hess
tima keeping records. For fincy breeders, soft-
ware packages are availmle that store and
print pedigrees.

In fierms of genetic impavement, the majar
livestock ind: puter programs and
employ geneticists to provide breeders with
expected progeny differentes (EFDs) for eco-
nomically important irails in their animals.
EPDs are numeric genelic scares that reflect
the effects ol all the animal's genes

tem of accurate and useful record is not
asimple ane. Commercial producers with as few
s 50 breeding does can usually justify the use of
a computer as an accurate, labor-saving fool

for a trait of interest, EPDsare ﬂrz‘:?afﬂiﬂ
for selection. To briefly ilugrate, perlormance
and pedigree records framseedstock breeders

Fig. 15.8. A personal computer can provide a daily chore sheel. aid in ge o
periodic financial stitements. (Courtesy of J 1, McNit)
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are | to the headq of
@ breed association or a genetics organiza-
tion. Here the data are pooled from many
breeders to create one large dataset. Geneti-
cists next use software programs involving an
appropriate statistical model (i.e., incorporat-
ing factors such as trait heritabilities and
mathematical adjustments for environmental
effects such as year, herd, and age) thal ultim-
ately and simultaneously estimate the EPDs

for all animals. The computed EPDs are then
made available and used by breeders to deter-
mine which animals to select in their herds to
achieve genetic progress. More recently,
DMA samples of animals are also used to
compute the even more accurate “genom-
ic-enhanced” EPDs. This sophisticated EPD
approach is especially effective when elite
sires are chosen that are used in commercial
artificial insemination programs.

Further Reading
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Coat Color Genetics of Rabbits

An appreciation of genetic variation can be
gained by attending a rabbit show. For many,
their first rabbit show rermains a vivid memary.
Besides the remarkable variation seen among
breeds in such characteristies as body size, con-
formation, and behavior, perhaps the most in-
tnguing feature is the splendid array in coat
color. Discrete colors of black, chocolate, blue,
red, and white, and the subtle shades of beige,
llac, sable, seal, and silver are seen. In addition
to color, the diverse color patterns found in
many breeds — agouti banding, brindling or
harlequin markings, Dutch and English spot-
ting, and tanning - further exemplify the amray
of combinations of coat color and color pat-
terns that have been developed. Furthermore,
the structure, texture, and type of fur - eg.,
angora, lionhead, normal, rex, satin. and
waved or astrex - provide a greater dimension
to the genetic variation in color, pattern, and
Structure of the coat

Prier to domestication, rabbits were all of
the agouti or wild-type color pattern, charac-
terized by alternating bands of black and red
color on the hair shaft. This eolor condition
was preferentially maintained in nature, be-
cause it visually blended into the rebbits’ envir-
onment, Other coors arose in the wild, through
genetic mutation undoubtedly, but being con-
spicucus to predators, including humans, such
deviants had little chance of survival It was
not until the domestication of rabbits, likely

© Steven Lukelahr 2022, Rabbit Production, 10th Edition (3.0 Lukefanr et af.

DOl 10.1079/9781789249811.0016

first occurring in the sevmnteenth century i
monasteries throughout Wistern Europe, that
presenvation and selective dreeding of mutant
colors began The followingis a brief history of
the genetic discovery of warious colors, pat-
terns, and types of fur
By 1700: akino, biack sorvagout, blue dks-
" hon, bown, Dusch spoting e, e
+  1700-1850: Angora, English spotting,
and Himalayan;
«  1850-1900: harlequin steel, ard tan: and
« 1900-2000: blue-eyel white, chinchilla,

Itis interesting to notethat over 500 years
have passed since the rabbt was do
but oy about 20 color gnes have emerged
through mutation. This iksirates the low rate
nlmwmmw

Classiiication of Hajor Coat
Color Geses

The vast majority of genes fiat affect coat colc
are located on only four pais of chromosomes.
mgﬂmmmm.hlcﬂ%ﬁ
tom refermed {0 as the coatcolor series and are
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genes of the A series exist, where A stands for
agouli coloration. On another chromosome
pair the genes of the B and C series are lound,
where B and C stand for brown and color, re-
spectively. Because two sets of genes of the B
and C series are located on the same chromo-
some, a condition called kinkage exists. This is
one of a few firmly established cases of linkage
that involve major coat color genes. Other
cases involve the Dutch and English spotting
genes and the agouti and wide-band genes. On
anather chromosome pair the genes of the D
series are present, where D stands for dilution
of color, and on another pair of chromasomes
the genes of the E series are found, where E
stands for extension of black color.

At each of these five major chromosomal
locations of the coat color series, a gene that
mbﬂk‘&fagmm:dmehﬂnnmybeplmlha
nlibhi- Since the agouti genz is dominant, a rab-
bit that possesses af least one agouti gene at
each of the A thiough E Jocations will have
agouti coloration. However, different versions of
aggne_mlgrwluasaﬂelu,mayadghpm
of the dominant agouti gene, Over the course of
many generations. the agouli gene has given rise
tp numerous mutafions, mastly ive. At the
Alocation ("locus”) there are three alleles, at the
B locus two alleles, at the C Loy six alleles, at
the D locus o alkles, and at the E locus five

Table 16.1. Major coal colgr sanes of the rabbit.

alleles (Table 16.1). An individual rabbit can have
only two alleles present at each major gene locar
tion, ene en each of the chromosomes inherited
from each parent. The two alleles may either be
duplicates of the same gene (homozygous) or be
dissimilar (heterazygous). An excellent recent re-
port on the molecular aspects and function of
genes for coat color, pattern, and structure is

provided by Fontanesi (2021)

A series

There are three alleles of the A series: A, a!,
and a, An allele with dominant gene action is
symbolized with a capital letter: A for agouti.
The specific protein that produces the agouti
color pattern is called the agouti signalling pro:
tein (ASIP). Recessive alleles are symbolized
with lower-case letters: a' for tan and a for
non-agouti. Three homozygous conditions ane
possible in a population of rabbits in which
these three alleles are found: AA, a'a', and aa,
respectively. The lettering system denotes the
genotypes of three different color classes of
rabbils. The respective agouli, tan, and
non-agouti color patterns chserved are called
the phenotypes. The genolype of a rabbit is
asceriained by observing either its own pheno-
type or that of its offspring. or both. In recent

series Gene namg

Alleles Colars

A-Agouti Agouti signaling protein (ASIF)

gEmT

G-Cotor

Thosinase-related protain 1 (TY
Tymsinase (TyR)

p-Diuin

-Extension

Melancphiin (MLpH)
Melanocariin 1 receptor (MG1R)

Agouti

Tan

MNon-agouli
Agouti

Brown or chocolale
Agouti

Dark chinchilta
Medium chinchilia
Light chinchilla
Himalayan
Albino

Agouti

Blue dilution
Black agouti
Steel agoull
Agouti

Japanese

Red

A

AP1)

DT o

ot

i

Gna

mammmea
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vears it has become possible (o use DNA sam-
ples to determine an animal’s genciype. Three
heterozygous condilions are possible for the
same population: Aa’, Aa, and a'a. A rabbit
with the Aa' or Aa genotype will have the
agouti phenotype, because agouti is com-
pletely dominant. Although both a* and a are
recessives, a' genetically prevails over a, produ-
cing a tan phenatype. With the homozvgous
recessive genolype aa, a rabbit will have the
non-agouti or selfphenotvpe (Le., solid color).
Coat color genotypes of American breeds of
rabbits are provided in Table 16,2,

The agouti phenotype is the result of black

genotype has brown rather than black color
This is because of a change (onginally by muta-
tion; referred to as TYRPY) in the function of
the gene that otherwise codes for black mel-
anin pigments, Instead, lighter “brown” pig-
ments are formed Some gencticists consider
this effect as a type of dikifon. TYRP1 stands

the locus responsible for ébinism (TYR} and
hmbmrﬁmhw_ﬁaml
an agouti (A_), the normaly black ticking wall
b brown instead, as found in the Cinnarmon
breed. A tan marked rabbil will be a brown, or

I (eumelanin] being distributed in the
terminal band region, red pigments (pheom-
elanin} being distributed in the sub-terminal or
intermediate band region. and black pigments
being sparsely distributed in the base of the
hair shaft. Agouti markings predominate
throughout the head. back, and sides of the
coat, while the eye circles, underjaw,

nape of the neck, belly, and undersurface of
the feet and tail are white or eream in color
Three types of hairs comprise the coat: pri-
mary quard hairs, secondary guard hairs, and
underfur, Primary and secondary quard hairs
are long and coarse. The underfur, or down., is
velatively shorter and finer. It is the secondary
Quard hair that displays typical agouti charac-
teristics invalving terminal, sub-terminal, and
base color bands, as found in many breeds.

The recessive a* allele is responsible for pro-
ducing a black dorsal coat lacking agouti color-
alion, while the eye circles, belly, and other
undersurface regions remain light colored. In the
Tan breed it is believed that additional genes,
called modifying genes, are involved that cast a
1an shade to these under-surface body regions

The effect of the a allele, when in the
homomgous state, is fo obliterate the agoutl
condition by producing an entirely black coat.
The black or self (solid-colored rabbit) pheno-
type is probably the most popular color variety
N exislence among present rabbit breeds.

B series

The dominant B allele codes for synthesis of
ormal agouti coloration. A rabbit with a bb

hocolate tan with an a'a' bl genctype. A blacy
non-agouti {aa) will b:adﬂ:damsdlhaw

C series

Several alleles are membas of the C Series,
probably the most influentidl series in ferms o¢
colar dilution or shade. A previousty stzpeq
missemsisrepuumdbygmlmﬁm&'é
TYR locus. Six alleles are known, which ean
conveniently be ordered arcording to gy
ance as lollows:

C = full color:e™ = dark chinchillag = _
medium chinchilla:c™ = lidht chinchilla, b _
Himalayan:c = albino.

mcmmﬁ:mmw%

i the agoutl, 12n. o NeN-2g0uli raly;
o dominant to al other alldes of the ¢ 1274
Full color expression refersta the E“""“ﬂbnuii
both eumelanin (black) and i freg)

pigmemlhatmdhmhllldmwh
Rabbits with c**, € or H aleles hyyg o 1
gms,-.gdummdudm-hmﬁm .
c‘“:‘*‘ltghld’limhﬂh“““hdc“ﬁﬂ%a
will be of a stil ighter shide if, ing, MO
et or e Also, be 2:?1.:’
t dommmﬂécmfmlagm -
o Ak - fodad wetion 8 o, Call-
homozygote which has durk poiny, Sk
genotype produces an albho rabb, fully e
void of coat and €ve pigmentation, 1y, Y de-
causerhu:nndlﬂﬁl\f-‘“‘mumllnﬁadﬂ. " he.
O{MWEM"W‘_‘WE@M lue“w
aynthesis, so color expressin s inpipy telaniy
Bmmnwﬂ'emulﬂ*ﬁ Thll
other normal genes for codt ang qwf;::lses




Chapler 16

Table 16.2. Caal color genotypes of Amarican breeds of rabbit.

o Genotype' Breed Genotype'
e o’ Flemish Giant
Amencan Black o
Blua aadd Blue add
mmm e Fawn o8
Fuzzy Log? L Light Gray gt
Amencan Sable 2a oo™ Sandy
W,,w ,.r"m I Steel Gray oo™ ERE
i b White P
Bl Florida White e
ook e Harlequin®
Ba‘f;nw alalww Japanese oo
o Magpie o gl
i L] Havana
s aadd Black as
Blug-ayed White o Sl S
B""""'B. de Holot dudu~ EnEn aa Broken B
Follo Chocolate aa bb
Esack aa Lilac aa bb dd
Bilack Ottar aa’ Himalayan
e w Black aa cheh
Srok Enen Blue aac'c’ dd
cﬁw o Chocolate aa bb ce"
i o Lilac an bb e'c* dd
et aa e an Holland Lop?
» aacc” Jersey Wooly* i
‘hampagne DArgere’ = il il
sheckered Giant P -
Black e i
st Enen aa dd Mini Log*
Cinnaman e Mini Rex! m
Creme Dimgenp AA bb Mini Satin® sasa
Duteh ee Netherland Dvarf*
Black New Zealand
Blua du'du® aa Black sa
Chinchilla du'du® an dd Blue aadd
Chocolate dudy” ™™ Broken Enen
Gray du'dy* aa bb Red ee
Steel durdu* White o
Torlose du'du® E'E Palaming
Dwearf Hotot dur'du” aa ee Golden oe o
Dwarf Papifion du*du* EnEn aa Pq._t{nx bb
;a: Enen aa Black an
Chocolat Enen aa dd Blue aa dd
English Spot Enen aa bb Blue-ayed whitle w
Black Broken Enen
Blug Enen aa Chocolale aa bb
Chacolate Enen aa dd White co
God Enen aa bb Rex
Gray Enen e Amber rr bb ea
Litae Enen Black T aa
Tortoise Enen aa bb dd Blue rraa dd
Enen aa ee Broken r Enen
Contunued
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Tablo 16.2. Continued.

Breed Genolype' Breed Genotype'
Californian maac'c” Oftar sasa n'd
Castor " Red 5253 88
Chinchilla 1 i Siamese £853 a3 €7 ee
Chocolate i aa bb Whele sasa o
Lilac it aa bb dd Salin Angora® il sasa
Lynix r bb dd Siiver®
Opal i dd Black aa
Otz ma'a Brown aabb
Red mea Favm ea
Sable maa cc™ e Silwer Fox?!

Seal maa cc* ee Black aa
Whita mece Blue Ba dd

Rhinelander Sitver Marten
Black Enen aa e Black aa g™
Blug Enen aa dd e'w Blue @ o dd

Satn Chocolata ' bl o™
Black sasa aa Sable ga'cctgn
Blug sasa aa dd Tan
Broken sasa Enen Black o
Californian sasd aa £’ Biue aadd
Chinchilla sasa cTp Chacolate aa'th
Chocolate saza aa bb Litae aa'bbad
Copper sasa Thirianta o

'Oniy relevant gone(s) provded. (A blank represants agout type )

Seo Tebie 16.6 fior egior genotypes of Angor variabes
*Polygenic inhatitance for sivering imvohed

:Sm color genotypeslor Ao breed as & guide

Sea color genotypes for Satin breed as a guide.

To clarify furiher, the true agouti has black
ticked fur with an intermediate region of red
Pigmentation and a base of slate blue tone
<olor. The effect of the ¢ gene is to change
the inlermediate or sub-terminal region of the
hair from red to pearl white. as well as to
change the color of the eye circle, belly, and
other under-surface regions from cream to
white. This gene limits the synthesis of red
calor, as is true of the other recessive alleles of
the C series. The Chinchila is one of the more
siriking breeds, with its characteristic coat pat-
tern being displayed in rings of color seen by
blowing on the fur [Fig. 16.1). Lighter shades
of the common dark chinchilla can be made
u?on substitulion of the ¢ allele with the
€ and e alleles in the homozygous state
(Fig. 16.2). There is some speculation whether
the ¢i= gljgle actually exists. Recent molecular
9enetic studies suggest that only one chinchilla
?Em may exist. Instead, modifier genes may
ighten the ¢ or darken the c eifects of

zT. - 4 ‘ 1

contains five rings of color, Indusing Iack ticking
that makas up the outermost Ing. (Courtesy of
5.0 Luketahr)
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Fig. 16.2. Left fo right; rabbis displaying light (=),
medium (c*"), and dark (c*) chinchilla color
patierns. (Courtesy af 5.0. Lukefahr)

ila (alat ¢ and a'a' ¢*c*) pro-
:::es ?If::men. Since the effect of the chin-
largely inhibit red pigment

chilla gene is 1o
:a]cralsbon I the body. the marten
still shows the tan patiern but simply lacks tan

tion, This condition exists in the Silver
maﬂdmmlmwhﬁﬁoloihmmm

; i color plgmenta-

The c" gene resiricts coat Pigmenta
jon |°:}g extremities or points of the body.
nose, CATS, feet, and lail. This is because
ok rature at these distal points is
! Jower than for the rest of the bedy, al-
’nglhb temperature-dependent gene to be
lowing Californian and hHmala‘;l:; kits,
i y rily after birth, may develop a
c::{m::::hl:n of this lemperature-depend-
o elin. This can also occt in the adu
o the skin surface is exposed 1o cold tem-
e such as through fur pulling or chew-
Mraé::i}v:jg 5.17), Above arlte;lnopetalum of
ing i pmduclion ol ¢ pigments
25°C mﬂ:ﬂ ;::gd paints result. In rather ex-
declines ol p high lemperatures, a
bbit may be indistinguishable from a

pointed bbit, In fact, because Californian

true albind "'n animals have, lor the
and H.-malal:; e coat and pink or ruby-calared
maost part, 3 W -albino” is used to de-

#
eyes, the ter™ o mock albin condition
scribe the 15

p series

\ ¢ are (he dnmil';:lt D and
In the D seri€s " ¢ As seen in the normal
the recessiv® :;;l:fwilh at jeast one D allele has
agouti coal: &

the potential to exhibil dense color throughout
pigmented regions of the body coal. Technic-
ally, dilution is associated with genes found af
the Melanophilin (MLPH) locus. The elfect of
the d allele in recessive homozugotes is a dil-
tion of color pigments threughout regions of
the bady coat. Specifically, hair pigment gran-
ules are clumped and irreqularly distributed.
leaving much empty space. This leads to
areatly decreased light absorption and causes
an increase in white light, which dilutes the
strength of color seen by the eve. The effect is
that black appears blue, chocolate appears
llac, and red appears eream colored, Anagouli
rabbit that possesses the dilulion genes (geno-
type A_ B_ C_ dd) has blue ticked fur with a
cream intermediate ring color and slate under-
color and is a blue agouti, also called an opal
If an agouti rabbit also possesses the recessive
brown genes (genotype A_ bb C_ dd), the color
is referred to as lynx, or mare descriptively, a
lilac agouti. Both the opal and lynx calor var-
jeties occur, for example, in the Angora, Lep,
Netherland Dwarl, and Rex breeds.

Marten and Siamese varielies of smoke
pearl result when the blue dilition dd genes are
present in the same animal, as found in the
Netherland Dwarl breed. Ble color varieties of
Silver Martens and Tans have the dd dilution fac-
tor, and lilac eolor varieties have both bb brown
and dd dilution factors. In the nen-agouti
sell-rabbit, possession of the dd dilution factor
produces an entire blue coat, while possession of
both bb brown and dd dilution lactors produces
an entirely lilac coat. Because brown colar pig-
menls are ireqularly dispersed throughout the
hair follicle, the actual color wually detected is a
bluish fawn or dove gray shade called lilac.

E series

Five alleles are commen members of the E ser-
ies, shown below in order of dominance:

E! = dominant black agouliE® = steel agouti:
E = agouti;e' = Japanese brindling:
e = red or vellow.

There are three dominant and two reces-
sive alleles in this sertes. These alleles are each
unique due to specific mutations as found at the
Melanocartin 1 Recepter (MC1R) locus, The e
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allele is completely recessive to all other alleles
of the series, while rather complicated inter-
actions exist among the E*, E, and € alleles. The
E* allele may cause black color ticking to extend
completely into the intermediate agouti band of
the hair, producing an entirely black coat, as
also found in the non-agouti black rabbit faa),
Mere specifically, the otherwise normal agouti
fgenotype A B_C D _E ) that has at least one
E¢ allele displacing any of the other alleles of the
E series will be black. The effect of the E* allele
is to cause partid extension of the black pig-
ment into the intermediate agouti band. A nar-
row band of red or gray color in this hair zone is
referred to as steel coloration and is seen in
many breeds. A seel agouti rabbit fs shoun in
Fig. 16.3. However, E'E* homozygotes display
only traces or no steel coloration and appear
entirely black, similar to E* individuals. It is the
E* E heterozygote that is believed to be the
genotype of the ideal steel (genotvpe A_B_C_D
-E* B). To make matters more comphcated,
there may be separate genes for hight versus
dark belly color as seen in the agouti coat.
The most intriguing allele of the E series is
€, the Japanese brindling gene. It has two el-
fects in the agoui (A_) in that it behaves as
both E* and e alleles. In a seemingly random
manner, alternating paiches of black and red
olor appear throughout the body. Ideally, ac-
cording to the American Rabbit Breeders As-
sociation “The chest should be evenly divided
with the black half chest and leg under the or-
ange half face, and the orange hall chest and
leg under the black half face, thereby framing
the face with its alternating color. The leg may
be the same color as its side of the chest or

Fig. 163, o
Luketahr)

steel agouti rabbit. (Courtesy of S.0.

which alternates the most frequently in color
should have preference ™ (American Rabbit
Breeders Association, Inc. 2020, Standard of
Perfection 2021-2025.) On the other hand,
certain individuals may shew few “bands” or
“bars” of alternating color ind resemble either
of the two extremes of blact or red coat colors,
The magpie harlequin ha white instead of
red-colored regions due to he action of the ¢
gene, which largely inhibis red color expres-
sion. Blue, chocolate, and bac harlequin var-
ieties also involve b and/ar d genes. Rablits
with an ee genotype have tie basic agouti coat
pattern, except for the absence of black surface
ticking on the head and ears back, and sides. In
other words, the e gene ithibits extension of
black color (i , black eumlanin pigments are
not synth ); thus, it i ly referred
to &s the non-extension allle of the E series).
The red color variety (also raferred o as cream,
fawn, gold, or orange) is prisent within the An-
gora, Creme D'Argent. Dutch, English Spot,
and Silver breeds (Table 162). In A_ ee agouti
rabbits, appealing shades of chocolate, blue,
and lilac fawns can be devdloped by incorpor-
ating the bb and/or dd gmes. Paradoxically,
A_ ee rabbits that ales have chinchilla genes
fe*, =, and ) have a wiile coat This is be-
cause the chinchilla gene sffectively prevents
ted ccloration, while the norextension red gene
prevents black or dark colortion, thereby result-
ing in little to no color expresion. This is some-
times called a white or ghostthinchilla (Fig. 16.4).

Combining the non-aguti aa with the e2
genes produces a red sef rabbit with black

Fig. 16.4, A while or ghost crinchilla rabbil.
(Courtesy of S.0. Lukelahr)
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points and underline, commanly called a tor-
toise-shell. Therefore, in the otherwise
non-agouti black animal, the aclion of the e
gene i incomplete in restricting all black pig-
mentation from the body. Chocolate, blue, and
lilac tartoise-shells can easily be produced by se-
lecting for the relevant genes, b and d. By com-
bining the chinchilla and the non-extension red
genes in the non-agouli black animal (genotype
2aB_c*_D_ee), the pear color is produced.
mw},alsohmhasasaﬂe point or chin-
chillated tortoise-shell by some fanciers, has a
white body coat laced with soaty dark ticking
that intensifies at the points. As described
above, chinchilla genes progressively prodice
fewer red color pigments, while the e gene
is not fully capable of eliminating black color
pigments, Combining these genes in the
i rabbit resulls in delicately shaded
coloration. A lighter version of the pearl
color exisis na rabbit that has the ¢ (light chin-
mwﬂ]ugmﬂm’mﬂ!edmka—;ddaﬂdg
k chinchilla). This bghter animal. presum-
ably with the genotype aaB ¢ D_ee, is belter
a5 the siamese and the sable point.
An inferesting condition, called the mock

o

Fig. 16.5. A rare rabbit with Himalayan paints, a
magpie pattern and pink eyes. (Courtesy of 5.0,
Lukefahr)

Coat Pattern Genes

In addition 1o the primary genes of the major
A-E coal color series. other well-recognized
genes exist that also exert pronounced effects
on the coat color pattern. Mareover, there are
many minor (modifier] genes that, in a cumula-
five tend to modily the expression of

albing, can be synthesized by combining the
Himalayan gene " with the non-extension red
ene ¢ in the agouti rabbil (genotype A_ c'ct
ec), The action of the e gene i lo prevent ex-
n of dark coloration at the body points,
roducing an animal with a white coat that also
]Eappel'l-i 1o have Fiﬂjf eves. In the non-agouti
rabbit, the mock albino. condition (genatype
sac’chee) may appear s wel. However, upan
dlose observation of the body paints, it usually
Becames apparent that some dlark ticked fur is
1t in such @ mack albino. In oiher such
prﬁenoulnl' occurs even though the eves are
cases, B 6 5), Furthermore, mating a true
P | that is known (o possess any of the
albino ‘:? L of the E series (EX, E, or E) to
domind Y o should result in colored off
2L In cantrash mating true albino stock
g i in only albino olfspring. Other pos-
will rest! jons mock albing may involve the
sible Verse o ¢ ee genolypes,
Achee hensive list of coal color genetic
A ons 1 Ning the five major A-E ser-
cﬂﬂ""ma"m {wo common alleles per locus in
s 3“_"& pon-agoutl wvariehies is presented in
1
Table 163

the major coal pallern gemnes. For mcampl&
madifier genes can largely aceount for the dif-
ference between rabbits with either excessive
‘or minimal white spolling.

Duteh white spotting

A list of cost color pattens is provided in
Table 16.4. The first set of genes is for Dulch
spotting. The inheritance of Dulch spotting is
quite complicated because buth primary major
and secondary minor genes are involved. The
maost widely accepled hypothesis is that there
are three major alleles that belong to the Dulch
spolting locus, one dominant and Iwo reces
cives. The dominant allele (Du) produces no
Dutch markings on the bady coal. The reces:
sives (dut and du®) impart the Dulch spotting.
Allele du’ expresses minimal white spotting,
while du* expresses substantial white spotting.
The degrees of Dutch white spolling have been
graded according to the action of these three
alleles in homozvgous and helerozygous forms

(Fig. 16.6).
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Table 16.3. Coat color genatypes for agouli and non-agouti vaneties.
Agouti version Color description Non-agouti version  Cdor descripion
A_B.C_ D E_ Agouti 2aB_C D _E_ Blick
A_B_C_D_ee Red (Fawn) 8aB_C_D_ee Tortvise-shell
A_B_C_ddE_ Blue agouti (Opal) #aB_C_ddE_ Bliie
A_B_C_ddee Blue fawn aaB_C_ddes Ble ‘orioise-shall
AL pivpmany Chinchilla aB_c™c™D_E. SmI'
A_B_c™c"=D_ee  While chinchilla 2aB_c™c™D_ee  Blick pear’
A_B_c™c™dd E Blue chinchilla (Squirmei) aaB_c™c~ddE.  Bhoseal
A_B_c™c™ddee  While chinchilla aaB_c™c™adec  Blepear
A_BbC D E Chocolate agouti (Ginnamon)  aabbC D _E_ Clocolate
A_bbC_D_ee Chocolate tawn 8abbC_D_se Ctocolate tortoise-shep
A bBhC_ddE_ Lilac agouti (Lynx) aabb C_ddE_ Likc
A_bbC_ dd ea Lilae fawn a2 bh C_ddes Liac tortoise-shel|
A_bbgMerey E Chocolate chinehilla aabbee™D_E_ Clocolate cepl
A_bbec290_ee  White chinchilla sabbc™e*D_ge  Chocolate pear
A_ b coee g £ Lilac chinchilla aabbc™c™odE_ Licseal
A_bbc™c™ddee  White chinchilla aabbc™c™ddes  Lcpear

"The genatype af the sl is nat conclusively verified. Studies indicate that ane of moné of 112 GEODES 1A, aa cce

and aa e are involed

*A paler version of tha pearl is produced by subsiituting the €4 (dark ehinchila factod) for hec™c™ (Ight chinepy
{actor) genes, which ges the sizmese and sable point. Fusher, ihe genatype of C'C™* 80 M2y 250 b3 imclved.

Table 16.4. Major coat pattern genes in addition to the A-E series.

Locus Allgles Color of Calor Patiam
Du - Dutch Du Hormal,
3 e Datk Dulck, minimel o

e Wnite Duteh, encessive SPoting

En - English En Engish syutiing
- :nmm

81 = Silvar :I Mﬂil‘ﬂ

A - Viennese White \\: m' Iue_“ﬂw Bz ayes

- Normal amat bang
W =W
ek :: Wide agoudi band

"Athousgh i (sibver) i eported in the Bieralure a5 @ majar v i s nirsod by sy

maodifier genes.

The dominant allele, Du, is actually in- [or modifier genes wllbm able elfecyy on
completely dominant aver both recessives and  expression of superiar Markings i the
Produces rabbits with little or no Dutch white  cessive hﬂm;yd!n;;ir m[du thmand duryy has
spotting (grades 0-3). The white spotting that produced ah i Rw alsy foung

oes occur is usually restricied o the nose, i the du'du® Wm mﬂm is% of
fN_:E. ancl/or feet The heterozygous combin-  modifier genes 'lhdﬂ'::bu rdw‘lely
ation of the dark and white recessive Dutch  and consistent Wi rezder 501)5@%’“1
:'ﬂlﬁs vields a rabbit with nearly ideal Dutch -
arkings (grades 6-9). Unfortunately, hetero- lish white spoty;
KQU‘;; do not breed true. However, some Eng 9
1eh breeders have the reputation for consist- : !
enlly producing niform ideal grade stock. The dominant English whie

e best explanation of this is that selection

geﬁiﬁmﬁllcm"W&MSmM~En
breeq y
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g, 1
,-,."',;,"F'f’““ of Duich whts spotiing. (Robinson, R. 1678, Colour inheritance in Small Livestock,
ather, Idie, Bradiord, UK. Courlesy of Fur and Feather)

General, this gene is referred 1o as the KIT
?GHE by geneticists. The same gene is found.
}?;Imampie. in the Checkered Giant, Blanc de
Rh.]o" Dwarl Holot, Dwarl Papillon, and
nelander breeds. The Rhinelander pos-
fsa genes for English spotling as well as for
In_lz:r;se halr!equin brindling, producing a
s ed animal of white, red, and black. The
Dnrc;: ance _0' English spotting is simpler than
S spotting, as illustrated in Fig. 16.7. The
= 'El‘irﬂd phenatypes of the English Spot and
- heckered Giant breeds result from the
s O2vaous genotype Enen. The Enen het-
S-U?ZJW?IE with the ideal phenolype (grades
i will not breed true, Dominant homozy-
cnlledr?:bh.:b- EnEn, are mastly white and are
pnb lies (grades 8-12). The occurrence
i 2 12 Charlies is particularly rare. At the
e extreme, recessive homozygotes, enen,
ve]tlhn white spoifing on the body (grade 0).

