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ABSTRACT

From April 1971 through April 1972, 240 Lepus

californicus, 206 Lepus alleni and 115 Sylvilagus auduboni

were collected from the Avra Valley in southeastern Arizona.
The age composition of each population changed monthly, with
high percentages of juveniles appearing in the fall collecfions,
reflecting increased breeding activity earlier in the summer.
Growth rates were plotted for two hand-raised jackrabbits.

Life span and population turnover were calculated for each
species. Sex ratios were not significantly different'from

the expected 50:50, except in juvenile cottontails. Repro-
ductive rates were calculated as a function of percent females
pregnant and litter size, including preimplantation pregnancies
and subtracting intrauterine losses. The highest reproductive
rates occurred in February and July. Nearly half of the
collected juvenile females were included in the breeding
population, and many juvenile males had testes heavy enough

for breeding. Previously reported breeding season lengths
were extended to yearlong breeding for all three species.

Total annual production was calculated for an average female
of each species. Parasites encountered during the laboratory

analysis were recorded.
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INTRODUCTION

Populations of lagomorphs are important in the
Sonoran Desert ecosystem. They rank among the most important
primary consumers because of their size and mobility and
their tremendous reproductive potential. More information
was needed to better define the interrelationships between
lagomorphs and their habitats.

Sonoran lagomorphs include the black-tailed jack-

rabbit (Lepus californicus), the antelope jackrabbit (Lepus

alleni), and the desert cottontail (Sylvilagus auduboni). In

this report, the term rabbit refers to both the rabbit,

Sylvilagus auduboni, and the hares, Lepus californicus and

L. alleni.

Early in 1971, in coordination with several other .
International Biological Program studies in the Tucson area,
a population study of these rabbits was initiated. Overall
objectives of the rabbit study included:

1. Determination of the sex structure and the increment
and loss rates of the populatiohs;

2. Determination of the rate of reproduction and the
effects on it of site variables such as climate,
plant phenology and quantity of vegetation;

3. Measurement of the rate of dispersal and mobility; and



4. Determination of the overall rate of mortality

and
The
April, 1971
study. The

this thesis

its seasonal variation.

data used in this thesis were collected from
through April, 1972, the initial period of the
segments of the IBP study that I emphasized for

were contained in objectives 1 and 2; specifical-

ly I focused on the determination of the reproductive rates

and the age and sex structure of the populations. Other

objectives were emphasized in a second thesis by Rees

Madsen (1974). His data collection followed mine and con-

tinued through 1973.



THE STUDY AREA

This study was conducted in a 500 square kilometer
(196 square miles) area of the Avra Valley, 53 kilometers
(33 miles) northwest of Tucson, in Pima and Pinal counties,
Arizona. The valley is partially bordered on the west by
the Silverbell Mountains (maxiﬁum elevation 1298 meters
(4261 feet)) and on the east by the Tucson Mountains (maxi-
mum elevation 1428 meters (4687 feet)) and the Santa Cruz
River. Average elevation of the valley floor is 609 meters
(2000 feet).

Natural vegetation is characteristic of the north-
eastern Sonoran Desert, with those areas of the lower bajadas,
or outwash slopes of the mounfains (Shreve, 1913), not planted
with irrigated crops dominated by creosote-bush (Larrea sp.)
and bur-sage (Franseria sp.). Higher on the bajada mesquite
- (Prosopis sp.), saguaro (Carnegiea sp.), palo-verde (Cercid-
ium spp.) and ironwood (Olneya sp.) are found in addition to
creosote-bush and bur-sage. Cultivated crops in the valley
include alfalfa (Medicago), corn (Zea mays), cotton (Gossypium),
lettuce (Lactuca), milo maize (Sorghum) and other grains.

