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Abstract: The effects of parturition, contraceptive treatment, and a buck harvest on home range sizes and 
social affiliations of 48 female white-tailed deer (Odocoileus virginianus) were studied in a 176-ha enclosure 
in southern Connecticut. Population density was reduced from 68 deer/km2 to 39 deer/km2 in late 1992 
through removal of 51 bucks. The male:female sex ratio changed from 3:2 to 1:2. Concurrently, 24 does 
were treated with experimental contraceptives. Kernel home ranges enclosing 95 and 50% of each doe's 
utilization distribution were calculated for 2 6-week periods following parturition in 1992 (pre-harvest), and 
4 6-week periods in 1993 (post-harvest): 1 period before and 3 periods following parturition. Mean home 
range size and frequency of association with other does were significantly greater following the harvest. 
Lactating does occupied smaller home ranges than non-lactating does only in the post-harvest year. Lactating 
does associated with other does less frequently than did non-lactating does in all periods and both years. 
Frequency of association was lowest during the first 6 weeks following parturition. The proportion of significant 
social interactions between pairs of does did not change between years. Contraceptive treatment had no 
effect on home range size, but led to a lower frequency of social affiliations. Our results indicate parturition 
led to smaller home ranges and lowered sociability among does with fawns for 6 weeks pre-partum and 12- 
18 weeks postpartum in the post-harvest year, but these effects were partly masked in the pre-harvest year, 
when population density was highest. 
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Substantial changes in the social behavior of 
mammalian females may occur during the final 

stages of pregnancy and following parturition 
(Svare 1981). Isolation of ungulate mothers and 
their young is considered essential for the for- 
mation of mother-infant bonds and serves as 
additional protection against predators (Lent 
1974, Ozoga et al. 1982). Female white-tailed 
deer have been observed to drive away their 

yearling offspring and substantially reduce con- 
tact with other does following parturition (Ozo- 
ga et al. 1982, Schwede et al. 1993). In response 
to the need for isolation, does with fawns may 
reduce home range size (Ozoga et al. 1982, Scan- 
lon and Vaughan 1985, Nixon et al. 1992) and/ 
or home range overlap (Nelson and Mech 1981, 
Schwede et al. 1993). 

High population densities also may lead to 
smaller home ranges (Marchinton and Jeter 1967, 
Ellisor 1969, Marshall and Whittington 1969, 

Hixon 1980, Marchinton and Hirth 1984) and 
limited fawning space (Ozoga et al. 1982). Dur- 

ing the past few decades, populations of white- 
tailed deer in the eastern United States have 
increased substantially and expanded to urban 
and suburban areas, where densities of up to 78 
deer/km2 have been reported (Kammermeyer 
and Marchinton 1976, Porter et al. 1991, Curtis 
and Richmond 1992). Under such crowded con- 
ditions, does might not be capable of reducing 
their home ranges further in response to par- 
turition. 

This study examines changes in home range 
size and frequency of social affiliations among 
female white-tailed deer following parturition. 
Previous studies have generally confirmed the 

hypothesis that parturition induces temporary 
home range reduction and antisocial behavior 
among female white-tailed deer, but these stud- 
ies did not include a control group of does with- 
out fawns (Ozoga et al. 1982, Nixon et al. 1992, 
Schwede et al. 1993). We compared home range 
sizes and social affiliations among 24-38 does 
with and without fawns during 2 fawning sea- 
sons. We predicted that lactating does would 
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associate with other does less frequently than 
non-lactating does. We also predicted that home 

ranges of lactating does would be smaller than 
that of non-lactating does during this period, 
but increase thereafter. 

The herd that we studied was subjected to a 
buck harvest following the first season of our 
study. Consequently, both the population den- 
sity and sex ratio of the deer herd changed sub- 
stantially between fawning seasons, giving us a 
restricted opportunity to test the effects of such 

management actions on home range dynamics 
and social behavior of does. Because high den- 
sities may lead to smaller home ranges, we hy- 
pothesized that the ability of does to reduce 
home range size in response to parturition would 
be more restricted prior to the harvest, assuming 
that bucks and does were competing for space 
and resources. Considering the limited area 
available to the large number of deer in our 
study, we felt such competition was a distinct 
possibility. We predicted that differences in 
home range size between does with and without 
fawns would be more extreme in the year fol- 
lowing the harvest. In addition, we predicted 
that home range sizes of does would increase 
after the buck removal. However, due to pos- 
sible ecological differences between years, the 
removal of bucks only, and the lack of a control 
population, we were limited in our ability to 
verify whether any changes in home range size 
or social behavior between consecutive fawning 
seasons were truly due to a reduction in density. 

