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Abstract: Success of captive-breeding programs centers on consistent reproduction among captive animals.
However, many individuals do not reproduce even when they are apparently healthy and presented with
mates. Mate choice can affect multiple parameters of reproductive success, including mating success, offspring
production, offspring survival, and offspring fecundity. We investigated the role of familiarity and preference
on reproductive success of female Columbia Basin pygmy rabbits (Brachylagus idahoensis) as measured by
litter production, litter size, average number of young that emerged from the burrow, and average number
of young that survived to 1 year. We conducted these studies on pygmy rabbits at the Oregon Zoo (Portland,
Oregon, U.S.A.) and Washington State University (Pullman, Washington, U.S.A.) from February to June 2006,
2007, and 2008. Before mating, we housed each female adjacent to 2 males (neighbors). Female preference for
each potential mate was determined on the basis of behavioral interactions observed and measured between
the rabbits. We compared reproductive success between females mated with neighbor and non-neighbor males
and between females mated with preferred and nonpreferred males. Our findings suggest that mating with a
neighbor compared with a non-neighbor and mating with a preferred neighbor compared with a nonpreferred
neighbor increased reproductive success in female pygmy rabbits. Litter production, average number of young
that emerged, and average number of young that survived to 1 year were higher in rabbits that were neighbors
before mating than in animals who were not neighbors. Pairing rabbits with a preferred partner increased
the probability of producing a litter and was significantly associated with increased litter size. In captive
breeding programs, mates are traditionally selected on the basis of genetic parameters to minimize loss of
genetic diversity and inbreeding coefficients. Our results suggest that integrating genetic information with
social dynamics and behavioral measures of preference may increase the reproductive output of the pygmy
rabbit captive-breeding program. Our findings are consistent with the idea that allowing mate choice and
familiarity increase the reproductive success of captive-breeding programs for endangered species.

Keywords: Brachylagus idahoensis, captive breeding, mate choice, mate familiarity, mate preference, pygmy
rabbit

Papel de la Familiaridad y la Preferencia en el Éxito Reproductivo en Programas de Reproducción Ex Situ

Resumen: El éxito de los programas de reproducción en cautiverio se centra en la reproducción constante
de animales cautivos. Sin embargo, muchos individuos no se reproducen aun cuando aparentemente están
sanos y tienen parejas. La selección de pareja puede afectar múltiples parámetros del éxito reproductivo,
incluyendo el éxito de apareamiento, la producción de cŕıas, la supervivencia de cŕıas y fecundidad de
cŕıas. Investigamos el papel de la familiaridad y la preferencia en el éxito reproductivo de conejos pigmeo
(Brachylagus idahoensis) medido en términos de la producción de cŕıas, tamaño de camada, número promedio
de juveniles que emergieron de la madriguera y el número promedio de juveniles que sobrevivieron hasta
1 año. Realizamos estos estudios en el Zoológico de Oregon (Portland, Oregon, E.U.A.) y en la Universidad
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Estatal de Washington (Pullman, Washington, E.U.A.) de febrero a junio de 2006, 2007 y 2008. Antes del
apareamiento, alojamos a cada hembra con dos machos adyacentes (vecinos). La preferencia de las hembras
por cada pareja potencial fue determinada con base en las interacciones conductuales observadas y medidas.
Comparamos el éxito reproductivo entre hembras apareadas con machos vecinos y no vecinos y entre hem-
bras apareadas con machos preferidos y no preferidos. Nuestros resultados sugieren que el apareamiento con
un vecino comparado con un no vecino y el apareamiento con un vecino preferido comparado con el de un
vecino no preferido incrementaron el éxito reproductivo de las hembras de conejo pigmeo. La producción de
cŕıas, el número promedio de juveniles que emergieron y el número promedio de juveniles que sobrevivieron
hasta 1 año fue mayor en conejos que eran vecinos antes del apareamiento que en animales que no eran
vecinos. El apareamiento de conejos con una pareja preferida incrementó la probabilidad de producir una
camada y se asoció significativamente con el incremento en el tamaño de la camada. En programas de repro-
ducción en cautiverio, las parejas tradicionalmente son seleccionadas con base en parámetros genéticos para
minimizar la pérdida de diversidad genética y los coeficientes de endogamia. Nuestros resultados sugieren
que la integración de información genética con la dinámica social y medidas conductuales de preferencia
pueden incrementar la producción reproductiva del programa de reproducción de conejo pigmeo en cautive-
rio. Nuestros resultados son consistentes con la idea de permitir la selección de pareja y la familiaridad para
incrementar el éxito reproductivo de programas de reproducción en cautiverio de especies amenazadas.