Avra Valley has a climate typical of the Sonoran
Desert with high daytime temperatures, cool nights and low
annual precipitation. The mining town of Silverbell, eleva-

tion 804 meters (2640 feet), located in the Silverbell



Mountains on the west side of the valley, had an average
annual precipitation of 31.06 centimeters (12.23 inches)
for the years 1959-73. The average temperature during
that same period was 20.5 C (69 F). Rainfall is normally
divided into two major periods (Shreve, 1951), the winter
months»of December through March or mid-April and the
summer months of July, August and early September.
An area of approximately 259 hectares (640 acres)
on the upper bajada 8 kilometers (5 miles) east of the town
of Silverbell was designated the primary study area and used
initially to measure lagomorph density as well as for other
investigations under the Sonoran Desert Biome series.
Because of the iarge number of rabbits collected, a
larger study area of 500 square kilometers was used during
the sampling period. Rabbits were most numerous and more
easily collected on the edges between cultivation and desert
vegetation. 1In general, cottontails were most readily found
in or near heavy vegetation, while 5ackrabbits were more

abundant in open areas.



METHODS AND MATERIALS

Collections

Rabbits were collected during 13 months from April
1971 through April 1972 from the Avra Valley and its bajadas.
Collecting was done at night from the back of a pickup truck
using spotlights and shotguns. When rabbits were at low
density, we were forced to collect in areas of known concen-
tration, often near irrigated fields, away from settled areas.
I attempted to collect ten females of each species each month,
collecting primarily in the latter half of the month. We
attempted to collect every rabbit seen, regardless of size or
species, until the monthly quota of ten females of each kind
was reached. Three attempts were made to collect cottontails
during daylight hours; during the final attempt a beagle dog
was used as an additional aid.

To obtain information on the growth rates of young
rabbits, we attempted to capture all the very young rabbits
we encountered. After capturing only two young rabbits, we
performed Caesarean-section operations on several females
with apparent near-term litters. Working quickly to remove
the amniotic membrane from the fetus, the air passages were
cleared of fluids by swinging the infant rapidly through an
arc from overhead down between my legs, being careful to
support the head and spine of the rabbit with my fingers.

5



The infant rabbits were fed a mixture of equal parts
condensed milk and water to which a small amount of corn
syrup was added.‘ Initially, we fed the rabbits with an
eyedropper, but they quickly began nursing on a two ounce
pet-nurser three times daily. They were gradually weaned,

beginning at about three weeks of age.

Laboratory Analysis

Rabbits were returned after each collecting trip
to a laboratory at the University of Arizona and refriger-
ated to reduce tissue degeneration, especially of the eye
lenses. Within 48 hours of the animal's death, the rabbit
was examined and anatomical specimens removed. Standard
measurements and weights, as well as the incidence of para-
sites were recorded. Position of the testes was recorded
for males, while nipple pigmentation, lactation, and the
number of visibly implanted fetuses were recorded for females.
Both eyes, one humerus, one mandible, and the reproductive
organs of each rabbit were removed, tagged and stored. Eyes,
mandibles, and reproductive organs were stored in 10% forma-
lin.. Humeri were cleaned of as much flesh as possible and
air-dried.

When dry, humeri were examined to determine if
epiphyseal cartilage was present (Hale, 1949). If the
cartilage could not be seen, I scraped each humerus with a
séﬁlpel to detect the presence or absence of epiphyseal

cartilage. If this cartilage was present, the scalpel



would catch in the groove of the cartilage, indicating
bone growth was not completed, and I classified the indi-
vidual as juvenile.

After fixation for at least 30 days, lenses were
removed from the eyes, dried at 80 C for four days in a
vacuum oven, and weighed while still hot to the nearest
0.1 milligram (Lord, 1959). ©No specific time was assigned
for fixation of reproductive organs but most were in the
preservative for at least 30 days before being examined.
Testes were stripped of all fat and associated structures,
rolled on a paper towel to remove excess moisture, and
weighed to the nearest 0.1 milligram (Bronson and Tiemeier, -
1958). Female reproductive tracts were macroscopically
examined to determine number and size of visible implanta-
tion sites; number and size of corpora lutea and corpora
albicantia in each ovary; position, length and weight of
each fetus (Bronson and Tiemeier, 1958; Lechleitner, 1959;
Allen, Brambell and Mills, 1947; Gross, Stoddart and Wagner,
1974). Cottontail fetuses were assigned ages by comparison
with sizes and features reported by Schwartz (1942) for

Sylvilagus floridanus. Likewise, Jjackrabbit fetuses were

found to closely follow the growth exhibited by snowshoe
hares (Bookhout, 1964) and were assigned ages accordingly.
Fetuses over 39 millimeters were sexed; many were dissected

to insure correct identification. The presence of striations



along the uterine horns was used as a reliable indicator

of previous pregnancy (Lechleitner, 1959).