. deler::nﬂb;r' _ilze. and placement of spols
e uring fetal development, when
Pament-forming cells migrate from the

spinal region (neural crest) to the head and
down the sides of the body. Modifier genes are
also invelved in these spotiing characleristics.
Some studies in other spedes. such as mice
and cattle, indicate thal sizz and number of
spots on the coat are quite heritable and could
thus respond to selection. It is interesting that
an association exists between migration of pig-
ment-farming cells from the neural crest and
the nerve supply to the digestive tract The
dominant homozygous rabbits, EnEn, are re:
ported to have lowered gut motility and lack of
nerve cell function in the gul wall, This condi-
tion is referred 1o as a type of megacolon ab-
normality syndrome. They also have higher
mortality and very large, moisl fecal pellets,
which tend to adhere 1o the cage lloor.

A unique genetic situation exisls for coal
color in the Hotot and Dwail Papillon breeds.
Rabbits have a completely white coat excepl
for a eircle of usually black rolor around each
eve. The genotype for this breed is aa dudu
EnEn. Genes for excessive Duich and English
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it n
Fig. 16.7. Expression and inhentance of English whie spotting (Robinson, R 1978, Colour [nhentance
Small Livestock, Fur and Feathar, Idie, Bradlord, UK, Courtesy of Fur and Feather)

white spotting are combined in the same ani-
mal. Eve color is usually brown, although biue
Or mosaic eyes may be seen on occasion in
same Hotots. Some individuals display only
one eye oircle and are referved to as boxers.
This is believed 1o be a random non-genetic
event that occurs during early fetal develop-
ment. On the other hand. width of the eye cir
cle is probably influenced by modifier genes
Of academic interest, the Dutch and English
“potting genes are located very close together
on the same chromosoma (Chromosome 15),
and therefore are said to be tightly linked (ap-
Proximately a 1% probability of recombin-
alion). The significance of such a tight linkage
lies in the great difficulty in producing desired
recombinants (du*du® EnEn) in subsequent
2enerations from. say, Dutch x English Spot
Mmatings. In other wonds, the genes of rele-
vance tend to be transmilted as a block of
genes rather than as separate entities. A rare
Dulch-EnglLsIl spotted rabbit with mosaic eve
color is shown in Fig. 16.8

from
Fig. 168, A i.",‘fﬁfm s
Ghana, West Alfca

Silvering

The recessive sivering gere, st :Etm;!ﬁ:ﬁ
Pl n&p::;ﬂi::h as found in the
b LM‘A:Q&\I bread, In the absence of
ilveri the Crampagne would in-
the silvering genels). A
!taﬂsc; he a non-agouth. blads-colored rabbit. In



Chapter 16

lact, young rabbits are first black colored, but
within a lew weeks of age, silver hairs begin to
appear. Il has been demonsirated that pig-
ment-producing cells are physically stripped
from the secondary guard hairs upon growth
of the second coal. This aclion leaves silver
hairs, a phenomenon somewhat similar to the
aging process in humans. It has not been con-
clusively verified whether silvering is inherited
as a simple recessive or is polygenic {involves
many genes). Other breeds that display silver-
ing include the Creme D'Argent, the Silver,
and the Silver Fox. It probably would require
only @ minor breeding eflort to develop
new color varieties within the silver breeds
through introducing the desired color by initial

crossbreeding.
Viennese white

A common variety, for example, in the Beyer-
on. Britannia Petie. Netherland Dwarf, and
Polish breeds is the blue-eved white. This con-
dition is due ta the presence ol the Viennese
white gene: ¥ i1 the homoaygous state, One
I iriguing feature f this gene i revealed in the
heterazyaote (W) in which the Dutch spotting
anacleristics of o white facial blaze, white
and a white shoulder belt are exhibited,
‘b“c;l it appears 1o be assoclated with the
AT gene. Furthes. in the helerosygous siate,
v behaves 2 an incomplete domingny
ig;:rm of mock albinism exists when a yabby)
< both &' and v genes in 1}I|e homazy.
the o normal-appear
gaus s"’:_;_:'wrkgd animal, the v gene lﬁlrlgli
) pation from occurring al the points of
ey, The cout becames. eatirely uhigg,
the e yeman pink, making the animal
and th;lc e alkino rabbit (o).
resen

Wide band

2s ne 1hat causes an increase in th,
A recessive 9% orminal agoui band of the

width of ! the wide-band gene (), Jy
hair shﬂ“hii jan Hare and possibly ir, Ce:
found i1 1€ = f the Rex, Silver, and Ty,

ariei®® 2 of the gene is 1o make
:;ds The ;‘::i;ubfs more visible with l':::

sub-ternt

dark surface color. Largely due to medifier
genes, the extent of wide-band gene expres:
sion is variable from animal to animal. At the
two extremes, for example, an animal could
resemble a true agouti or could resemble a red
agouti [AA ee) with no ticking shown, Simi-
larly, Chinchilla rabbits that possess lhe
wide-band gene (genotype AAC™c“wu) may
show no black surface color or ticking. These
are called ghost chinchillas because of exces:
sive white pearling througheut the hair shaft.
The base or undercolor remains a slate blue.
Some Tan breeders contend that the w gene
may be involved in vielding a prevalence ol
tan-tipped hairs in the coats of high-quality
stock. This could also be the case in tan
patterned varieties of other breeds,

Modifier Genes

The role of modifier genes is, in many in-
stances, critical in the phenotypic expression
of coat color. They often alsa account for many
mysteries in attempting fo solve coat color
cases, Each modifier gene by itsell has a rela-
tively insignificant effect on wlor. However, on
a cumulative basis, modifier genes can make
the difference between a poorly marked Dulch
or one with ideal marking qualities. Other ex-
amples ol their effects inchude the deep chesi-
nut-red color found in the Belgian Hare, the
definition of ring coler in the Chinchilla, the
degree of steeling in steel way varieties, the
extent of silvering in the Chanpagne D'Argent
and Silver, and the dark bluhg of the Blue Vi-
enna. Since modifier genes Jehave in a cunw-
lative or additive manner, drectional selection
can be practiced. For exarmple, Mew Zealand
Reds can be selected in ont direction lo pro-
duce animals with weak, licht yellow coals or
can be selected in the opposile direction
1o produce animals with rith, dark red coals.
Saleetion for an intermediatered coal condition,
called stabilized selection, cm also be applied.
Genelic progress achieved tirough directional
or stabilized selection for mudifier genes influ-
encing coat color should belairly rapid,

Tor better understand the role of modifier
genes, they can be consideed analogous to
minus genes (~) and plus genes (+). Minus
genes lighten, while plus gews darken color. In
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the New Zealand Red, animals that
¢ | i POSSeSs @ pocurrence o

:'ir;::mnl,[;:mmusgengs (==~ —+—)willhave thriving imarml ihismﬂ::mhr;*mﬂ;ﬂmm' ;
lrlaja:‘iﬂry e coats, while animals that possessa  has daveloped {see Chaper 22). The wool
s i DJHSAQE_:nesI+I++—++:-withe ggncsnhnfmndlnohrspeciunnhm
i D}:atf. nimals with a near equal com-  Angora goats, sheep, and possibly once even
e m‘;TL&and plus genes (- + - + - 4]  woolly mammoths. The kair of the angora
= Bppiia:m urn red coats, This concept can  rabbit grows rather confinually in length, so
ez wulhlo Duch markings as well. Dutch  the animal requires periadic clipping '|"|I'Ll
o a Drep_vondemn_tz of minus genes  wool gene is referred 1o & FGF5 [Fihrd:hsl
o s[r!m:re . \;ﬁne spalting characteristics  Growth Factor) by molecdar genaticists and
e with a preponderance of plus s found on Chromosome 15. Wool charac-
o d_]om tion toward increased white spot-  teristics, such as rate of growth, density of
ol thus result in an increase in the coal, and texture, are inflienced by modilier
P € of minus genes. As another example, genes and are generally considered highly
o :br'_lpphed at the modifier gene level in  heritable, so they should wspond well to se-

e rabbits shoud produce either of the two  lection. Many varieties edst within the An-

mes of blue or chocolate colors. This gora breeds (Table 16.6).

oo and plus gene action can apply to most I commercial meat beeds of rabbis, the
S of color and pattern expressions influ:  occurrence of offspring vith long. thin har
by modifier genes. {called woolies) has been anussance. The fre-
quency of incidence of the | jene can be reducad
by mating woolly-type testeranimals o suspect |
Coat Structural Genes carriers and culling confirmal carrier stock.
gﬁfl genes affect hair coat structure
5 = 16.5). The five genes presented - furless, Furless
asg?ra. rex, satin, and waved - are all inherited
Py Furless, 1, was fist discored in Russia and

was reported as a condition in which “furless™

rabbits (Fig 16.6) apparetly lack the safft,

Angora shart underfur of the coat, yossessing predom-
inantly guard hairs. Furlss goes by other
narnes such as hairless awd naked, Interest-
ingly, there may be diffeent alleles for this
- condition. A rare populatien of furless rabbits
m:::;ﬁ.s. Selected genes for coal structure in ;“;mm:"uzmém ;"::d msaml; w!r;
C ’-‘Jhs;mrstommmpwform-

T:e Imigiq-lmir. angora wool gene. |, has been
own tor well over 100 vears. Since the

'fu_"_"'___ Nigles Hair structure ance ol fured and furles littermates from
f=Fidéss  F- " Teaa T matings of parents that were
o I F:::ss carmers of the recessive furless gene). The
gora L Nesrmad studies revealed that furles rabbits consumed
e | Hair long, woot imare feed and had faster growth vates than
b R Normal their furred litermates. Aso, furless rabbits
sa-5 f Hair short. rex' had better performance beause they were ap-
s sa Normal parently less stressed by the heat, taking fewer
Nl sa Hair thin, satin breaths and having fewer beart beals per mi-
i Wa Normal nute lindicatars of better heat resisiance). The
- Hair waved, astrex  patential exists for furless ribbits to be raised in

oo, i f e ganes founs on diflerentfoc have been :‘:llecimtml they He pons 3}

l--—..- i Trus
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Table 16.6. Standard coal color genotypes of the
Angora rabbit.

Varigties
Agouti varioties
Agouti AABBCCDDEE
Chinchilia AABBCc*DDEE
Cinnamon AAbb CC DDEE
Gream AA BB CC dd ee
Ermine Siver' A BB c™c™ DD ee
Fawn AA BB CGC DD e
Lynx AA b GG dd EE
Opal AA BB CG dd EE
Squirrel AA BB oo™ dd EE
Stoel AA BB CC DD BE
Mon-agout vanaties
Black 2a BBCC DD EE
Blug aa BB GG dd EE
Chocolate aa bb CC DD EE
Himalayan
Black 2a BB ¢'c” DD EE
Blug 82 BB c'c” dd EE
Chacolate aabb ¢'c” DD EE
Lilac aa bb ¢'c" dd EE
llac aa bb GG dd EE
tarten
Black a'a' BB ¢™'c™ DD EE
Blug a'a' BB ¢*c™ dd EE
Chocolate a'a'bb c*c* DD EE
Liiac ' bb e"e dd EE
Sable a'a' BB £ e DD EE
Sabie? 23 BB ¢c™ DD ee

Siamese Sable'  aa BB ¢c* DD co
Smoke Poarl aa BB ¢ dd oo

Black #'a' BB CC DD EE

Blug ' BB CC dd EE

Snwle w:ocoues

a' bb CC dd E

Tortoise-shell = &

Bluecream  aa BB GG dd e

Bronze aa bb CC 0D en

':'s:; aa bb CC dd ee
B

= a1 BB CC DD ee

Blue-eyed white _ CC_ wt
Red-eyed white __ cc

There are tio eya-coler versians. Rabbils
with e
have marbied blue Irises; those wih cc™ and the £+%c=

Source: 5.0 Lukelah 1986, Basic inbori
. | 1368 inheritance of coal
color i1 rabbits. . Ao, Raishit Ras: 9: 168174,

Fig. 16.9. A furless rabbit, resulting from &
homozygous condition of tha furless gene, .
{Courtesy of §.0. Lukelahr)

Rex

Three sets of rex genes (r', r?, and %) have
been reported. Each of these paired sets is pre-
sumed to exist on a separate locus, or chrome-
some location, The French rex gene, r', is the
most common, prevalent in many of the
American and European Rex breeds. It in-
volves a mutation in the gene referred to as
LIPH (Lipase Member H), which causes this
shortened hair condition. The second rex
gene, v, is somelimes referred 1o as the Ger-
man shorl-hair gene and is virtually indistin-
quishable from r'. Both of these genes, 1! and
1, have been demonstrated 1o be located on
the same chromosome and are therefore
linked. The third rex gene, r'. has been called
the Normandy rex gene ard is quite indistin-
guishable from r* and ' in expression.

The effect of the rex gene involves the
near absence of quard hairs, leaving primarily
the underfur. Thus, the coat is compased of a
shori, plush fur of a howrbntly soft quality.
Certain pell qualities invale modifier genes,
such as age at which a prime pelt is first pro-
duced, fur density, length ard texture, and size
of the coat, These qualities are heritable to
some extent and therefore can be improved
through selection. In the past, the develop-
menl of a Rex fur industry was pursued by vari-
ous groups of Rex rabbil breeders.
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Many coat color varieties occur in the Rex
breed, Agouti, self, shaded, tan, tri-colored,
and white varieties are represented, although
the dark colors — black, castor, chinchilla,
chocolate, sable, and seal - are in highest de-
mand by the Rex garment industry Geno-
types for these roat colors are provided in
Table 16.2. These particular varieties, for the
most part, involve alleles only from the A, B,
and C major coal color series. There exist, in
addition to ARBA-recognized eolor varieties,
various other colors of the breed (Table 16.7).
Mating rabbits with common coat colors may
combine genes to produce offspring with less
common coat coors (e.g., red x blue to pro-
duce beige rabbits in the second (F,) genzr

Satin

The first Satin rabbit appeared as a mutation in
1931 in a liter of chocdate Havanas. The
satin gene, sa, is a simple recessive. The effect
of the satin gene Is to reduce the hair fiber
diameter and 1o make the oater layer smoother.
allowing for mere light reflection, which results
in the satin theen quality. This change in the
hair structure causes the toat ta glisten and
have a nearly transparent ar glasslike appear-
ance, which enhances the brifliancy of color
The degree of luster or sheen of the coat in the
Satin depends an the condition of the animal
and is also influenced by the cumulative effects
of modifier genes. From the several varieties of

ation). The wide-band gene may be p
in the Rex breed and compensate !'ar the re-
duced hair length. Many modifier genes also
act to impart the preferred shade, tone, and
pattern of color.

The Opossum Rex, once a Brilish breed,
is the result of two-generation malings that
initially involve the long-hair angora and
short-hair rex. Upon recombination of genes
transmitted by the first cross generation (F).
progeny in the second generation (F,) with
the genotype lirr, will appear at the rate of
1/16 probability. Although the F, rabbit of
Angora and Rex breeding may display a long,
limp coat of fur that is susceptible to matting,
through selection this has been bred out of
the Opossum Rex so the hairs are more erect
and coarse. In addition, the silvering gene was
introduced during development of the breed
to mimic the true opossum coat. Photos of
the Opossum Rex can be found easily on the
Internet.

Table 16.7. Additional coat color varieties present
in the Rex breed.

Calor Genolypa
Beige aa dd ee

Fawn dd ea
Harlequin e

Magpe el g
Silver marten a'a’ o
Smoke pearl aa cc* dd ee
Tortoise-shell as e
Tri-colored Enen o'e/

coat color | dy found & the Satin breed, it

The wa gene, also a simplerecessive, produces
a wave-like effect in the Rex coal. The home-
zygous wawa rabbit is called an Astrex It is
interesting that this gene elcits its effect in rex
coats, Further, the wavy candition may not be
fully expressed until two vears of age. The rate
of wave structure developnient and the extent
to which it occurs throughost the bedy coat are
considered to be in part dut to modifier genes.
A phato of a rabbit with the wavy (Astrex) con-
dition is shown in Fig 16.10.

Fig. 16.10. A doe with the Ret and wavy coat
(Courtesy

of SD. Lukefah)
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Coal Color Breeding Schemes

Using knowledge on specific genes that influ-
ence color, pattern, and structure of the coal,

ate breeding metheds can be developed
to introduce desired genes or gene combin-
ations into the line, strain, or breed of rabbils.
Breeding methods 1o introduce desired genes
or gene combinations inchide: (1) simple gene
introduction, (2) multiple gene introduction,
and (3) mulliple gene recombination. A min-
imum of two conseculive generaticns of mat-
mgs are usually needed to realize the primary
breeding objective.

Simple gene introduction

Suppose in a line of commercial castor Rex it is
desired 1o change the color o black. Figure that
because this particular line of castors possesses.
excellent charactenistics for body conformation
and reproductive performance (fertility and lit-
fer size), it is desired to make the simple black
zolor introduction without displacing the entire
line. The first step made by the breeder is to
oblain a minimum of two black Rex bucks (pref-
u?bly not closely related) with sound conform-
ation and proven records of good reproductive
merit. Each black buck is then mated 1o several
castor does, These mafings are made at ran-
dom, and each doe should be a random sample
!mm the line as a whole. This random process
Isimperative in maintaining the genetic variabil-
ity found in the line. The back bucks transmit
the non-agouti black a gene. The castor does
trar_nsm.! the agouli feastor] A gene. All off-
spring will therefore have the A genolype. Be-
f:rl-liﬁ pat:m" Is assumed that all black and cas
are homozygous for the agouti
dominant genes found at daeB.C.D.a?:lE
J;_)d. only alleles at the A locus will be used. All
m.alu[irst-:wssl offspring from the black ¥ castor
nating are Aa and are castors
since A is completely dominant,
At this stage of the breeding strategy. two
?Ef':“’:' ta Isecma the line of black Rexes
n original castor base: backerossing or
:“er se (hall brother-sister) matings. F, ?aitor
oes could be backerossed 1o an unrelated
set of black bucks 1o produce black-colored

offspring; hall castor and hall black progeny
would be the expected outcome. However, the
progeny of this backcrossed generalion would
possess only 25% of the ancestry from the ori-
ginal castar line. The befter option may be to
make inter se matings among F, individuals,
the progeny of which will maintain 50% of their
castor line ancestry in the subsequent F, (sec-
ond-cross) generation (Fig. 16.11). In the F,
generalion, one out of fowr offspring is ex-
pecied to be black. The breeder retains the best
black-colored individuals faa). thus establishi
the line of black Rexes. Furiher selection may
be desired to continue to Emprove fur, body
confarmation, and production characteristics.
In the next exarnple of simple gene intro-
duction into an established line, a dominant
gene will be used. A breeder of French Lops
decides to develop a line of broken (spotied)
Lops. The breeder has a line of solid-colored
{self) rabbits - black. blue, and chocolate - and
wishes to produce these same colors bul as
broken wvarieties. To do so, the breeder ac
quires several broken Lop bucks with outstand-
ing coat pattern characleristics |again, more
than one buck should be used to enhance
genetic variation and prevent subsequent in-
breeding) and mates each at random 1o several
sell-Lap does. Since selection for coat pattern
{broken) is the primary breeding objective, as

Gamates from Fy caslor buck

A a
E i Al Aa
o 2 foi
g 8 castor castor
85
W
g 3
w Aa aa
a castor black

Fig. 16.11. lilustration of the exjected 3:1
phenatypic ratio of F, progeny, where bath F,
caslor Rex parents ara heterozigous Aa {Courtesy
of OSU Rabbil Research Cenla)
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opposed to color, per se, only one locus, En, is
relevant here. The English spotting gene, En,
is the operative gene in the broken variety of
Lops, Because of incomplete dominance, it is
the heterozygous form Enen that yields the
ideal broken pattern, although medifier genes
are of critical importance in delermining the
extent of white spotting. Of course, heterozy-
gotes do not breed true. Such matings will have
an expected ratio of 1:2:1 of EnEn, Enen, and
enen genotypes. EnEn homozya exhibit

described as a chocolate ajouti; brown-tipped
rather than black-tipped hars are seen )
The cinnamon-colored rabbit was the re-
sull of a chestnut agouti AN B_ D_ x lynx AA
bb dd parental mating. Sinte the standard cin-
namon has an AA bb DD genotype, then the
chestnut agouti parent was a carrier for the b
chiocolate gene. It is furtherk that the cin-
namon rabbit in question is heterozygous al
IheDltamsl'Dd] The breeder has a good basic

excessive white spotting, while enen homozy-
gotes display no white spotting.

Figure 16.12 demonstrates the genetic re-
sults of broken x self matings within the Lop
herd mentioned. Within each litter from a
broken x sell-mating, approximately hall
should be brokens and the other half selfs. The
best heterozygous broken progeny are retained
from several litters to establish the new line of
broken Lops The breeders should prectice
continual selection within this new line to con-
form the modifier genes to the ideal broken
pattern standards.

Multiple gene introduction

A fancier of Netherland Dhwarl agouti varieties
{e.g., opal, lynx. and squirrel) has observed a
cinnamon-colored male and decides to develop
an additional agouti variely - cinnamon — using
this buck. {Cinnamon color is more aptly

Gametes from

g of coat color genetics and plans
fo cross their cinnamon rebbit to their line of
lynes, since the breeder has many more
lynxes than chestnut agoutis, which wall pro-
vide 2 broader genetic base

When the cinnamon buck approaches
breeding maturity, several lynx does will be
randemly chosen for mating. The expected re-
sults are shown in Fig. 16,13, The cinna-
mon-colored offspring will be retained from a
number of litters. In the aext generation of
matings, einnamon bucks ind cnnameon doss
wll be bred together. Each breeding pair will be
from separate listers to mirimize the rate of in-
breeding. Half-sib matings vill be invalved. Re-
sults of these inter se malings are provided in
Fig. 16.14. The cinnamns produced from
inter se cinnamon matingswill ba homomygous
or heterozygous at the D lecus. The challenge
now lies in the identificaton of the desired
homozygous rabbit (genmype AA bb DD,
which will breed true. Thiscan be achieved by
test-mating the cinnamorms produced (geno-
type AA bb D7) with lynix. epal. or Hue-colored
rabbits, all of which are homozygous recessive

broken Lop buck Gametesirom cinnamon buck

En en AbD Abd
S = £ '
= : s

nen enen AR bbDd AA bb dd
33 ! broken selt 'E E [ v (g
&3 &

Fig. 16.12. Iustration of the expecied 1:1
phenctypic ratio of inecrossed offspring resulting
from a broken x self Lop mating. (Courtesy of OSU
Rabbit Research Center)

Fig. 16.13. Hiustration of the eqpected 1:1
phenctypic ratio of cinnamon-and hynx-colored
offspring produced from similsty colored parental
stock. (Courtesy of OSU Rabkit Research Cenler)
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double heterozygous (aa LI Ry} and have
normal-coated black fur. The genotype of the
Opossum is aa |l rr, so a second generation (F,)
is necessary. Genetic results of F, inter se mat-
ings are shown in Fig. 16.15.

Through the normal genetic processes of
segregation, recombination, and independent
assortment, four classes ol phenotypes for
coat structure - normal, Rex. Angora, and
Opossum — occur in an expected 9:3:3:1

Gametes from cinnamon buck
AbD Abd
o AbD AABLDD | AABDDd
gg cinnamon | cinnaman
s L=
'E ratio
5t
] Abd AhbbDd | AAbbdd
cinnamon hymix
I

( ing no linkage). This expected
ratio is based on the average of many off
spring. Rex and Angora are the eriginal par:
ental breeds used, and the other two classes
of normal and opossum are the genetic re-

Fig. 15.1*!. lbustration of the expecied 3.1
phenolypic ratio of ennamon and lynx ofispring
produced from an fler se cinnamon maling.
(Caurtesy ol OSU Rabbit Research Center)

dd. The breeder chooses fo use her lynx bucks
and does to tesl-mate with cinnamons for the
defection of DD homozygoles. A cinnamon
hur_nw.ygole is conlirmed when no nx off-
spring are observed in a litler of eight kits or
mare. If fewer than eight kils are produced, the
mating should be repeated. A 50% probability
exists that each offspring will be cinnamen far
g;lx}h:nlumd when the cinnamon parent is a
: terazygate. The chance of producing
:sm cinnamon kits in a liter of four from this
X llman!m is 1in 16, while the chance of pro-
Oin? eight cinnamon kits in a litler ol eight is
& in 256. Once several confirmed cinna-
:ﬂnn 'gotes have been identified, these
Ln:‘d?h can be refained 1o establish a true
ng cinnamon line of Netherland Dwarls.

Multiple gene recombination for
Producing new varieties

A breeder wants to dayel
op a strain of
Tl}::cig-a-bhils lcalled the Opossum T;z: bf:eg; ::
- K}rl’un random base sample of four black
Rexremhdm 190ra bucks (aa Il RR) and eight black
ok s laa LL 1) was acquired. Each Angora
was randomly mated with two Rex does.

The
F, progeny mroduced in this mating are

combinants. The breeder saves opossum-type
rabbits produced from all 12 original grand-
parents. As a final color touch, the breeder
decides to impart the effects of silvering lo the
opossum coat by matings involving the Cham-
pagne D'Argent breed. This process will
again require F, and F, generations o recover
the opassum coat condition with genes for sil
vering; hence, four generations and consider-
able patience are required. Additional gener-
ations of refined selection to develop an erect,
stiff hair coat with a suitable degree of silver-
ing may be desired by the breeder. Another
breeding approach would be to develop two
F, lines by crossing Champagne D'Argenl to
Angora and Champagne D'Argent o Rex
rabbits, Next, the two F, lines would be
crossed to produce the F, generalion. Then
crass F, generalion rabbits and select those
offspring that display the desived combination
of genes, In this example, the experienced
breeder can appreciate the fact that a new
breed or variely does not eccur in just one
generation!

The final example involves a breeder of
English Spot rabbits who wishes to produce
blue fawn (cream) and blue tortoise (beige) col-
ored versions of the breed. The homozygous
genotypes for the cream amd beige colors are
AA BB CC dd ee and aa BB CC dd ee, re-
spectively. Phenotypically, the cream can be
described as a red agouti with blue tick cast-
ing, while the beige can be described as a
non-agouti, blue-pointed tortoise. The breeder
selects two English spol color vanelies that
collectively possess the genes of interes! to
produce creams and beiges (see Table 16.2).
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Gamelesfrom F; black, normal-coated buck
alA ity A " J
alR RaLLRR aalLAr aalAR aaURr
normal normal nomal nermal
@
3
g
_Si Ly aalLRr aaller asLIRr gallm
E normal e normal rex
2
5
=
B
u
E alR aalIlRR aallRr zalifR aaifr
E normal normal angam angora
=
E
= |
a T
|
alr 1 aallRr aallm aallRr aafirt
| normal rax angora opossum

Fig. 16.15. 1

of the 9:3:3:1 ph

ypic ratio of normal, Rex, Angom, and

Opossum-coated F, progeny produced from F, black, normal-coatad inter se malings

(Courtasy of OSU Rabbit Research Center)

The gold variety has A, B, C, and e genes to
contribute to the cream, and the blue or lilac
:]':: the needed ¢ qene. The breeder decides
st 1o cross qold and blue rabbits toward de-
velopment of the cream version, Secondly,
L‘: producing the beige version, the breeder
E"’" that matings involving gold x blue,
l!'_:f: % Hllac, torioise x blue, and tortoise x
'.hi: ;0“"! all eventually give rise to achieving
tou E’:E]f_imu goal. Because there are only a
e glish spots in the herd, the breeder
will Ee"‘ to make gold x blue matings, which
Goid &'““‘3“9 yvield both cream and beige.
chs are mated with blue does, and vice

versa. Initial results of thistype of mating are
given in Fia. 16.16. From this mating several
F, bucks and does should be saved and in-
ter-crassed to vield creamn and beiges in the
next generation, Close inbreeding should be
avoided. Genatic and pherotypic outcomes of
{his second round of matirys are as shown in
Fig. 16.17.

Of the 64 genetic oucomes possible in
the above mating, the prbability of produ-
cing a cream is 3 in 64 ad of producing a
beige is 1 in 64. In conbast, since a given
cream rabbit could be heterozygous at the A
focus, it would be wise to testmate with a
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Ga;:;l‘ls;:;‘am black rabbit. A minimum of eight offspring

should be scored for coat color. If all eight or
more offspring result in no sells or siamese
colors, then chances are excellent that the
ADe given cream in question is homozygous and
will breed true. Similarly, confirmed cream
homozygotes can be retained to establish the
English spot cream version. Further refined

E g

%5 selection in subsegueni generalions may
25 S4E Aa Dd Ep be desired, for example, to standardize the
Ei agoull degree of fawn-blue shading of color. Since
a8

the beige is a triple recessive homozygote, it
will invariably breed true when mated to an-
Fig. 16.16. Miustration of triple helerozygous other beige, so test-matings are unnecessary.
apouti-colored offsping produced from a gold = An excellent book by Robinson provides

blue Engtsh spot mating. (Courtesy of OSU Rabbit  useful supplementary information on coat
Research Center) color genetics, as listed below.