Palabras Clave: Brachylagus idahoensis, conejo pigmeo, familiaridad con la pareja, preferencia de pareja,
reproducción en cautiverio, selección de pareja

Introduction

Captive breeding provides an opportunity to augment
declining wild populations and to reestablish extirpated
populations (Gilpin & Soule 1986). Reintroduction and
population augmentation programs seek to establish ge-
netically healthy (optimal levels of genetic diversity and
homozygosity), self-sustaining, captive populations to
provide animals for release into the wild (Snyder et al.
1996). For unknown reasons, many individuals in cap-
tivity do not reproduce (Carlstead & Shepherdson 1994;
Casimir et al. 2007). Typically, captive breeding of en-
dangered species has focused on genetic criteria (Sny-
der et al. 1996) rather than behavioral criteria such as
mate choice and mate competition. However, efforts to
create self-sustaining populations of endangered species
through captive breeding have been largely unsuccess-
ful. Lees and Wilcken (2009) analyzed 87 mammal pop-
ulations in zoos and found that 52% were not breeding
to replacement and that 67% fell below the threshold of
200 animals recommended to sustain genetic diversity by
Baker (2007).

In captive-breeding programs, animals are typically
paired for mating to minimize inbreeding and maintain
founder representation (i.e., minimize loss of genetic di-
versity). Such goals usually preclude mate choice (Carl-
stead & Shepherdson 1994). At the same time, mate
choice has been cited as an evolutionary driver of species
persistence because it may influence the level of genetic
variation maintained within populations (Carson 2003)
and affect a population’s risk of extinction (Møller 2003).
Empirical evidence suggests that female mate choice can
directly influence a female’s fitness (Andersson & Sim-
mons 2006).

Captive-breeding programs may inadvertently alter per-
ceived mate availability and choice through breeding en-

vironments and housing. These changes can affect the
reproductive success of a captive population through
prefertilization, fertilization, and postfertilization mech-
anisms (Møller 2003). The effects of eliminating mate
choice in a captive population may be evident in the cop-
ulation success of pairing. Unsuccessful breeding and low
reproductive success as a consequence of matings during
which the movement of the female was restricted have
been reported in tigers (Panthera tigris) (van Bemmel
1968), black rhinoceros (Diceros bicornis) (Smith & Read
1992), and kangaroo rats (Dipodomys merriami) (Daly
et al. 1984). In tree shrews (Tupaia glis) (Schreiber et al.
1993) and pygmy rabbits (Brachylagus idahoensis) (Elias
et al. 2006) paired for mating solely to minimize their ge-
netic relatedness, as few as 20% and 37%, respectively
of mating introductions (defined as females and males
placed together to facilitate copulation and subsequent
fertilization) result in pair formation and subsequent litter
production.