RESULTS AND DISCUSSION

A total of 561 rabbits were collected during the
study period. The monthly collections are summarized in
Table 1. Onée we became proficient at dollecting, few
problems were encountered in meeting our monthly quota
of both jackrabbit species. However, after July, 1971,
cottontails became very difficult to find. In addition
to night collecting, three attempts were made to collect
cottontails during daylight hours, on foot and in several
places with heavy cover. During the last attempt, a beagle
dog was used, but all three attempts failed to produce any
cottontails. The population level of cottontails in the
general Tucson area was found to be low; few were being
seen or taken by small game hunters and few were reported
seen by the field research . workers that were questioned.
While recognizing this data limitation, I will discuss age
and sex structure, reproduction, and parasites of southern

Arizona rabbit populations.

Age Structure
At the outset of the study, we intended to compare
the use of the humerus, eye lenses, and a tooth section to
age each individual collected. Teeth from several adult
rabbits were sectioned, but the periosteum layers were not

9



Table 1. Monthly collections of rabbits from southeastern Arizona.

L. californicus L. alleni S. auduboni
Total Male Female Total Male Female Total Male Female
1971
APR 5 2 3 4 3 1 9 3 6
MAY 23 12 11 12 6 6 19 13 6
JUN 23 13 10 16 6 10 19 9 10
JUL 24 14 10 7 3 4 15 5 10
AUG 15 8 7 16 9 7 10 6 4
SEP 18 8 10 16 7 9 4 1 3
OCT 24 14 10 14 4 10 3 1l 2
NOV 14 4 10 24 14 10 5 3 2
DEC 12 2 10 22 12 10 2 1l 1l
1972
JAN 21 12 9 15 5 10 5 5 0
FEB 24 14 10 22 12 10 3 1 2
MAR 23 11 12 17 7 10 10 8 2
APR 14 4 10 21 12 9 1L 5  _6
240 118 122 206 100 106 115 61l 54

0T
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sufficiently distinct to differentiate year classes, so we
concentrated on the eye lens weights and humeri for age
determinations.

Juveniles, distinguished from adﬁlts on the basis
of epiphyseal cartilage, made up a relatively small percent-
age in monthly samples until November, when well over 50 per-
cent of the collections were juveniles (see Figure 1). This
definitely illustrates there is a seasonal variation in the
age composition of the populations, and correlates with high
levels of breeding early in the year. Only once during the
entire study pefiod did I see an infant rabbit. Apparently,
young rabbits do not appear in collections of this type
until they are three to four months o0ld, a conclusion shared
with Lechleitner (1959:68). The high percentage of juveniles,
as well as the high reproductive rate, is evidence for a
short life span and rapid turnover rate. Lechleitner (1959)
- approximated a life span of 1.37 years and turnover period
of five years for the black-tailed jackrabbit population he
studied. I used Petridés' (1951:334) formula for estimating
life span, L=1/j, where j equals the percentage of young in
the population at the end of the year, and used the November
1971 percentages of juveniles as year-end figures tovcalcu-
late the life span for each species. The November percentages
of juveniles were used because that month represents the low

point of breeding for all three species for the year (see

.

Figure 7. P- 25; Table 3, p. 24).
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Lepus californicus: L 1/.57 1.75 years

Lepus alleni:" L 1/.62 1.61 years

Sylvilagus auduboni: L = 1/.40 = 2.50 years

On the same basis, the population turnover, T, is

calculated:
log .005

Population turnover is defined (Petrides, 1951:334) as the
number of years required for total young of the year to be
reduced to 0.5 percent of their original numbers. The com-

puted population turnover for L. californicus is 7.27 years,

for L. alleni 6.48 years, and for S. auduboni 11.37 years.