Gamatas from Fy agouti buck

ADE ADa AdE hda aDE aDe adE ade

ADE || DD EEJAA DD Ee) AA Dd EE|AADd Ee|Aa DD EE|Aa DD Ee|Aa DJEE Aa Dd Eo
agaus agouti agaub agouti agouti agoutl agasti agout

ADa |44 00 EalAA DD e A% Dd Ea| AADd se |Aa DD Eo|Aa DO es | Aa DaEo |Aa Da co
nggaA ed agouti rod agout red agoati med

AdE AA Dd EE | AA Dd En| AA dd EE| AAdd En | Aa Dd EE | Aa Dd En | An ddEE | Aa dd Ee
agoutl | agouti opal opal agouti | agouti opd opal

Ada || Dd Ee] A8 Dd oo | AR dd Ex | Afdd ee | Aa Dd En | Aa Dd oc | Aa ddEn | Aa dd ce
ot red opal oeam agouti e opd cream

aDE ||A200 EE|Aa DD Ea|Aa Dd EE| AaDd Ee |an DD EE|an DD Ex|aa DIEE |aa Dd Ee
agauti apoutl agout agouti black biack bk black

Gameles from Fy agouti doo

aDg ||72DDEelAaDD pe| Aa Dd Ee| AsDd ee |an DO Eo | aa DD oo | aa DdEs faa Dd ee
agous red agouli red black torinise bindk loriolse

adE || Dd EE| Aa Dd Ea Aa dd EE | Aadd Ee | aa Dd EE | aa Dd Es | aa ddEE | aa dd Ee
agouli | agoul opiEl spal black biack (2 blug

ada || Dd Ee| Aa Dd oo | Aa dd B | Aadd ee | aa Dd Ee | aa Dd ee | aa ddEe | aa dd ao
agaub red opal ooam black tortaisn bl boigo

:i:;&ﬂ Iustration of the expected 27:9:9:9:3:3:31 phenotypic ratio of agouti, red.opal, black, cream,
SI:' bluie, and beige-colored oftspring produced fom an F, infer se mating involvirg agouti-colored
pasents. (Couriesy o OSU Rabbil Research Cener)
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Rabbit Shows

Among rabbit shows are specialty club, local,
state, national, those held at county or state
fairs, and the American Rabbit Breeders Asso-
cia.man annual National Convention and Show
(Fig. 17.1). All rabbit shows offer splendid op-
portunities for beg and others interested
in rabbit raising to acquaint themselves with
‘ﬂ;e_;hnrdﬁ‘r:eﬂfcs ol the various breeds and
rielies. are especially benelicial o es-
tablished breeders because the shows mah:u
possible for them to connect and eompete with
ther rai‘Jhll breeders and compare their results
with their own rabbit breeding operations.
At larger shows. such as the ARBA Con-
:ﬂiliﬂﬂ. additionial meat classes bring together
e com[ breeds and create much interest
r_::mb!m wing for top cash prizes. Classes
e I;Lﬂg;:'&‘ﬂr; meall!pens of three fryers,
. and single stewers, Meal pen
?“d single fryer classes are more cmnup:lu
found at county and state fairs as pant of the
m matket livestock show for 4-H and FFA
. - Concluding the meat classes at fairs,
these same rabbits are sold at a junior livestock
auction where junior exhibitors can earn back
:;::ev to subsidize their projects and even
mﬁ[";"mv lﬂ'o_walds their college education
s rabbits may be bulchered and the
‘*‘"‘;"‘:* judged as well.
o tmurtlrg;“-ﬁ place special emphasis on
tion of the rlahbits::[}.::e;i& a?:nwm;dgnnmgcmtﬂ:
2 i - Dy carefully
winning animels in these classes, breeders become

250

familiar with contemporary competition and
the standards to aim for in their own operations.
At the annual ARBA Conwention, exhibited
entries of plucked or shorn Angora wool,
hand-spun Angora wool skins, and handmade
garments of Angora woo! aeate interest and
add variety to the show.

Preparation of Rabbits for Shows

Probably the most impaortant decision in prepar-
ing show enlries is the selection of outstanding
prospects [or bedy type, head shape, color and
markings, density and quality of fur or wool,
unique breed-specific characteristics, and proper
age for the particular class in which each ani-
mal will be entered. When possible, choose
several rabbits for each class 1o condition for
the show, because some will nol come up to
expectations, The larger the number of quality
rabbits you have available or maling a final
selection, the greater your chances for having
a show-ready entry for a particular class, Prep
aration of the animals for the show must be
started in advance so they will be properly de-
veloped, have firm llesh, prime coals of fur,
and be al the peak of condition at judging time.
The breeding date {or the does should be well
planned so that the resulling show entries will
have full advantage of the age limit for the
class, All rabbits under six months of age are

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (S.0. Luketahr et al)
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Fig. 171. American Rabbit 3

Shaw. (Courtesy of J.) Wit}

lc;:yablrz of competing in junior classes unless
a“nwe:'«.cccd weight limitations. Many breeds

W faster-maturing juniors, which exceed
weight limits, 1o be moved to compele in se-
nior classes.

Most breeders feed their show rabhits the
fation that is fed to the herd at large, but in
;nany instances it is alsc a good practice to
eed small quantities of green feed, hay, or
oot crops daily to stimulate the appetite and
;0 keep the digestive system in good tone. Pel-
eted feed supplements are also widely used to
target fur growth, flesh firmness, and optimal
prime candition. The quantity of all the feeds
s'wxuid_bc regulated to meet each individual
:thnal s requirements. Natural grains and
- :dd are ﬁxcelleni supplements, especially for

ung rabhbi E : bei

exhlh?ﬁo.._b"g that afe being prepared for
; The prime condition of the pelt is always
:mpoﬂ_ant in show rabbits. However, it is a ra-
ther difficult problem to handle with mature
:::I{d!s. for at centain seasons of the vear they

n various slages of molt. The judge may
overlook slight molting in an oiderﬂkignblﬂi' if

the individual animal is (A
characteristics. This is notibly tnse for breeds
ﬂmalu.lmmp}nsisinlhﬁrhmedm-
ards on head size and bowe mass. traits that
develop with age.

‘You must regularly hasdle the prospactive
<how rabbit 1o help it overame any fright and
iouad‘lllo*pnﬂ'mﬁﬂlslwvlheh\ld
characleristics 1o the best ahvantage. When tha
animal is alert, fresh, and vell trained, it makes
its best appearance (Fig. 17.2). Rabbils that
are dilficult for the judge te handle are quickly
overlooked when the safety of the animal on
the show table is in jeopards.

hmusu.arnb&tmayh:huﬂnd
a5 many as 20 or more times at a show.
Therefore, it is especialy impartant that
Ihehnrdhghedmehuhammnat
the fur is not pulled and the skin over the
nhouldeﬁmdmmwﬂlrnib!hnﬂﬂdaﬂ
become tender o the touch Bruising will cause
the rabbit to flinch and nat shaw fo the best
admnug:mwngmdhylhew
(Fig. 17.3). Rabbits that are accustomed to
bemhmdledbym;ﬂliphwmhzless




likely to stress and depreciate on show day,
and more likely to show off to their best po-
tential. Taking rabbils to shows prior to trav-
eling to larger, more prestigious shows is a
beneficial practice.

Grooming the rabbit before the show and
at the show by rubbing its coat with your hands
and a small spritz of water, proceeding from
the head to the tail. removes loose hair and
gives the coat a renewed vibrance. When the
rabbit is shedding, moistening vour hands and
stroking the coat in reverse (from tail to head)
will facilitate removal of the dead hairs. Always
conclude this grooming method with a final
stroke from head to tail to smoothen the coat
to its natural position.

Colored breeds, especially those with em-
phasis on depth of color, should not be subjected
to strong sunlight, because it has a tendency to
fade the coat and to give it a dull appearance.
Some varieties are more susceptible to sunlight
such as black, chocolate, and Siamese sable.
:‘:'"'z- m proudly wnc::sﬁ;ﬂd Hutch stains detract from the appearance
m‘.: Mmmmdsﬂ.ﬂlmlwmhﬂ of an animal. These can be removed from

=

T !
= SRR

Fig. 123, Judging rabibits at an ARBA-sanctioned show. (Courtesy of Allen Mesick)
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white rabbits and from the while spots on the
spotted breeds with hydrogen peroxide or a
similar bleaching agent. Small quantities of talc
may also be used, but all animals must be free
of foreign substances during competition.

Every possitle means should be taken fo
protect show rabbits. Often. they are sub-
lected 1o a lot of jostling arcund in transit, to
extreme fluctuations in temperature. and to
sudden and radical changes in feed that cause
them 10 go “off feed.” These factors may
tause them to become listless and make a
poor showing. so it is a good plan to have
them arrive at the show in plenty of time to
quieten down and become accustomed to
their new surroundings before going on the
show table, Maintaining an environment that
15 as similar to a rabbit's normal home is key
1o minimizing stress and dually promoting eat-
ing and drinking. Exhibitors should furnish a
supply of the feed to which the animals have

en accustomed for use during the time they
are at the show. Some exhibitors travel with
gallons of water from home to use during the
length of the show. Highly chlorinated water
May detract an interest in drinking, and con-
sequently affect feed consumption and overall
show condition and vigour,

A rabbit should never be shown if there is
any symplom of disease. lor subjecting the sick
rabbit 1o changes in temperature, feed, efc..
U.-‘III lower its vitality and make it easily suscep-
tible to additional infections, Sick animals will
be disqualified and will ot be allowed to com-
Pete in the classes, In the meantime, they may
expose other rabbits; and as a malter of fair
Play, it is not ethical to jeopardize the health of
rabbits belonging to other exhibitors. Infections
Caused by Pasteurello or other microorgan-
'sms can be ruinous lo a rabbit enterprise. All
Precautions shauld therelore be taken to avoid
EXposure

Shipping Show Rabbits

Rabbits are transported to shows either in per-
sonal vehicles ar, for long distances. as air
€arga or excess baggage. In either case, the
rabbits should be housed in carrying cages that
allow them individual space to lie down and

stretch out. Mos! cages haw wire battorns with
pans underneath 1o collect srine and feces. Pet
training pads are the best absorplive option
for lining carrier pans, andare often preferred
by airlines in lieu of wood shavings. If the rab-
bits are 1o be in the cages for some time,
waler bottles and some feed should be sup-
plied. When shipping rabbis by air, be sure fo
check in advance to delamine the airline’s
requirements.

Judging and Showing

Shows can be held in any facility that pro-
vides shelter from the weather and sun and
has good lighting, tempesture caniral. and
ventilation. In larger shous, cooping may be
provided by the sponsors. For most one-day
shows, the rabbits are kept in their carrying
cages, Most shows are spansored and run by
local clubs affiliated with the ARBA or by
lacal or state fairs and agriaultural expositions.
The sponsors will provde the necessary
equipment and will publih a show cataleg
describing the sanctioned breeds, list of
judges, entry fees and deadlines , and the gen-
eral overview of the show.

The table used for the judging should be
covered with carpeting or gmthetic turf to pre-
vent the rabbits from slipping and to make
them leel secure. The judaing coaps should bs
constructed to make it posible for all the ani-
mals to be in full view of the judge. These
coops shoukd be secured b the table so that
they may be opened and the rabbits eastly
brought aut onto the table for inspection and
comparisans. Judging coops may be con-
siructed of wood, wire, o1 a combinatian of
both Wooden coops are hawier, more difficult
{0 store, and less capable d thorough disinfec-
fion than full-wire equipmeat.

Much pleasure and cimaraderie can ac-
company participalion andwinnings in shows,
whether as a 4-H or FFA club youth project
(Fig. 17.4) or as an ARHMW event
(Fig. 17.5). To facilitate ths camaraderie, the

ini { the judges should be respected.
m;dgﬂmsebmdbwmulﬁmrkmw-
ledge of the standard requirements for the
different breeds and varietiss, their aptitude for

T-—_'-‘-_——-,
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Fig. 174. & well docorated exibit of

a Grand
Champion pan of market rabbits at a local counly
youth fair. (Courtesy of the Webb family)

handling rabbits, their [a i

even eve shape. Animals are judged by com-
parison to find the one that comes closest to
the ideals set forth in the Standard of
Perfection.

Judging is performed by ARBA-licensed
judges, These individuals have held continuous
membership with the ARBA for five consecu-
tive years, received the endorsement of 20
adult ARBA members, passed a rigorous writ-
ten and oral examination, apprenticed under
eight ARBA judges at sanctioned shows, and
held an ARBA registrar license. An ARBA
registrar is the prerequisite license 10 a judge
license, and permits an individual to officially
register rabbits with the ARBA by means of
physical inspection, pedigree authentication,
and fattoo certification. An applicant for a
registrar license must have at least three con-
secutive years of membership with the ARBA,
receive endorsement of 20 adult ARBA mem-
bers, pass a written and oral examination, and
apprentice with three ARBA judges and one
registrar.

Registering Rabbits

The American Rabbit Breeders Association
maintains a registration and recording sys-
tem. Purebred rabbits can be registered with
the ARBA only by a licensed reaistrar of that
association. The registrar examines the rabbit
1o be registered to make sure it is free of all
defects that would render it disqualified in a
sanctioned show, including whether its var-

decisi th e

1sions, their desire to be helpful 1, -
hlhl_tms and to interested qmur‘m. :n?elh':r
willingness 1o putin fong hours to expedite the
Alter a class has been placed,
pleasure in answering i

e : 1 questions
phdngeulﬂnimg ng their reasons for making certain

In North America and Asia almost
I.ilshowsnzesancuomdbyll'n;&mricafﬂrzt

lowable weights and 3
system of points unique
:;:ch breed based on body type, fur and woal,
. markings, head shape, bone density, and

ity is recognized by the ARBA. The registrar
also weighs the rabbit to be sure it is within
the proper weight range for ils breed, en-
sures the rabbit is at least six months old, and
inspects the required threegeneration pedi-
gree for breed purity and completeness. If,
alter checking, the reglstrar finds the animal
is qualified according to the ARBA standards,
they will fill in the registration application,
stating the breed, sex, variety, name of the
rabbit, date of birth, and body weight. The
registrar may opt to add their subjective re-
marks, and finally conclude by attaching a
copy of its three-generation pedigree belore
submitling these documents to the ARBA of-
fice for final authorization. There is a number



=
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Courlesy of
Fig. 175, The rewards ol showing rabbils include trophies for prize-winning animals.{
D.J. Harris)

in the top right-hand corner of the regisira-
lion application which the registrar will 1atico
inlo the rablit’'s right ear. Alternatively, the
registrar may tattoo the symbol ® in the right
ear o indicate that the animal has been regis-
tered. The left ear is reserved lor private ear
numbers supplied by the breeder.

The registration applications (Fa. 17.6)
are in triplicate; the original is mailed to the
ARBA, by the regstrar, the duplicate acts as a
receipl and is given to the owner of the rabbit
being registered, and the friplicate is kept by
the registrar to be used in case the original
becomes lost

If the ARBA finds the application to be
correct, il processes a cerlificate of registra-
tion (Fig. 17.7), checks the registration num-
ber that appears on the pedigree, and affixes
the proper merit seal If the sire and dam are
registered, a red seal is affived; if the sire and
dam and the grandsires and granddams are
registered. a red and while seal is alfixed: if all

14 ancestors shawn on lmej are rz-
i i .a!:;d shaws how many
This is the merit system R o
represent the standards of |h|:! :“ﬁ m
trations may be u-amlzrldwd e
mermbers by sendng WP g offce
formation and a smal feed

Fig. 17.8). e
i A registration 15 al!D e
breeder because 2 s H:wuld K :
ever archived by the o breede
lose his or her wﬁ,md o
alsa cligible {o receiVe R
tus after earning three legsle oo
are earned by rabbits W ity
iety. :nlur group, br ﬁeﬂbﬁﬁ ﬁ"::h‘hs‘
Best In Show. et
ter B:Ilcdet atus must pove Seqra
over time, and one © G«IardmChmphn
breeding rabbits who earn

stalus
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Fl0.176. Applcation for regisiration. (Courtesy of the American Rabbit Breeders Association, Inc.)




Rebbt Shaws

MIN! REX DOE known as HGF CHEAF TRICK
ear numbar CHEAP TRICK has been
d with the American Rabbit Breedars Associalion, Inc.
under ownership of
ERIC STEWART

This rabbit is now racorded in the
Registry System of the
Rabbit Breeders A iation, fnc.

The above rabbil veas regislered by Regisirar:
ERIC STEWART

Should any arimal have bsen registend Bvough
misrepresentalion of feud B Boed of Demion, o0
mdnm“ﬂﬂlmmﬂ
Ingeinier i amy reg

deecondarts of such animals. The Americm Ratoa
Brooders Assocition, Imc. is nol responsibles for any

===

m h - e

e com me

Flg. 177, Front ol the rabbit regisiration certificate. (Courtesy of the American RabbilBraeders
tation, Inc.)
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Pet Rabbits

Introduction

Rabibits can be verv good pelts under the right
conditions. Rabbils are curious, highly social
animals. When indaors in contact with
humans and other pets, a rabbit's unique per-

et

Pet rabbits seem to live longest when
housed indoors. Many outdoor pet rabbits are
not as closely watched for health problems and
are susceptible to predators and temperature
extremes. Rabbits are highly susceptible to
heat stroke. In addition, they lack adequate
socialization. Sociali is key il a rabbit is to

sonality appears, ranging from to
2 flctionate o shy (Fig. 18.1), Unlike dogs
personalily does not depend on breed and all
F pbit breeds can make good pets. However
iach rabbit is an individual whose permua]il;;
shoud be matched with the family's lifestyle
Young children should be discouraged frnn';
picking up or carmying a rabbil as the struggling
P bt can ecratch or nip, causing injury {o the
*hild or inky or passible death to the rabbit if
itﬁdtwmdnrsqumudlmhmd. It is very
jmportant 1© select only heallhy rabbits as pers
As habies, rabbits may like tg be cud:lled.
| as they age. they may lose this desire ap
D ead oy nip or s:ratt!! when handled. For
fos sasolh 0 adult rabbit makes 5 better pet
g one. lis mature personality i
and the new owner will not be gy
plmrlsedgwb" the behavioral changes that arrive
P dolescence a period from abaut three
o s one year old. Mosi_rabhdls lose their
& behavior arw_nd eight months old
e s e e
e 1o their increased lungevlly.
adult rabbits SR TS

be a successful family pet

Most rabbits do best when given restricted
freedom and should be caged when not super-
vised, Several hours of exercise each morning
or evening are sufficient, because rabbits tend
to sleep at night and during midday. Only a
very well-trained rabbit should be given unlim-
ited freedom and be provided an open cage as
a home base. If children are present, the cage
becomes an even more important retreat for
the rabbit. The rabbit’s cage should be large
enough that the animal can fully stretch out.
Wire and wood-framed wire cages both work
well. Do not use aquariums or other enclosures
with solid walls, because these can trap heat
and reduce air circulation. A wire-botlomed
cage should have a board, a throw rug, or a
towel to protect the animal’s feet. Cardboard
can also be used. Large wire dog crates (107 to
122 cm or 42 1o 48 in) or puppy exercise pens
make excellent cages that are easily cleaned.
Providing a wooden or cardboard box with a
large hole cut into the side gives the rabbit a
place to hide inside or lounge on tap. In all

o Steven
Lukefany 2022, Rabbit Production, 10th Edition {5.0. Lukefahr of al)
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Fig. 18.1. Rabbits ;an be good indoor pets if
property trained. (Courtesy of Susan Smith)

cases, playthings such as cardboard tubes or
pieces of untreated pine wood should be pro-
vided to safisly chewing needs. Rabbits may
also enjoy playing with hard plastic or metal
baby, cat, or bird toys.

The rabhit's run area must be protected o
minimize chewirg damage. Electrical cords
should be pinned aganst a wall or wrapped
with sturdy pladic protectors. and carpets
should be protected by small throw rugs or
wover-mat squares. Furnilure chewing can be
discouraged by polishing the wood with leman
oil containing hot peppers or rubbing plain
soap on it. Various house plants, such as Dief-
fenbachia (Fig. 18.2) are loxic 1o rabbits. All
plants should be placed where the rabbit can-
not chew on them.

House Training

A rabbit can usually be easily litter trained.
A cal litter pan can be located in one comer of
the cage. Placing a small quantity of hay in the
litterpan will reinforce good litterbox habits, as
rabbits frequently eat and urinate in the same
location, The litterpan should be large enough
for the rabbit to ft comfartably and sufficiently
tall to keep urine inside the litterpan when the
vabbit lifts its tail to urinate. The litter pan
should be changed often, as the rabbit will soil
other places if the litter pan is too smelly.
Cleaning the panwith vinegar eliminates white
calcium  buildup and  reduces  accumulated
odors, Suitable Iiters include hardwood shav-
ings, compressed sawdust pellets, and recycled
Paper pellets. Clay cat litter, wheat or oat hulls,
or corneobs should not be used if the rabbit
likes to eat the liter. Softwoad shavings such
as cedar and pine can cause liver dvsfunction

Fig. 18.2. Dieffenbachia, alsoknown as dum®
m.ulmmwbmw
shoukd not have access. {Cowtesy of Mitag™
Berhane) i
and should be avoided. A liter pan outsid
cage may also be necessan.
Littr training f olten more successhd

i
the animal is spayed or seutered. Male P&

;
:
E
|
3

i pehav:
sprayng, reduce odors, and stop
lmimdmhumﬂsfmiwdﬁ
should be spayed because d their igh &5y,
tibility io uterine cancer. Same 78%
incidence of such cancer tobe as high 8" i
in female rabbits over six years old- can
with age. Unsp "““‘dﬂ-m,
alo be aggressive in deferding they ™
boxing and biling hands that mw'f;,,,.r
Spaying usually staps this jroblem-
e B0

rabbits can be neutered 15 YOWS 2. gnd
months okl or when the testicles © = jur
Female rabbits can be spated as

to six months old; i is inportant t“e’d"’,;mﬂ;
both the ovaries and the wterus 10

risk of ulerine and breast concer:
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The best companion for a pet rabbit is a
second rabbit (Fig. 18.3) Both :n:tmwrs must
be n@lered or spayed for pairing to succeed.
E(p::mﬂﬂf?laﬁﬂ‘mn that it is best for a rabbit
to “select” its companion, due to issues of
d_.nnunam?e This need likely reflects the domes-
tic rabbit's origins in the extensive warrens and
social hierarchies of the ancestral European
rabbit. Male-female pairs are easiest to match
although male-male and female-female pairs
are also successhul. Size, age, and breed are
.r:.eldom !elewnl. A rabbit will often experience

mourning” when its partner dies. Neutered
rabbits often get along with other pets, such as
cats or dogs. A cat that is not a hunter and a
rablit frequently become friends and spend
time lounging logether. Similarly, a rabbit and
adog get along wel if the dog understands that
:;ﬁb::; part of its pack. However, a rabbit

a dog should

bl supemnnur.mer interact except under

Nutrition

The nutritional requi
equiremnents of pet rabbits are
m than ﬂm of production or show rabbits.
o pet rabbits should be fed a maintenance
et rather than a diet designed for growth or
Ipnvz_gnzu-u:g,l. The major nutritional problems
acing pel rabbits are wbesity, gastroenteritis,

. 18.3.
m wmm::hhm are social animals and enjoy
not matter, "SNP of a pariner. Size and breed do
succend IMBMhmuﬂm"wm*"Wm!ﬂm
. (Courtesy of Sysan Smith)

and improper tooth growth. To reduce these
risks, resiricted amounts of commercial rabbit
pellets should be fed to adults. Several feeds
are now made specifically to promote rabbit
longevity in the home or laboratory setting.
These pellets contain lower levels of protein
fless than 14%) and calcium (between 0.6 and
1.2%) and are high in fiber (more than 20%)
Smaller rabbits need more calories per kilogram
of body weight than larger rabbits. This is
beeause their increased metabolism and sharter
gut length reduce their efficiency in extracting
nutrients from the diet, Feeding quidelines are
shown in Table 18.1.

A cup of pellets weighs about 125q (4.4 oz).
The actual amount necessary depends on the
individual rabbit’s metabolism, level of activity,
and the pellet’s caloric content

Fresh vegetables are important and low in
calories. For each kg or 2.2 bbs of body weight,
pet rabbits can be fed 1/2 cup daily of mixed
vegetables, such as radish leaves, parsley, basil,
carrots and carrot tops, broceoli stems and flowers,
mustard or turnip greens, dandelion greens,
dark green letiuce, chopped celery, kale, and
spinach. High starch vegetables (e.g., corm,
peas, and beans) should be avoided because
they can cause overgrowth of cecal bacteria and
cause enteritis. Leaf crops with a high moisture
content and low fiber can cause diarrhea, so
they should be fed in limited amounts. lceberg
lettuce is especially bad in this respect. Treats
or pellets containing seeds, nuts, dried corn, or
beans should be avoided because they are {oo
calorie-rich or because their poor digestibility
can lead to cecal impaction. Healthy treals in-
clude small amounts of fresh [ruit {especially
bananas and apples), raisins, dried cranberries
or bluebemries, or dried rolled oats, Treats can be
used to monilor appetite and to reward good
behavior. Nutritional supplements, such as vita-
mins and salt blocks, are wsually unnecessary
for pel rabbits. Fresh water should always be

Table 18.1. Daily feed allowances for pet rabbits.
(Courtesy of Susan Smith)

Body weight (ka) Daily allowance (leacup)
12 (22-4410) e
2.3 (4.4-6.61b) Y
3.0-4.5 (6.6-9.9 Ib) Yotk
-1

45-6.0(9.8-13.2 Ib)




available, Open, heavy ceramic crocks are pre-
ferred to water battles as they encourage drink-
ing and flushing of urinary calcium, and are
less likely to be turned over.

Plenty of grass hay is essential for good
pet rabbit health. Hav propels fur through the
gut and thus reduces the risk of cecal impaction
and gastroenteritis, Rabbits chew hay using a
side-to-side grinding motion. Because the molars
grow constantly, this motion keeps the molar
surfaces in eareet alignment and reduces the
nsk for molar overgrowth. Hay also satishies
the rabbit's need to chew and helps in litter
training, Grass hays, such as timothy, brome,
archard, and seedless oat, should be fed. Mixed
grass hays are also acceptable and give the
rabbit a chance to “forage” and help prevent
fussiness over food. Legume hays, such as alfalfa
and clover, shoull be avoided for pet rabbils
because these are too rich in protein and calcium.
The high protein can lead to problems with an
overproduction of cecotropes, which in turn
leads to the growth of undesirable bacteria in
the cecum The excess calcium can cause urin-
ary bladder sludge. However, because hay is so
important for stabilizing the gut flora, feeding a
clover-based hay is preferable to feeding no
hay al all. Straw is not o good substitute for
grass hay because of its poor nutrient content,
poar palatability, and low digestibility.

Health

More pet rabbit ouners are investing in veter-
inary care to treal disease, and new treatments
are heing discovered for comman health prob-
lems. Upper respiratory infections are often
highly contagious but fraquently respond 1o
antibiotic therapy following a cullure and a
semsitivity assay by a veterinarian. Wy neck
{torticollis, head til) often responds to ibioti

the cecum. This can be carsed by a poor diet
of can be a secondary response to an under-
lying health condition. Ramly, it is caused by
physical blockage of the gat with fur or other
ingested matter such as capel fibers. Rabbits
ingest fur while grooming but, unlike cals,
cannot eough up the fur. lsgested fur must be
expelied through the intestnal tracl. The long
fibers of hay can help ingested fur to exit the
digestive tract. The occasianal use of a flavored
petroleum laxative can help expel fur, espe:
cially during a heavy molt Pet rabbits should
be groomed frequently to minimize the amaunt
of fur ingested and to reduce fur within the
house.

An early symptom of gut stasts is small,
hard fecal pellets. Eventuslly the rabbit stops
eating and delecation ceass. A rabbit reaching
this stage can die in as hitleas 24 hours. Imme-
diate veterinary care is eseniial Radiographs
are recommended fo aid diagnosis. An impacted
cecum can sometimes be fell by palpation.
Gastrointestinal stasis, with the assaciated gas
build-up, can be heard by listening with a
stethoscape. Loud gurgles mean excessive gas
build-up. Total lack of soundcan mezn complete
stasis. Treatment may inchde aral or intraven-
ous fluids and elecirolytes 1s rehydrate the gut,
drugs to induce gut matility and heat lamps or
an incubator to treat for skock. Force-feeding
of moisteried, ground pellet or vegetable mash
may be helpful if the blockage is not complete.
Mechanical agents that bresk foam inta bigger
gas pockets may alleviale some symplome.
Proteolytic enzymes, suck as pepain. may
break up the mucus holdieg the blockage to-
gelher, allowing the fur ta pass through the
gut. However, the proteohtic enzymes cannot
digest the fur iteell. They will not help if tha
stasts is not caused by a blockage. Some drugs,
such as oral chelestyramine, may prove helphul

therapy but can require up to a month of treat-
ment belore remission occurs, The same signs
a5 those of wry neck can be seen in a vanety of
parasitic infections, so a differential diagnosis
is necessary before treatment is started.
Gastrointestinal stasis is common in pet
rabbits but can be treated when caught early
A constant supply of hay is the best way to
reduce risk. Problems are most frequently caused
by overgrowth of undesirable microbes within

in absorbing the toxins

with enterotoxemia befae the toxins are
absorbed into the body. As a last resart, surgery
can ba performed to remote the impacled ma-
terial. However, surgery wnnot be used to
treat gastrointestinal stasis when there is no
blockage to remove.

Rabbits that have recarring bouts of gut
stasis or enterotoxemia stould be tested for
intestinal parasites and for conditions such as
Tyzzer's disease, Encephditozoon cuniculi,
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and coccidia. Rabbits that are homozygous
dominant for the English spotting white gene
{EnEn) may produce solt, enlarged feces and
have recurring bouts of qut stasis due to a her-
editary loss of gui nerve function. All these
conditions may benelit also from the dietary
changes mentioned below.

