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a reduction of fitness. “Inbreeding depression” can manifest itsell in many ways, i.c,
wetabolic disturbances, growth anomalics, increased susceptibility to disease, and
toss of fertility (T.erner 1945).

High levels of heterozygosity have been linked to increased aggressiveness and
exploratory behavior in the oldlield mouse (Peromyscus polionotus) (Garten 1976,
1977). In dark-cved juncos (funce lyemalis), social dominance is positively correlated
with heterozygosity (Baker and Fox 1978}, Smith ct al, (1975) found a relationship
hetween heterozygosity and reproductive success in rodents, and predicted that
reproductive, behavioral, morphological, and physiological traits of most vertebrates
are positively correlated with genie heterozyvansity.

In white-tailed deer, high levels of heterozygosity have been related to antler
growth (Smith et al. 1983}, increased felal growth rate and doe size (Cothran et al.
1983). Adult female deer with high heterozygosily tend to produce more oflspring
than does with low levels of heterozygosity (Johns et al. 1977). Yearling does have
been shown 1o be particularly affected by heterozygosity levels; those with high het-
erozygosity being more likely to bear twins (Cothran et al. 1983). Additionally, there
appears to be a tendancy for does with high levels of heterozygosity to ovulate later
thun those with low levels (Buceus et al. 1977,

The elfects of varying heterozygosity on the productivity of white-tailed deer have
begun to be identified. To date, the majority of work on heterozygosity in deer has
been limited to a semi-confined population in Georgia. There is a need to better under-
stand this phenomenon for white-tailed deer in gencral. The work reported here was
an cffort to identify the effects of genic heterozvgosity on potential productivity of
a white-talled deer herd in southern Illinois,

METHODS AND MATERIALS

Liver samples and reproductive tracts were collected from 88 female while-(ailed
deer harvested in late November and early December on the Crab Orchard N W.R.
during the 1980 and 1981 Tllinois firearms deer hunt. Animals sampled were aged
on the hasis of tooth eruption and wear patterns (Severinghans 19493, Liver samples
wore stored in 0.85% saline at ~ 20°C until processed. Reproductive tracts were
inspected for fetuses and preserved in 10% formalin (Haugen 1963), Ovaries were
sectioned and analvzed for corpora albicantia and corpora lutea following Cheatum’s
(1948) technicue as modified by Teer et al. (1963).

Tissue extracts were prepared for electrophoresis by mixing 0.5 g of liver with
an equal volume of buffered grinding solution (0.1 M tris. 0.001 M cthylene-diamine-
tetraacctate (EDTA), and 5 X 10-7 M NADP, pH adjusted to 7.0 with hydrochlo-
ric acid) {Selander et al. 1971). The mixlure was ground with a mortar and pestle;
tissue extracts were kept on wet fce during preparalion. Extract not used immedi-
alely was [rozen; all were nsed within 48 hours of preparation.

Electrophoretic procedures followed those of Manlove et al. {1975) with modifi-
calions as needed. Three protein systems were examined: sorbitol dehvdrogenase
(SDH] | a-glycerophosphate dehydrogenase (GPDY, and esterase-2 (FS-2), GPD and
SDIH were examined using a discortinuous tris-citrate buffer, while ES-2 was exam-
ined using a lithium hydroxide buffer (Manlove et al. 1973, Maffei 1985).

An EC-452 500 volt power source (E-C Apparatus Corporation, St, Petershurg,
Florida} provided a constunt current of 75 ma through a starch gel. The gel was sup-
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ported on electrode buffer chambers which contained appropriate bufler solution.
Electrolyle cells, wilh internal dimensions of 43 mm X 50 mm X 215 mm and eqquipped
with platinum wire electrodes, were used. Gels were prepared with potato starch
hydrolyzed for eleclrophoresis (Sigma Chemical Co., St. Louis, Missouri). Approxi-
mately 40 g of starch were mixed with 400 ml of gel buffer, heated with agitation
over an open {lame until boiling, aspiraled for one minute, then poured into a 196
mm X 178 mm X 9 mm gel mold. The gel, allowed to cool for 15 minutes. was covered
with plastic wrap and allowed (o further cool to umbient. Samples were applied to
the gel by absorbing on 5 mm X 10 mmn picees of filter paper; these were then placed
in a vertical slit {origin} made in the gel 60 mm from one end. Gels were arrangoed
so they rested on buffer trays with the origin nearest the cathode. Ceflulose sponge
cloths served as buffer wicks by placing one end of a sponge in an eleclrode chamber
and Lhe other end over the terminal 30 mm of gel. Cathodal to the origin, the sponge
was placed on the gel and covered with plastic wrap, while anodal to the origin,
the plastic wrap was folded so that 30 mm of gel were exposed. The wick was placed
over both gel and plastic wrap,

Electrophoresis was performed in a refrigerator at 4°C to prevent denaturation
of proteins duc to coulomb heating. On completion of electrophoresis, euch gel was
cut trausversely into 3-mm thick slices which were stained with the appropriate solu-
tion (Maffei 1985). Scoring was accomplished by measuring to the nearest mm the
distance from the origin to the leading edge of cach band present; superseript values
were assigned to alleles 10 represent the migration distance of an allele relative to
the migration distance of the most common allele at that locus. Scored gcls were fixed
in a 5:5:1 water:methanol:acetic acid solution and wrapped for storage.