As Lechletiner emphasizes (1959:69) these computations
are at best rough approximations. The computed L and T are
probably too high because the collection methods were biased
to take animals over three months of age. Also the computa-
tions for S. auduboni are biased because of a small sample;
only five cottontails were collected in November.
| Further evidence for short life span and rapid turn-
over rate is given in Figures 2 and 3. Figure 2 shows the
growth rate of a male black-tailed jackrabbit that was captured
in February, 1972. Figure 3 illustrates the growth of a
female antelope jackrabbit that was taken by Caesarean
section and raised until she was over four months old. Growth

of both rabbits was monitored for approximately four months
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at which age both were nearing the weight and measurements
of adults. |

We attempted Caesarean sections oh seven jackrabbit

females, five L. alleni and two L. californicus, for a total

of 18 infants. Because jackrabbits are precocial, they are
easier to keep alive after such a birth. We never attempted
the operation on a cottontail. We were able to keep several
infants alive for five to seven days, but only the one

L. alleni survived to four months. Several infants never
responded; either they were killed along with their mother
during collecting, or apparehtly too immature at the time

we attempted the surgery.

The‘observed sex ratios of the three age classes is
not significantly different from the expected one to one
ratio at the five percent probability level, except in
juvenile cottontails. Table 2 gives totals for each age

class, as well as X2

and P values. Possibly, the difference
obserQed in juvenile cottontails can be discounted because
of thé small sample size; oniy 25 juvenile cottontails were
collected.

Aithough I knew at the beginning of the study that
juveniles could be distinguished from adults by the epiphyseal
cartilage method, I hoped to age individuals to the month

using dried eye lens weights. This could not be accomplished

because I had no known-age eye lens weights for comparison

(Lord, 1959).



Table 2. Sex Ratios of southern Arizona rabbits.

L. californicus L. alleni S. auduboni

Adult Juvenile Fetal Adult Juvenile Fetal Adult Juvenile Fetal

Male 90 28 59 58 42 37 43 18 16
Female 95 27 53 76 30 30 47 7 9
X2 .136 .018 ©.322 2.42 2.00 .732 .178 4.84 | 1.96
P .50-.75 .75-.9b .60 .10-.25 .10-.25 .42 .50-.75 | .05~-.025 .18

LT
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Figures 4, 5, and 6 show the distribution of average
eye lens weights of all rabbits collected, except for those
in which both lenses were destroyed. If one eye was Aamaged
during collecting, the weight of the remaining lens was used.
Adults are separated from juveniles on the basis of epiphyseal
cartilage.

For black-tailed jackrabbits (Figure 4), the lens
weights range from 66 to 331 milligrams. Aside from one
individual at 177 milligrams, all adult eye lenses averaged
180 milligrams or greater. All juvenile lenses averaged 180
milligrams or smaller with the exception of one individual
Qhose lenses averaged 200 milligrams. The overlap in weights
created by these two individuals involves 20 of the 242
rabbits shown, or eight percent of the total of black-tails.

Antelope jackrabbit lens weights range from 98 to
387 milligrams. Although the demarcation is not as sharply
defined as it is for black-tailed jackrabbits, the breaking
point from juvenile to adult weights occurs about 240 milli-~
grams; weights overlap from 215 to 270 milligrams for 32 of
the 203 antelope jackrabbits, or 16 percent of the total
sample.

~Desert cottontail lens weights range from 54 to 194
milligrams with an overlap range from 106 to 117 milligrams
including eight individuals or eight percent of the total
sample. The breaking point from juvenile to adult weight

occurs at 110 milligrams.
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Figure 4. Distribution of dried eye lens weights from L. californicus collected in south-
eastern Arizona (width of line represents the number of samples). Adults
separated from juveniles on the basis of epiphyseal cartilage closure.
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Arizona (width of line represents the number of samples). Adults separated
from juveniles on the basis of epiphyseal cartilage closure.
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separated from juveniles on the basis of epiphyseal cartilage closure.
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Reproduction

Reproduction in the rabbits of southeastern Arizona
is characterized by longer breeding seasons and smaller litter
sizes than more northern populations (Gross et al. 1974;
Lord, 1960).