Another digestive problem is overpro-
duction of cecotropes (night feces). This can
lead to fecal smearing on the legs and peri-
anal region and 1o a need to bathe the rabbit
[mquznllg;. As :ated earlier, this overproduc-
tion is often due to an excess of di
protein, which in turn leads to gmwtl-:i::elt:;y-
desirable bacteria in the cecum. Reducing
dietary protein by switching or withholding
commercial pellets or by eliminating |

Pet rabbils can also have problems with
calcium deficiency. They are often fed rabbit
foods frem pet stores that include a mixture of
pelleted feeds, rolled grains, breakfast cereal,
dried fruit, and other “treats.” Rabbits are select-
ive ealers and may consume the (reats and
ignore the pellets. In this way, they may select
a low calcium diet. Some reports show a wide-
spread incidence of poorly calcified teeth and
bones in pet rabbits caused by their selective
eating habits in which they select palatable but
low calcium ingredients [e.q., seeds and dried
fruits) from feed mixes. To overcome this, pet
rabbits should be given small partions to en:
courage eonsumption of all the ingredients and
be provided greens and good quality hay. If the
diet is inadequate in vitamin D, there should be

ous hays often solves the problem. Some rab-
bits exhibit a similar sensitivity to carbohydrates
in the diet, and removal of high carbohyerate
foods, such as carrots, will help. Replacing all
feeds with palatable hay for three days also
will help restabilize the cecal flora, as will
feeding the rabbit cecal pellets from a healthy
rabbit. Dietlinked enterstoxemia is more
readily prevented and treated in pet rabbits
than in production situations because of the
ower nutrient needs i indi
;dmme psiiiass and the ability to indi-
The greater longevity of s
led to an increased in:idmf(lu?n’:li; ::;
kidrey problems. Kidney or bladder stones can
occur becquE rabbits excrete most of their
excess calcum thraugh (he urine. The basic pH
of rabbit urine causes caleiym ety calcium
carbonate and phosphate - 15 precipilate in
the biadder or kidneys The salis can be seen
as cloudiness in the urine, o (he precipitates
can be detected by X-ray Th, precipitate can
pe fushed from the kidney and bladg by
administering subcutaneoys Thaicls il
ases, Stones ean be surg; :

al pdl.eb] to h!ml; 1 or no com-
i cal.tl:hurl intake shoy h;vk:j":? hu;\i;n.
(he MInITUM Tequirement of g co Eue::l'
halitoznon j
kidneys cuniculf
Jamane 10 KICneys may aggravats iha ot
underlying infections s, = REeEID
;rn:Priatdv- Ukt be trested ap-

daily exposure to natural daylight to ensure
provision of vitamin D,

In the United States, pet rabbits do not
need vaccinations. In regions or countries where
myxomatosis and rabbit hemaorrhagic disease
are endemic, vaccinating companion rabbits
against these diseases may be prudent. No
vaccines against myxomatosis or rabbit hemor-
rhagic disease are approved lor use in the
United States

All pet rabbits should receive a yearly vet-
erinary check-up, which ought to include
examination of the cars, eyes, gastrointestinal
tract, and teeth. The rabbit may require mild
anesthesia to properly view the rear molars lor
spurs and overgrowths which can cause eating
or digestion problems or even a complete
cessation of eating. Older rabbits should also
be given a blood test to assess liver and kidney
function.

For rabbits with maloccusions (buck
teeth), front teeth can be {rimmed periodically
using a dental drill or removed surgically in
extreme cases Drooling may indicale spurs or
mismatch of the molars. The molars can be
easily smonthed using dental drills under mild
anesthesia. Clippers shoukl never be used
because they can crack the tooth and create an
avenue for oral infection by cecal microbes.

Toenails should be checked for trimming
bimonthly

Many veterinarians are uncomfortable in
treating rabbits, but references to expoerienced
pet rabbit veterinarians can be obtained from
the many pet rabhit specialty lists that are
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active on the Internet. In addition, many useful  of rabbits are sbandoned al animal shelters
books on pet rabbit care and management can  across the United States. Wil companion rabbits
be found on the lternet. now living seven years or nore, it is important

While the inaeasing interest in rabbits kept  that every pet oumer receive adequate inform-
as pets has led to advances in their health and  tion about their new housimate Armed with
nutrition, it has aso led to many rabbits being  such knowledge, the cwner will ba rewarded
purchased by people who do not understand  with a mischievous personality that will provide
their pets' special needs. Each year, thousands  many vears of affection and pleasure.

Further Reading

Anon. Caring for Your Pet Robbit. American Rabbié Breeders
House Rabbit Society, 148 Broadway, Richmond, CA 94804-1912. Tzltplm (5104 970-7575. HRS
maintains an aformative website available at. hip://fwww rabbit org and publishes the House Rabbit

Journal.
Martin, § 2014. The Everything Pet Rabbit Handbook: Your Ultimate Guide to Pet Rabbit Ounership,

Training, and Care Crealespace Independent Publishing Platiorm
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Animal Welfare

g:::-the turn of the new century, there has
: wm cencern by the general public
or _urellnre of rights of animals used for
production purposes, kept as pets, or used in
;asea:d&. _A. number of groups have been
md with various ebjectives ranging from
ensuring that animals are kept in suitable situ-
ations to the extreme of trying to block all
animal use for food, pels, or research, There
we several objectives of the animal rights
:I:men_t. a!\d several modes of action. Some
= @ major issues involved include the raising
nmn?als in confinement, “factory farming,”
mﬂaﬂ:ﬂm and “animal rights” of the same
o lrlﬂa:d uman rights. including the right not 1o
e L The modes of action of activists in-
clude mon-violent activities, such as picketing
ka meelings and rabbit seminars, becom-
Ing vegetarians or vegans, and writing letters fo
newspapers and magazines (Fig, 19.1). Unfor-
tunately, violent activities have also occurred
including attacking confinement livestock En:
::nanses releasing the animals, and burning or
herwise dgﬂlwh'@ the facilities. and threat-
ening 1o inject meat and eggs in stores with
_q,anlde and other poisons (and actually doing
itin & lew cases) to stop people from consum-
ing animal products. These criminal activities
represent a serious threat to the livestock in-
dustry, including commercial rabbit produc-
tion. The annual American Rabbit Breeders
Association Convention has been picketed by

animal rights demonstrators, protesting against
various aspects of rabbit raising. including
keeping and transporting rabbils in cages.
Other targets have been stores sefling rabbit
meat and rabbits as pets.

Yet another more recent and growing
public concern is that raising livestock for food,
in general, is harmful to the planet. particularly
due 1o environmental pollution and waste of
natural resources. On a seemingly daily basis,
social media criticizes the livestock industry aver
several contentious issues, typically invalving
sensational language that includes alarming
figures that are not based on scientific evidence.
Hence, for any one or more reasons, the de-
velopment by the [ood industry of alternative,
plant-based food products is now becoming
widely accepted.

It has been sugaesied by some people that
modern techniques of animal husbandry are
cruel and inhumane. Confinement raising of
livestock (beef caottle in feedlots, pouliry in
cages, swine in pens, etc), particularly where
large numbers of animals are kepl, has been
called “factory farming,” with the animal isedl
as machines. Rabbit raising has been criticized
because rabbits are kept in cages. Large-scale
commereial rabbitries have been the subject of
criticism, with claims that the rabbits are used
as “meat machines” with no regard for the
quality of life that the animals experience. As
with any issue, there are two sides. Technically,
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Fig. 19.1. Animal rights advocales picketing a rabbét seminar. {Courtesy of Bl Cramer, (Courtesy of Alsn
Mesick)

iLis true that commercial rabbits are “meat ma-
chines.” The fundion of a commercial rabbitry
i5 1o produce meat (or wool or fur) as efficiently
a5 possible, with the idea of generating a profit
from this activity. The animals are not pets.
and they are subject 1o the normal processes of
culling or vemoval from the herd because of
poor productivity. This does not mean that
commercial rabbit production is inhumane.

Two issues specific to rabbits are the
charges that keeping rabbits in cages is inhu-
mane and thal inlensive or post-partum bread-
ing, in which does are kept in a continual state
of pregnancy, is inhumane or cruel

There is a tendency for some people, par-
ticularly those with an urban background who
may not have had much contact with animals,
16 think that animals are just like people. This
nolion is referred to as anthropomorphism.
Anthropomorphism ascribes 1o animals the
same feelings and sensations experienced by
humans. Since a human would not want to
spend his or her life in a cage, it might be
assumed that a rabbit might not want to either
It is possible, however, that a rabbit is content
ta be in a cage, free from the need to be con-
cerned about predators, availability of food,
ete. How does one determine whether a rabbit

is content or not in a cage? This is an area
where objective techniqus are needed fo
measure stress. Inhabiting a stresshul environ-
ment causes changes in hormonal secretion,
such as elevations in bload levels of adrenal
hormones. Behavioral studies are also useful 1o
elucidate whether or nol i rabbit is conlent.
For example, does a rabbit display any abnor-
mal behaviors such as imegular appetite and
fur pulling of rabbits in adjcent cages {i.e., the
latter can be a sign of boredhm). There is much
interest in such research toevaluate objectively
how animal bushandry or masagement

affect the quality of life of lvestock.

The “Easter Bunny Swdrome” is a clear
example of anthropomorpiism. It is common
for people to regard the rabbit as a cule, cud-
dly, inoffensive creature. However, rabbils are
not little people, dressed \p in fitthe suits and
having names like Flopsy. and Mopsy. RM
Lockiey, in his book The Frivate Life of the
Rabbit, describes the reattions of others 1o
pels he had as a child. If helet his pet ral crawd
out of his sleeve, his sistes would react with
horrar and disgust. If he Wought ot his pet
rabbit, “There were oohs axd ahs and a plea to
be allowed to cuddle the mimal ” Being cute
by human standards does rot make an animal



Chapter 19

any more or less desirable as an agriculiural
animal. Il it is a legitimate activity to raise beef
catile, sheep, chickens, and pigs lor lood. it is
also legitimate 1o raise rabbits.

Intensive breeding of rabbits, in which the
doe is rebred within 48 hours of kindling, has
hef:ncalhdcvwlm-ld inhumane or unnatural by
animal welfare groups. This is another example
of anthropomerphism. Probably not many
women would want to experience constant
pregnancy and lactation! What about a rabbit?
A flema'le rabbit is genetically programmed to
bein constant gestation. The fertility of does is
very high immediately after kindling. The nor-
Eal sexual behavior of the wild rabbit is that

e doe rebreeds within two days of giving
birth. When her litter is about 28 days old, she
abandons it and digs a new nest in the burrow,
where she has her next litter a few days later.
x Process is repeated throughout the spring
mmmmsem. If the repeated pregnancies

ecome a stress, or if nutrition is inadequate,
either canception fails or the litter is resorbed
in utero. Thus, if a domestic rabbit is stressed
by being 'bmd past-parium, she will simply fail
lo conceive or will resorb the letuses. Why
mbbmlls bﬂ;ecxen‘:\:‘:reedm behavior of wikd
sl mwu?w inhumane when used
A complete understanding of rabbit be-
i:m. :Jmoﬂg with objective means of assessing
Ier;s;' be necessary 1o ensure that our sys-
- rabbit hushandry are the best that can
provided to optimize both production and
animal welfare, It is reasonable to assume that
:nﬂy[:mm that adversely affects the animal's
v re will also reduce its productivity, How-
= n:w E::::Q sound scientific evidence that
. 5 are not stressed, it should be
rstood that this will still not be acceptable
1o certain animal rights groups. As the adage
S:]’is:. Jo:wcant plaaj-ae everyone”. This is the
;abbi! a_mlm! rights situation,
raisers must always bear in mind
1”_':! they have a responsibility to their animals.
; :y;irnusl provide all the needs of the rabbits
ncluding suitable housing; clean, fresh feed in
adequ.ate amounts; clean, fresh water in clean
;\nh_amers: and freedom from disturbing out-

e influences and predation, Today's rabbits

are very different from their wild ancestors
and, because of selective breeding by farmers,

are often unable to exist without human care.
Since humans have created this dependence,
it is their responsibility to provide proper care.
In some cases, such care or practices may be
distressful, For instance, rabbits are tatiooed
for identification, calves are castrated to pre-
vent injuries from fighting, and tails of pigs are
docked to prevent other pigs from biting at
them. The operations are distressful but often
less so than the consequences if they are not
carried out

When such distressful procedures are to
be done, care must be taken to help reduce the
effects on the animals and their subsequent
production. Livestock producers should aim to
reduce the stress on the animals and the workers
as much as possible. They should also ensure
that the procedures are carried out in such a
manner that neither the animals nor the work-
ers are injured, This entails lknowing how to do
the job and having the proper equipment to
confine the animals and doing the job as
smoothly and quickly as possible. The role of
the veterinarian Is also paramount o ensure
that animals receive necessary treatment when
needed.

It is also important in day-to-day manage-
ment to ensure that conditions in the rabbitry
are as non-stressing as possible (Fig. 19.2). In
some rabbitries, the rabbits become highly ex-
cited and nervous when people enter, in others
there is little response. and in some the rabbils
come to the front of their cages to see what is
going an. The rabbits in the last group are the
ones that are likely to be most productive and
least stressed. How do they get this way? It is
basically due to good livestock production
skills. These are very hard to define or to teach,
but it Is easy to tell whether people are aood
livestock producers when they are working
with their animals. Do they view their animals
as just objects without personalities or do they
talk to them and treat them as individuals? This
does not mean (hat their animals are pets, but
it does mean that they work with them as indi-
viduals and are concerned for their individual
wellare as well as for their productivity. In fact,
the two go together, as productivity is generally
increased in those rabbitries operated by good
livestock producers.

The animal rights issue is not likely to go
away in the near future. Those interested in




Fig. 19.2. The natural role of prolific small animals, such as rabbits and field mice, isto serve as a food
source for animals higher in the food chain. Domestic rabbits have a much less stresful e than wid

rabbits, which are constantly under threat of atack by predators. (Courtesy of D.J. Haris)

raising rabbits should give serious consider
ation to the charges of the animal rights activ-
ists and ensure that their animal housing and
management sysiems are consistent with the
welfare of their animals. They should be pre-
pared to provide the other side of the story to
the news media. Activists are often well edu-
cated and articulate and create a good impres-
sion in interviews on TV and with the press.

It is also important that representatives of
the rabbit industny be ariculate and present
their side in a rational manner. There are three

general responses that codd be madz to 1h
anmu!dg!vsrrwmmﬁs:klnﬂﬂ"“
action and hope that the issse vill go away. The
second s 1o become indignant and to shout
counterclaims and to i the activiss Th2
third, and obvicuely most promising, s to respend
with positive, reasoned eduational programs
extal the virtues of meat anéanimal producticn:
the positive aspects of the rdationships berween
farmers and their animaks, and in sustainab
being good stewards of the envronment in
producing highly nutritious ood.

Further Reading
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Rabbits for Family and Small Farm
Development

[n these times when we often hear reference to
family values™ and “food safety”, the rabbit
can make a positive contribution, Today, many
families are concerned about the source and
safety of the food that they purchase for con-
wumption, especially as a result of the recent
global Covid-19 epidemic, From a family
development standpoint, srmall-scale rabbit
production offers many advantages. The space
‘l[qu“L:r'e::lhto ;J?dr::. a small-scale rabbit unit
an and 1 is small
Fig. 4.4). This makes umducmmbb OLlS'Ie:
farm or in the backyard of a home located
within city limits {if no animal restriction ordin-
ances exist). At the outset, the goal of the rab-
bit operation should be clearly established (e.q..
ﬂ_show. or pets). The entire family can
o nxull'ne daily‘ tesponsibilities, such as feed-
' agement, record , butchering,
and marketing. If meat mm;&)cll;‘o!;'; is the m:?n
ﬁim'pnse goal, the team approach can make
is a rewarding activity - for example, when
nutritious and healthy homegrown meat Is
served cn.lhe lamily dinner table (Fig. 20.1).
e R._xbbul raising is an excellent learning or
educational activity for children. Home lessons
::‘;ahbul biology (e g., behavior, reproduction.
dﬁpd'gmh-a“d development] can altract a
H kgen interest (Fig. 20.2). Parents often
like rabbits because they are easy 1o handle,
they do not make noise, they stay clean and
are_miatlve!y odorless, and they are not a large
drain on the family budget. Mareover, a child

learns responsibility and basic animal care
skills. This is especially true when litters are
born on a regular basis. Children whao learn
responsibility and who are actively engaged in
such meaningful life skill projects are less likely
fo turn into couch potatoes! FFA, 4-H, and
other vouth projects involving rabbils may ef-
fectively enhance communily development as
well. Farm-fresh rabbit meat is becoming more
popular at local farmers’ markets.

Senior family members can likewise playa
special role. For example, Grandpa can take
pride in sharpening his skinning knife and in
telling old rabbit hunting tales while demon-
sirating traditional skills in dressing out fryers
for dinner, Grandma can prepare and serve
her favorite family recipe, such as Brunswick
stew or Hasenpleffer. In addiion, in both small
and large operalions, rabbil raising offers
opportunities for occupational, psychologieal,
or physical therapy for persons with disabilities,
for convalescent patients, and for the elderly.
Simply owning a pet rabbit may also achieve
this purpose.

In small-scale operations, production costs
are usually lower. This means thal rabbit meat
may be less expensive to produce for family
consumplion, Productivity isusually higher and
mortality lower on small farms becavse of bet-
ter ventilation, higher quality animal care, and
superior management because rabbils receive
more individual attention. Cost-reducing meas-
ures include feeding homegrown forages and

© Sleven Lukefahr 2022, Rabbit Production, 10th Edition (S.D. Lukefahr et al.)
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Rabbits for Family and Small Farm Development an

Fig. 20.1. A famnily enjoying a tasty and nulritious
rabbit meat meal. (Courtesy of S.0. Lukefahr)
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Fig. 20.2. Rabbits are easily handled by children.
(Courtesy of 5.0. Lukefahr)

garden and kitchen “wastes™; using an existing
shed, salvaged cages. and simple feeders and
walerers, and sharing labor among family
members (as opposed to hiring labor).

As a lamily farm-based unit, small-scale
rabbit production can also be integrated into
other agricultural activities, such as organic
gardening, worm production (vermiculture),

Small-scale operations canbe easily diversified
to increase family income. Skins can be tanned,
feet made into lucky ratbit's foot charms,
manuire bagged s “natural futiizer” or compost,
etc. In addition, real opportunities exist to
develop local markets {e.g, farmers’ markels,
restaurants, slores, nurseies, and fish bail
shops} for rabbits and their products. These and
other economic opportunities will be described
in more detail in this chapter,

The purpose of this clapter is to identify
various applications of smull-scale rabbit pro-
duction that can favorably impact family and
community development and small farm
profitability,

Rabbits as a Family Activity
Family food praduction

Keep the following in mind when considering
rabbits as a food productios actity for the en-
tire family. One cbvious riskis that certain fam-
ily members (usually children) may become
emotionally attached to veang rabbits destined
for tha dinner table, The family should agree to
the meat production goal before purchasing
breeding stock. Once thke first litters are
produced, avoid giving names to the young
rabbits, as this will only make it more difficult
later to harvest the Irvers. Also, avoid emotive
words, such as “babies” and “bunnies,” for the
same reason A young rabhit still with the doe
is called a kit. After weaning, it is a fryer.
A compromise is i name only the mature
breeding rabbits, with the understanding that
the family will not eat them

We often hear stories in which children
were served what they thought was chicken,
only later to be emotionally devastated to find
their favorite rabbit ("Flopsy”) was missing
from its cage. Such strateges are counterpro-
ductive, Before purchasingbreeding stock, buy
rabbit meat from a store ot breeder and use it
for a family meal. If the fanily enjoys the meal,
this wall emphasize the mea production goal.

Another suggestion is to obtain eolored
rabbits as breeding stock A nest box contain-
ing kits that display a variey of colors is more



Chapler 20

likely 1o altract and maintain the interest of
children (Fig. 20.3). This may involve the ac-
quisition of either crossbred rabbits of different
colors ar purebred rabbits of different color
varieties. Chaplers 3 and 16 provide further
information on breeds of rabbits and on coat
color genetics.

The number of breeding rabbils to pur-
chase for home meat consumption depends, in
parl, on the size of the family, the desired fre-
quency of rabbit meals, and the breed of rabbit
used. Medium-sized breeds are recommended
because they tend to produce larger litters and
faster growing fryers with larger carcasses than
the small breeds. They consume less feed and
require less cage space than the giant breeds.,
Purchase breeding stock from a reputable
breeder of commercial meat rabbits who selects
for production traits. Avoid cbtaining rabbits from
pet stores, flea markets, and fancy breedk

A conservative figure for an average litler size
at market age is five fryers. Thus, total annual
production is 30 fryers, The family will there-
fore need two does to produce 60 fryers per
year. (Of course, a larger family will require
more does.) Since there is little need lo keep a
buck for only twe does, one option is that a
buck be borrowed from a local source. If a two-
doe operation is mainiained, only two add-
fional cages will be needed lo accommodate
growing fryers and an occasional doe replace-
ment. Under backyard conditions, a doe will
produce for 2 or 3 years.

The family will have to decide how to divide
the various chores involved in rabbit raising.
One approach is for all family members to par-
ticipate in all activities. Another approach is for
children to take turns in feeding and cleaning
(e.q., brushing cages, and sanitizing feeders
S

A 1810 2.3kg (4.0 to 5.0 Ib) live fryer
{usually 8 1o 10 weeks of age), when dressed,
will provide a meal for a family of four to six.
Let us assume that a family wants to consume
rabbit meal once aweek. For backyard produc-
tion, ene breeding cage will accommodate a
doelhatmpmduumlitlmhnwar-

s

s).
A parent should supewise critical activ-
ities, such as mating; ling of breedi
and kindling dates, nest box placement and
early litter care, and harvesting, Very young
children should probably not be present during
butchering. The word “harvesting” is currently
being used with all species to make the process

[ e o v v 5 T

Fig. 202, Nine rabbits from = single Itter afl have diferent coat colors. (Courtesy of SD. Lukefahr)
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less repugnant te children and other sensitive
people.
A freshly dressed carcass should be rinsed
thoroughly and properly bagged or wrapped
for freezing unless the meat is for immediale
consumption. Rabbit meat should be stered in
a freezer no longer than one vear.

Youth development

Perhaps the greatest potential and reward for
rabbit production as a family activity is in vouth
development. FFA and 4-H youth projects in-
volving rabbits are very popular. The American
Rabbil Breeders Association also has many
youth activities. b some states, a 4-H rabbit
project is one of the most popular activities
among younger chub members, mainly because
rabbits are easier to handle and less expensive
to raise than most other livestock species.
A rabbit project 1s ideal for youth living in rural
and peri-urban areas. The children learn basic
responsibility and animal management skills
that can lead to other projects and be applied
to other life situations. Children also learn how
to participate in meetings and in ingful
communily events, demonstrate leadership.
Participate in teamwork activities, keep useful
records, follow ndes, and practice proper skills
and etiquetie in showing their animals,

Al the community level, families usually
Cooperate to organize rabbit shows. Youth gain
knowledge from the valuable comments the
judge makes about their rabbits. Business lead-
ers may also show their support by purchasing
meat rabbits from children who earned top
placings. In mary cases, the family deposits
the show earnings into a college account and
does so for several vears. Such project experi-
ences are made even more rewarding when
rabbits are raised at home on a yearround
basis. For more information, interested fam-
ilies can contact their local extension agent.

Rabbits have also often been used as bio-
logical models for vouth science projects. For
example. one actual experiment invalved four
litters in which individual kits were weighed just
before and after nursing. This intervention was
possible because litters can easily be separated
from their does and allowed to nurse only once

in 24 hours {which is nomnal doe behavior).
The student reviewed the literature on the
subject, ook photographs and made charis
showing growth curves forindividuzl kits from
does that reared small or large litters and
from does that were excellint or poor mifkers.
The rabbit science project ook top hanors.
Belore starting such projects, leaders should
check with science fair organizers to be sure
that animal welfare requirenents involved with
using live animals are met.

Other bendfits

In numerous cases, rabbi operations have
benefited persons with diahilities, convales-
cent patients, and the eldiry as a source of
occupational, psychologied, or physical ther-
apy. Some cases have simply involved individ-
uals enjoying the comfor: and company of pel
rabhits, Other cases have involved individuals
whe, because of their disbility or for heaith
reasons, cannot operale equpment or machines,
do any major lifting, or stawd for long periode.
Such individuals have raisel rebbits with great
pleasure as a hobby or @en as a business.
While certain managemml activities fe.g..
feeding and litter inspection) need to be done
dailly, the schedule i flexible, allowing the work
1o be carried ous any time of the day. Other
activities, such as matings ind nest box place-

ing management

book. persans considering rabbit production
as a bufnm after retirement should proceed
with extreme caution. Sone commercial ad-
vertisements have lured retred Ml:?dl-ﬂk into
raising rabbils as a “get rizh quick Imiu
Unfortunately, some peaple have lost their
entire life savings as a rest of such deceptive

promotions.

Integrating RabbitProduction
on the Family Farm

Integration involves the conbination of rabbit
' with ather farm mierpses. A small
scale rabbit enterprise fits esily into smalHfarm
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management, increasing both food supply and
income. There are many examples of rabbit in-
tegration thal can benelit small-farm lamilies.
One simple model of integration would be the
combination of rabbit raising with gardening.
Integration would involve the recycling of rab-
bit manure as compost into the garden soil,
while vegetable “wastes” from the garden would
be fed to the rabbits. Reduced costs would result
from less use of chemical fertilizer and commer-
cial rabbil feed. In fact, during dire economic
times. this model has been used in the United
States and in developing countries to directly
engage poor families in the battle against hun-
ger and poverty. For low-cost, small-scale pro-
duction systems, the book by Lulefahr (2010).
Developing Sustainable Rabbit Projects, serves
as a resourceful guide,

The basic goal of integration is o increase
food yields while minimizing costs. Some ex-
amples of integrative models are rabbit produc-
lion with cultivation of fish, honeybees, fruits
and vegetables, trees, and worms. Another
advantage of integration is that general agricul-
turists, field workers, and/or extension agents
who have basic knowledge in foed production
and experience in nural agricultural development
can provide valuable assistance to small-farm
families, Models described in this section will
focus an production methads that are suitable
for small farms, not just in the United States,
but also around the world. The models will also
emphasize those practices that enhance and
safeguard the environment

To reduce feed costs, high-qualily forages
can be planted in rows. For example, previous
studies conducted at Texas A&M University-
Kingsville (see the references found in the Fur-
ther Reading section) involved the feeding of
lablab and sweet potato forages 1o growing Iry-
ers. Lablab is a tropical lequme (also called
tropical alfalfa). These two species are an excel-

len! source of protein, are highly palatable, and
contain no known loxins. The harvesling
schedule involved harvesting forage from one
row each week, and not reluming to the same
row for three weeks 1o allow time for regrowth,
For sweet patata lorage, only the last one-third
of the vines bearing leaves were harvested.
This way, the growth of the tubers was not
compromised. Forage was dried by sunlight for
24 hours 1o increase the dry matter content so

as to make the forage more nutritious, and it
was fed by free choice (Fig. 20.4). Further, in
the lablab study an energy supplement con-
sisted of mini-molasses blocks, while in the
sweet potato study the tubers were fed as an

_ energy supplement. Salt blocks with additional

minerals were also provided

Aquaculture is the production or farming
of fish. In some countries, rabbits or other live-
stock have been raised in sheds, pens, or
hutches (made of inexpensive building mater-
fals) placed either adjacent lo or directly over
fishponds (Fig. 20.5). Animal manure drains
or falls into the waler and fertilizes the ponds,
increasing algae and other microbial produc-
tion. Many species of fish, such as tilapia
[“tropical perch"), subsist on algae as their

-l..‘ -

Fig. 20.4. A rabbit consuming sweel polato forage
by free choice, (Courlesy of 5.0, Lukefahr)

Fig. 20.5. A rabbitry constructed over a fishpond
in Africa, The rabbit manure ferilizes the pond,

of algae and other microoranisms
that feed the tikapia fish. (Courtesy of 5.0
Lukatahr)
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main food source. Some studies involving sim-
ple animal manure fertilization have shown
that fish harvest yields are more than doubled
at little or no cost. A recommended stocking
rate is 10 to 15 mature rabbits per 100 square
meters (1,076 square feel) of pond area. This
stocking rate will provide 10 kilograms (4.5
pounds) of rabbit manure per week. An integrated
rabbit-fish enterprise could increase family in-
come, especially if local markets exist for fish.

Apiculture is the cultivation of honeybees.
When bees are managed and honey is harvested
(ussing basic equipment and proper safety meas-
ures), beekeeping can be a fascinating activity
for the family. Certain strains of bees (e.q , hal
ian) are mare docile than other commercial
strains, Increased plant pollination activity by
bees results in increased fruit andior) erop
vields, When planis are pollinated by bees and
fertilized with rabbit manure, the vields can be
even greater. Mare food is produced at lower
cost for family consumption, and more incame
is generated Information on getting started
With bees and on markets for honey may be
obtained from vour local agriculture extension
office or from & member of a local bee club or
aAssociation,

Part of horticuliure involves food plant
Production (e g., fruits and vegetables). Horti-
cultwre can also include the production of
flowering plants that can be grown in combin-
aton with rabbit production to further increase
farm income (see Fig. 12.2). As previously
mentioned, the combination of rabbit raising
and gardening is a popular practice on small
iamliy farms. Rabbit manure also helps to
improve the condition of clay and sandy soils
by enhancing water-holding capacity, providing
@ medium that aids in rapid plant growth, and
minimizing runofl and . However, like
all animal manures, it should first be composted.
Plant yiclds can be increased [urther if compaost
from rabbit manure is applied, especially if it
has been converted into humus by red worms.
This tupe of functional integralion is illustrated
in Fig. 20,6, This fiqure is used as a broad guide
for farmers in developing countries but can
be applied in part to almost any agricultural
enlerprisa,

Fresh produce for which rabbit manure
Was used as compost may attract customers
because it was “naturally grown,” One study

conducted in New Mexico demanstrated tha
integration of rabbits, catfilh, red worms, and
vegetables in greenhouses The rabbits’ diet
was supplemented with greens from vegel-
ables, and rabbil manure vas either used for
growing worms that were fed to catlish or used
as compost for growing vegetables. Produchion
costs were reduced, and prafits ware mcreased.
If surplus rabbit manure or compast is avail-
able, it can be bagged and sold.

An alternative to feedng rabbits in con-
ventional cages is allowing rabbits to graze
forage. Rabbits raised in fis way are callad
pastured rabbits. One metkod invelves ralsing
rabbits in bottomless wire pens that are regu-
larly moved after the gres or grass-legume
forage plot has been suffciently grazed and
belore digging or burrouing activity oecurs
(Fig. 20.7). Feeders (supplring a supplement,
such as limited commercial pellets) and water-
ers are typicolly placed inside the grazing pens.
The penned rabbits are uually frvers, which
are less likely to mate or ta display aggressive
behavtors, such as fighting and fur chewing,
One benelit is that the fomge i fertlized as
mmw.mmmsm
although a proper pen design can limi
,b?aumwpgmmhm
“naturally” produced meat.