Allowing mate choice has also been known to increase
number of offspring. For example, wild female guinea
pigs (Galea spp.) that were allowed to choose among 4
males weaned significantly more offspring than females
who were paired with a single male (Hohoff et al. 2003).
Free mate choice (simultaneous access to multiple con-
specifics of the opposite sex) is also linked to higher re-
productive success. Klint and Enquist (1981) found that
the number of offspring was higher in free-mated pairs
of domestic pigeons (Columba livia) than in assigned
pairs. Mauritius Kestrels (Falco punctatus) (Jones et al.
1995), Puerto Rican Parrots (Amazona bittata) (Wilson
& Wingfield 1994), and California Condors (Gymnogyps
californianus) (Cox et al. 1993) produce more offspring
per brood when given free choice of mates. Thus, provid-
ing mate choice and familiar mates appears to increase
reproductive success.
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Another potential consequence of reducing or elim-
inating mate choice in captivity is altering female in-
vestment in offspring (e.g., fecundity and egg or birth
mass). When a female’s ability to choose is constrained,
females may not provide as much parental care to off-
spring (Quader 2005). Female house mice (Mus mus-
culus) produce fewer offspring and offspring survival is
lower when they mate with nonpreferred males (Drick-
amer et al. 2003; Gowaty et al. 2003), and females mated
to preferred males have litter sizes 31% larger than those
mated to nonpreferred males (Drickamer et al. 2000).

Females can discriminate familiar from unfamiliar
males and choose their mates accordingly. Females rec-
ognize males on the basis of, for example, acoustic (un-
gulates [Reby et al. 2001]), visual (fish [Zajitschek et al.
2006]), and olfactory (rodents [Rich & Hurst 1998]) sig-
nals. Fisher et al. (2003) showed that a female pygmy loris
(Nycticebus pygmaeus) can be induced to preferentially
associate with a particular male by exposing her to his
urine for several weeks. Similarly, Roberts and Gosling
(2004) manipulated the preferences of female harvest
mice (Micromys minutus) by inducing males to increase
olfactory signaling, thus increasing the familiarity of a
particular male to the target female.

Pygmy rabbits are small lagomorphs that occupy arid
shrublands with deep sandy-loam soils, in which they dig
burrow systems, and dense sagebrush (Artemisia triden-
tata tridentata) (e.g., Weiss & Verts 1984; Gabler 1997;
Thines et al. 2004). Pygmy rabbits are highly dependent
on sagebrush for food and shelter throughout the year
(Orr 1940; Green & Flinders 1980; McAllister 1995). The
winter diet of pygmy rabbits may be up to 99% sagebrush
(Wilde 1978). The pygmy rabbit is the only rabbit in the
United States that digs its own burrows (McAllister 1995).

Pygmy rabbits occur only in the United States and
are patchily distributed in southwestern Wyoming and
Montana (Campbell et al. 1982), northeastern Califor-
nia (Orr 1940), eastern Oregon (Weiss & Verts 1984),
southwestern Utah (Pritchett et al. 1987), central Nevada
(Nelson 1909), and southern Idaho (Wilde 1978). Un-
til recently, several isolated populations existed in the
Columbia Basin of central Washington (e.g., Lyman 1991;
Gahr 1993; Hays 2001). Due to conversion of their habitat
to agriculture, between 1997 and 2000, 5 of the 6 known
populations in the Columbia Basin were extirpated. By
2001 the only known population was at Sagebrush Flat,
near Ephrata, Washington (Hays & Warheit 2004), and
apparently it was extirpated by 2003 (Thines et al. 2004).
Columbia Basin pygmy rabbits have been geographically
isolated from the more widely distributed populations
of pygmy rabbits for at least 10,000 years (Hays 2001)
and are genetically distinct (Hays & Warheit 2004). Al-
though not classified as a subspecies, they are listed and
protected as an endangered distinct population segment
(DPS) under the U.S. Endangered Species Act (McAllister
1995). The taxon is one of the 24–35% of lagomorphs

worldwide that are declining, endangered, or of long-
term conservation concern (Baillie et al. 2004).

The Columbia Basin pygmy rabbit is maintained in 3
small populations in captive-breeding facilities in the Pa-
cific Northwest (Hays & Warheit 2004). Before our study
37% of pygmy rabbit mating introductions were success-
ful and choice of individuals for breeding was based
purely on genetic criteria (Elias et al. 2006). Although
there have been recent studies on the copulatory be-
havior and maternal care of pygmy rabbits (Elias et al.
2006), the role of female mate preference and familiar-
ity of females with potential mates has not been studied.
We investigated whether the reproductive success of fe-
male Columbia Basin pygmy rabbits mated with famil-
iar (neighbor) and preferred males differed from females
mated with non-neighbor and nonpreferred males on the
basis of litter production, litter size, average number of
young that emerged from the burrow, and average num-
ber of young that survived to 1 year. We expected that
individual females introduced to a neighbor male would
have higher reproductive success than individuals intro-
duced to a novel male. We also expected that females
that bred with their preferred male would have higher
reproductive success than females that bred with their
nonpreferred male (Drickamer et al. 2000).