A good index to the annual breeding in rabbit popula-
tions can be obtained by multiplying monthly values for
prevalence of pregnancy, hereafter referred to as Pp, times
the mean litter size, hereafter referred to as X, résulting
in the General Fertility Rate, hereafter referred to as
GFR (Lord, 1961:28).

In his work, Lord included only visibly pregnant
rabbits; Wight and Conaway (1962) demonstrated that omission
of preimplant pregnancies could reduce the actual Pp by as
much as 20 percent. Accordingly, jackrabbits with ovaries
containing corpora luteé less than 6 millimeters in diameter
and with no visible uterine swellings were considered to be
in the preimplantation stége of pregnancy (Gross.et al., 1974)
and included in the monthly computations of Pp. -By including
these preimpl;ntation pregnancies, the average Pp was raised

by 12.5 percent for L. californicus, by 7.4 percent for

L. alleni, and by 18.1 percent for S. auduboni.

To determine X, Lord (1961l) averaged the number of
embryos per pregnant female; it is unknown if he merely
counted gestation sacs or removed the embryos to insure they

were viable. I found that each sac must be opened to
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determine if the embryo/fetus was viable. By omitting the
dead and resorbing fetuses, I reduced the average X by 0.1l

for L. californicus, by 0.19 for L. alleni and by 0.57 for

S. auduboni. The GFR shown in Table 3 and Figure 7 were
computed using the adjusted values for Pp and X.

In addition to loss of embryos by resorption, pre-
natal mortality includes loss before implantation. This
preimplantation loss can be determined by subtracting the
number of visible implantation sites from the total number
of corpora lutea found in the ovaries. Post-implantation
loss, then, is determined by subtracting the number of viable
embryos from the number of visible implantation sites (Allen
et al. 1947). Table 4 summarizes all prenatal mortality
observed. The table shpws'that although prenatal mortality
affected a substantial percentage of the females in each
population, it resulted in loss of entire litters in only
five animals. This mortality was not concentrated in any
one period of the year.

It must be noted that prenatal mortality can only
be quantified for rabbits in the implantation stage of
gestation. It is unknown what type and what magnitude of
loss females in preimplantation stages of gestation would
have experienced. I have assumed thgt females in the pre-
implantation stages would not have suffered a significantly
different amount of intrauterine loss. I made a similar

assumption in computing monthly GFR values; that females in
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Table 3. The prevalence of pregnancy (Pp)l, mean litter.
size (X)2 and general fertility rates (GFR)” for
rabbits collected in southeastern Arizona.

L. californicus L. alleni S. auduboni

Pp X GFR Pp X GFR Pp X GFR
1971
APR .66 2.5 1.650 1.00 1.0 1.000 .83 2.8 2.324
MAY .91 1.8 1.638 .33 1.5 .495 1.00 1.8 1.800
JUN .70 1.3 .910 .80 1.9 1.520 .90 2.1 1.890
JUL .90 2.5 2.250 1.00 3.0 3.000 .80 2.7 2.160
AUG .85 2.6 2.210 .86 2.7 2.322 1.00 4.0 4.000
SEP .70 2.6 1.820 .56 2.0 1.120 .67 5.0 3.350
OoCT .50 2.5 1.250 .70 1.0 .700 .50 3.0 1.500
NOV .40 1.0 .400 .20 1.5 .300 0.00 0.0 0.000
DEC .70 1.1 .770 .70 1.0 .700 0.00 0.0 0.000
1972 4
JAN .67 2.6 1.742 .70 1.3 .910 - - -
FEB 1.00 3.5 3.500 - .90 2.3 2.070 1.00 3.0 3.000
MAR .58 2.7 1.566 .60 1.8 1.080 1.00 1.0 1.000
APR .70 2.0 1.400 .67 1.2 .804 .67 1.0 .670

9.27 28.7 9.02 22.2 8.37 26.4
MEAN .713 2.21 .694 1.71 .837 2.64

1. Pp (percent females pregnant) includes both
visible pregnancies and -preimplant pregnancies.

2. Mean litter size (X) = number of visible gesta-
tion sacs minus the number of dead or resorbing fetuses.

3. General fertility rate (GFR) = Pp times X.

4. No female cottontails were collected in January
on the study area.
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Figure 7. General Fertility Rates {Lord, 1961:28) for rabbits collected from April 1971 to April 1972
in southeastern Arizona.
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Table 4. Prenatal loss incurred by visibly pregnant rabbits
collected in southeastern Arizona.