Rabbit production can be integrated with
the growing and harvestisg of irees. Rabbil
manure made into compod has been used by
plant nursery and greerhouse businesses,
wammuwlededm
directly applied around tree bases. Besidag
R s L
odorless, does not ar
when applied to well-drained or sandy soils_
Trees that have forage suiable for rabbil feeq
"wwrmmmﬂ.ﬂ
Gliricidium) can be grows near the rabbitry,
and the manure can be usal to grow the trees
that feed the rabbits. h

Vermiculture i the rabing of worms, Ap
older chid might show an iterestin the map,
Wenlaﬁwmdﬂdmm“
in rabbil manure as an alernative or supple.
mental allowance acivity. Generell. worm
require higher moisture lewls than the rabbijs,
50 it is preferable to rear (ke WOrS in speciy)
beds outside the rabbitry. hitially, the worm,
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Fig.20.6. Functiona integration, Note thal each unil complements the others by increasing food
production at itle cost on & small farm. (Courlesy of 5.0, Lukefahr)

Fig. 20.7. Pasiured mbbils grazing grass as lorage, (Courtesy of J.I, MoNitt)
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can be obtained from other rabbitries or com-
mercial red worm farms. The red worms can
be counted or weighed in ¢

with peat moss, and sold to fishers or hshlng
bait stores. Basic business and entrepreneur-
ship skills are leamed through this experience.
As with any new business, it is important to
start small and expand as the demand grows.
Red worms have also been fed to ather live-
stock as a proten source. In Colombia, one
study ohserved stisfactory growth perform:
ance in broiler chicks fed diets in which sow-
bean meal was partially substituted by live red
worms. Although live red worms could be fed
ta poultry or swine, they would need to be pro-
cessed into dried worm meal before being fed
to other livestock. A useful book on worm pro-
duction is by Mays (see the reference in the Fur-
ther Reading section at the end of the chapter).

Diversifying Rabbit Production
on the Family Farm

Diversification involves the utilization of rabbit
by-products (e.g , skins, feet and manm'e} In

Fig. 20.8. Rabbit skins madaints qualty garments
and handbags. (Courtesy of SD. Lukefshr)

the reference in the Further Reading section .
Be aware that some methsds will remove the
fur from the skin. The preferred method is a
simple cne that vields satifactory results with

Manure {rom rabbitsis popular for use
in gardens and flower bed. The manure can
either be made into compost or be mixed
with potting soil. Your locil county extension
agent or a search on the Ieternet can provida
specific information about

2 small-scale rabbit entery if
increases economic opportunities. In other
words, while meal may be considered the main
product, various by-products can be developed
and sold to qenerate additional family income.
The main limitation for diversification is time,
but this is where family labor comes in. Diver-
sification produces a more intensive rabbit
production enterprise because more labor is
involved, However, in many cases, the operation
may consist of fewer than 20 does. The key is
to start small and stay small. Overproduction
without expanding markets has been the cause
of many failed family businesses,

As stated previously. colored rabbit breed-
ing stock is recommended to enhance vouth
interest. Tanned colored hides or items such as
Tabbit's foot charms, loys, dolls, quils, blankets,
and garments have sales polential. Markets in-
clude curio, hobby, and souvenir shops and
lairs, bazaars, and famers’ markets {Fig. 20.8)
Fresh hides are usually salted and dried on wood
or wire streichers and then stored until tanned.
A number of tanning methods or recipes may be
used, as described in Chapter 24 and in other
books, such as Ton Your Hide! by Hobson (see

ation

proper compasting

hods. Some families have sold bagged

rabbit compost as “naturd fertilizer™ to their

neighbors or even to gremhouse or mursery

businesses. Others have mide salos by adver-
tising commercially.

Onie advantage of rabbit manure is that it
can be directly applied to sal supporting grow-
ing plants without the unesiratle “burning”
effect observed with poulry and other ma-
nures. This assumes that the manure used has
not been saturated in urine. However, it should
be emphasized that rabbit manure, like all ani-
son to commercial chemical fertilizers that are far
more concentrated in certdn critical elements
{e.g., nitrogen, phosphons, and patassium).
Nonetheless, rabbit manwe does contribute
important organic matter ind some elements
that can improve soil properties such as wa-
ter-helding capacity and prrmeability for roct
growth. At the same time, it provides a me-
diurn that supports beneficil microorganisme,
worms, and insects.

Manure can be colleced in pits beneath
rabbit cages to culture warms - a practice
known as vermiculture (Fiy. 20.9). Typically,
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Flg. 20.9. Commercial red worms cullured in rabbit manure. (Courtesy of D.J. Harris)

the worms are commercial red worms (red wig-
glers; in colder climates nightcrawlers can be
used), which reproduce and grow well in the
rabbit manure Besides the manure, the worms
require adequate shade, moisiure, and protec-
tion from predators (e.g., fire ants). Interest-
ingly, many rabbit producers have had higher
gross sales from worms sold as fishing bait
than from meat rabbits. Families can get
started in vermiculture by contacting a rabbit
raiser who has worms for sale. A rabbit-red
worm enterprise is also an example of integra-
tion, which was covered in more detail in the
previous section.

Market Development

In small-scale operations, opporiunities exist
for “collage industry” market development and
economic benefils. In some European coun-
tries, the rabbit meat industry continues fo be
dominated by traditional small-scale subsistence
producers who maintain fewer than 50 breed-
ing does. Consumers usually drive to a farm or
& farmers’ market fo buy rabbit meal directly
from the farmer. This activity has become more

Because of favorable economies of scale,
small-scale rabbit production is a popular micro-
enterprise. To some extent, similar scenarios
are found in the United States.

Local farmers’ markets should be devel-
oped to sell surplus meat and by-products from
small-scale operalions. As oppesed to sales
from commercial operations, sales from local
small-scale rabbil operalions can be more com-
petitive with other meats. This is because of
lower production, processing, and transporta-
tion costs (especially in LS. states that have no
rabbit imeat inspection laws). A thumb figure is
that small producers should establish their own
local markets within a diameter of 150 miles.
There are marketing acvaniages as well, such
as eliminating intermediale markeling stages
{i.e. the “middleman”) and lbwering transpor-
fation costs for local and riche marketing of
rabbit fryers

Markets should be creaed and expanded
gradually. Contact your slate depariment of agri-
culture for information abou any meal inspec-
tion laws that might pertain to rabbits. In some
states, rabbit meal can be sold as long as the
producer sells less than 1000 rabbits annually,
Because of the Covid-19 pandemic, federal
and slate inspection requirements have been

iled 1o encourage locd food production

Popular as a resull of the Covid-19 global pandemi
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even without inspection. At larmers’ markels,
some producers sell live rabbits, which bypasses
the meat inspection issue altogether.

If existing regrictions or regulations do not
pose a barrier, the local marketing sirategy
might first be developed to involve, for ex-
ample, meat sales to neighbors. Later this could
be expanded to involve sales to community
stores and restaurants (Fig. 20.10). Alternalive
markels, such as auctions and farmers’ mar-
kets, might also be pursued. A good marketing
tool for the family business is to supply rabbit
recipe and nutrition information sheets and
free meat samples to customers (see Chapters
23, 24 and 25)

Another justfication for the local market
development approach is the extreme difficulty
in making commercial inroads into the meat
markelplace. Despite the nutritional qualities
and health attributes of rabbil meat, this diffi-
cully exists because of the highly competitive
nature of the food business. as well as pressure
from animal rights groups. The poultry and
swine industries continue to expand and inte-
grale to minimize production costs, This limits
the prospect of rabbit meat becoming a com-
petitive commodiy. Moreover, American con-
sumers’ demand for meat has stabilized. This
stimulates even greater competition among the
beel. goat, sheep, pork, and poultry industries
and makes markel entry by a new commodity
very difficult

The very high cost of rabbit production
(mostly due to the cost of commercial feed) and
the laborintense nature of the business (10 hours
of labar per doe per vear) explains the high
retail costs of rabbit meat in food stores and in
“white tablecloth’ restaurants. It also explains
the categorization of rabbit meat as a specialty
or luxury product. As previously stated, a

Fig. 20.10. Promating rabbit neat at & local
business. (Courtesy of 5.0, Likatahr)

small-scale and mtegratel rabbit enterprisa
that is managed as a family activity offers op-
portunities to reduce some of the production
costs while increasing profis by seling directly
1o consumers

In time as demand increases, sales can
expand to other areas or egional businesses.
It should be emphasized that the rabbil enter-
prise shoukd be expanded gadually onlyin pre-
portion o the increased makel demand and in
relation to the willingness of the lamily mem-
bers to take on further responsibilities.
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Rabbit Production in Developing Countries

In recent years, rabbit production has made a
favorable impact in developing countries. Tupically,
rabbits are raised in small numbers (fewer than
10 does} in simple. inexpensive, easiy constructed
cages and provide a family with a source of fresh
meat on a year-round basis (Fig. 21.1) They are
raised on forages grown in plots, forbs or weeds,
tree leaves, waste fruits and vegetables, and
by-products, such as carn bran and rice bran
Much of the labor for feed collection and care is
Provided by the family. Because of their small size,
a few rabbits don't require much feed. On the
other hand, buying and feeding a beef animal
might be prohibitively expensive:; moreover, the
farm may be too small anyway to support a cow.
In addition, the small carcass of the rabbit is con-
sumed in one or two meals, so meat storage isn't
required. There are few religious prohibitions
against the consumption of rabbit meat.

Rabbit production fits in well with integrated
small farming systems that are common in
many developing countries. Usually, a village
family might have a small tract of land available
fless than 1 hectare or 2.5 acres) for a garden
and a plot of rice or corn and might raise a few
animals, including chickens, goats, and perhaps
Tabbits . The animal manure is used in the gar-
den or grain ficld, while the crop by-products
and plant residues left aver from harvest are
fed to the animals. Rabbits ean be a very useful
component of such a svstem. Most of the
World's papulation is fed by the output of small

9 Steven Lukelahr 2022, Rabibit Production, 10th Edition (5.D. Lukelah et af)
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farms such as just describal. With the rapidly
increasing human populatons of most devel-
oping countries, there is less and less land
available per family, and the need for intensive,
efficent production increass. Labor is usuzlly
abundant, so the high labar intensity of rabbit
production is not a detriment.

As a brief global overriew, in Alrica it is
evident that rabbit research activities are areal-

vary considerably. Gther countries with
mta'hﬂlmdlmm.lu
example, Algeria, Benin, Cameroon, Ghana,
Kenya, South Afrca, and Tunsia, In Asia, China
is not a developing country. Instead, in Cambo-
dia, Indonesia, Laos, Malaysia, the Philippines.
and Vietnam there is a greal interest in both
rabbit research and project development. In
these select countries, thereare universities with
active rabbit resczrch progrars where the research
topic of nutrition is commsnly investiated. In
Latin America, rabbit resarch activities have
been partiasrty noted in Arentina, Brazi, Cuba,
Mexico and Peru involving studies on many
topics. Also, major rabbit couferences have been
held in these countries. Rsbbit projects have
been developed in the countries meniionad
above, and in many others tot mentioned.

Most of the general procedures of rabbit
production are the same, egardiss of where
the animals are raised., so ody aspects unique o




developing countries will be discussed in this
chapter Additional information is provided n
the book by Lukefahr (2010), Developing Sus-
tainable Rabbit Projects {see the Further Read-
ing section at the end of the chapter for details).

Cages and Equipment

Most peaple in developing countries who raise
rabbits a5 a source of protein do not have much
money. Therefore, it is very important that the
equipment be simple, be easily constructed,

Fig. 211, A typical vitage rabbitry in Indonesia
constructed of bamboo. The rabbits are led green
forage, (Courtasy of 8.0, Lukefahr)

and involve few il any purchased materials.
Simple rabbat hutches or cages can be constructed
of local materials, such as day or concrete blocks,
wooden boards, split bamboo, and raffia palm
{Fig. 21.2). Bamboo cages are in some respecls
superior to wire cages. A bamboo or ralfia
palmwood floor gives more support to the feet
than a wire cage bottom, so problems with
sore hocks are minimized (Fig. 21.3a.b). Feed-
ers can be constructed from clay or from a
large stem of bamboo. Cans, tins, glass bottles,
and other items can be used as well. Mangers
for forage feeding can also be made from local
materials, such as bamboo, clay, or wood, and
can be incorporated into the structure of the
cages. Watering crocks can be made ol clay or
concrele. In many cases, where large amounts
of greens are fed, less drinking water may be
required, but it is still a good practice to always
provide water. In some countries (e.g., Cameroon,
Haiti, and Vietnam), it is a common praclice
nol to provide any water when diets composed
of freshly harvested greens are fed (Fig. 21.4).

Feeding and Management

Generally, rabbils raised for home meat con-:
sumption in developing countries, especially in

Fig. 21.2. A backyand rabbitry in Poland constructed rom a variety of discarded bul svitable matarials.

(Courtesy of 5.0. Lukefahr)



Fig. 21.3. The raffia palm (a) grows in West Afrnca. Il is used for building rabbil huichss and cages (b)in

many African countries. (Courtasy of 5.0. Lukefahr)

Fig. 214, A traditional practice in Vienam is not
10 provide water to rabbits on a fresh forage-based
diet although this practice is discouraged.
(Courtesy of 5.0 Lukefahr)

tropical regions, will be fed a forage-based diet
supplernented with by-products, such as rice

ran and garden wastes. A wide variety of
forages may be used, varving from country to
country depending upon local crops and vege-
tation available. Crop residues, such as cassava
and peanut leaves and sweel polato vines, are
quile suilable, as are leaves [rom leguminous
trees, such as Muberry (Morus) and Leucaena,
.Tl'if composilion of some lypical tropical feeds
15 given in Table 21.1.

; In countries where rabbit production is
being seriously explored and promoted. one of
the first priorities should be the evaluation of

local forages. In most cases, forages wil provide
the bulk of the diet. althoush supplements vall
still be needed. According to the table, many
forages have high moisture content, Wilting or
drying of harvesiad forage n open sunkight on
racks or over fenices for siveral days reduces

conducted at Texas AkM University-Kingsville,
drying sweet potaio leaves and vines for four
days reduced the moisture content from about
90% to only 10%, thus inceasing the nutrient
intake lor rabbits since theycan consume more
feed that has a lower moistere conlent.
Supplementary eneray and sometimes
protein feeds, such as a rmist mash prepared
from rice and corn bran, cotterseed and palm
kernel meal, bean curd, orother by-products,
should be used. Kitchen or table scraps can
also be fed il available. The addition of molas-
ses promotes palatabillzy, prevides energy, and
retards feed spailage. The level of producli
that can be achieved with this type of a feeding
mmharilo:mpicdaﬁmmium
hall of what Is achieved in emperate couniries
with rabbits fed commenial peleted diats.
Haowever, this level is economically justified
and makes a meaningful cantribution to family
foed production.
Manylmpica]mmndeﬁdenlﬁlm
erals, Those minerals most likely to be lacking
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Table 21.1, C ition of selected tropical feadstufis (wet weight or “as fed” basis')

Feedstuff Dry matter (%) Crude protein (3)  Crude fiber (%)
Arachis hypogaea (peanu)

Frash forage 37 44 86

Hay a1 10.6 23.7

Seads with shells 93 220 126

Seeds withou! shells 8 268.4 28
Artocarpus heterophylius (jack fruit)

Fresh leaves 1% 20 a2
Brachiaria decumbens 17 18 6.0
Cajanus cajan (pigeon pea)

Fresh forage 2 5.0 65

Seeds 86 18.9 76
Cenchrus cilianis (buflel grass) 20 22 6.4
Centrasemna pubescens (butarlly pea)

Fresh lorage 20 46 6.2
Chioris gayana (Rhodes grass) 20 20 64
Coconut meal (copra) o8 227 123

Desmodium inlormum (ick clover) 17 28 50
Digitaria decumbens 18 20 58
Dolichos lablab 19 49 49
Glincidva sepium 25 6.4 33
Ipomoea batatas (sweet polato)

Tubars 3 1.7 13

Foliage 2 28 59
Leucasna 29 6.5 4.2
Manihal spp. (cassava)

Tubers a5 16 13

Foliage 2 52 55
Melinus minutiflora (molasses grass)

Fresh forage 3 14 128
Musa spp. (banana)

Fresh fruit 24 11 0s

Skins (peelings) 1 10 16

Leaves 16 10 a8
Oryza sativa (rice)

Fice bran [ 19 10.0

Rice hulls 8 33 ar2
FPanicum maximum (guinea grass) 24 21 8.0
FPenniselum purpureum (napier grass, 16 1.7 58

slephant grass)
Pueraria phasealoides (tropical kudzu) 21 45 45
Sacch P , ) 2 08 82
Sesbania grandifiora 1 43 30
Sefaria sphacelata 2 19 63
Stylosanthes guianesis 2% 37 75
Tripsacum faxum (Guatemala grass) 2 L7 89

"To carmest ihe vaues in Tuble 211 from the *as fed” basis fothe dry maliar basis, multiply the probin of kbor conlants
by 100, ad divici by the porcantage dry matter For example for Musa fruif (anana), the protaingontont on a dry
matter basis is: SuCP « (11 x 100) + 24 = 4,58%. Foraga conposition values were obtained from mullints forature

BOURCES.



are calcium, phosphonus, sodium, cobalt, copper,  to areas with hot, arid, or humid conditions.
iodine, selenium, and zinc. Fluorine, manganese, Nevertheless, they have bean successfully raised
and selenium are sometimes present in loxic  in areas with these condilims. Several proced-
amounts. Tropical soils are often highly leached.  ures can be used 1o minimize heal stress In a
infertile, and acidic. These conditions tend to reult ol environment, rabbits dhould be provdad
i low mineral levels. The use of trace mineralized  with an unlimited supply d clean, cool water
salt and caleium-phasphorus supplements in rab- I large rabbitries, buildingscan be constructed
bit feeding is recommended. At the village level, to gain a “chimney effect” (g, 21.5) to provide
this may be somewhat diffieult to achieve and may  cooling. A rabbitry can be situated under the
call for extension programs and other forms of shade of trees and locatal 1o maximize air

assistance in making these supy ilable The area arousd the cages can be
to subsistence farmers. Some farmers effectively  soaked with water during the hotlest part of
use dried and ground bone meal. the day for the evaporative ooling effects. The

In many situations, it may be possible for use of indoor/ouldoor writs as deseribed in
farmers to use commercially prepared chicken, Chapter 4, “The Rabbitry ind lts Equipment,
Pig, or cattle feed (called “mash” or “concentrate”,  might be a way of providirg a cooler microdl-
which is usually not pelleted) supplemented mate, Inarid countries, such & Egypt and Tinisia,
with green feeds as their rabbit diet. As long as  rabbits are sometimes keptir deep, underground
adequate fiber from forage is provided, this may  tunnels, where the lemperature is considerably
be an adequate feeding program. Commercially lower (Fig 21 6). Farmers hould have a breed-
prepared rabbit feeds are very uncommon in  ing objectve of selection forlonger ears s this
developing countries, whereas rations formu-  will allow their rabbits to Eetter maintain nor-
lated for other mere major types of animal mal body temperatures i
Species are more readily available. The cost of  Fig. 21.7). In many tropical sountries, there 2r2
purchased feed can be justified only when regions of higher elevations (highlands) where
strong markets for rabbit meat exist the lemperatures are quite moderaie and idesl

In many arid and tropical countries, rab-  for rabbit production. Breeding and selection

bits have been raised for a long time. The local  programs and the incorportticn of local breeds
rabbits are usually small, colored, have slow into the gene pool should be a feasible means
growth rates (20 instead of 40 grams per day), of increasing the adaptabiliy of the animals to
and have low reproductive rates (4 instead of arid or tropical conditions.
B litters per doe per vear). It is reasonable to
expect that they might be better adapted to the
arid and tropical environments than imported
breeds, such as the New Zealand White, Gen-
etic studies are urgently needed o assess breed
differences in adaptability and the potential for
using crosshreeding programs involving local
and imported breeds In many cases, adapted
local breeds or crosses are the most appropri-
ate stock for small-farm families under subsist-
ence (poor) conditions,

Special Problems in Tropical Rabbit
Production

Heat stress

An obuious problem for rabbit procetion in the  Fig, 215, A rabbibryin Louisima constructed wih
tropics is heat stress. Rabbits have a Mediterra-  roof vents to aid air movementby tho chimnsy

fiean origin and are not particularly well adapted  effect” {Courtesy of J.1. Mchm
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Zoonoses

A zoonosis is a disease of animals that can be
transmiifted 1o humans. When rabbit raising is
proposed in areas where il has not been prac-
ticed, the question of potential z0onoses is often
raised. Tularemia is the disease most often
mentioned. It is named for Tulare, a county
in .Calilcmh where the disease was first de-
scribed. Tularemia is a disease of rodents and
lagomorphs and is transmitted by the bites of
Nleas, flies, ticks, and lice. It may be acquired by
humans from handling infected animals. The

Fig. 216. Rabbits in Tunisia in a
pit2m (6.6 1)
w:;gmmdﬁh! rabbits dig unnals laterally rom
Mi:mnmreﬂwsmymlﬂumuhdw-
gven above ground. (Courtesy of A, Finzi)

Fig. 21.7. A rabhit with fan

- 'ge cars allows il to
maintain body temperature more efficiently to
prevent heat stroke. {Courtesy of 5.0, Lukefahr)

disease, caused by a bacterium called Francisella
tularensis, is characterized by inflammation of
the lymph glands, headache, chills, and a high
fever. The disease has been contracted by
people handling infected wild rabbits. How-
ever, it has not been a significant hazard with
domestic rabbits and should not be a matter of
concern. Of course, rabbits, like any mamma-
lian species, can carry rabies.

Tsetse fly

In many Alfrican countries, the tsetse fly (Glossi-
na palpalis and G. morsitans) 1s a severe im-
pediment to livestock production (Fig. 21.8).
This ly bites animals and sucks blood, causing
irritation. It is a carrier of a prolozoan of the
genus Trypanosoma, which causes the disease
trypanosomiasis. The initial stages of the dis-
ease in humans involve fever, chills, headaches,
and vomiting, followed by enlargement of the
lymph glands and anemia. Later, the central
nervous system is involved, producing sleeping
sickness, characterized by lethargy and prolanged
sleeping, and finally causing death Domestic
animals, including rabbits, also contract the dis-
ease. In rabbits, infection causes poor growth
and paor feed wtilization. An experiment in
Nigeria indicated that feeding infected rabbils a
diet containing 250 parts per million copper
sullate virtually eliminated the detrimental effects
of the parasile and reduced the parasite count
in the blood. Thus, by using topper sullate as a
feed additive, the tsetse Ty problem in rabbits

Fig. 21.8. A female tsetse fiy (Glossina morsdans
centraiis) leeding on the ear of a rabbit. Tseise flies
are veciors for the Typanosoma protozoan, which
causes sleeping sickness. (Couttesy of J 5. Scalf)
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can apparently be overcome. Another methed  tremendous damage in Australia (Fig. 21 9)
of avoiding the problem would be to cover the It is well to bear in mind that these are wild
rabbit cages with mosquito netting. Because of  rabbits ~ European wild rabbi - and not domesti
their small size and confinement housing, rab-  rabbils. The domestic rabkit has not become
bits would be easer to protect from the isetse feral and a pest anywhere, except on a few
fly than grazing animals, such as cattle, and small islands where there vere no predators.
thus eould become an important source of The domestic rabbit is an sy target for pred-
meat in tsetse-infested areas afors. Domestic mbbits are wsually completely
or partially white, making them M%
spicunus to than uild rabbits.
Rabbits as Pests rmm%knagknm&m
less likely than wild rabbitsto be able to evade
There has been some concern that if rabbit or escape from predaton. When domestic
raising is introduced into a country as an agri-  rabbits are chased, they tend 1o squat down and
cultural activity, some animals may escape and  hide rather than run away Wild rabbits have
become pests. The well known example of Aus:  never made a foothold in the tropical areas of
tralia is always cited. Wild rabbits have caused  Australia. There is virtually no likelihood of
domestic rabbsts becoming pests in tropical
countries. The abundance of predators, he
high human population deasity in many ereas
{with the tesultant decimaton of wildife from
overhunting), and the basi; fimitations of the
adaptability of rabbits to tot. humid environ-
ments are all impediment to suecess of the
domestic rabbit in the wild.

Agencies Involved iz Intenational
Development of Rabbit Production

The potential and recent inpact of rabbits and
other “microlivestock” in devloping counres has
been widely recognized. A sumber of agencies
involved in international development have
incorporated rabbil raising o their programs-
Some of the American ajencies include (he
Peace Corps, CARE, Heifer temational, World
Neighbors, and a variety ¢f church organe"
tions. Vokunteers working for the Peace Corps
live with viagers In develoging countries, pre-
viding assistance and trainiag, for example. it
food production, water supply, eneray develop”
ment, nutrition and health @hucation, and refor
estation. Many of the Peac: Corps and ﬁ‘:ﬁ
F19.21.9. One of the rare instances in which mmmam-kdf ﬁhhtpﬁmgmwlu '[mdhnsed n
domesiic rabbits have bacome pests. European Little Rack, A Ia e me‘ commu
fabbits (Oryetofagus cuniculus) were introduced e inable livesiock
by sailors as a source of food on the isolated Ry mm through

M“Ruane Island olf the coast of Australia, The production and. smal ferning in domopd
Tabbits have since completely denuded t, causing  Countries. As one of its firstmajor projects. i
serious erosion lasses. Note the exposed roots of  Organization provided hafers, donated b
the tree. (Courtesy of W.R. Sobey) American dairy farmers, to farmers in Erop®
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follwwang World War 1. The program has been
expanded 1o encompass all types of vestock as
well as aquaculture, gardening, and crop and
forestry production in about 125 countries
Rabbit production and guinea pig production
are of increasing interest 1o Heifer Iternational.
Many churches have aid programs and have
missionaries located in developing countries
that are involved in sell-help food production
projects, Increasingly, rabbit production is being
encouraged for home lood production.

Many other developed countries have pro-
grams in less developed countries thal incorp-
orale rabbil production. France has programs in
Africa, the Caribbean, and Mexico. The Food
and Agriculture Organization (FAQ) of the
Uniled Nations has a rabbit program. Ger-
many has had rabbil projects in such countries
as China, Kenya, and Thailand. Australia has
supported work in Indonesia. The Tropical De-
velopment and Research Institute of Great
Britain has been prominently involved in rabbit
production. There are many others. Profes-
sianal journals that promote rabbit I

It is increasingly evident to these develop-
menl agencies and to government officials in
developing countries that small animal species,
such as rabbits, may have much to offer in the
race to match food production with human
population expansion. In fact, in recent times
rabbit projects have been developed in response
to emergency crises in the altermath of natural
disasters. For example, the earthquake disasters
in Haiti in 2010 and in Nepal in 2015 killed
thousands of people and lelt many more home-
less. Rabbit projects were introduced to farm
family vicims, Following village-level training,
families were provided with loans to purchase
supplies and to acquire breeding stock and were
provided with critical follow-up supervision.
Within 6 months, families were already benefit-
{ing from meat consumplion, manure for their
gardens, and increased income (Figs 21.10
and 21.11). In some cases, the income gener-
ated allowed families to pay tuition costs to
send their children back b school. Rofary
International, the U.S. Agency for Inter-

tional Develoy t and the Warld Rabbit

activities in developing countries include Live-

Science Association, in addiion to local (non)

stock Research for Rural Development and
World Rabbit Science

gover | organizations. were involved in

these disaster reliefl projects.