Methods

Study Site and Species

We conducted our study during the breeding season (1
February–1 August) in 2006, 2007, and 2008. Due to de-
creasing genetic variation in the population and increas-
ing incidence of disease in captivity, in 2006 the species
recovery team (U.S. Fish and Wildlife Service appointed
team responsible for managing the recovery program)
decided to crossbreed the DPS of Columbia Basin pygmy
rabbits with pygmy rabbits from a large population in
Idaho to increase the fitness of Columbia Basin rabbits.
Thus, the subjects of our study were purebred Columbia
Basin rabbits and Columbia Basin-Idaho crossbreeds.

We housed pygmy rabbits at the Oregon Zoo in
Portland, Oregon, and Washington State University in
Pullman, Washington. All subjects in the mate preference
versus nonpreference comparison were crossbred rab-
bits. In the neighbor versus non-neighbor comparisons,
all females (n = 33) were crossbred, but 3 of 26 males
were purebred Columbia Basin rabbits. These males ac-
counted for 6 mate pairings of 54. We define mate pair-
ings as the introduction of a specific male to a specific
female for the purpose of breeding. Animal care and use
guidelines of the American Society of Mammalogists (An-
imal Care and Use Committee 1998) were followed by all
facility operators.
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Due to intraspecific aggression, rabbits were separated
from each other except when males were introduced to
a female’s enclosure for breeding. We housed rabbits in
either square (1.8 m × 1.8 m) or rectangular (3.7 m × 1.8
m) mesh enclosures with 0.5–1.0 m of compacted soil
substrate. Enclosures were placed in 2 rows such that
each enclosure shared a mesh barrier wall with at least
2 others. Each enclosure contained a nest box (60 cm
long × 30 cm wide × 30 cm high) filled with alfalfa hay.
Enclosures contained sagebrush branches arranged into
bushes and artificial burrows constructed from 120-cm
lengths of plastic drainage tubing with 7.6-cm openings.
All enclosures were exposed to natural light.

We recorded rabbit behavior 24 hours/day with a
video camera. At the Oregon Zoo we used 4 infrared,
high-resolution (600TVL) day–night dome cameras and
a high-definition digital recorder (Digimerge, Markham,
Ontario, U.S.A.). Video equipment at Washington State
University is described in Elias et al. (2006). We fed
pygmy rabbits grain-forage pellets, fresh clover, parsley,
and sagebrush stem and leaf clippings.

Mating Procedure

In the wild, breeding season for the Idaho pygmy rab-
bits is from March to May (Elias et al. 2006). We began
mate pairing adult pygmy rabbits in mid-February and
continued until early July. We based assignment of indi-
viduals to mate pairs on a captive-breeding and genetic-
management plan (Hays & Warheit 2004) designed to
maximize genetic health of the captive population.

Males were introduced to female pens for mating be-
tween 10:00 and 11:00. Mating sessions (defined as a
pairing of one male and one female from the time males
were introduced to females until males were removed
from the pen) usually lasted 2–3 d. If either animal’s be-
havior was aggressive, animal care staff removed the male
to prevent injury or death. After a breeding session, males
were moved back to their enclosures and subsequently
were placed with a different female in sequence until all
females had been mated. If these pairings did not pro-
duce a litter within approximately 24 d, females were
reintroduced to the same male or a different genetically
recommended male until a pairing resulted in a litter.
This method resulted in females having 1–4 mates and
1–6 mating opportunities each breeding season.