Concurrent with the buck harvest, 24 does 
were injected with experimental contraceptives 
(DeNicola and Swihart, unpubl. data). This con- 
traceptive treatment could potentially influence 
home range dynamics and social behavior due 
to changes in the does' normal endocrine cycles 
and/or hormone levels. If so, any observed dif- 
ferences in home range size or social behavior 
between does with and without fawns could be 
caused by the contraceptives rather than par- 
turition itself. Despite treatment, many treated 
does still became pregnant while several non- 
treated does failed to give birth (DeNicola and 
Swihart, unpubl. data). Thus, we were able to 
discriminate between the effects of the contra- 
ceptive treatment and parturition in our com- 
parisons of home range size and social affilia- 
tions. 

We thank M. Muraca for assistance with an- 
imal capture and handling. We are grateful to 
O. Schmidt and 2 anonymous reviewers for 
comments on this manuscript. We thank L. Gall 

who advised us in logistic regression methods. 

STUDY AREA 
In May 1992, a population of 120 white-tailed 

deer (71 M, 49 F), all of which had been cap- 
tured and tagged, inhabited an 176-ha enclosure 
of deciduous woodlands, fields, and wetlands in 
southern Connecticut. The site was enclosed by 
an unbroken 3-m-high fence and surrounded by 
urban development. A supplemental feeding 
program was begun in 1991 to prevent deer 
starvation. Several hundred pounds of grain pel- 
lets were distributed daily at 5 evenly-distrib- 
uted locations. Deer density within the study 
area was 68 animals/km2 in 1992, an order of 
magnitude higher than the statewide average 
of 5.5 deer/km2 (Kilpatrick and Ellingwood 
1993). Possibly as a consequence of this high 
density and lack of natural food resources, a 
relatively high proportion of does did not give 
birth to fawns in 1992. Many does also failed to 
give birth in 1993 as a consequence of contra- 
ceptives administered to them in late 1992. From 
late August through December 1992, 36 year- 
ling and adult bucks and all but 1 male fawn 
were removed from the population. Nine does 
and 15 bucks also died of various causes during 
the year, while 9 female fawns survived, re- 
sulting in a population density of 39 deer/km2 
in May 1993. The ratio of males to females was 
3:2 in May 1992 and 1:2 in May 1993. 

METHODS 

Radiotelemetry 
All deer inhabiting the study site were cap- 

tured with a drop-net or tranquilizer gun, and 
fitted with uniquely numbered livestock ear- 
tags. Forty-eight does were fitted with battery- 
powered radiotransmitters (Adv. Telem. Sys- 
tems, Inc., Isanti, Minn.) between January and 
October 1992. Transmittered does ranged from 
1-10 years (f = 5.2 ? 0.4), as determined by 
tooth replacement and wear (Severinghaus 
1949). Locations of does were monitored using 
a portable receiver (Telonics, Mesa, Ariz.) with 
a Yagi antenna 1-2 times per day for 4-7 days 
per week, from May through September 1992 
and April through December 1993. To achieve 
independence of successive observations, addi- 
tional sightings were included only if at least 4 
hours had elapsed between observations (Swi- 
hart and Slade 1985). Deer in the study area 
were habituated to humans and could be ap- 

This content downloaded from 169.229.32.36 on Wed, 12 Aug 2015 17:00:23 UTC
All use subject to JSTOR Terms and Conditions



J. Wildl. Manage. 60(4):1996 EFFECTS OF PARTURITION ON FEMALE DEER * Bertrand et al. 901 

Table 1. Number of lactating and non-lactating white-tailed does included in analyses of home range size, frequency of asso- 
ciation, and dynamic and static interaction, for each period and year, in southern Connecticut. N/A indicates no data was analyzed 
for that particular period and year. 