Fig. 21.10. A group of Irained rabbit farmers in Haii. Courtesy of M. Kaplan-Pastarnal)
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Fig. 21.11. A woman in Nepal who used rabbit
manure compost for her vegetable garden. She
also operated a small restaurant where rabbit meat
was served. (Courtesy of 5.0. Lukafahr)

The success or failure of rabbit production
schemes hinges on several factors. For suc-
cess, it is very important that there be strang
support from the government of the country.
In some countries. such as Ghana, China, and
Mexico, strong government support has been
given. It is important to work with, rather than
bypass, existing institutions, such as extension
and velerinary services, research centers, and
government programs, Unless the local agen-
cies are directly involved and suppaortive, they
may react negatively and sabotage a project to
make it fail, or the project will not be actively
supported after the development agency
leaves, Success of a program of which they are
not a part can be construed as a failure for
them or a threat to them. Local protocals and
chains of command must be recognized and
respected

Ultimately, the success of a project hinges
on the involvement of the community and the
farmers. Ideally. it should be a community-
based praject and even the community's idea
1o initiate a rabbit project. In other words, the
whole community accepls the idea of raising
rabbits for food and income and even selacts
their best farmers for training by the program
staff. In addition, farmers must be genuinely
Inlerested, or else failure is assured. Unfortu-
nately, improving the nutritional status of one's
family is not uswally considered of sufficient
'mportance to get involved in something new,
Village farmers in developing countries, like
People everywhere, are interested in making

" more maney sa that they can buy consumer

goods to improve their slasdard of lving, For
an American, this aften mians a home in the
suburbs, many elecirical applances, one or more
automobiles, and so on. For a willager in one of
the developing countries, t may mean a cel
phone, transistor radio, anéa motorbike. For a
rabbit project o succeed, mbbit raising must
put money in the farmers’ packets. Coinciden-
tally, but of course importinitly, rabbit raising
also provides meat for the table and improved
nutrition. Programs based sdely en the idea that
you should raise rabbits beuse they are good
hr;mnﬂwrhﬁ&mmppm

This requires a project leader or coordinator
with a sound basic knowledye of rabibit produc-
tion and with considerable practical expenence.
Many rabbit projects in developing countries
have failed because a qudilied rabbit expert
was not invelved. Productian, disease, or nutn-
tional problems may devebp during the early
part of a project. the rabbis may die, and the
project may be ahandoned, whereas if adaquata
expertise had been availdle, the problems
might have been detected early and readily
overcome. A rabbit producton expert who has
had expenence in an envronment similar to
that of the project should le involved early in
the design stage of the jroject. The focus
should be to seek out and train rabbit farmer
leadership at the village Jewl, A vear or mare
of dase supervision will be repuired 1o adecuately
train these village leaders, who can then fake
on the responsibility of traning other farmers
in the village. Once a coreaf well-frained and
experienced rabbit raisers has been estab-
lished, the project becomss sell-perpetuating
as other villagers lear fron the successful rab-
bit raisers. People should Je trained not only
how to raise rabbits but alo how to use them
to improve small farms hrough integrative
measures.
A very important partof the training pro°
gramsl'nldhel]mpmdshnolmmbmon
ting rabbits and per dishes for
!'mmmls.mﬂmﬁgoodwaylnheghcpm‘
gram ina village i to prepare some rablit mest
using recipes for local me: dishes and have 2
party. Once the people hate consumed rabbits:
they generally are eager to begin raising the

4_""-’-



Fig. 2112, (a, b) In some regions of Alrica, rabbits are cooked like “bush meat” over an open fire, with the
héde left on. The hairis burned off, and the skin consumed as part of the meat. (Courtesy of J.1. McNit)

Too often, rabbit development schemes have  eviscerated and cooked on stakes over an open
failed because the people have not learned how  fire (Fig. 21.12a, b). The hide is left on. The fire
to butcher and cook rabbit meat. The method of  burns off the hair, but the skin remains as part
preparation of rabbit dishes reflects the specific ~ of the cooked meat.

cultural habits of different parts of the world. In In many respects, the future of rabbit raising
Africa, for instance, it is common to cook “bush  appears to be brightest in developing countries,
meat.” This relers to a variety of small animal  where maximum efficiency of food production
species hunted in the “bush,” which are then s urgently needed.
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Angora Wool Production

Leslie Samson

Angora rabbits produce high-quality fiber that
is used worldwide in gann:;:'armanulaclm!‘
They are unique among rabbit breeds due to
their ability to produce a renewable textile
malerial that can be harvested without harm to
the animal, Angora underwoel fiber has small
diameler and chambers (Fig. 22.1) that give
the wool excellent insulation properties and
mlh without much weight. The naturally in-
sulating structure of Angora fiber impedes the
escfpe of body heat. It also readily transmils
maisture so that garments feel dry.

These properties are especially uselul in
Mdl_ng warmth and comfort to persons with
joint diseases. Therapeutic clothing, such as
elbow and wrist warmers, as well as Angora
gland undergarments, has been appreciated in

rope for many years (Fig. 22.2). Angora is
popular as a fashion textile material because it
is a renewable material. It can be spun. knitted.
woven, and lelted to create high-end gloves,
socks, and garments (Figs 22.3 and 22.4),

China is the main source of the raw Angora
wool in world commerce, providing about 90%
of the world production. Other major producers
of Angora wool have included fndia, Araentina,
Chile, Germany, France, and Hungary. It should
be mentioned that mass-media exposure of
even isolated cases of poor care and manage-
ment practices (animal welfare) involving
the rauifmgdﬂngmrauﬁsinmmmwcan
have a ripple effect on plummeting international

markels andfor) discouraging the acceplance
by buyers of rabbit wool.

An alternative strategy to large-volume
raw-wool operations has been the develop-
ment of cottage industries run by either individ-
uals or cooperative ventures. Angora growers
harvest their own fiber, process it and olfer
value-added goods from the farm gate directly
lo end-use buyers. [n this manner, they can
control product quality while maintaining
respectable profit margins. Mast of the Angora
wool produced in Morth America is either
hand-spun, marketed to hand-spinners, or
custom mill-spun. In 2004, the LA.G.ARB.
{International Association of German Angora
Rabbit Breeders) established a successful volun-
teer co-op that offers both yarn and finished
goods. Wool product buyers should be educated
nol only on the amazing qualities of Angora
wool, but also on how rabhits are raised with
good care and management thal involve hurnane
methods of wool harvesting

Angora wool differs from sheep wool in
several respects. The underwool component of
Angora rabbit fleeces, which comprises the
bulk of the fiber, is very fine with an average
diameter of about 8 to 10 microns. Il has a low
density of about 1.15 to 1.18 grame per cubic
centimeter as compared to values of 1.33 for
sheep wool and 1.50 for cotton This gives
Angora garments a feeling of being very light
but warm.

© Steven Lukefahr 2022. Rabbit Production, 10th Edition (S.D. Lukefahr et al.)
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Lesliz Samson

The characteristic halo or fuzzy nap dis-
tinctive in garments made with a high percent-
age of Angora, is formed by the escape of
guard and awn hairs. or “spike” from the twds!
of the yarn. Fashion industries prefer the
drama created by the almost fur-like texture of
hairy Angora garments. By contrast, Angora
fiber with low hair content is a good choice for
therapeutic and intimate apparel.

As with all lollicle-grown fibers, Angora
wool is covered in scales. Ideally, the scales

Fig. 22,1, Angora rabbit wool showing (A)
underwool with single rows of medullary cells,

(B) guard hair with a thick cortex, and (C) an awn
hair tip with a thin cortex and numerous medullary
cells in series. (Courlesy of Dr Robert Brusenbach)

would be smooth, which cnates a silky “hand”
to the wool. In the most extreme case. as in
fiber from Salin Angora rathits, the wool scales
are so tight that they take ot a reflective qualiy.
The oppasite characteristic would be protrud-
ing scales. which give the wool a dul. chalky
lock and a dry hand, This lind of woel coal is
especially prone to mattirg on the rablal, re-
sulting in diminished yields of usable fiber. Raw
Angora wool will luse an awrage of 7-9% of its
weight to normal dirt and ols alter washing. By
conirast, the heaw lanolin content of a skirted
Merino sheep fleece accourts for a loss of 50%
of raw weight after it has béen scoured.
Compared with sheep fleece, raw Angora
looks snowy white and feelsclean to the touch.

mwmmmmaﬂ-
iva on its wool coat. The saliva contains the
antigen AG1, which causes allergic reactions
in susceptible people.

Wool Coat Growth

The recessive mutation, (Il extends the ncrmal
coat length of 2 to 3 cm (878 ta 1.18 in} for

THERMO

Fig. 22.2. Knee-warmers available for sale in Garmany. (Courtesy of PR. Cheeks)
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Fig. 22.3. North American milled yam, socks, and
hand-knited gloves. (Courtesy of Leslie Samson)

Fig. 22.4. Felted coal of 50% Angora and 50%
Merino made by the author of this chapter, The
Angora wool was of a lower quality but was stil
useful to produee a high-end garment, (Courtesy
of Leslie Samson)

short-haired rabbits to 10ecm (3.93 in) for
commercial varieties of Angora rabbits. Select-
ive breeding and specialized management of
show rabbits have increased coat lengths to
more than 20 cm (7.87 in).

The wool coat architeclure of an Angora
rabbit contains the same fiber types as nor
mal short-haired rabbits. Hairy fibers provide
strength and structure to the coat while wool
fibers create protective insulation. Intermedi-
ate fiber types transition between hair and
wool. Primary follicles grow guard hairs
(Figs 22.5-22.8). These fibers are the back-
bone of every lock of the wool coat. Guard
hairs are the longest component of the wool
coat and they have the largest diameter. By 90
days, the guard hairs are commonly 9.5cm
(3.74 in) long.

Surrounding each guard hair are special-
ized follicles, which produce the next layer of
coal, the awn hairs. Awn hairs differ from
guard hairs in their length and in their internal
structure. If the quard hairs are 9.5 cm (3.74
in) long, then the awn hairs would measure
approximately 8.75cm (3.4 in). Awn hairs
terminate in a flat tip. Typically, awn hairs
have a slight wave and thinner cortex com-
pared to the straight guard hairs.

7/
Fig. 22,5, Follicle root of a guard hair from an
agouti-colored Angora rabbit. Mole the pigment

grains and how they form into medullary cells.
(Courtesy of Leslie Samson and Susan Wiley)



Fig. 22,5, The same fiver from the previous Tigure
that shows a division of meduliary cells. (Courtasy

Lestie Samson

of Leslie Samson and Susan Wiley)

Fig, 22
ligures,
two distinct rows of cells. Also note the culicle scalss.
(Courtesy of Leslie Ssamson and Susan Wiley)

G

7. The same fibor as the two previous
in which thesingle ow has now dwvided inlg

rouped near each awn hair are groups of

lollicles, which produce awn wool and under-

Wool fj

bers. The next laver of coat, at 8 em (3 15

i), s formed by awn wool fibers, These fibers

bridge

between the hairy components that stand

Protectively above the bulk of the coat and the
Undenwgal. Like inderwool, aun wool contains
single medullany eells and is crimped. However,
ke awn hair, each awn wool fiber terminates
With the characteristic flat awn tip.

Fig. 22.8, The medulary cellsconfnued 1 splt
intq four distingt rows. Nota pigment grains inside
the calls and throughout thecortex of the fiber.
A similar machanism of divisien producas ths
undarwool clustars. (Courtesy af Leshe Samson
and Susan Wiley)

The undenwocl, at ?.51::11{,2.‘35! in), s the
softest and the most insulding paﬂl:;f ﬂ-!
rabbil's coat. Together witk the awn .m[
di 'ﬂlim PP £ .ljo_ma:-
the weight of the fleece, depending on the

breed, ¢
Hﬂﬁm underawool follicks begin as Mkﬂ
follicle roots As the fibers develop, they :
divide into several more fiers, which al:?::u
as clusters connected by a single root. i
vield types of Angora rablits, the clusters v 3
contam less than ten fibes. High Pmﬁbu—s 29
wool rabbits will mduce_ aver @m ¥
cluster. These specialized bllicles bl
differences in coal density belween
and breeds. Short-haired nbbits also m
under-wool cluslers from sitgle follicles. iyme
industry standards determize the length e
coat by measuring the m‘dﬁgﬂfgaple*.
wool length is referred to a5 s
Stapl length is a vital factar defining
andtﬂ:;u'izizzﬁu{ﬁhgxalauﬁu is in-
ﬂtmwedhyp:awwdladmﬂhﬂW‘
ics, nutrition, water quality, and g
temperature. Females produce analesm-
more wool than males. &dmaﬂ;ﬂsow
duice 10-12% more than bieeding :

a three-month harvest intewval, the wool grows
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an average of 2.5 an (1 in) per month. Angoras
reach their peak of weol production between
18 and 36 months of age After three years of
age, wool yields and reproduction abilities
begin a rapid decline. Heawy wool yields may
mtnatshmonanh-na!s. This can be an
issue concerning the raising of Angora rabbits
as projects for low-income farmers in tropical
developing countries,

Wool Yields

Objective genetic selection is crucial in the
improvement of wool density and texture.
:ighngmas in Germany have been selected for
Wodm of usable wool for many years.
s chara:l!u's tend 1o be quite heritable,
ich results in noticeable response to selec-
tion (see Chapter 15 - Genetic Selection for
Herd Improvement). An annual vield of 2232
344.92 Tbs} of wool for a doe was recorded in
teuﬂ Smm then, many more rabbits have
vields in exeess of 2300 g (5.07 Ibs).
Angora rabbit foundation stock was im-
:‘tﬂb North America from Germany, as well
ot European sources, from the mid-1980s
the early 2000s. Prior to 2003, generations
of breeding stock out of the imported Angoras
wm!-e seie:}ad based en subjective criteria such
:s_:uw thick a coat felt rather than the actual
{;Erl“:;r?ducmn fell fram a high of 1745 g
.y 0 an average of 1000 g (2.20 lbs)
When Angoras from imported lines were
Emua:;aged in a recordkeeping system similar to
pean models, wool vields improved. This
has been atiributed to & data-basedl, perform
msdeu_:llnn process and improved nutrition.
! testing is also a valuable tool !oral-\aluall-
%gu:i ;fflcacu of different feed formulas. In
ﬁmerlican.GA.F'B performance tests set North
sy MW:zdrmds at 2284 q (5 0. Ibs) for
hladcﬁﬁnguru ch:m q(4.41 lbs)in 2011 for
4% Hame anmual vields for A.R.B.A. (Ameri-
iy ‘B eeders Association) recognized
i the French and English Angoras, range
i en 250_ and 550 g {0.55 and 1.21 Ibs).
rangesmmbm for the ARBA. Giant Angora
en 750 and 1200 g (1.65 and

2.64 Ibs). Satin Angoras are genetically distinet
from other Angoras. The combination of both
the Angora and Satin genes resulls in a wool
with an unmistakable sillilike luster. Annual
yields tend to be quite low at about 150 1o 350 g
{0.33 and 0.77 Ihs).

Management

For the most part, Angora rabbits are cared for
in the same manner as the normal coated breeds,
but there are a few special considerations for
optimal wool production.

Although Angora rabbits will survive on
regular rabbit's feeds, a good quality, corn-free
ration with enhanced levels of the amino acids
methionine and cysteine will increase wool
yields, Daily access to roughage like low pro-
tein grass hay will reduce the incidence of wool
block. A daily ration of 225ml {1 cup) is gen-
erally sufficient for an Angora rabibit. Check
the condition of the rabbit and note the amount
of flesh over the ribs and back. Adjust the ra-
tion accordingly.

Feed-to-wool conversion is an important
issue for anyone concerned with the linancial
viability of an Angora rabbitry, Based on a
daily feed intake of 170 g {6 oz), one Angora
will consume 62 kg (137 Ibs} of feed in one
year, Il an Angora produces 500 g {1.10 lbs)
of wool in one vear, about 30 kg (66 lbs) of
additional feed will be needed, or 120 ka (264
Ibs) of additional feed if it produces 2000 g
{4.41 Ibs). Cost ratios can be calculated by
dividing the price ol three months of feed by
the weight of the wool produced during that
periad. Values for graded wool can be com-
pared to production costs

Angora rabbits have been selected for
their wool-praducing abilities, not their repro-
ductive capacities. Consequently, they tend
1o breed less readily, to kindle less success
fully, and lo lose condition to lactation more
quickly than commercial meat rabbits, A litter
size of six to eight kits is manageable (or most
fAngoras.

It is a good practice to harvest the wool
from a doe prior to breeding. The stimulation
of handling, which cccurs during wool removal,
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will increase the doe’s receptivity to the buck.
By the time the doe kindles, her wool will have
regrown about 25 cm (1 in). This short wool,
which she will pul for her nest, is less apt to
tangle around the necks or limbs of the kits
than is the wool of a long-coated Angora rabbit
If the kindling doe has a coat longer than 4 cm
(1.6 in), clip the nest wool into little bits and
replace it in the nest. No matter the length of
the doe's coat when she kindles, it is advisable
to reclip her bely wool in order to improve
access for the kits to her teats. Blood-stained
wool in the does ven! area may attract flies. To
prevent fly strike, clip or clean the doe’s vent
Ppostpartum,

Angoras will benefit from a cage size of
72 % 91 cm (30 x 36 in) or larger. Exira space
will help to maintain the health of the rabbit
and the condition of the wool coat.

Wool Block (Gastric Stasis)

Wool block is the common term for a type of
gasiric stasis caused by the swallowing of coat
fibers during normal grooming. The wool fibers
are indigestible and collect in the stomach. The
accumulated fibers work like a net, which traps
and combines with feed in the rabbit's stom-
ach. In time, the wool and food form a matted
mass known as trichobezoar or hairball (see
Fig. 10.25) that is too large to move out of the
stomach. Unlike cats, rabbits are not able to
cough up hairballs, Fortunately, wool block rarely
develops in rabbils on a regular 90-day shear-
Ing sehedule. The nsk of wool block increases
with the length of time the coal is left on the
rabbit. The first indication of blockage is that
the rabbit will refuse to eat. A decrease in the
size of droppings is another sign of abnormal
dhgestion, Droppings strung together by strands
of wool are evidence that hairs are in the gul.
A gentle palpation of the stomach just under
the ribs will reveal the size the trichobezoar.
A large wool block will feel firm and heavy.
A smaller blockage may feel like an iregular
90l ball. In an advanced case, the rabbit will sit
in & hunched postion and become listless. As
."’Od cannot pass from the stomach inta the
Nlestines, the animal may die of starvation if

immediate action lo break down the hairball is
not taken,

dﬁuhmpphapmmmaﬂﬂl
will help to dissolve the blodage Digestive en-
7yme tablets containing bremelain and papain
may be crushed and mived vith water, These are
often maore effective than Fesh juices and are
more convenient as they am shalf stable. Offer
hay ar succulent green feedshike pardey or cilan-
110 to push the hair throughthe rabbit’s system.

On occasion, a small blackage may become
lodged in the intestine cassing an infection
and eventual necrosis of the surrounding fis-
sue. By the time a diagnosk can be made, the
condition of the rabbit is dften oo comprom-
ised for any successful intervention. Surgical
removal of a Irichobezoar rarely has a good
outcome as the rabbit isgem.mllylonwuk

than its treatment. Timely wool remaval is the
best way 1o avoid this trotblesome condition.
Good grass hay and grees foods kke dande-
lions, carrol tops and parsley will provide
cleansing rouahage. Duringthe last month of a
90-dzy harvest schedule, dligently watch the
rabbit’s appetite and stools for changes.

Equipment for Grooning and Wool
Harvestiag

1. A table, waist high, with a 30 x 60cm

(11.8 x 23.6 in) top. It shaud have casters so

it can be turned easily, and { should be covered

with carpeting to prevert the rabbit from

slipping.

2. A bruch, or dicker brsh with single steel
bristles set in rubber lor brushing and removing
foreign material from the wool.

3. A pair of sharp scissos, similar to those
used by barbers.

4. Electric clippers, especally if wool is to be
removed from a large number of animals.

5. A ruler to measure the kngth of the weol.

6. A container for cach gade, placed within
easy reach so the woal may be graded at the
time il is removed from theanimal and put into
the proper receptacle lor sbrage.
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The ideal number for a wool harvest sched-
ule is 90 days. The fiber length at 90 days will
reach an average of 9 1o 10cm (3.54 1o
3.94 in). Coincidentally, this is an optimal
length for the construction of a stable, non-
shedding varn, Most Angoras will hold their
coats for 90 days. Depending on climate,
management and genetics, some will continue
lo resist shedding up to 120 days. others may
“blow” their coats at 75 days. Because wool block
is a potentially fatal condition, the appearance
of loose wool on the rabbit and in its cage is
always an indication of harvest time.

Healthy adult rabbits that are free of mites
require little grooming, provided they are dean
and the wool is remaved every 90 days. If the
coat is allowed to grow lor a longer period
some [ibers will shed and fall back into the
coat. These loose fibers tangle with the existing
coat to form webs, which will later tighten into
hard matts.

The presence of a waxy-feeling dandruff
over the ramp and hips of a rabbit is evidence
of an infestation of Cheyletiella parasitivorax
or fur mites. The feeding actions of these mites
damage [ibers and irritate the skin of the rabbit,
In advanced cases, raised lesions will appear
like colonies of scabby mounds on the back of
the rabbit.

Harvesting waol from a rabbit with mites
is time eonsuming for the manager. The oily
wool, skin flakes, and scabs will clog electric clip-
per blades. Plucking will cause bleeding to skin
already damaged by the miles. Routine brushing
of Angora rabbits with a mite-contaminated
brush will distribule the parasites over the
entire body of each animal groomed. A routine

sub-cutaneous injection ol Ivermectin®™ will
eliminate mites. For best results, every animal
in the rabbitry should be treated at the same
time. Regular washing and disinfecting of equip-
ment will reduce the spread of mites.

Removal of Wool

Young Angoras should be sheared or clipped
at weaning and subsequently every 90 days.
ldeally, records of graded wool production
would follow the performance of each rabbit
over its lifetime

There are two methods of removing wool
from adult Angora rabbits: plucking or shear-
ing. When either method i performed with
care, rabbits are unharmed. Shearing employs
electric clippers andlor) scissors: Plucking may
be done with a plucking knife or simply by
hand. The method of harvest will affect the
regrowth of the coat to such an extent that
the rabhitry manager may manipulate the texture
of the replacement coat to a considerable
degree. When a wool coat is remaved by plucking,
the next coat will regrow with a high percent-
age of hair type fibers. A shorn coat will replace
itsell with a high percentage of underwoal.
Because most of the coat pigment is carried in
the hairs, a shorn wooly coat will appear lighter
in color than will a hairy, plucked coat.

Through seleclive breeding, wool coat
growth may occur in stages or in one synchron-
ized fush. This is a very important distinction
as it determines the most appropriate method
of woel remaval, which in turn influences fiber
end use and value. When an Angora grows its
coat in non-synchronous stages, one will typic-
ally see one laver of coal that measures 3 cm
{1.18 in). another layer al 6 cm [2.36 in) and
sometimes a third coat at 9cm (3.54 in) in
length. The layers of coat are very easy to see
in agouti Angoras as the awn tips, which define
the top of each layer will be colored golden
brown. When one blows into this type of coat,
“rings” of will contrast with the blue-grey
backaround of the fiber shafts, Wool coats that
grow in stages are not suilable [or shearing
as the shortest and longest staple lengths will
be mixed. This presents a significant grading
problem as fibers less than 3 cm {1.18 in) in
length will increase processing losses and shed-
ding during garment wear.

In order to remove only the longest layer,
non-synchronous wool coats are best suited to
plucking. When the entire coat grows at the
same time, it has only one staple length. Sun-
chronized coats are best removed by shearing.

Plucking

Plucking is a traditional harvest method still in
use in France. In part, this harvest method is
responsible for the dramatically spily, furlike



Lesfia Samson

quality associated with premium Angora garments
from France. The method for coat removal in
France begins with a special ration conlaining
Lagodendron”™, a systemic depilatory, which is
fed to the rabbit lour days before plucking. In
order lo minimize stress on the rabbit, plucking
sessions are spread out over a number of days
On the first day, all of the wool on the lower
hall of the flanks of the rabbit is removed by
grasping a tuft of wool between the thumb and
the edge of a pludking knife. The knile has dull,
serrated edges, which help to grip the fibers.
Because the depilatory product has had time to
cause a “break” in the coat, the fibers came
away relatively easily. Over the period of a
week, sections of wool are removed until only
the top of the back is covered with a cap of
protective wool. As soon as enough wool has
regrown, the last of the coat 1s removed.
When no depilatory product is used, care
must be taken to remove small amounts of
wool at a time. To avoid the development of
wool block, the longest wool is usually removed
in one session bv pulling tufts between the
thumb and index finger. A shorter layer of coat
should be present before the longest laver of
coat is pulled from the rabbil. The repetitive
action of pulling tufts of wool from the rabbit is
particularly stressful o the wrist and thumb
joints of the person performing the task.

Shearing or clipping

The ohjective in shearing is to remave as much
Prime wool as possible and as quickly as pos-
sible without degrading the quality of the fiber
or stressing the rabbit.

There is no one right way 1o shear a rab-
bit. Every owner will have: his or her preferred
method. If you are using scissors, befare clos-
ing the blades, turn them so that they are per-
pendicular to the skin of the rabbit. If the blades
are parallel to the skin of the rabbits, there is a
danger of catching the delicate skin and cutting
it. As long as the blades are at right angles to
the skin, it will notbe possible to hurt the rabbit.
Adjust the angle df the scissors with the contour
of the rabbit's body.

There are several methods for limiting the
movement of the rabbit during shearing. Some

peaple preler to use a devite for fying if, whils
others choose to simply holl the rabbit on their
laps. Placing the rabbit ona shearing table &
also effective. As you gain experience, you wil
works best. Eventually you should be able lo
remove the wool safely fran a rabbit in 15 10
20 minues,

To prepare a rabbil for eifher sheanng
waith clippers or scissars, pat the wool along the
backbane (Fig, 22.9). Beginremoving the wool
in nammow swaths from therump to the heed,
Iollowing the contour of thebody until all of the
wool is removed from one side (Fig. 22 10).
Repeat the procedure an tle other side.

For removing the wml from under the
neck and from the forelegs restrain the rabbit
by gently holding its ears md raising its body
so that the front feet jut touch the table
{Fig. 2211, upper). Then, turn the rabbit over
on its back on the table, ad securely hold it
by the fold of skin on the back of the neck to
remove the coat on the thighs and on the belly
(Fig. 22.11, lower). Care must be taken not fo
injure the teats. Figure 2212 chows a rabbit
shorn with electric clippen. In Fig. 2213, a
shorn rabbit sits above its paded wool from a
90-day chip

Care of Shon Rabbits

A shorn rabbit will need potection fram tem-
peratures lower than 10 'C (50 °F unti its
coal is about 2 cm (0.80 ir} long. 1t 1s import-
ant lo compensate for the emoval of the long,

Fig.22.9, Preparing an Angon rabbit for shearing
(Couriesy of USDA)
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Fig. 2210, Shearing an Angora rabbil (see also
Fig. 22.11). (Courtesy of USDA)

insulating Angora coal to which the rabbit had
become accustomned. Ideally, in regions where
the winlers are especially severe, the shearing
schedule should be timed to avoid the harshest
weather, Housing shorn rabbits in a warm
room is the simplest way to protect them. In a
large rabbitry, groups of Angoras can be shorn
and rolated through the warm room.

: If the temperature dips below 7 °C {45 °F),
additional measures should be taken. A simple
coat made of thick polar fleece can be litted
over the rabbit until 2 cm (0.80 in) of wool
has regroun (Fig. 22.14). Warming electric
lights can be placed on the top of the rabbit's
cage so the heat is directed at the rabbit. A cold
rabbit will sit under the light, which will warm
the blood in its ears, Cages should be stuffed
with insulating material such as clean straw.
A wooden nest box lined with straw is another
option.

Electric shears remove the wool just above
the skin. Clipping with scissors, however.
offers more control over the length of coal left

Fig. 22.11. Shearing an Angora rabbit (continued
from Fig. 22.10). (Courtesy of USDA)

Fig. 22.12. An Angora rabbit being shorn with
electric clippers. (Courtesy of PR. Cheeke)

on the rabbit, It is easy to leave 1 cm (.40 in)
of woal on the rabbit when cutting against the
natural grain of the coat. If you need to leave 2
cm or more on the rabbit, cut with the grain,
Pay attention to the rabbit. If it is sitting
hunched and its ears are cold to the touch,
help it. Continue to adjust its situation until the
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Fig. 22.13. An Angora rabbit sits above its graded 80-day ool clp, (Courtesy of Lesie Samsar)

Fi9.22.14. Shom Angora rabbit in a protective
oal. (Courtesy of Leslie Samson)

rabbit looks comiortable. 1t s often advisable
1o double the rations for newly shorn Angoras

until they regrow 2 1o 3 em (0.80 to 1.20 in)
of wag]

Grading and Storing Angora Wool

1. Prime Angora white or colored - staple
length 6.5-9.0 cm (2.5-3.5 in). Prime woul is
clean, free of all malts, dandruff and foreign
Matter, It is suitable for either hand-spun or
mill-spun premium yarns,

2. Angora seconds while or colored - staple
length 2.5-6.5am (1-2.5 in). Seconds are
clean, free of all mats, dandruff and foreign
Matler, Seconds may be spun into yarn if

N i
enough sheep wool i inchuled in the

wmmmh““‘““’“ﬁ
Three-ply yams are a goad choie 10

3. Fogorashrs whie o colord - i
h;lsth-=25°""”’" 1o processing fi
Bimiled use as they are PIOSE B oy

Prime and seconds ed o
muﬁghw_t“ﬁm

machine fortlessy.
blend the fiber
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an effective alternative moth deterrent that will
also create an atiractive scent for most people.
Mothballs or crystals are often suggested, but
they contain the insecticides naphthalene or
paradichlorobenzene. These loxins create
fumes poisonous for clothing moths. They are
also an unpleasant addition to a material in-
tended for wear or sale. Exposure to mothball
vapors may cause nausea and headache.