We monitored several measures of reproductive suc-
cess. We did not count copulations because they last
0.1–2 seconds and are thus difficult to detect. We clas-
sified mating attempts as successful or unsuccessful on
the basis of whether a litter was produced. We classified
pairings as litter not produced, litter produced but never
emerged (dead young found in natal burrow), young
emerged, and young survived for >1 year (i.e., to breed-
ing age [Elias et al. 2006]). If a litter was produced, we
counted the number of young.

Neighbor versus Non-Neighbor Males

The non-neighbor test group was composed of animals
separated by one or more pens from their potential mate
(n = 25). The neighbor group consisted of pairs where
the enclosure of the male was directly adjacent to that
of the female for at least 2 months during the breeding
season (n = 29). Washington State University had 19 to-
tal mate pairings and Oregon Zoo had 35. The neighbor
test group was further divided into preferred (n = 13)
and nonpreferred (n = 13) mates on the basis of the
behavioral indicators outlined in the next section and
were solely composed of animals whose behavior could
be monitored remotely. All animals in the breeding pro-
gram, in theory, may have been in contact because the
breeding population is small and the program must con-
trol for inbreeding. Thus, for our purposes, neighbors
and non-neighbors were defined for the given breeding
season. However, none of the mate pairings in this study
had successfully produced a litter before this study.

Preferred versus Nonpreferred Male Neighbors

Enclosures of females (n = 26) included in mate prefer-
ence trials were bordered by 2 enclosures that contained
1 male each, and one of the neighboring males was a po-
tential mate for that season. Females were observed and
mate preference behavior was scored on the day before
a male was introduced to the female. All occurrences of
the female behaviors defined below were scored for 4
hours between 16:00 and 09:00. This is the period when
rabbits were most active in these facilities. The behav-
ior of 3 females was recorded during the day only. For
these females, focal sampling was performed outside the
16:00–09:00 period. Although these females were less
active during the day, enough behavior was scored to
establish male preference.

We adapted Drickamer et al.’s (2000) method to de-
termine female preference for neighboring males. Ten
behaviors were identified as indicators of preference on
the basis of observations of staff members caring for the
rabbits (B. Elias and R. Lamson, personal communication)
and social behaviors reported in New Zealand white rab-
bits (Oryctolagus cuniculus) (Ling-ru et al. 2004): phys-
ical contact through the mesh barrier (barrier contact),
scent or urine marking along the mesh barrier (barrier
mark), contact with barrier in absence of male (barrier in-
vestigate), jumping against the barrier, jumping along the
barrier, running along the barrier, running along the bar-
rier parallel with male (social barrier run), female within
one body length of male, female spinning in 2 or more
circles consecutively with the male in close proximity
(female spin), and females running in a characteristic z
pattern in close proximity to the male 2 or more times (zig
zag). All occurrences of these behaviors were recorded
along with the identity of the male with whom the be-
havior was performed. Males were defined as preferred if
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Table 1. Values of measures of reproductive success for mate pairings of Columbia Basin pygmy rabbits.

Pairing type∗

Variable neighbors non-neighbors preferred nonpreferred

Total mate pairings 29 25 13 13
Litters produced 22 8 10 4
Litters emerged 12 3 5 1
Litters survived to 1 year 13 1 5 1
Total young produced 85 23 36 12
Total young emerged 48 3 18 4
Total young survival to 1 year 20 2 16 4
Mean young/litter 4.0 (1.1) 2.9 (1.4) 3.7 (0.9) 2.7 (1.1)
Mean young/litter emerged 2.18 (2.1) 0.38 (0.52) 1.8 (0.6) 1.0 (1.0)
Mean male age (days) 436.6 (163.3) 445.6 (198.9) 408.6 (44.7) 419.2 (46.9)
Mean female age (days) 466.9 (203.6) 532.8 (264.3) 444.2 (65.0) 510.3 (65.5)
Mean male body mass (g) 378.6 (29.7) 379.8 (87.2) 383.4 (7.7) 378.6 (8.1)
Mean female body mass (g) 429.2 (41.6) 430.8 (67.3) 437.5 (10.6) 464.6 (19.5)

∗Standard error in parentheses.

females directed at least 60% of their total behaviors dur-
ing the 4 hours toward one particular male. If a female
did not demonstrate such a preference she was excluded
from the study.