Period 

Status Year Pre-fawning Fawning Post-fawning Late summer 

Lactating Pre-harvest N/A 26 22 N/A 
Post-harvest 22 22 22 8 

Non-lactating Pre-harvest N/A 9 9 N/A 
Post-harvest 15 16 16 16 

proached to within 30 m to visually confirm 
their locations without disturbing them. We re- 
corded locations as pairs of (X,Y) coordinates 
from an enlarged aerial photograph of the study 
site using an overlay consisting of 24- x 24-m 
grid cells. With each deer observation, we re- 
corded the identity of other individuals located 
within the same grid cell. 

The presence or absence of a large udder was 
used to classify transmittered does as lactating 
or non-lactating. The regular presence of fawns 
with does confirmed this classification. We 

quantified home range sizes for 2 consecutive 
6-week periods (fawning, post-fawning) for ev- 

ery transmittered individual in 1992 (pre-har- 
vest) and 1993 (post-harvest). For each lactating 
doe, the fawning period commenced with her 
estimated date of parturition. The median par- 
turition date (17 May in 1992, 24 May in 1993) 
was used for non-lactating does and for 7 lac- 

tating does whose parturition dates could not be 

reliably estimated. Data for the 6-week period 
preceding parturition (pre-fawning period) were 
available only for 1993. Data for the late sum- 
mer period (12-18 weeks following parturition) 
were analyzed only for 1993, due to the buck 
harvest which occurred during this period the 

previous year. When does or their fawns died, 
data collected after the date of mortality were 
excluded from analyses, because it was unclear 
at that point whether they should be considered 

lactating or non-lactating does. Likewise, if the 
date of mortality could not be reliably estab- 
lished (i.e., the fawn's body was not found), data 
collected after the period in which the fawn was 
last seen alive were excluded. In any given pe- 
riod, home range sizes were calculated for 24- 
38 animals (Table 1). 

Data Analysis 
We calculated home range sizes with the 

computer program RANGES IV (Kenward 1990) 
using the kernel estimation method developed 
by Worton (1989). Since the program uses a 

"post hoc" method that tends to overestimate 
the kernel smoothing factor (Worton 1989), we 

multiplied this factor by 0.7 for each analysis. 
Higher multiplication factors produced home 

ranges that often extended outside the site 

boundary by as much as 50%. Likewise, mul- 

tiplying the smoothing factor by less than 0.7 
often produced small, disjointed home ranges. 
Although our sample size was less than ideal for 
this method, we chose the kernel technique be- 
cause it has less deficiencies than: (1) the com- 
monly used minimum convex polygon method 

(Mohr 1947), that is substantially influenced by 
sample size and outliers (Harris et al. 1990); (2) 
the harmonic mean method (Dixon and Chap- 
man 1980), that is mathematically less robust 
and sophisticated than the kernel method (Har- 
ris et al. 1990, Kenward 1990); and (3) elliptical 
methods, that are based on unrealistic assump- 
tions of animal use of space (Van Winkle 1975, 
Harris et al. 1990). 

For each period, we calculated the area in- 

corporating 95 and 50% of an individual's uti- 
lization distribution. The 95% estimator was used 
to minimize the effects of outliers, since deer 

may sometimes wander beyond their normal 

activity area (Burt 1943). The 50% estimator 
indicated core areas receiving the most consis- 
tent or intense use by each animal. From 15- 
43 observations per animal (: = 31 ? 0.3) were 
obtained for each period. We attempted to lo- 
cate all does an equal number of times, so the 
number of observations differed little between 
individuals and periods, as indicated by the low 
standard error. The wide range of observations 
(15-43) is due primarily to a few individuals 
who were frequently sighted near roads or whose 
fawns died early in a particular period. 

We examined effects of parturition on home 

range size with a 3-way analysis of variance 

(ANOVA) using SYSTAT (Wilkinson 1990). 
Home range size was the dependent variable 
and year (pre- or post-harvest), period (fawning, 
post-fawning), and reproductive status of does 
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(lactating, non-lactating) were categorical vari- 
ables. Tukey HSD post hoc tests were used to 

analyze significant results. The analysis was re- 

peated with only post-harvest data to include 
that year's pre-fawning and late summer peri- 
ods. Contraceptive treatment (treated or non- 
treated) was included as an independent vari- 
able for the post-harvest ANOVA to determine 
if the implantation of contraceptives was also 

affecting home range size. This analysis was not 
the same as a comparison between lactating and 

non-lactating does, since 14 out of 26 does treat- 
ed with contraceptives still gave birth to fawns, 
and several non-lactating does did not receive 