Statistical anulysis were conducted using the Statistical Analysis System (SAS}) pack-
age (Helwig and Council 1979). Two-way ANOVA was used to answer the follow-
ing questions; 1) is knowledge of deer age and heterozygosity predictive of ovulation
rate (as measured by the number of corpora lutea or corpora albicantia present)?
2) is knowledge of deer age predictive of ovulation rate over and above the effeets
of heterozygosity? and 3) is knowledge of heter zygosity predictive of ovulation rate
over und above the effects of age? Heterozygosity was treated as a class variable with
anjmals classed according to the number of heterozygous loci possessed. Duncan’s
multiple range test was used to test lor between age class differences in heterozaygosity.

RESULTS AND DISCUSSION

Two alleles were identified at the ES-2 and GPD loci, 3 were identified at the
SDH locus (Figure 1). The {tequency of the most common £S-2 allele, ES-2M was
0.514. A subband ocenrred about midway between the primary bands, and did not
affect scoring (Figure 1A}, The frequency of GPD™ was 0.713: subbanding also was
observed at this locus {(Figure 1B}. The three allcles idemtified at the SIDH locus.
SDH™_ SDH® and SDITY, oceurred al rates of 0.654, 0.331, and 0.013, respee-
tively. SDH is a tetramer, and heterozygotes show a pattern with 5 bands {Figure 1C3.

An average of 1.223 heterozygous loci per doe was found. Fawns possessed 1he
fewest heterozygous loci per doc, having 0.895. Docs older than 1.5 vears possessed
an average of 1.5 heterozygous loci. These differences were not significant at the 0.05
confidence level, and arc similar to results obtained for 673 white-tailed deer exam-
ined on Crab Orchard N.W.R. (Maffei 1985).
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Forty-five of 49 does 1.5 vears of age or older had ovulated at time of collection,
Mean corpora lutea (C.L.} per doe with C.1.., and mean corpora albicantia (C.A.)
per doe with C A, increased with age (Table 1), Analysis of variance indicated no
significant relationship between C.L. and the number of heterozyvgous loci (F, ., =
2.04, p = 0.1161) {Figure 2). However, the occurrence of C.A. was significantly
correlated to heterozygosity (F, |, = 3.09, p = 0.0365) (Figure 3).

Six of 18 yearling does posscssed C.A. (Table 1), indicating conception as fawns.
Ot these 6, 4 were heterozygous at 2 loci. 1 was heterozygous at 3, and the last was
heterozygous at 1 locus. Of 12 yearling does without C.A., 8§ were heterozygous at
1locus, 2 were helerozygous at 2 locd, and 2 were homozygous at 3 loci. Thus, heter-
ozygosity may play a role in the reproductive performance of fawny on Crab Orchared
N.W.R.

Heterozygosity may also influence the time of breeding, with more heterozygous
daoes ovulating later than those with less heterozygosily (Baccus et al. 1977, Cothran
et al. 1983). This may explain the lack of correlation hetsween the number of C.L.
and heterozygous loci possessed. The effect of heterozvgosity on time of breeding may
be due to increased productivity of young does with high heterozygosity (Cothran
et al. 1983). It a fawn conceives, or a yearling doe conceives twins, energy demands
will be higher than for fawns which bear no offspring, or yearlings which bear a
single fawn. The resulting energy deficit may delay her next conception (Cothran
et al. 1983},

Nutrition has been suggested {Kirkpatrick 1973) to be of primary importance in
determing the onset of puberty in white-tailed deer fawns, and is a factor in deter-
mining ovulation rates in older deer (Nelson 1984). Nelson (1984) found that fawns
which ovulated were significantly heavier than those which had not, with differences
in body fat levels being particularly evident. Body weight of white-tailed deer has
been shown to be significantly corrclated with the number of heterozygous loci pos-
sessed {Cothran et al. 1983, Maffei 1985). It is probable that nutrition is of primary
impartance in determining onset of puberty and ovulation rates in white-tailed deer,
while heterozygosity plays a role in determining ovulation rates within bounds set
by the general health and nutritional state of an animal.
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Table 1. Oceurrences of corpora Iutea (C.1..J) and corpora albicantia (C.A.) in white-
tuiled deer does harvested on Crab Orchard N.W.R., 1980 and 1951,

No. with No. with

Age* N C.L. CLA. LCL. TCA.  XCL! XCAS
0.5 19 3(16%) 0 4 0 1.33

1.5 18 17(94%) 6(33 %) 30 7 1.76 1.17
2.5 11 9(82%)  11(100%) 17 17 1.89 1.54
3.5 6 6100%)  B100%) 10 10 1.67 1.67
4.5 6 600%)  B{100%) 16 13 2.67 2.33
4.5+ 8 T(88%)  8(100%) 172 243 250

*Aging based on tooth wear.
FX corpora lutea per doe with corpora lutea.
“X corpora albicantia per doc with corpora albicantia.
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Fig. L. Bunding patlerns of 3 polvmorphic proteins i white- tailed deer. Allelic designations are given
below the origin {0-0h (A} Esterase-2: {B) o- Ll\(( rophosphate dehydrogenuse: (C) Sorbital dehyvdrogenase.
Banding patterns were not ulways as distinet as illustrated,
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Fig. 2. Relationship betwesn age and number of heterozygous loci (113 in female white-tailed deer and
ocenrrence of corpora lutea, H is represented as the number of heterozygous loci possessed by an individ-
ual. Figure dlustrates resubts for 68 aninals,
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Fig. 3. Relationship between age and number of heterozygous loci (E in fermale white-tailed deer and
oceurrence of corpora albicantia, H is represented as the number of heterozygous Jowi possessed by an
individual, Figure illustrates resnults (or 49 animals.