The observations were conducted with a single-blind
trial protocol, whereby observers were naive to the iden-
tity of the male rabbit that would be paired with the
female. Females were assigned to be mated with either
the preferred or nonpreferred male on the basis of which
male was genetically recommended by the species sur-
vival plan.

Data Analyses

We report the mean, standard error, and the sample size.
The 4 measures of reproductive success were dependent
variables: whether a litter was produced (binary), litter
size, average number of kits that emerged from the bur-
row, and average number of young that survived to 1 year.
Independent variables were neighbor status (binary) or
mate preference status (binary), year breeding was con-
ducted, breeding location (binary), date of mating intro-
duction start (week of the year), female age (weeks), fe-
male weight (grams), male age (weeks), and male weight
(grams). We included enclosure size and source popula-
tion (Columbia Basin or cross bred) as variables in the
initial statistical model, but they were not significant, so
we excluded them from subsequent models.

We used a generalized linear mixed model (GLMM)
with a logit link and binomial error distribution to test
whether the independent variables explained significant
variance in the probability of producing a litter. We used
a GLMM with a log link and Poisson error distribution
to test whether the independent variables explained sig-
nificant variance in the average number of young in a
litter, the average number of young that emerged, and
the average number of young that survived to 1 year. We
assumed these response variables have a Poisson distri-

bution given the random effects of female and male iden-
tity. We fit models with a maximum-likelihood method.
We ran GLMM through a step-wise exclusion method in
which the least significant predictor variable (p ≥ 0.05)
was sequentially removed from the model until the fi-
nal significant model was revealed (McCullagh & Nelder
1989).

Results

Measures of reproductive fitness varied between neigh-
bors and non-neighbors (Table 1). Pairs composed of
neighbors s(F1,54 = 78.46, p < 0.01) were associated with
increased litter production. More mate pairs of neighbors
produced litters than mate pairs that were not neigh-
bors (Supporting Information). Litter size was not signif-
icantly associated with any of our independent variables
(Supporting Information). There was a significant inter-
action between neighbor status and the average num-
ber of kits that emerged from the burrow (F1,30 = 6.04,
p = 0.02). More neighbors had kits emerge than non-
neighbors (Supporting Information). More young that
survived to 1 year were produced from a pairing with
neighbor males (F1,30 = 5.132, p = 0.04) (Supporting
Information). No other independent variables were sig-
nificantly correlated with neighbor status (all p values
>0.05).

Measures of reproductive fitness varied between fe-
males mated with preferred and nonpreferred males
(Table 1). Significantly more females mated to their pre-
ferred male produced a litter than females mated to non-
preferred males (F1,26 = 15.89, p < 0.001) (Supporting
Information). Female mate preference (F1,14 = 65.05,
p < 0.001), female weight (F1,14 = 33.59, p < 0.001),
facility location (F1,14 = 24.15, p < 0.001), female
age (F1,14 = 15.81, p = 0.01), week of the year mat-
ing occurred (F1,14 = 7.49, p = 0.02), year of mating
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(F1,14 = 5.67, p = 0.03), and male weight (F1,14 = 5.5,
p = 0.03) were significantly associated with litter size
(Supporting Information). A significantly greater propor-
tion of pairs of older males (F1,14 = 5.19, p = 0.04)
(Supporting Information) and heavier females (F1,14 =
4.92, p = 0.04) (Supporting Information) had kits emerge.
None of the variables was significantly associated (Sup-
porting Information). Thirty-six young were born to fe-
males mated with preferred males; 18 (50%) emerged
and 16 (44%) survived to 1 year. Of the 4 litters produced
by females mated with nonpreferred males, 1 had kits
that survived to 1 year. Twelve young were born to fe-
males mated with nonpreferred males; 4 (33%) emerged
and 4 (33%) survived to 1 year. No other variables were
significantly correlated with mate preference status (all
p values >0.05).