contraceptives. A repeated-measures ANOVA 
was also conducted with home ranges of all does 
that did not receive contraceptives and were of 
the same reproductive status in both years (1 
non-lactating and 4 lactating does), with season 
as a categorical variable. The purpose of this 
test was to remove the possible influence of con- 

traceptives on any observed changes in home 

range size between years. 
Age structure of a population also may influ- 

ence home range size of white-tailed deer (Mar- 
chinton and Hirth 1984). The effect of doe age 
on home range size was also examined to ensure 

age structure was not influencing the ANOVA 
results. We divided all does in 2 age groups: 4 

years old or above, and below 4 years old, based 
on the observation that does 4 years old or above 
have significantly greater success in rearing 
fawns (Ozoga and Verme 1986). Our intent was 
not to examine any correlation between fawning 
success and home range size, but this seemed to 
be the most biologically relevent manner to sep- 
arate does by age. We conducted 1-way AN- 
OVAs with age class as the categorical variable, 
and home range size (95 and 50%) as the de- 

pendent variable. However, instead of using ac- 
tual home range sizes, we used the residuals 
obtained from the previously mentioned multi- 

way ANOVAs. Analyses were repeated with post- 
harvest data only to incorporate the pre-fawning 
and late summer periods. In addition, we com- 

pared mean ages between lactating and non- 

lactating does and between years, via a 2-way 
ANOVA. 

We assessed the effects of parturition on social 
affiliations among does during the fawning and 
post-fawning periods by calculating the fre- 
quency of association: the percentage of obser- 
vations that transmittered does were observed 
in the company of other transmittered does. Each 

observation of a transmittered doe was assigned 
to 1 of 4 categories: association with lactating 
doe(s) only, with non-lactating doe(s) only, with 
both lactating and non-lactating does, and with 
no does. Associations with deer without trans- 
mitters were not included because their pres- 
ence or absence could not always be confirmed 
due to the dense undergrowth on the study site. 

Logistic regression was performed using SAS 

(SAS Inst. Inc. 1988) to examine the effects of 

period, year, and reproductive status on the pro- 
portion of observations that does were in the 

company of other does. 
A second logistic regression assessed the ef- 

fects of year, status, and period on the relative 

proportions of observations with lactating doe(s) 
only and observations with non-lactating doe(s) 
only (i.e. association type). All other observa- 
tions (i.e., with no does or with both lactating 
and non-lactating does) were excluded. All lo- 

gistic regressions incorporated only the fawning 
and post-fawning periods, because many fawns 
were removed from the population during the 
late summer periods. Logistic regressions were 

repeated with only the post-harvest data to in- 
clude the pre-fawning period, and contracep- 
tive treatment added as another independent 
variable. 

Further examination of social behavior was 
conducted with the static and dynamic inter- 
action models developed by Doncaster (1990), 
which are non-parametric and independent of 
sample size. By examining interactions between 
pairs of animals, these models could reveal as- 
sociation patterns different from those indicated 

by our logistic regressions. To examine static 
interactions, we analyzed spatial overlap be- 
tween pairs of home ranges by calculating the 
degree of overlap using a grid-cell method, then 
assessed the correlation in their utilization dis- 
tributions with Spearman's coefficient of rank 
correlation. Positive coefficients indicated that 
1 or both animals used the shared area more 
often than expected, while negative coefficients 
indicated the opposite. 

Dynamic interaction, or dependency in the 
simultaneous movements of 2 individuals in re- 
lation to each other (Doncaster 1990), was tested 
by computing a cumulative frequency distri- 
bution of observed and expected distances be- 
tween paired animals, with only simultaneous 
(within 30 min.) observations. Expected dis- 
tances were calculated based on the assumption 
of independent bivariate normal distributions. 
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Table 2. Results of 3-way ANOVA to assess differences in 
kernel estimates of home range size between periods (fawning, 
post-fawning, late summer), reproductive status (lactating, non- 
lactating), and year (harvest) for female white-tailed deer in 
southern Connecticut. 