L. californicus L. alleni S. auduboni

Partial Litters Lost

preimplantation 11 10 3
resorption 7 7 8
combination 1 1 0

Total Litters Lost

preimplantation 0 0 0

resorption 0 2 1

combination B & 1 0
Total Females With Loss 20 21 12
Percent Females With Loss 28.2 33.9 34.3

Total Females Vis. Preg. 71 62 35
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the preimplantation stages of pregnancy would have had
litters not significantly different in size from those
females in the implantation stages of gestation.

In ovaries of several jackrabbits, large corpofa
lutea were found with no evidence of corresponding implanted
eﬁbryos. Animals whose ovaries contained corpora lutea over
6 millimeters in diameter and whose uteri contained no
visible gestation sacs were classified as pseudopregnant
(Gross et al., 1974). While I found the corpora lutea of
jackrabbits increase from 2 to as much as 21 millimeters in
diameter, those of cottontails varied little; I found no
cottontail corpora lutea over 3 millimeters in diameter,

For that reason, I classified no cottontails as pseudopreg-
nant; cottontails with corpora lutea from 1.5 to 3 millimeters
in diameter and no visible uterine swellings were classified
as being in the preimplantation stages of pregnancy. This
agrees with Wight and Conaway's (1962:95) conclusion that
pseudopregnancy (in-cottontails) is extremély rare in the
wild. |

Table 5 reveals that 4.1 percent of female L. cali-

fornicus and 9.4 percent of female L. alleni were classified
as pseudopregnant. It is possible that pseudopregnancy, pre-
implantation loss and embryo resorption are three similar
mechanisms designed to prevent a nursing female from over-
taxing herself when she is in less than optimal physical

condition. Nursing one litter and pregnant with another



Table 5. Summary of reproductive condition of all female rabbits collected in
southeastern Arizona (April 1971 to April 1972).
californicus alleni S. auduboni

Adult Juvenile Total Adult Juvenile Total Adult Juvenile Total
Visibly
Pregnant 65 6 71 52 10 62 34 1 35
Preimplant
Pregnant 15 1 16 7 1 8 8 0 8
Pseudo-
Pregnant 3 2 5 9 1 10 0 0 0
Not Preg.,
Lactating 11 3 14 5 0 5 2 2 4
Not Pregqg.,
Not Lact. 1 15 16 3 18 21 3 4 7

95 27 122 6 30 106 47 7 54

8¢
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would tend to weaken and perhaps increase the susceptibility
of all but the most robust specimens. Eleven of the 15
(73%) pseudopregnant females were-lactating; of the females
suffering prenatal losses, 35 of the 53 rabbits (66%) were
lactating.

All visibly implanted litters were.aged by comparison
with known age specimens reported by Bookhout (1964) and
schwartz (1942). Once the age of each litter was aéproxi—
mated, I backdated to determine the date of conception. No
synchrony in breeding was obvious. It is possible that the
mild winters allow for onset of breeding on an individual
basis, and there are no strong environmental factors or
triggering mechanisms to be bridged before breeding can be
successful.

Rabbit populations in southeastern Arizona do not
have a definite beginning and end to their breeding seasons,
as do the more northern populations. Rather, breeding can
continue year-round, but at a reduced rate in late spring
and fall, with both thé prevalence of pregnancy and the
mean litter size at low levels (see Table 3). Conversely,’
Figures 7 and 8 show biomodal peaks of reproductive activity,
i.e. a high GFR for females and heavier testes in males that
correspond to the periods of increased precipitation in the
Sonoran Desert, namely rainfall during the summer and winter