Discussion

Pairs of neighbors produced more litters, had more young
emerge, and had a greater number of young survive to
1 year. Our results suggest that a lack of familiarity be-
tween mates (i.e., being housed apart before and during
the breeding season) may negatively affect reproductive
success of female pygmy rabbits. This is consistent with
the finding that mate familiarity with a female increases
mating success and production of offspring (Fisher et al.
2003; Roberts & Gosling 2004).

Columbia Basin pygmy rabbits live in aggregations and
are territorial. Home ranges of females may overlap. It
is thought that males visit multiple females burrows dur-
ing the breeding season, the only period during which
females tolerate conspecifics near their burrows (Gahr
1993). In the European rabbit (Oryctolagus cuniculus),
a species with a social structure similar to that of the
Columbia Basin pygmy rabbit, territory is maintained in
the field by scent marks including glandular secretions
(Mykytowycz & Hesterman 1975), fecal mounds (Myky-
towycz & Hesterman 1975), and urine (Bell 1981). The
submandibular cutaneous glands of dominant male rab-
bits produce more secretions than those of other indi-
viduals within the social group, and these animals also
show more scent-marking behavior than other rabbits
(Mykytowycz & Hesterman 1975). Similarly, male house
mice that frequently remark scent marks in their territory
were selected more often as mates than males that did
not (Roberts & Gosling 2004). Because Columbia Basin
pygmy rabbits also are territorial in the field, females may
choose familiar males, or males that have a familiar scent,
as an indicator of male fitness.

We believe 2 months is a sufficient amount of time to
establish mate familiarity because males were placed in
February and mated in April. However, it may require
significantly less time to establish familiarity. It would be
helpful to understand the factors that influence familiarity

so that breeding programs could manipulate them for
maximum reproductive success. For example, if animals
could become familiar with each other on the basis of
scent alone, it would allow managers to familiarize mates
before introduction, even when animals are housed in
separate facilities.

Female mate preference correlated positively with a
pair’s reproductive success. For example, females mated
to nonpreferred males produced fewer litters than fe-
males mated to preferred males. This is consistent with
the results of studies of mice (Mus domesticus) (Drick-
amer et al. 2000; Drickamer et al. 2003), fruit flies
(Drosophila pseudoobscura) (Anderson et al. 2007),
wild guinea pigs (Galea musteloides) (Hohoff et al.
2003), pigeons (Columba livia domestica) (Klint & En-
quist 1981), pipe fish (Syngnathus typhle) (Sandvik et al.
2000), and Mauritius Kestrels (Falco punctatus) (Jones
et al. 1995). Although our sample sizes constrained our
ability to analyze young produced by pygmy rabbit pairs
in this study, if Columbia Basin pygmy rabbits follow pat-
terns similar to house mice, management-induced con-
straints that inhibit or prevent females from mating with
preferred males may result in reduced reproductive suc-
cess. Mate choice is thought to be an important source
of evolutionary change (Drickamer et al. 2000); hence, it
may affect both physiological and morphological traits in
progeny and the dynamics of social behavior.

The role of familiarity and preference in reproductive
success of laboratory species has been demonstrated ex-
perimentally. Our results expand the list of species in
which mate choice affects reproductive output, but also
demonstrates the practical importance of mate choice in
the pygmy rabbit ex situ breeding program. These find-
ings may be applicable to many of the endangered species
currently maintained in captive-breeding programs. Al-
though genetic criteria are important in the choice of in-
dividuals for breeding, we believe more attention should
be focused on the behavioral parameters that affect the
reproductive success of these populations.
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The GLMMs of neighbor versus non-neighbor for lit-
ter production (Appendix S1), litter size (Appendix S2),
young emerged (Appendix S3), and young survival to 1
year (Appendix S4) are available online as are the GLMMs
of preferred versus nonpreferred for litter production
(Appendix S5), litter size (Appendix S6), young emerged
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(Appendix S7), and young survival to 1 year (Appendix
S8). The authors are solely responsible for the content
and functionality of these materials. Queries (other than
absence of the material) should be directed to the corre-
sponding author.
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