95% 50% 
home range home range 

Source df F-ratio P F-ratio P 

Period 1 1.1 0.307 3.5 0.065 
Status 1 1.6 0.206 0.5 0.490 
Year 1 17.7 0.001 12.2 0.001 
Period-status 2 0.4 0.530 0.4 0.549 
Periodyvr 2 1.8 0.182 1.1 0.291 
Statusyvr 1 2.4 0.125 0.5 0.483 
Period-statusvyr 2 0.1 0.717 1.5 0.216 
Error 134 

For each pair, the largest difference between 
observed and expected distances was tested for 

significance with the 2-sample Kolmogorov- 
Smirnov test (Sokal and Rohlf 1981). Positive 

significant differences suggested that 1 or both 
animals coordinated their movements to be 
within that expected distance from the other, 
while negative differences suggested that 1 or 
both animals tended to remain at least that far 
apart. Non-significant differences indicated that 
the animals moved randomly with respect to 
each other. For each interaction model, a lo- 

gistic regression was used to analyze the effects 
of year, period, and pair-type (lactating and 

lactating, lactating and non-lactating, non-lac- 

tating and non-lactating) on the proportion of 
interactions which were significant. From 64 to 
77 pairs of does were tested with both interac- 
tion models for each fawning and post-fawning 
period. When 2 lactating animals were paired, 
we used the mean parturition date of the 2 an- 
imals as the starting point for the fawning pe- 
riod. Animals whose parturition dates were more 
than 2 weeks apart were not paired. When lac- 

tating and non-lactating does were paired, the 

lactating doe's parturition date was used as the 

starting point when determining dates for pe- 
riods. Analyses were repeated with only the post- 
harvest data to include the pre-fawning period. 
We could not incorporate contraceptive treat- 
ment in the post-harvest interaction analyses be- 
cause no untreated non-lactating does could be 

paired together. 

RESULTS 
Home ranges 

Analysis of both pre-harvest and post-harvest 
data indicated that no significant differences in 
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Fig. 1. Mean kernel home range size (and SE) for female 
white-tailed deer in a 176-ha enclosure in southern Connecti- 
cut. Both 50 and 95% home ranges are shown for each period 
and doe reproductive status in 1992 (pre-harvest) and 1993 
(post-harvest). 

home range size existed between periods or be- 
tween lactating and non-lactating does, al- 

though period was marginally significant for 50% 
home range sizes (Table 2, Fig. 1). Both 95 and 
50% home ranges were significantly larger in 
1993, the year following herd reduction, than 
in 1992. Analyses of the post-harvest data alone 
indicated that lactating does occupied smaller 
home ranges than non-lactating does regardless 
of period (95% home range: F = 7.0, 1, 136 df, 
P < 0.009; 50% home range: F = 6.0, 1, 136 df, 
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Table 3. Results of the logistic regression used to determine 
the effects of period (fawning, post-fawning), reproductive sta- 
tus (lactating, non-lactating) and year (pre- and post-harvest) 
on the proportion of observations in which white-tailed does 
associated with other transmittered does (association) in 
southern Connecticut. Within this proportion, a second analysis 
was performed on association type (the proportions of obser- 
vations with only lactating does present and observations with 
only non-lactating does present). Each source parameter had 
1 df. 

Frequency analysis 

Association Association type 
(n = 4,711) (n = 548) 

Source x2 P x2 P 

Intercept 1,506.6 0.001 6.2 0.013 
Period 9.0 0.003 0.7 0.407 
Status 149.5 0.001 112.4 0.001 
Year 5.3 0.021 4.3 0.039 
Period*status 5.8 0.016 1.6 0.201 
Period*yr 0.3 0.587 0.2 0.670 
Status*yr 1.4 0.232 5.3 0.022 
Period*status*yr 0.3 0.614 0.4 0.540 

P < 0.016). There was a significant difference 
between periods for 50% home ranges only (F 
= 2.7, 3, 136 df, P = 0.046). Post hoc Tukey 
HSD comparisons indicated that 50% home 
ranges for the late summer period were signif- 
icantly larger than for the post-fawning period 
(P = 0.05). Contraceptive treatment had no sig- 
nificant effect on home range size (F < 0.045, 
1, 136 df, P > 0.830 for 95 and 50% home 
ranges). 

Results of the repeated-measures ANOVA, 
with only data for does that did not receive 
contraceptives and were of the same reproduc- 
tive status in both years, indicated that the mean 
home range size of these 5 does was significantly 
larger in the post-harvest year (95% home range: 
F = 15.9, 1, 8 df, P = 0.004; 50% home range: 
F = 12.3, 1, 8 df, P = 0.008). Home range size 
did not differ between fawning and post-fawn- 
ing periods (F < 0.57, 1, 8 df, P > 0.4). 