(Shreve 1951; Madsen, 1974).
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Vorhies and Taylor (1933) found pregnant jackrabbit
females in all months except October and November. Twenty

percent of the L. californicus and 30 percent of the L. alleni

I collected during those months were visibly pregnant.
Sowls (1957) reported a breeding season for the desert cotton-
tail from January to August. In the course of this study, I
collected pregnant cottontails in all months except November,
December, and January. Madsen (1974), in his continuation
of this study, collected pregnant cottontails during all
months of the year, extending their breeding season to the
full year.
All female adults were judged capable of breeding;
for non-gravid females this was indicated by the presence of
uterine striations and corpora albicantia (Lechleitner, 1959).
Consideiable reproduction was accomplished by juvenile
females of each species. Forty-four percent of L. californi-
cus, 43 percent of L. alleni, and 43 percent of S. auduboni
juveniles were in breeding condition of had previously bred.
Pregnant juveniles were found in eight mbnths of the year;
no apparent correlation was onious between the incidence
of juvenile breeding and seasons. All juveniles in their
first pregnancy had only one viable fetus. Of twelve preg-
nant L. alleni juveniles, nine were on at least their second

litter. Of nine pregnant L. californicus juveniles, four

were on at least their second litter. Analysis of cotton-

tail ovaries precluded the determination of first versus
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second litters for pregnant juveniles of that species.
Juveniles experienced lower rates of prenatal loss than did
adults of each species; small sample sizes precluded
statistical comparisons.

The average ﬁaired testes wéights for males collected
throughout the study are shown in Figure 8. The figure shows
two periods during the year with heavier testes weights,
the same periods when the General Fertility Rate was highest
for females.

Figure 8 also shows the paired testes weights for
juveniles increasing to a point in January 1972 where the
weights overlap the range for adult males of previous months,
possibly indicating that in January through March 1972 juve-
niles were capable of successfully breeding females. To
what extent these immature males could.actually engage in
successful breeding activity is impossible to say; Ecke (1955)
pointed out in his study of Illinois cottontails that testes
should be sectioned and sperm discovered before a male is
classified as capable of breeding. However, in a population
with constant recruitment, such as the Sonoran jackrabbits,

I feel that a portion of juvenile males successfully breed.

Although we recorded testes position for every male
collected, there is no apparent correlation between position
and weight, and thus fecundity. 1In his study of Missouri
cottontails, Schwartz (1942) placed no reliance on testes

position as an indicator of sexual activity. Apparently,
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Figure 8. The mean paired testes weights of rabbits collected in southeastern Arizona.
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the traumatic death the collected rabbits experienced
had, in some cases, caused them to withdraw one or both
testes in shock and pain. For exahple, one of the black-
tailed jackrabbits collected in February 1972 had testes
weighing 19.5 grams, yet one of his testes was completely
withdrawn while the other was fully descended in the scrotum.
The annual production of young by females in each
population can be approximated by using yearly averages
of prevalence of pregnancy and mean litter size (see Table 3),
after determining how many litters are possible each year.
Jackrabbits have an average gestation period of 42 days
(Vorhies and Taylor, 1933; Haskell and Reynolds, 1947).
This would allow a maximum of 8.7 litters in a calendar
year. Cottontails have a gestation period of roughly one
month (Dice, 1929); thus a continuously breeding female
could have as many as 12 litters in one breeding season.
Multiplying the number of possible litters times the
average prevalence of pregnancy times the average mean
litter size should equal the total number of young born
to a female in a breeding season. Computations of annual
production follow for each species.

L. californicus: 8.7 x .713 x 2.21 = 13.7 young

per female

L. alleni: 8.7 x .694 x 1.71 = 10.32 young per female

S. auduboni: 12 x .837 x 2.64 = 26.52 young per female
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This method assumes that the female survives the entire
breeding season, and that there is adequate precipitation

to allow year-long breeding.

Parasites
Collection of data on the occurrence of parasites
was incidental to the study. Parasites were identified
after Honess and Winter (1956). The ectoparasites we

found were botfly larvae (Cuterebra sp.), fleas (Cediopsylla

sp.) and ticks (Haemophysalis sp.). The internal parasites

encountered were Multiceps sp., Cittotaenia sp. and Taenia sp.