Home-spinning of Angora Wool

Many people hand-spin the wool from their
Angora rabbits into yarn and then knit gar-
ments from it (Fig, 22 15) Like the flecces of
any fiber animal, textures of Angora wool vary
over the body of the rabbit. A homogenous
nap in the finished garment can be achieved by
mixing all of the prime from a rabbit's coat.
For best results. card the blended wool and
pre-draft before spinning.
 Angora wool s often blended with other
fibers to improve specific characteristics of a
varn. Because Angora has little elasticity, the
addition of sheep wool lends stretch and re-
hn_\lr-d 10 a garment. Silk adds a quality of
:;n::n It:cludhg ;ﬂ-:n natural fibers or synthe-
e yarn reduces the percen
of Angora and production costs. e
Because Angora is a warm fiber to wear
and .rdatiw:ly expensive lo produce, il is ad-
\iranlagm to spin single-ply yarn to at least
83 m per 30 g (200 vards/ounce). When

Fig. 22.15. Spinning Angora wool. (Courtesy of
JLL MeMitt)

two-plied, the finished yarn will measure 91 m
per 30 g (100 vards/ounce]. During mill pro-
cessing, Angora wool is subject to fly, a spinnery
term referring to nearly weightless fibers that
escape the machinery and float away on air
currents during the normal manufacture of
varn. The higher the content of sheep wool in
the blended varn, the lower the production
Josses to fly will be. The staple length of Angora
fibers s alsa a determining factor in production
losses to fly. The ideal length of fiber for spin-
ning is 7-9 cm (2.8 to 3.5 in). As the average
fiber length decreases, the percentage of loss
1o fly increases. Angora wool, yarn and garments
should be washed with a mild delergenl or
shampoo in warm water, Gently scak Angora
with as little agitation as possible, Static may be
eliminated with the addition of a hair condilioner
in the rinse water. Rinse well and dry flat

Further Reading
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Meat Production

Rabbits are raised throughout the werld for
meat, and the trend in commercial production
is toward increasingly larger and more efficient
units. In the United States, rabbils are slaugh-
tered when they have attained the desired
market weight and condition without regard to
the primeness or value of the pelt. In other coun-
tries, where feed costs and labor conditions
are quile different. rabbils are somelimes fed
rations that will cause them lo gain at a much
slower rate, and each animal is kepl until its
combined value for carcass and pelt will bring
the highest retums. For family food produc-
lion, a common practice is to keep frvers alive
until the family is ready for 2 meal with rabbit
meal, Manv prefer the fresh flavor over meat
that has been frozen,

Fryers

Fryers comprise more than 85% of the rabbits
marketed for meat, Those of the medium
breeds that are properly develaped and condi-
tioned will average 1.7 to 2.0 kg (3.8 to 4.4 1b)
when marketed at approximately two months
of age. Carcass yield, or dressing percent, is
determined by dividing the weight of the
dressed carcass by the weight of the live rabbit.
As an example, a 2 kg (4.4 Ib) fryer yielding a
carcass of 1.1 kg (2.4 Ib) would give a dressing

percent of 55% (1.1 + 20) x 100 = 553
Fryer yields of carcasses vary from 50 to 60%
live weight, and 75 to 80% of such yields is
edible

There are several facors that alfect the
dressing percent. Those rebbits that are more
physiologically mature ard that have bean
properly conditioned for market yield a higher
dressing percent than yowger ones. Those
with well-sprung ribs and deep chedt, camying
the width and depth of e body uniformly
from the shoulders to the hips. give a higher
carcass yiek than namow, rengy animals, A long,
well-developed loin is desiable. When rabbits
are propery finished for the market, fat wall be
deposited over the nibs, aloag the backbone, in
ﬂmmm.mumwmwuﬂﬁ

. increasing the dressing percent over
mm.hmmhl‘ﬂdﬂ
feel zre left on the carcas, so dressing per-
centages are higher than i the United States.
The amount of ingested makerial in the digestive
tract also has a bearing oa dressing percent.
If the animal has been without food and waler
for several hours before being daughtered,
with a consequent smaller guantity of material
in the digestive tract, the dressing percent vl
be higher. The breed of rabbit also influences
carcass quality. New Zealand Whites, because
of their popularity, sel the standard for other
breeds. Californians tend to finish out at a
lighter weight than Mew Zealand Whites but
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produce a more compact carcass with a higher
dressing percent

The Agricultural Marketing Service of the
U.S. Department of Agriculture has established
standards for the quality of rabbit carcasses.
These are published as AMS 70.300 et seq. —
United States Classes, Stzndards and Grades
for Rabbits {search on the Internet for “Stand-
ards and Grades for Rabbits”). The grades for
ready-to-cook carcasses are A, B, and C (Fig.
23.1). This system of grading should make it
possible to oblain more meat per pound for
the top grades and should act as an incentive
for the rabbit producer to produce a superior

Fig. 23.1. Fryer carcasses lef o right: Grades
A, B, and C. (Caurtesy ol USDA)

quality product. In order to be graded, how-
ever, the carcasses must be inspected during
the slaughter process by inspectors from the
Food Safety and Inspection Service (FSIS) of
the USDA. Rabbiis are not classified as an agri-
cultural commodity, so inspection [alls under
rules established for voluntary grading services
(Title 9, Chapter [ll, Subchapter A, Code of
Federal Regulations, Part 354-Voluntary
Inspection of Rabbits and Edible Products
Thereof) (search on the Internet for “Voluntary
Inspection of Rabbits”). Because this is a volun-
tary service, there is a charge for inspection
that frequently is too expensive for the rabbit
processor.

White pelts are usually worth more than
colored pelts, so processors usually pay more
for white animals. Also, colored rabbits are less
valuable because dark hairs show up on the
carcasses, whereas white hairs don’l. so more
laber is required to produce acceplable frver
carcasses from colored rabbits. Thus. commer-
cial rabbit producers should rise a white breed,
such as the New Zealand White, or a white
terminal erossbred fryer.

When does and liiters are full fed a well-
balanced ration, approximately 3 to 4 kg (6.6
10 8.8 Ib) of feed will be required to praduce a
hilogram or pound of weaned [ryer at two
months of age, counting all feed from when
the doe is mated until the litter is weaned
(Fig. 23.2). The type of ration has a direct
bearing on the guantity needed to produce a
pound of gain. The lower the energy content

To produce a
(4.4 Ib)
Fryer

You will nead

7 kg (15.4 Ib) complele pellets
This includes feed for the doe lrom

breeding through lactation

Fig. 23.2. Feed needed to produce a 2 kg (4.4 Ib) fryer using complete pellets, (Courtesy of USDA, with

modifications by J 1. McNitt)
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of the diet, the greater the amount of feed that
will be required per unit of gain.

A current commercial practice when inten-
sive breeding Is used is to wean the fryers at
four or five weeks of age. This allows a period
of recovery for the doe belore the birth of her
next litter. Milk production has begun to decline
by this time (see Rg. 11.7), and the feed is used
more efficiently when it is consumed directly
by the fryers than when converted to milk by
the doe.

Stewers

Masl rabbits of more than 3 kg (6.6 1o} live
weight are graded as stewers. In most mar-
kets, the price pad for these heavier rabbils is
considerably less than for frvers. They may
not require any conditioning when they are
culled from the breeding herd at the end of
their period of wsefulness and should vield a
carcass of 55 ta 65% of ther live weight.
Whether it is economically sound 1o condition
these larger culled rabbits that are not carrying
the proper amount of flesh will depend on the
cost of feed and the relative market value.
Many producers prefer to market them as
soon as they are culled {rom the herd, for it
saves labor, cage space, and feed. For family
foad production, a stewer is ideal for dishes
that involve slowly cooked soups and stews
such as rabbil and dumplings, rabbit with
vegetable soup, and Brunswick Stew. Because
ol the large size of stewers there are offen
leftovers for future meals

Nutritional Properties of
Rabbit Meat

Rabbit meat is high in protein and low in fat.
It has & low content of saturated fatty acids. It
tends 1o have a low cholesterol content and a
low sodium content compared fo other meats.
Thus, it is a highly nutritious meat and is suit-
able for special dets, such as those for heart
disease patients, diets for the aged, low-sodium
diets, weight reduction diets, etc. Nutritional in-
formation should always appear on labels where

ﬂ--‘___‘___ : i

Fig.23.3. A package of rabbiimeat with nutritional
information being sokd in Nepal. (Courkesy of
Ujjwal Chapagas)

rabbil meat is sold (Fig. 13.3). The nutrient
composition of rabbit meat compared to that
of other common meals is stown in Teble 23.1,
and the vitamin and minenl confent is shown
in Table 23.2

Alternative Systems of Commercial
Rabbit Prodsction

For the commercial rabbit industry o become
more viable in the United States. it must be
economically viable for Joth growers and
processars. Rabbil meat must be competitive
in price with ather meats. It is unbkely that a
sgnificant market based ot high-priced rabbit
meat can be developed. For the indusiry to
become mare competitive, the: costs of rabbit
raising must be reduced. Reduction in disease
losses, improvements in freding and genetic
selection methods, and inceased reproductive
efficiency must be accomplshed. The average
number of frvers marketed per doe per year is
probably in the range of 10 o 35. In China
and in Europe. some producers have achieved
levels of 50 to 60 fryers perdoe per year. Such
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Table 23.1. The nutrient composition of edible fresh mbbit meat compared lo other meats.

Nutrient Rabbit Chicken Beel Pork
Waler (0100 g) 70.8 722 69.1 705
Protein {o/100 g) 213 201 19.5 185
Fat (9/100 g) 68 66 9.0 87
Calories (kJ/100 g) 618 586 665 639
Saturated fatty acids (% TFA) 386 320 395 370
Monounsaturated fatty acids (% TFA?) 3ze 410 424 444
Polyunsaturated fatty acids (% TFA?) 238 251 95 18.5
Cholesters! (mg/100 g) 45 81 70 61
Vel welght basis.

‘Parcentage of total fatly acids

Source; Madified from Dalie Zotts 2002 (s0e the Further Foading section for full details)

Table 23.2. The mineral and vitamin composition

of edible rabbit meat per 100g.!
Hutrient Mutriant quantity
Caleium (mg) 27-93
Iron {meg) 11-13
Phosphorus (mg) 222234
Potassium (mg) 428431
Selenium (ug) 9.3-15.0
Sodium (mg) 3747
Vitamin B1, Thiamina (ma) 018
Vitamin B2, Rioflavin (mg) 0.08-0.12
Vitamin B3, Niacin (mg) 3.0-4.0
Vitamin B&, Pyrdoxina (mg) 0.43-0.59
Jiamin BS, Falic acd (pg) 10.0
/tamin B, (ug) 87-119
fitamin D {ug) Trace
Vitamin E (mg) 0.16
"Wt weight bosis.

Source; Moadicd from Dalie Zotte and Cullore, 2018 (soo
the Further Reading section for full detnis),

levels of production in the United States would
increase the likelihood of rabbit raising becom-
ing profitable,

Some new systems of rabbit production
might be considered. For example, in Europe,
breeding programs are much better developed
than in the United States, There are several
European companies that produce hybrid
breeding stock. Generally, a genetics comy
develops several lines of animals, These lines
represent many generations of intense selec-
tion for traits involving sophisticated genetic
methods. The foundation stock or seedstock
farm provides a second unit, the multiplier.
with breeding stock of different lines. The

multiplier crosses these lines to produce hybrid
breeding animals that are sold to rabbit farm-
ers, along with a separate buck line. The farm-
ers then produce rabbits for sale as fryers.
They buy all the replacement bucks and does
they need, ready to breed. The farmers and the
multiplier can’t save their own replacements
because they don't have the foundation stock.
In this manner, the breeding program is tightly
controlled, and the farmers have healthy,
high-quality bucks and does that praduce uni-
form, rapidly growing fryers.

In large-scale commercial rabbitries, the use
of artificial insemination (Al) offers much
potential. Advantages of Al include more
extensive use of superior sires, labor savings,
and the potential for use of cucled production.
Disadvantages of Al include decreased concep
tion when compared to natural mating done at
the proper time, and increased costs, Breeding
of does can be synchronized. On rabbit farms
in Europe, barns are filled with several hundred
does, all bred on the same day. These does all
kindle at approximately the same time. The it
ters are all weaned the same day. The does are
removed and rebred to be wsed in another
barn. The litters are kept in the same cages
until market. At 8 to 10 weeks, all fryers are
marketed, The empty building is lumigated,
and then a new lot of synchronized-bred does
is brought in, This is known as an “allin,
all-out” system. It olfers advantages in manage-
ment and disease control.

Another system that may have potential
is the fryer finisher. The operator, usually in
proximity to a processing plant, buys weanling
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rabbits and raises them to market age. The rabbit
raiser concentrates on the doe herd and does
nol raise [ryers. The finisher has a large num-
ber of Iryers of the same size and so can feed a
series of diets (starter, grower. and finisher] for
maximum _efficiency. The rabbit raiser feeds
only one diet, a doe lactation diet. This system
offers the polential of improving the economic
efficiency of rabhit production. This system is
similar to the practice of vertical infegration in
the poultry and swine industries. Basically, the
company owns and controls all phases of the
business. For example, in the poultry industry
the company develops the breeding stock and
owns the feed mil (including land used to grow
crops as feedstuffs) and the processing plant, as

well as the business of marketing and distribut
ing the meat products to tha retail cutlets. This
“single-profit center” corporation has many
farmers who sign contracts to grow the hatched
chicks to market age. The main benefit of this
industrial model is low food prices. On the
other hand, this model is highly eriticized by
animal rights and environmentalist groups
Lastly, an alternative system is small-scale
praduction as described in Chapter 20. Here
family labor and on-farm integration practices

for the garden. {Courtesy of 5. Lukelahr)

are key fo reduce costs (Rg. 23.4) Sales of
rabbit meat occur locally, epecially at farmers’
markets, Some businesses develop their oun
websites and sell directly fo consumers va
Internet markets. In this model the advantage
s that Jocal economies are spported A possthle
disadvantage is that the production supply
is too low to be sold in he commercial or
commodity marketplace.

Further Reading

Dalle Zatte, A 2002 Perception of rabbit meat qualiyand mjer factors influencing the mbbi carcass and meat

quality. Livest. Prod Sei. 75: 11-32

v, : . i and capybara.
Dalle Zatte, A and M. Cullere. 2019, Careass trais and meat qualy of bl hise, guiea pig 2
- M, Lorerum, PE S, Munckata, F.J. Barbe, and . Told fec) More than Beef. Perkand Chicken —The

Production, Processing. and Quality
Springer, Cham, Switzerland

Dalle Zotte, A, and Zs. Szendro. 2011. The role of mbbit meat

Traits of Other Sotreas of Meat for Huma Diet. pp. 167-210.

as lunctional food. Mint Sci. 88: 319-331.
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Harvesting and Preparation
of Meat and Skins

The lirst step in harvesting a rabbit is to render
it unconscious. This should be done quickly in
order to prevent suffering and struggling. One
of two metheods is generally used — either stun-
ning the animal or dislocating its neck. For the
most part, the former method is used by per-
sons with little expenence and when speed is
niot as important as it would be if large num-
bers of rabbits were to be processed. It consisis
of grasping the rabbit across the loin with one
hand and suspending it head down, then stun-
ning it by a heavy blow at the base of the skull
between the ears with the butt end of a skin-
ning knife, a stick, or a small iron rod. In large
commercial plants, the rabbils are stunned
with an electric stunning knife. In the other
method, vou would hold the rabbit by its lower
hind legs just above the feet in one hand and
place the thumb of the other hand on the neck
just back of the ears, with the four lingers ex
tendedl under the chin; then, stretch the animal
by pushing down on the neck with the hand.
Press down with the thumb, and with a quick
movement raise the animal's head and dis-
locate the neck. This method is suitable only
for small rabbits.

Immediately after stunning suspend the
animal on a hook, and cleanly cut the jugular
vein to ensure the heart keeps beating to pro-
vide thorough bleeding so the meat will have
good color. A skinning knife with a 12 em

(4.7 in) blade is a convenient size for dressing
a rabbit.

Harvesting and dressing out the first few
rabbits will take the novice longer than it will
alter having developed the technique through
experience. Commercial butchers can catch
the rabbits out of the holding pen, render
them unconscious, hang them on hooks,
bleed them, cut off the heads, and skin and
eviscerate them at the rate of 100 or more
per hour.

In suspending a rabbil, nsert the hook be-
tween the tendon and the bone ol a hind leg,
just above the hock. Remove the tail and cut
off the Iree hind leg at the hock joint. Cut off
the front feet. Then, slit the skin just below the
hock of the suspended leg. Insert the skinning
knife under the skin on the inside of the leg
and open the skin up Lo the rool of the tail.
Continue to the hock of the other leg. Care-
fully separate the edges of the skin from the
carcass and pull the skin down over the entire
carcass, using the knife to separate the [af
from the skin (Fig. 24.1) so the lat will be left
on the carcass, When the skin is removed by
this method, it is known as a cased skin, If it
has commercial value and is to be sold, care
must be taken to avoid cutting it. for even
small cuts lower its value. This methed of skin
ning a rabbit is very similar to that of dressing
wild game

© Steven Lukefahr 2022 Rabbil Production, 10th Edition (S.D. Lukefahr et al.)
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Fig. 24.1. Stepsin skinning and removing the internal organs of a rabbit. (Courtesy o USDA)

Meat

Adter skinning the rabbit, carefully make a slit
in the abdominal wall of the carcass along the
midline of the belly, cutting from the breastbone
ta the tail. Remove the bladder whole and take
out the entrails. Pinch or cut the gallbladder
away from the liver, and leave the hearl, liver,
and kidneys intact. Spilling the contents of the
bladder or gallbladder on the meat will cause
bad flavors and may result in condemnation of
the entire carcass

The carcass will draw out of shape if left
suspended on the hook. For it to have a more
blocky and attractive appearance, it should be
shaped up and chilled for 15 minules and re-
rigerated for 24 hours before being eut up.

. Particular eare must be taken to jprevent
hairs from qeiting on the carcass, for in addition
to being very difficult to remove. they detract
from the appearance. Rinsing the ecarcass in
cold water or saaking it in ice water will remove
the hairs and bload and will cleanse and blanch
the carcass, Howaver, it should not be left in the
Water for more than 15 minutes because pro-
longed soalking causes the meat to absorb water.

This is considered an adultesstion. If small blood
clots have formed around the neck, they can
usually be removed by brusking,

Alter chilling, carcasses should be refriger-
ated for 24 hours before bring cut info pieces
as shown in Chapter 25. This storage period
allows the fat to harden an makes cutting eas-
ier. During dtarzge, the crcasses should be
wrapped or placed in plagic bags to prevent
drying, If freezing, commercial sealable bags
should be used suitable for long-term storage
{Fig- 24.2). The bags should also be dated It is
recommended to consuma the meat belora
one year has elapsed.

All work in connectien with rabbit car-
casses should be done in asanitary manner, If
the rablst meat is to be marketed in cities
where health regulations ragarding the inspec-
tion of slaughtering plants and meal are in ef-
fect, or if the meat is to ke moved inlo trade
channels where city, county, state, or other in-
spection is required, the proper health au-
thorities should be conticted for detailed
information relating to swh inspection. Sev-
eral excellent videos can beviewed online that
show how to butcher a rablit.
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Fig. 24.2. Rabbit meal thal | bagged and
W-tcwrwotsp.m:pm’m

Skins
Curing

While the skin is still warm, secure it on a
strefcher, with the flesh side out (Fig. 24.3).
A No. 9 galvanized wire can be shaped for a
stretcher. Two sizes of strelchers should be
available, a smaller one for fryer skins and a
larger one for mature and medium-size skins.
Place the skin on the siretcher, with the two
front legs an one side, and pull the ends of the
skin down over the stretcher to remove all
wrinkles without actually stretching the skin,
Fasten the skin from the hind legs lo the
stretcher with clamp clothespins, Straighten
out the folds in the neek skin. Lift up the skin
on the frant legs so it will not come in contact
with the pelt and will dry more readily. Then,
hang the skin up lor drying. No salt or other
preservative should be used in preparing the
pelt for markeling. Hang the skin up to dry
where it will be protected from sun, flies, and
rodents. The following cay, examine it to

Fig. 24.3. Rabbil skins properly placed on
sirelchers. (Courtesy of PR, Cheake)

check that the edges are drying flat and that
the skin on the front legs is straightened out.
Remove any patches of fat. for it will cause the
skin to burn and lower the value of the pelt
During periods of low temperature, some arti-
ficial heat will be required to dry out the skin.
This is accomplished in hrge slaughtering
plants by circulation of warm air through the
pelt-curing room

Tanning skins for home use

Skins that are to be sold shauld not be tanned
before shipment, because fur buyers prefer
them in the raw state. Il inlended for home
use, however, the skins may be tanned by the
methods described below, but they should
nol be expected lo compar (avorably in ap-
pearance and pliability with products of a
tannery or faclory equipped with modern
machinery and operated by experienced
workers (Fig. 24.4).
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Fig. 24.4. Tanned mbbit skins. {Courlesy of S0
Lukefahr)

The first step in tanning a skin is to get it
tharoughly soltened, clean, and free from
{lesh and grease. If it is cased or whole, slit
the skin down the middle of the belly and
soak it in clean, cool water. Change the water
several times

When the skin is soft, lay it over a pole
or board, and work over the skin side with a
coarse file or dul knife, breaking up and re-
moving the adhering tissue, flesh, and fat
and at the same time working the grease out
of the skin, It is useless to start tanning until
all the tissue and fat have been removed and
the skin has been made uniformly soft and
pliable,

The thickness and condition of the pelt
determine the length of time a skin must be
soaked Some dins require two or three
hours, and others longer. A skin should be
soaked until it is soft, but it should not remain
wel longer than necessary, as the hair may
start 1o slip. When the skin has been thus
Ireated and is somewhat softened, work it in
lukewarm water containing 7 grams of soda
or borax per liter of water {1 ounce per pint).
Soap added to the water is also helpful in cut-
ting the grease and softening and cleansing
the skin, After rinsir 19 the skin thoroughly in
lukewarm water, squeeze oul the water, but
do not wring the pelt. Finally, work the skin in
@ mild detergent solution, which should re-
Move the last particles of dirt and grease. It is
then ready for tanning,

There are several methods for tanning
Tabbit. skine. Directions for using fwo of the

e 14

more successful methods - he salt-acid and
salt-alum processes - are gven below.

Salt-acid precess

The salt-acid formula callsfior a solution made
of 0.5 kg of common saliand 14 g concen
traled sulfuric acid to each4 | of water (4 fbs
of salt and 2 oz of sulfurt acid per gallon).
Dissolve the salt in the vater, and carefully
pour in the acid while stirrng, Because of the
strong acid, this tanning liquor should be made
and used in glass or eartten jars or wooden
vessels, never in metal cortainers of any kind.
When pouring in the acid, do not inhale th2
fumes and be careful not to get any of th?
strong acid on vour skin o clothing. As s00n
as the salt-acid solution has cooled. it Is ready
for use.

Put the cleaned. softered skin into the -
lution so that it is entirely wvered Leave it n
for one to three days, stiring it frequently-
Then. remove it and ring it in clean, €0
water Mext, work the shin for abcut 10 min
utes in a solution of 14 g of borax 1o 4 1 of
water (2 ounces per gallm). Rinse again
clean water. and squeeze (it do not wringl 35
dry a¢ possible. Work the i a few minutes in
the hands by nubbing and pilling, Then. tack it
out flat, flesh side up, and ipply a thin coatnd
of clean grease or oil and kt it dry Fresh but
ter, neat's-foot cil, or olive oil will be good fo
this purpose.

When the pelt is neary dry but stil dame
begin to work il with the hands, stretching it
all directions. worling the flesh side over the
edge of a board and pullingit back and forth 25
if shining shoes with a cbih, If the skin &
rough, you may smooth it by working it over @
sandpaper block, which alio helps to make 1
snllmﬂptheMudoiﬂznmmshP“’dT
cing a soft, pliable skin depends upon ‘1' %
repeated working, which must be done W
the kin is drying out and no afte it 1 4%:
If the skin is not soft erough when drvb;
should be dampened and worked again 2%
fore. A final cleaning, aceamplished by WO
ing the skin in warm, dry hardwood sawdust: *
beneficial and will add to the huster of the fuT

/-/
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Salt-alum process

The sali-alum formula calls for 0.5 kg (1 Ib) of
ammonia alum (ammonium aluminum sulfate)
or potash alum (potassium aluminum sulfate)
dissolved in 4 | of water (1 gallon); and 112 g
(4 02) of washing soda (crystallized sodium car-
bonate) and 224 q (8 07) of common salt dis-
solved together in 2 | of water (1/2 gallon).
Pour the soda—sall solution slowly into the
alum solution while stirring vigorously. Mix the
combined solution, as used, with sufficient
flour to make a thin paste, first mixing the flour
with a little water to prevent lumps.

Alter cleaning and softening the skin as
previously described, tack it out smoothly, flesh
side up, on a board. Then, coat it about 3 mm (0.1
in) thick with the anning paste, and protect it
with paper or sacling laid on lightly so as not

to come in close contact with the paste. The
next day scrape off most of the paste and give
the skin another coating. At one-day intervals
repeat this application two or three times, de-
pending upon the thickness of the skin. Only
thick skins from mature bucks will need as
many as three applications. Leave the last
coating on for three or four days. Finally,
scrape off the paste, work the skin in borax
water, rinse, and squeeze il. Stretch and work
it over a board in the manner described for the
salt-acid process,

The salt-alum process is widely used and
is considered shightly better than the salt-acid
tannage, although alum-tanned skins often
come out stiff and hard and require much
working to make them soft and pliable. Many
methods and videos on tanning rabbit hides
can be found on the Internet.

Further Reading

Churchill, J. 1983, The Complete Book of Tanning Skins and Furs. Stackpole Books, Lanham. MD.
Habson, P. 1977 Ten Your Hide. Storey Books, Notth Adams, MA.
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Rabbit Meat

In some countries, rabbit meat isa well-estaklished
food served regularly at restaurants. hotels,
clubs, and hospitals and available throughout
the vear in stores and meat markets. In add-
ition. in certain countries it is @ tradition to
raise a few rabbils for meat in backyards as a
coltage industry, The general marketing pro-
cedure in large rabbit-raising centers is for col-
lection trucks (Fig. 25.1) to cover regularly
scheduled roules within a radius of 160 to
320 km (100 to 200 miles), pick up the live
animals at the rabbitries, and deliver them to a
central processing plant. Some of these pro-
cessing plants have a capacity of 2,000 to
_E.UUO rabbits per day (Fig. 25.2). Where there
15 no established market or in small towns, a
person may develop an outlet for the rabbit
meal through sales (o neighbors and friends
Very satisfactory booths at farmers’ markets
have also been established.

: With any markeling system, the problems
involved are dealing with supply and demand,
Prt_xlucmg @ choice-quality product. merchan-
dising it in a form that will appeal to the on-
sunulzl and using such methods of advertising
as will be mast efiective in the immediate area
Wwhere the product is to be offered. Under all
arcumstances, the rabbit meat should be han-
dled in a sanitary manner. Cantact the proper
health authorities to determine whether there

© Steven
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are any rules or laws coveritg the inspection of
the slaughtering process, the equipment. of
the meat.

The 0.8 to 1.0 kg (1.8to 2.2 [o) frver car
case lends itself to quick preparatian for the
table. Tt may be cut inio seven pieces (Fig. 25.3)
to meet the requirements of the average fam-
iy, The larger carcass caz be mede into 12
servings if the hind legs arecut into two pieces,
the loins and back portion of the ibs into five
pleces, and the front portn of the ribs and
each of the iront legs into ene serving each.

The presentation of meat products in the
most convenient form for the consumer Lo use
is rapedly gaining favor. While the cut-up reblit
carcass in the package has been popular for
many years, consumers nsw desire products
that are ready lo cook. In sme countries, rab-
bit meat is even sold in miqowaveable irays as
ammﬂ&nml.mmﬂhlhe
carcass form, the cuts, or other rabbit meat
products, may be arranged on a pre-pack fray
{Fig. 25.4) or be packaged in a plastic bag
(Fig. 25.5). The packaging for frvers may be
made more attractive by baving a picture of
cooked rabbit meat and recipes printed on
them. Some producers inchude the name of
their rabbitry or some othar means of idenifi-
cation to stimulate repeat aders.

It is extremely importint that the supply
be kept in balance with thedemand. If the con-
sumers make purchases and then are unable to

Luketahr 2022, Rabbit Production, 10th Edition (S.0. Luketahr et al)
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Flg. 25.1. A collection trailer used io haul fryers fo market. Note the scales for weighing each cage
of rabbits. (Courtesy of D.J. Harris)

Fig. 25.2. A large processing plant. (Courtesy of Richard Popik)

find the product when they wish to use it again,  eaten meat from domestic rabbits. To be more
they may discontinue asking or looking for il affractive and more compelitive vath other

Today, whole rabbit carcasses have little  meats, rabbil carcasses should be further
appeal to the modern consumer, especially processed and even cooked as a complete
considering that most Americans have never meal Examples of processed praducts include
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breaded nuggets, cutlets, filets or lean strips,
rabbit forelegs (the rabbit equivalent of buffalo
wings), cube steak, sausage, and barbecue
packs. In China. the Kanada Foods Company
fheadquarters in Qingdao) is the largest ex-
porter of rabbit meat in the world, This com-
pany has developed many convenience ilems
that are ready to cook and serve (Fig. 25.6).
In fact, the « sets high standards by
perlorming routine, state-of-the-art laboratory

B

Fig. 253, A metn
i Mcﬂm]m 04 for cutting up fryers, (Courtesy

analyses to test for possibk environmental or
microbial contamination |k additicn, al infer-
national rabbit conference, a rabkil competi-
tion cookolf event among teums of the couniry's
finest chefs is ahways a highight (g 25.7).
Quickfreeze units muy be placed in &
store and packaged rabhiti delivered once or
twice a week, with the proprielor paying
on the basis of the numbersold. In contacting
a store, restaurant, or hotel you may stimuate
business by giving the prpretor a sampie
package of meat for his orher oun use. This
practice is especially popubr at local farmers’
markets where the producer can develop a dir-
Freezing dries out themeat and causes it
to lose some of its flavor. Because of this. the
pieces should be sealed in fieezer wrap prior to
being placed in a carton ard frozen urless the
carton is wrapped in a shed of moisture proaf.
sel-sealing freczer wrap. In cither case, the
should be scaled n order to shut out
the air, The liver, heart, ant lidnevs should be
put irto a small bag before being placed with
the rest of the meat, for £ these parts touch
the other meat they may rause il to becoma
discolored and unappealing. For home use,
by wrapping he pieces © keep them lrom
sicking together and to pravet the meat from
drying out and losing flavor. Appropriate wrap-
pings include plastic freeser bags or tightly
sealed freezer wrapping paper.
With scli-service stores. no persanal sales
skills are involved. Consequently, each item is
on its own, and rabbil mest is in compeliion

Fig.25.9, Rabbit meat can be used to make sausage products. %
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with all other types of meat being offered for producer; on the other hand, a

: P , a price that is too
m}l:!il is Ict:; marketed to advanfage, it high will deter the consumer from purchasing
hamm ":1""' aliractive packageand  the meat. In many areas, daily newspapers
osf lo:TJ t will have eye appeal. A price  give market reports, and generally in those re-
ow will be unsatisfactory 1o the  gions where there are large rabbit populations,
markeling services give market reports of the
price for live rabbits and often include the retail
and wholesale prices for the meat. In arriving
at a price, it is a good plan to consider the
price of chicken, for it is often used as a meas-

uring stick for evaluating other kinds of meat.
When individual members of a rabbit club
do not wish 1o devote the time and efforl ne-
cessary to market their products, an excellent

Fig.255 Fig. 25.6. A convenience, debaned rabbit meat
REAS An atiractve package of frozen rabbit,  product developed and sold by Kangda Foods
urtesy of J.1. Mchin) Company in China. (Courtesy d 5.0. Luketahr)

Eﬁﬁﬁ A rabbit sushi dish prepared by chels at a bbit conference in Malaysia. (Ciurlesy of S.0.
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opportunity is presented for starting a co-
operative similar to those that handle other
agricullural commodities. By pooling ther
products, the members of the club will have a
larger supply of rabbit meat available for sale.
Generally, arrangements can be made with
one of the members to do the processing and
selling for all. If this person has time, he or she
can pick up the rabbits from the individual rab-
bitries: otherwise, they can be delivered to the
person. Many cooperatives that have begun on
a modest scale have developed into sizeable
businesses

During the spring and early summer, when
the supply exceeds the demand, the storing of
rabbit carcasses may be a problem. Sometimes,
arrangements may be made with a cold storage
plant to store the surplus. Thus, it can be made
available later in the year when the supply is
more limited. You can overcome this problem
of seasonal distribution by using management
practices to ensure steady year-round produc-
tion and by promoting the demand for rabbit
meat {e.g., for barbecues) during the summer,
when production is highest.