Age of does did not affect home range size. 
There were no significant differences between 
age classes (below 4 yr, 4 yr and above) for 
residuals of 95% home range sizes (F = 0.01, 1, 
145 df, P = 0.934) and 50% home range sizes 
(F = 0.5, 1, 145 df, P = 0.505). Similar results 
were obtained for the post-harvest data alone 
(95% home range: F = 0.05, 1, 136 df, P = 0.833; 
50% home range: F = 1.3, 1, 136 df, P = 0.255). 
The mean age of transmittered females in our 
study was 5.2 ? 0.4 years pre-harvest and 5.1 
+ 0.4 years post-harvest. In both years, ages of 
does in our study ranged from 2-9 years ( = 
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Fig. 2. Mean proportion (and SE) of observations in which 
individual white-tailed does were within 24 m of other trans- 
mittered does (lactating, non-lactating, or both) for each period 
in 1992 (pre-harvest) and 1993 (post-harvest), in southern Con- 
necticut. 

5.3 + 0.3) among lactating does and 1-10 years 
(: = 4.9 ? 0.6) among non-lactating does. A 
2-way ANOVA indicated no significant age dif- 
ference between lactating and non-lactating does 
(F = 1.4, 1, 78 df, P = 0.239) or between years 
(F = 0.4, 1, 78 df, P = 0.511). 

Frequency of Association 
The proportion of observations that does as- 

sociated with other transmittered does was sig- 
nificantly affected by reproductive status, pe- 
riod, and year (Table 3). Frequency of associ- 
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Fig. 3. Mean proportion (and SE) of observations in which 
white-tailed does in southern Connecticut were within 24 m of 
non-lactating does only, obtained from the total number of 
observations with only lactating does present and with only 
non-lactating does present. Observations with both or with 
neither were excluded. The proportion of observations with 
lactating does is 1 - the proportion of observations with non- 
lactating does. Proportions are given for each period and doe 
reproductive status, in 1992 (pre-harvest) and 1993 (post-har- 
vest). 

ation was highest among non-lactating does (Fig. 
2) and during the post-fawning periods (not in- 
cluding the post-harvest pre-fawning period). 
The increase in frequency of association be- 
tween periods was more pronounced among lac- 
tating does (Fig. 2), resulting in the significant 
interaction between period and status (Table 3). 

Results for the post-harvest data alone (n = 

3336) were similar (period: x2 = 143.32, 2, 3335 

0 
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Fig. 4. Mean proportion (and standard error) of post-harvest 
(1993) observations in which white-tailed does in southern Con- 
necticut were within 24 m of non-lactating does only, obtained 
from the total number of observations with only lactating does 
present and with only non-lactating does present. Observa- 
tions with both or with neither were excluded. The proportion 
of observations with lactating does is 1 - the proportion of 
observations with non-lactating does. Proportions are given 
by period and contraceptive treatment for both lactating and 
non-lactating does. 

df, P < 0.001; status: X2 = 80.83, 2, 3335 df, P 
< 0.001). The pre-fawning period had a signif- 
icant positive effect on association frequency (x2 
= 140.6, 1, 3335 df, P < 0.001), whereas a sig- 
nificant negative effect was produced by the 
fawning period (X2 = 65.3, 1, 3335 df, P < 0.001) 
and post-fawning period (X2 = 34.7, 1, 3335 df, 
P < 0.001). Contraceptive treatment also had a 
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Fig. 5. The proportion of dynamic interactions between pairs 
of white-tailed does in southern Connecticut, which were sig- 
nificantly positive, suggesting that animals coordinated their 
movements to be within a minimum distance from each other. 
Proportions are given for each period and pair-type in 1992 
(pre-harvest) and 1993 (post-harvest). 

significant effect on frequency of association (x2 
= 4.55, 1, 3335 df, P = 0.03; contracep- 
tives*status: x2 = 4.22, 1, 3335 df, P = 0.04). 
Non-lactating does treated with contraceptives 
had a lower frequency of association (?Z = 0.31 
? 0.01) than other non-lactating does (: = 0.37 

+ 0.04). Frequency of association among treat- 
ed lactating does (2 = 0.19 ? 0.01) was similar 
to that of non-treated lactating does (:f = 0.18 
? 0.01). 