Ectoparasites
No attempt was made to keep rabbits separated during

the collecting trips and when they were stored in a refriger-
ator. We watched for ectoparasites while taking measurements
and removing specimens for preservation from the carcasses.
External parasites could: abandon the cooling carcass, leave
one carcass and miérate to another, or stay in place on their
host. For example, botfly larvae were often found apart from

any carcass in the refrigerator.

Internal parasites

Internal parasites were not searched for in an
exhaustive manner. However, we opened the abdominal cavity
in order to remove the reproductive tracts of females, and

although testes could be removed externally, males were
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also opened in order that all rabbits could be given at
least a cursory search for abdominal parasites. Multiceps
sp. bladder-cysts were usually discovered because of
their large size and the disfigurement they caused. They
normally occurred between the skin and outer muscle layers,
some even between tissue layers on the face and lips. Taenia

sp. and Cittotaenia sp. were found in the abdominal cavity.

The small bladder-cysts of Taenia sp. contained a single
egg and occurred on the intestinal mesentery, while segments

of Cittotaenia sp. were usually found unattached in the

abdominal cavity of rabbits whose intestines had been pef-
forated by shot.

As can be seen in Table 6, jackrabbits were primarily
infested with ticks and Multiceps sp. while fleas and Taenia
sp. were most common for cottontails. Keep in mind, however,
that many parasites could have been overlooked, especially
external parasites that left the carcasses entirely during
the longer collecting trips. Also, Qe only classified
the parasites as present or not present for an individual
rabbit; we did not attempt to determine the total number of

parasites infesting each rabbit.
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Table 6. Parasites, number of individuals infected, and
months of occurrence for rabbits collected in

southeastern Arizona.

L. californicus L. alleni S. auduboni
Botfly 8 Feb-Apr 8 Jan,Feb 1 May
Ticks 32 Jan,Mar, 33 Apr-Oct, 3 Mar,Aug
Jul,Aug Dec
Fleas 8 Feb,Mar,May, - 5 Feb-Jun 18 Jan-Apr,
Aug,Nov Jun,Nov
Multiceps 34 All Months 31 All But 3 May,Jdun,
' Mar Aug
Taenia 2 Aug,Dec 4 Feb,Jul, 24 Feb-Apr,
Dec Jun-Nov
Cittotaenia 4 Feb,Auqg, 5 Mar,Apr, 6 Jan,Apr,
Nov Sep,Nov Jun,Nov,Dec




SUMMARY AND CONCLUSIONS

This report describes characteristics of Sonoran
rabbit populations in southeastern Arizona from April 1971
through April 1972. The black-tailed jackrabbit, Lepus

californicus, antelope jackrabbit, Lepus alleni and desert

cottontail, Sylvilagus auduboni, were collected on a monthly

basis to provide information on age and sex composition,
reproductive rates, and parasite load.

The age composition of the three populations changed
with time, with an increase to over 50 percent of the sample
juvehiles in November, 1971, the result of increased breeding
activity earlier in the year. Fetal, juvenile, and adult
sex ratios were not significantly different from 50:50,
except in juvenile cottontails.

All three species are capable of year-round breeding,
with peaks of reproductive activity in February and March,
and again in July and August, corresponding to the two
periods of rainfall on the desert. Although the populations'
breeding rates responded to precipitation (Madsen, 1974),
no synchrony in breeding was detected. Juveniles contribute
to the reproductive output o; each species; over 40 percent
of the juvenile females of each species were breeders, and
juvenile males of each species had testes heavy enough ﬁo

make them potential breeders.
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Six different parasites were encountered, with
fleas and Taenia sp. being most common on cottontails
and ticks and Multiceps sp. most common on jackrabbits.

Madsen (1974) showed that these populations cease
breeding during periods of drought. By this mechanism, no
reproductive effort is wasted in producing young with
reduced likelihood of survival. 1In response to vegetative
growth following adequate precipitation, the rabbit popula-’
tions increase breeding activity with larger litters and a
higher percentage of females pregnant. The tremendous
reproductive potential, their rapid growth and early sexual
maturity allow Sonoran rabbits to flourish in the desert

habitats,
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