Rabbit meal is in competition with other
sources of meat in the marketplace, and in-
creasingly with non-meal sources of protein.
The meat industry in the United States is “ma-
ture,” meaning that there is little vearly increase
in demand. Any inroad made by rabbit meat
into the market will be largely at the expense of
some other form of meat. Therefore, if con-
SUMETs are (o buy rabbit instead of another
meal product, it will have to offer them some
significant advantage. Realistically, prce is not
apt to be an advantage. Rabbit meat, in all like-
lihood, will be more expensive than poultry and
most of the red meats for the foreseeable fu-
ture. The advantages that rabbit could offer
are related to quality and nutritional properties.
Because rabbits are fod high-fiber, low-eneray
diels based on alfalfa meal or ofher fibross
feedstuffs, rabbit meat is low in fat and is lower
than most meats in cholesterol. Rabbits are
growm without the use of feed additives, such as
antibiotics and hormones, Thisis not usually for
altruistic reasons, but because these additives
are not approved by the FDA for use in rabbit
feed. This is a potenial aclvertising tool. Chick-
ens and turkeys, for example, are fed quite a
number of feed additives. While these are

R i) g

unlikely to be injurious o haman heslth, a com-
mon perception s that thay might be danger-
ous. Similarly, rabbits ara mised 0 lowgrEm
diets, which is & desirable attribute 1o M2
peole who don't believe fat anmals shouid
be led grein that could be eaten by peop
Rabbil might ths be pronoted s ‘the &2
logical meat,” produced ushg .
tﬁmm-mwm'w%
out the use of feed additives Preserily.
organic meats are rapidly fising in poplerY
In the US. especialy, rati mest €20 D7
trate the highly competiiverarketpoc | 20
mmdwdﬁf’“”k
the avalabilty of the “greea rabbit”. 7
sold at a reasonable price. is

Ancther patential pronotional 12655
to emphasize that rabbits are P’“"“:dm
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United States, on the otherhand, 125 557
amost entrely consolidad into 1% %
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and production records, elc. However, the ask-
ing price for the pedigreed or proven high-
performance animals that are to be sold lor
breeding purposes may more than offset these
extra cosis,

Other commercial breeders devole their
entire time and effort to producing meat for
the market. For improving their herds, they
buy their breeding stock from those who have
developed superior meat-producing animals.
Adequate records and evidence of selection for
performance traits are essential for the com-
mercial seedstock producer who raises these
replacement animals, As the rabbit industry ex-
pands, superior hybrid breeding stock may be
available to commercial producers, who would
not raise their own replacements,

Laboratory Stock

wabbits are used in a variely of medical re-
search and scientilic studies for the benefit of
humanity. Many laboratories, hospitals, and
universities use them for studying problems
relating to nutrition, disease, inheritance of
malformations, and effects of new drugs, for
d_lagnming medical problems, and for produ-
cing antisera. Anyone interested in selling rab-
bils to one of these institutions should cantact
the person in charge to determine the type or
breed of animal preferred, the number used,
the prices paid, etc. The requirements will de-
pend an the nature of the problem. For certain
types of research work, a specific color of coat
is preferred; when laboratory space is limited
or the ration to be used is expensive, small
breeds or young rabbits are generally desired.
In producing antisera, the preference is for
large breeds, because large quantities of blood
are used,
In addition, a few very specialized labora-
tory stock producers sell rabbits guaranieed 1o
be free of specific pathogens (SPF), such as
Pasteurella multocida, coccidia, ete. While hs-
crative, producing SPF rabbils requires very
high standards ol production and business
management. As it is usually not economical to
ship live rabbits long distances, local institu-
tions should be contacted. Medical research
is carefully monitored to ensure that humane

animal treatment is carried out. Mosl research
and medical laboratories in the United States
will buy rabhbits enly from producers who have
a federal license. Licensing is provided by the
Animal and Plant Health Inspection Service of
the U.5. Department of Agriculture.

Skins

There is little market for rabbit skins, Aboul
85% of the rabbits marketed for meat are sold
at two to three months of age, when the skins
are small, the leather lacks strength, and the
fur mats, appears flat, and has poor wearing
qualities. As a result, these skins are often a li-
ability 1o the processor rather than an asset.
Limited local markets may be found for pelts
from older rabbits

If skins are 1o be stored prior to shipment,
they should be kept in closed containers and
protected with mothballs or moth crystals,
Skins may also be salted for storage. Small
shipments may be made by parcel post, larger
ones by express or freight. The pelts should be
thoroughly dried and then packaged flat in
cardboard cartons,

Pharmaceuticals

Pharmaceuticals are derived from by-products
of rabbit processing, such as brains, blood, and
eves, that are used lor research, testing, and
teaching purposes. There are very exacling
standards for the animals from which these
products are taken and for the techniques used
for collection, As a result, piices are high, and
many people feel that the rabbit processors are
getting rich from these by-products. The mar-
kels are very competitive sounless a processor
can produce a consistently top-quality product,
often requiring specialized equipment and
trained personnel, the bugers will go else:
where. Furthermore, because the markets are
s0 compeitive, markets and sales oullets are
not freely divulged, so finding new buyers may
be very difficult. This is especially true for the
new processor. The pracessar makes increased
income from these products, but it frequently
barely covers the processing costs.
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Angora Wool

In the preparation of Angora wool for ship-
ment by parcel post, express, or freight, each
grade should be placed in a separate container.
A paper bag about 30 cm (12 in) high will hold
a kilogram (2.2 Ibs) of wool without being
packed too tightly. If the wool is to be stored for
any length of time, mothballs or moth crvstals
in cloth sacks should be placed in the container.

Some rabbit breeders prefer (o spin the
wool that thev produce, which can be made into
varn and knitted garments, either for their own
use or for sale. Others prefer to sell their An-
gora woal to organizations or individuals acting
as agents who colect large quantities to be sold
to woolen mills, Some of these sell the woal on
a commission bass, Cooperative organizations
callect the wool from their members, grade it.
and sell it to the mills. The movement of the
product is somewhat seasonal. Some of these
cooperatives make an advance for when they
will later receive the wool from the producer,
and because this advance helps o pay the feed
bill when Angora wool is not moving readily, the
amangement proves quite satisfactory. Individ-
uals or groups may also send wool to mills for
custom spinning. The producers can then mar-
ket the yarn or linished goods themselves

Fur Crafis

Some people may have a knack for making
Vanous products frem fur and skins and enjoy
Maxing coats, ghpml glnwzs_ 1oys, such as
balls, rabbits, and teddy bears, and a variety of
navelties and articles from rabbit fur. This fur
cralt utilizes a variely of sizes and colors of
pells and lends itsell nicely to occupational
therapy, |t js especially attractive to individuals
who enjoy sewing and working with patterns.
$1t||1 markets have been developed with some
SHECess in lesser developed countries. mostly
due to loyw labor eosts (Fig. 25.8),

Pets

In recen e,

ars the sales of young rabbits as
Pets have b, .

erome a growing activity in certain

Fig. 258, Rabbil skins used b make 2 vanely of
attractive products &t a vendofs boath in Mexicd.
{Courtesy of S.0. Lukefahr)

developing countries (Fig 15.9). Often s<iiod
at hucrative prices, pets are frequenty ot
allow children who live in hrger cities 10 7855
mmmmnmpmsmwﬂw:':
and dogs, the neighbors are seldom aware i
pet rabbit next door. Anofer likely reasof
that the cost of feeding is mlatively low

Fertilizers

Some rabbit breeders may be so 1"“#?‘:;3
they can market the manue from theif %
ries 1o nurseries and to induiduals for ¥
fertizer on flowers, shrubs, ruit rees. 137
etc. Rabbit manure is especially 225 t{ﬂ o
corparale into the soil, is rdatively (T2 1:,“,.
ious weed saeds, and does rot burn the P s
When large quaniities are available, It ¥ the
ally sold by the cubic mer (foot) of %
ton. Far retail sale in smallamounts, (e
fertlizer is dried, ground or pulveriee® S
sached. With aifractive pakaging. ! may,pd
profitably marketed in grden ’wﬁ;‘der-
supermarkets. However, it should b
stood that animel manures d not have l::;,_..db
values of the elements fourd in chemi< fizzrs
izers. For example, some chemical e
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Fig. 25.9. Rabbils being sokd as pats by streat vendars in Indonesia. (Gourtesy of Yoro Raharjo)

contain about 20% nitrogen, 20% phos-
phorus. and 20% potassium, However, animal
manures are especially useful as an organic
source of material that can improve certain soil
properties in the garden, for example, wa-
ter-holding capacily and organic matter.
Rabbit manur contains about 3.7% ni-
trogen, 1.3% phosphorus, and 3.5% potas
sium. The nutrient values of manure from
three livestack species are shown in Table
25.1. It should be recognized that these are
not fixed values; the composition of manure
depends more on the type of ration fed than
on the type of animal. It should also be noted
that the nutrients in the manure are wasle as
lar as the animal isconcerned. The nitrogen in
manure comes fram dietary protein that the
animal didn’t utilize, For example, if a sample
of rabbit manure kas a high nitrogen content,
there is somethirg wrong with the ration,
causing the rabbil b excrele excessive (and ex-
pensive] amounts of nitrogen, Poultry manure
is high in nitroges because chickens excrele
uric acid, a very concentrated source of nitro-
gen. Rabbil marure is high in potassium

Table 25.1. The average composition of manure
from domestic animal species.

Nitrogen  Phosphorus  Potassium
Species (%) %) (%h
Gatlle 289 07 21
Poultry a7 15 1.0
Rabbit az 13 a5

Values were obtained from mulliphsioralure sowces.

because alfalla, a major irgredient in rabbit
rations, is very high in polasium

Worms

Many rabbit raisers grow eathworms (usually
commercial redworms) in beds of rabbit ma-
nure. The sale of worms br use as lishing
bait and sometimes for sal enrichment for
gardens and flower beds isa way of supple-
menting the income of the rabbitry. How-
ever. the beds should not ke located beneath
the rabbit cages unless adeaiate ventilation is
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provided, because digging to harvest worms
will cause the release of ammonia and other
noxious gases inio the rabbitry. The optimal
moisture conditions for raising worms are
quite different from those for raising rabbits.

Therelore, it is nol advisalie to put the worm
beds in the rabbit building. The high molsture
required by the werms maj raise the humidity
of the rabbitry, causing inceased Pasteurella
problems.
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Alleles - Two or more versions of a gene.
Amino acids - Basic units of proteins.
Anterior presentation - Normal birth, Front feet and head presented first.
Antibiatics - Compounds used as feed supplements and for combating diszase. Produced by
molds; inhibit the growth of bacteria.
Antisera - Sera (serums) that contain specific antibodies.
Artificial inseminalion Al - Artificial infroduction of semen into the reproductive tract of the female.
Balanced ration - A ration that has the proper propartions of individual ingredients to provide for
growth, production, and reproduction.
Barren period - The period during which a rabbit does not conceive.
Breech presentation - Normal birth with hind feet and rump presented first.
Buck - A mature male rabbit used for breeding.
Cannibalism - The practice of a doe eating her young.
Carcass yield - Dressing percent. Obtained by dividing the weight af the dressed carcass by the
weight of the live rabbil. p
Carier - An animal caning a gene for a spedfic characteristic that may be transmitted o o h
spring, although it may or may not be apparent in successive generalions. Also, an animal wil
a subclinical level of disease: it may not show signs of disease but can infect others fe.g.. &
carrier of Pasteurella). !
Cecotropes - The solt feces produced from the contents of the cecum and consumed directly
from the anus
Cecolropy - See Coprophagy.
Cecum - The blind gut at the head of the large infestine.
Chromosomes - The microscopic rod-shaped bodies in the egg and sperm cells that cary the
hereditary faclors (genes). i ;
Concentrates - Grains, milled products, and supplements of protein, vitamins, and minerals in the
ration.
Conception - The union of ovum and sperm.
Contagious disease - A disease that spreads from ene individual to another. A disease that is
catching.
C"P"’Pﬁgy - The praciice of rabbits consuming seme of the droppings {soft, night pellets)
directly from the anus, Also called cecotropy,
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Cubic centimeter [cc) - See Milliliter,

Dam - Mother,

Dewlap - The pendulous fold of skin under a rabbit's neck.

Doe - A malure female rabbit used lor breeding

Dominant characteristic - A characteristic of one parent (normal coat, white ft, etc.) that, when
transmitted to offspring, masks a recessive characteristic.

Dressing percent - See Carcass vield. ;

Embryo - The developing rabbit from the time the fertilized egg is implanted inthe uterus until all
organs are formed.

Embryo transfer (ET) - A technique in which embryos from a donor animal ar flushed from the
reproductive tracl and introduced into a recipient animal to grow lo lerm.

Estrous eycle - The recurring 14- to 16-day cyclewhen a doe is more apt to canceive. Also ealled
the heat perind,

False pregnancy - See Pseudopregnancy.

Feed:gain ratio - The amount of feed required for one unit of gain.

Felting - The manufacturing of lelts from furs of rabbits and other animals.

Fetus - The developing rabbit from the end of organ formation to kindling.

Finish - The desired condition of flesh and coat for market or show rabbits. ;

Fly back - The prompt and even flowing back of the fur when it is stroked from the tail loward
the head of the animal.

Follicles - Small entargements on the surface of the ovary that contain egg cells Also the roots of
the hair in the skin,

Fostering - Using a doe other than the dam to nurse and develop young.

Fruer - A rabbit kept for meat consumption befcre the age of 12 weeks

Full feeding - Suppying a rabbit each day with dll the feed it will consume.

Furrier - One who dresses [urs or makes or sells fur garments.

Gene - The basic unit in inheritance. i

gSIdﬁun period - The time from mating of the doe to kindling.

3lossy coat - Smaoth, bright, lustrous fur.
Gram - A ynit of m:ig]:lgln the metric system equal to about Y4a cunce. 3.6 grams equel
1 Pound. o brushing
Grooming - Remaving foreign material or loose fibers from the coat nI;ﬂﬁhl 5 v
rubbing its coa with the hands, proceeding from the head foward the fail.

Hand-fm:ding - Giving a rabbit the required amount of feed each day.

:'-:eazdmriod - See Estrous cycle. :
eredity - Characleristics inherited from ancestors. wveral

Hopper eeding - Maling available lo a rabbit a sulficient qmmu“};lnf“d Iorl i
animal may eat as often as it wishes and not be hm"d. ek amma-nra

Hyhbrid Tht’.-n!ES]'ring of parents of different breads, varieties, species, or g H

Impaction - Lodgment of undigested food in the digestive tract.

Inbreeding - Mating closely related animals.

Infectious disease - A disease caused by germs.

Inter se maing - sister mating. ‘ K
ng - Brother-sister mating - : i
Juniors - Developing young from fime of weaning until old enough tco[g:r:fllo_pmdvtlmﬂa\
AIYolype - Arrangement of the chromosomes of a single cell, typical indisdual or a species

Ki'"“i”!l - See Parturition
Kit kitling) - A young rabbit from birth to weaning.
alion - The secretion of milk
it feeding - Restricting a rabbit’s feed intake lo an aﬁmt‘d
Lmeh‘:“ding - Mating animals with a commen ancestor breed.

Litter - A number of young born to a doe at one time.
g born to e ht.
Maintair - To aep an adult rabbit in good condeion wihout s gaiing orloshg we

k may or may not be contagicus.
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Malocclusion - A deviation [rom the proper closing or meeting of the teeth.

Manger - A container for holding hays and roughages.

Mature - Fully developed; adull.

Milk line - The white band on the belly of kits that have just been nursed.

Milligram {mg) - A unit of weight in the metric system. 1000 milligrams equal 1 gram

Millifiter (i) - 1 cubic centimeter (cc). 5 millliters approximate 1 teaspoonful.

Miss - See Pass,

Nick - A mating that produces offspring superior to ei&mﬂfp:;enl-

Night feces - Cecol s. May be consumed at any time Y. :

Palpate - To feel ;h";::h e abdcrsinal walfor developing young in the uterus, for hairballs, and
for impaction.

Parity - The number of litters to which a doe has given birth.

Parturition - Kindling. The act of giving birth. ;

Pass - Failure to conceive and produce young. An infertile maling (a miss).

Pedigree - A record of ancestors,

Pheromone - A volatile hormone produced by one individual that is perceived by and stimulatory
{0 another individual of the same species.

Posing - Placing a rabbit in the most advantageous posture for show. ]

Predator - A pillaging or destructive animal that kills, maims, or stresses rabbits.

Prepotency - An exceptional capacity to transmit certain genetic charactenstics to offspring.

Pressure tank - A tank with a float valve, used with an automatic watering system. 4

Prime coal - A mature, glossy coat with good fly back and free of loose fur or patches of ingrow-
ing fur.

Prolific - Fertile, reproducing freely, producing large litters.

Protein - A combination of amino acids Essential in the diet. :

Pseudopregnancy - A 17-day period during which a doe may not conceive. May be caused h;'
sterille mating or by other sexual stimulation. The doe experiences physical symptoms an
changes in hormonal bialance simulating those in pregnancy. Also called false pregnancy.

Purebred - An animal that belongs to a recognized breed. .

Rabbitry - A place where domestic rabbits are kept; also, a rabbit-raising enterprise.

Random mating - Mating without regard to ancestry.

Recessive dwacteri:il? A characteristic of one parent (waolly coat, ellow fat, etc.) that, when
transmitted to off pring, is subordinate to the dominant characteristic of the other [::l.ienl.

Registration - The official recard of a rabbit that has been approved by a licensed registrar.

Restrained mating - Forced mating in which a person holds the doe.

Roughage - Hay, grass, eic.

Scrabbling - Digging feed out of the feeder

Self - Solid eoat color, such as black or chocolate.

Settle - To conceive,

Sexing - Determining the sex of a rabbit.

Sheen - Shininess. See also Glossy coal.
Sire - Father
Specialty club - A rabbit club that specializes in malters pertaining to one breed,

Standard - The characteristic for a breed of rabbits as set up and approved by a registering organ-
ization.

Sterile - Barren or infertile,

Succulent feed - Fresh, green, growing plants containing a large amount of moisture.

Suckling period - The time ram birth to weaning.

Superovulation - Use of hormanes to induce does to produce extraordinarily large numbers of ova.

Tan - To make into leather.

Tattoo - To make a permanent identification mark in the ear of a rabbit by using a perforaling
instrument and rubbing India ink into the perforations.




326 Glossary

Thermostat - An instrument for automatically controlling the turning on and df of water sprirk-
lers, fans, elc.

Toxic - Poisonous,

Vector - A carrier, usually an insect, that transfers an infective agent from one host fo another.

Viulva - The external opening of the female genital organs.

Warrens - Outside pens in which groups or colonies of rabbits may be kept.

Weaning — Remaving the young from the doe's milk.

Weanling (weaner) - A newly weaned rabbit, regardless of intended future use.

Woal - The coat of the Angora rabbit.

Wool block ~ An indigestible mass of wool swallowed by a rabbil. ;
Waonlliness - A recessive characteristic transmitted 1o offspring, producing a har coat that resem-
bles wooal, o
Xanthophyll - A yellow compound found in plants, conducive o the development of yellow fat in
susceptible animals,

Yellow fat - A recessive characteristic intensified in suscepiible offspring by the feeding of green
feeds,

Zoonosis - A disease of animals that may be transmitted to humans.
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pregnancy loxemia 153
preeudotuberculosis 153
quarantine 132
rabbil pox 156
red urine 156-157
ringworm (dermatophylosis) 157155
salmonellosis 158
snuffles {rhinitis)
antibiotics 135-136
mucopuralent nasal discharges 135
sanitation of cages 135
sneezing 135
vaccination 135
ventilation 135
sare hocks 158-159
splay leg 159
Staphylococcosis 159
syphilis
clinical signs 156
dark-field microscopie test 156
treatment 156
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Diseases and health problems (continued) pastured rabbits 275 276
tapeworms 159-1G0 vermbculiure 275
toxoplasmosis 160 market development 278-279
trichobezoars 160-161 meal production 270
nilaremia 161 production costs 270
Tyzzer's disease 143 senior family members 270
urolithiasis 161-162 youth development 73
uterine adenocarcinoma 162
ventilation and sanitation 132
viral hemorrhagc disease 153-155 Feeds
witamin A deficency concenirales
excess vitamin A 163 citrus by-products 1H
hydrocephalus 162 dried beet pulp 114
treatment 163 fats and oils 115
vitamin A supplements 163 grains (see Grains)
weepy eyes 138 molasses 114
wry neck 138 protein (see Protein
young doe syndrome 164
Dulch while spolting 236-237 wheal bran 114
conversion of 121
diet £
Economics and financial management diet formulas 122
cash flow leed processing 120
bullding and breeding stock 87 heat treatment 121
100-doe rabbitry 865, 87 ingredients 120-121
herd size 7 Jeast cost ration formalation 119
profits 87 mash diet 121
replacement rate 87
savings 87 119-120
expenses pelleting process 124
breeding sock 84 feeding systems
buildings 84 cecal impaction 122
equipment 54 chaice feeding 122
faed 85 limit feeding 122
labor 85 grazing rabbits 122-123
miscellanenus 85 non-nutritive feed additives
income 85 antibiotics 117
loan application B3-84 copper sullate 118
sources of capital 83 enzyme preparations 119
English-Duich spotied rabbit 239 FDA clearance 117
Enghish while spotting 237-238 flavoring agents 118
Ethology 182-183 pellet binders 118
Family and small farm development prebiotics 118
advantages 270 probiotics 117-118
agricultural activities 271 salt 118
benefils of 273 wucca and quillaia 159
daile responsibibties and care 270 orphan litters 123
diversification 277-278 requirements 121
food production activty 271-273 109-111
integration alfalfa 111-113
advantoges of 274 clovers 109-110
apiculture 275 grasses 109
aquacublure 274 green feeds and succilents
funetional integration 275 10-112
anals 274 show rablits 123
horticullure 275 storage 121
models 274 Fur cralts 319
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Genetics
gene expression
complele dominance 197
epistasis 198, 199
genotype 196-197
incomplete dominance 197-198
phenotype 196
genes
alledes 193-194
chromosomes 193, 194
mitosis and mefosis 195
mutations 194
nucleus 193
proteins and aminoacids 193
sex chromosomes 196
Mendelian genetics 95-196
sex linkage 196
Genetic selection
compuler program pachage 227-228
qualilative tralts
desirable gene selection 218-219
hydrocephalus testing 219-220
quantitative traits
angora breeders 215-226
fancy rabbit seloction 224-225
heritability 220-221
highly heritable traits 222-224
lowly heritable traits 221-222
record keeping 226
Grains 114
buckwheat 113
bushel weight 112
cereals 112
carn 112, 113
oats 112
triticale 112

Hemagglutinins 126

Kindling 68
Knee-warmers 293

Marketing system

angora wool 319

breeding stock 317-318

fertilizers 319-320

fur cralfts 319

laboratory stock 319

meal products
collection traller 314
feed acditives 317
freezing and storing 315
fryver carcass 313
marketing price 316

package of 313, 315-316

products 314-315

sausage products 315

spring and early summer 317

pharmaceuticals 318
problems involved in 313
skins 318

Mating process 62-63
Meat production
commercial rabbit procuction 205-306

fryer carcasses
carcass yield 303
dressing percent 303
grading system 304-305
intensive breeding 305
milk production 305
well-balanced ration 304
white ans colored pells 304
nuirient composition 305, 306
stewers 305

MNon-protein nitrogen (NPN) 128

feed analysis
crude fiber 103-104
crude protein 103
fat [other extract) 103

feed manufacturers vs. rabhil raisers 105

feed tag 105
gross energy 104
nitrogen-{ree extraci 103

total digestible nutrients (TDN) 109

water 103
minerals

calcium and phosphorus 91-92

cobalt 92
copper 92
iodine 93
iron 92
magnesium 92
manganese 92-93
potassium 92
selenium 93-94
sodium and chlorine 92
sullur 92
trace elements 91
zinc 93

prolens
amino acids 89



Mutrien! {eontinued)

gastrointestinal stasis 263
qut stasis 264
malocchisions 264

soybean meal 115

cereal grains 90 sunflower meal 115-16
Iysine and methionine 90 synihetic amino acids 116
vitamins
biotin 98
choline 9§ Rabbit
definition of 94 age to breed 61
fat-soluble 95 .
folic acid (lolacin} 98 herd replacements 74-30
international units 95 schedule 61-62
miacin 97 care of young liters 69-T2
pantothenic acid 98 concepition
pyridoxine (vitamin B,) 97 physical condition 65-66
riballavin eitamin B,) 97 66
thiamine (vtamin B,) 97 retained fehss 56
vitarmin A 95-96 sore hocls 65
vitamin B,, 98 slenlty 64 65
witamin C 98 environmental elfects
vitamin D 96-97 light 79-80
vitamin E 96-97 temperature 78-79
vitamin K 97 lostering young 71, 72
water-soluble vilamins 97 fur chewing 75-76
waler 98-59 gestation period 63-63
Nulnent requirements hair loss 76
breed differences 108 handiing 60. 61
National Research Councll 107 herd records
trace element and vitamin buck recoed cand 50
requirements 109 cage cards B0
chore sheei 81-821
extended pedigrees &1
Pet rabbits t records &)
cages 260-261 hot westher 74-75
health hypnesis 79
calcium daficiency 264 londling 72

Iactation 72maling proces 62-63
nest box management 70-71
number of bucks 60-61

myxomalosis and viral hemorrhagic pregnancy delermination
dsease 264 fetal development 6&
averproduction of cecotropes 264 musdiagnasis, nen-pregnant 66
palpation 66-68

upper respiratory infections 263
urinary and kidney problems 264
veterinarians 264

wlerus size and Jocation 66, 68
sanitation

house trakning 261-262 cage cleaning 76
nutritional requirements calcium carbonate depasition 76, 77
daily feed allowances 262 fiy contral 76-77
fresh vegetables 262 hair removing 76, 78
grass hay 263 white fungus 78
protection of 261 sex determination 73
Pharmaceuticals 318-319 shedding 77-78
Protein supplements tafiooing and ear tags 7374
animal arigin 116 weaning 73
coltonseed med 115 Rabbit manure 319-220
linseed meal 116 Rabsbit production
peanul meal 116 Alrica 18-19
rapese
peseed (canok) meal 116 My

salllower meal 116




India 17
Indonesia 17

Ausiralia and New Zealand x8

in developing countries
bush meat 290
cages and equipment 252-283
CARE projects 257
farmers involvement 289
feeding and management 282-285
Food and Agriculture Orgamization 288
Heifer International 288
local agencies 289
pests 287-288
training and supenvision 280
tropical rabbit production 285-256

France 13
Greal Britain 14
mesl production 14
future aspects 19
North and South America
Calilornia 16
Haiti 16
New Zealand White 16
United States 16-17
research study
Kingsville Rabbit Research and Teaching
Program 21
Oregon State University Rabbit Research
Center 21
05U Rabbit Research Center 20
world rabbit congresses 21
World Rabbit Science Assoclation 21

Rabbits

domestication 4

fur production
Angora rabbil wool 7
fur garmenis and irimmings &
rex rabbit 7

generaof 3

hebibxes and pets 8

origin and evolution 1
pharmaceuticals production 7
production, factars limiting 9-10
vouth programs 7

Rabbit shows

American Rabbit Breeders Association
Convention Show 250, 251
judging and showing
American Rabbit Breeders
Assoclation 254

licensed judges and registrars 264255

pleasure and camaraderie 253

sponsors 253-254

table and holding cages 253
preparation of rabbils

feeding 251

grooming 252

hutch stains removal 252

primeness of pelt 251

profection 253

selection process 250
registration and recording system

application for 254, 255

rabbit registration cerfificate 254-258
shipping 253

gonadotropin-releasing hormene 177-178
human chorionic gonadotropin 177
insemination 177

semen storage 177
spermatozoa determination 170-177
embryo transfer 180-181
female rabbit
cervices 169
estrus and avulation 169-170
external genitalia 165
ovarles 167
oviducts 167
uterus 169
vagina 169
Terilization 171
irnplantation 171
lactation
colostrum 174-175
lactation curve 174, 175
mammary glands 173174
milk composition 175
mille production 174
male rabbit
accessory sex glands 166
bucks 167
ducts 165
external genitalia 165
spermatozoa 165-167
testes 165-166
maternal care 172-173
parturition 172-173
pregnancy 171
pseudopregnancy 170
winter breeding depression syndrome
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Reproduction proces {continued) mycoloedns 127
feed quality and quantity 179 natural foxins: 125
Iighting cyele 179 nitrate 127 .
physiological evidence 179 oxalates 127-
seasonal effects 178-179 pesticides mumlm 29
Rex 242-243 poisonous
purrolizidine alkalolds 128
saponins 128
Slaughtering and preparation trypsin inhibitors 128
meal 308-309 urea 128
skinning and organs remaval 308, 309 Tropicel rabhit praduction
skins heat stress 283
curing 310 Tsatee fly 256
tanning 310-311 oonosis 286
stunning 308
Ulerative pododermatitis 153
Tanning skins Urination 187

home use 210

sall-acid process 311

sall-alum processes 312
Therapeulic clothing 293, 294
Tendins in feeds

goilrogens 125

gossypol 126

herbal remedies 129

lecting 126

mimosine 126-127

Venereal spirochetosis 156-15

.,we,b,mmmnw
feed quality and quantity s
ing cycle 179
lighting :

physiological
seascnal effects 179