Considering only observations with either lac- 

tating does or non-lactating does present, the 

proportion of observations was significantly af- 
fected by reproductive status (Table 3). Non- 

lactating does associated with other non-lactat- 

ing does more frequently than did lactating does, 
in all periods (Fig. 3). However, the proportion 
of observations with non-lactating does in- 
creased among lactating does following the buck 
harvest, but remained constant among non-lac- 

tating does. This resulted in the significant in- 
teraction between status and year (Table 3). 

Analysis of post-harvest data only (n = 692) 
indicated that the proportion of observations 
with non-lactating does only was similarly af- 
fected by status (x2 = 48.2, 1, 691 df, P < 0.001), 
as well as contraceptive treatment (x2 = 6.4, 1, 
691 df, P = 0.012) with a marginally significant 
interaction between contraceptive treatment and 

period (X2 = 4.7, 2, 691 df, P = 0.09). Does 
treated with contraceptives associated with lac- 

tating does more frequently than did non-treat- 
ed does, regardless of their reproductive status. 
This pattern was most evident during the pre- 
fawning period and was actually reversed for 

non-lactating does during the post-fawning pe- 
riod (Fig. 4). 

Static and Dynamic Interactions 
More than 80% of 283 pair-wise static inter- 

actions were found to be significant (P < 0.05), 
of which 91% were negative, indicating possible 
behavioral repulsion. The proportion of signif- 
icant negative and positive static interactions 
were not affected by period, pair-type, or year 
(P 2 0.88). Similar results were obtained for the 

post-harvest data alone. Sixteen percent of the 
283 pair-wise dynamic interactions were sig- 
nificant (P ? 0.05). All of these were positive, 
indicating possible behavioral attraction (Fig. 
5). Only pair-type had a significant effect on 
the proportion of positive interactions (F = 19.7, 
2, 282 df, P < 0.001). Pairs of non-lactating does 
had the greatest proportion of positive inter- 
actions, but no pair-types had a significant effect 
on the logistic model when tested individually 
(P > 0.1). 

For the post-harvest year alone (n = 152), the 

frequency of significant positive interactions was 
affected by period (x2 = 16.6, 2, 151 df, P < 
0.001) and pair-type (x2 = 9.3, 2, 151 df, P = 

0.01). The pre-fawning period had the greatest 
proportion of positive interactions (Fig. 5). Pairs 
of non-lactating does had the highest proportion 
of positive interactions except during the pre- 
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fawning period. However, no individual period 
or pair-type had a significant effect on the model 
(P > 0.1). 

DISCUSSION 
Reductions in sociability and home range size 

for about 6 weeks or longer following parturi- 
tion have been documented in female white- 
tailed deer (Ozoga et al. 1982, Gavin et al. 1984, 
Schwede et al. 1993). Our comparisons between 
lactating does and a control group of non-lac- 
tating does confirm that deer in our study de- 
creased home range size and frequency of social 
affiliations in response to late pregnancy and 
parturition. Non-lactating does occupied larger 
home ranges than lactating does during all pe- 
riods of the post-harvest year (Fig. 1). We ob- 
served a significant decrease in the number of 
positive dynamic interactions among lactating 
does (particularly among lactating/non-lactat- 
ing pairs) after the post-harvest pre-fawning pe- 
riod (Fig. 5). These results upheld predictions 
that non-lactating does would associate with 
other does (particularly other non-lactating an- 
imals) more frequently than does with fawns 
(Figs. 2, 3), and that lactating does would as- 
sociate with other deer less often during the 
fawning period than during previous and sub- 
sequent periods (Fig. 2). Non-lactating does also 
reduced their frequency of association after the 
pre-fawning period, but this is probably an in- 
direct result of the decreased sociability of lac- 
tating does. 

Home range reduction and anti-social behav- 
ior presumably results from the need for isola- 
tion to cement the mother-offspring bond and 
as a defense strategy against predators (Lent 
1974, Svare 1981, Ozoga et al. 1982). In white- 
tailed deer, formation of mother-infant bonds 
should take no more than 2 weeks (Schwede et 
al. 1993). Fawn mortalities resulting from pre- 
dation occur primarily within the first 6 weeks 
of life (Marchinton and Hirth 1984). Ninety- 
three percent of fawn mortalities reported by 
Cook et al. (1971) occurred within 32 days post- 
partum. Consequently, neither isolation nor 
protection against predators seem to adequately 
explain why lactating does reduced their home 
range size and frequency of social affiliations for 
at least 18 weeks after parturition in the post- 
harvest year (Figs. 1, 2). Lactating does have 
reduced frequency of association and home 
range size from parturition until early autumn 
in several other studies (Hawkins and Klimstra 

1970, Nelson and Mech 1981). Although non- 
lactating does in our study associated with con- 
specifics more frequently in all periods, lactat- 
ing does did increase the frequency of associa- 
tion after the fawning period (Fig. 2). Perhaps 
lactating does required several months to fully 
reestablish social relations with other deer. Preg- 
nant does also had smaller home ranges and 
lower frequencies of association at least 6 weeks 
before parturition (Figs. 1, 2). Similarly, Miller 
(1974) reported that female black-tailed deer 
began to exhibit aggressive behavior toward 
conspecifics several weeks before parturition. 
Perhaps pregnant does exhibited pre-partum 
aggression to firmly establish their fawning 
grounds, ensuring seclusion from conspecifics at 
parturition. 

Previous studies of white-tailed deer have as- 
sociated high densities with small home ranges 
(Marchinton and Jeter 1967, Ellisor 1969, Mar- 
shall and Whittington 1969, Marchinton and 
Hirth 1984). We hypothesized that high den- 
sities might therefore limit the ability of does 
to alter their home range size in response to 
parturition. As predicted, home ranges of both 
lactating and non-lactating does were larger in 
the year following the harvest. In addition, there 
was no significant difference between home 
range sizes of lactating and non-lactating does 
in the pre-harvest year (Fig. 1), when deer den- 
sity was highest. Home ranges of lactating does 
may have reached a minimum size in response 
to density, and perhaps could not have been 
reduced further in response to parturition. Deer 
in many suburban areas may face a similar in- 
ability to alter home-range size following par- 
turition. However, due to limitations of the study 
(no control population, possible year-to-year dif- 
ferences, and removal of bucks only), we find 
it impossible to state conclusively whether the 
buck harvest, or more specifically the reduction 
in density, was responsible for the year-to-year 
changes we observed. 

Analyses of association frequencies and pair- 
wise interactions in our study led to antithetical 
results regarding the possible influence of the 
buck harvest on the frequency of social inter- 
actions among does. Frequency of significant 
dynamic and static interactions did not differ 
between years, perhaps because the number of 
does did not change. Frequency of association 
did increase after the buck harvest (Table 3), 
but the actual difference in association frequen- 
cies between years was only about 2% for any 
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given period and doe status. This difference could 
have been an indirect result of home range ex- 

pansion (i.e., as does traversed larger areas they 
were more likely to encounter and interact with 
other does). 

Contraceptive treatments had no influence on 
home range size. However, non-lactating does 
treated with contraceptives associated with con- 
specifics less frequently than untreated non-lac- 
tating does. In addition, the seasonal pattern for 
the proportion of association types differed be- 
tween treated and non-treated does without 
fawns (Fig. 4). The proportion of observations 
with non-lactating does increased over time 

among treated non-lactating does, while the re- 
verse trend was observed for untreated non- 

lactating does. Thus, contraceptives seemed to 
have the greatest behavioral effect on those does 
for which the treatments were effective in pre- 
venting conception. Regardless of contraceptive 
treatment, does with and without fawns differed 
significantly in their association frequencies and 

proportion of association types (Table 3, Fig. 4). 
Thus, we feel confident that these differences 
are a consequence of pregnancy and parturition, 
not contraceptive treatment. 

We conclude that parturition reduced both 
home range size and frequency of social inter- 
actions of female white-tailed deer, but pri- 
marily in the year following the buck harvest. 
Although limitations of our experimental design 
prevent us from reaching a definite conclusion, 
the exceptionally high deer density in the pre- 
harvest year may have been responsible for the 
lack of differentiation between home range sizes 
of lactating and non-lactating does. The ability 
of female white-tailed deer to alter their home 
range size may be substantially restricted under 
high-density conditions that are common among 
deer populations in urban and suburban areas. 
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