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Abstract. Among gregarious, placental mammals, breeding synchrony usually occurs 
by adjustment of the timing of estrus, not births, and it has been suspected that the former 
process governs synchronized parturition. Gestation length data gathered on wild plains 
bison (Bison bison) over a 5-yr period demonstrate: (1) females in good body condition 
who were mated after the seasonal peak shortened gestation by - 6 d, synchronizing births 
with other females; (2) no similar adjustments occurred among females in poor condition; 
and (3) those females that shortened gestation incurred a cost because their neonates were, 
on average, - 20 kg lighter when 6 mo old. Reproductive synchrony may also be achieved 
by a less radical tactic; unmated females use olfactory cues to explore the status of other 
females prior to their own estrus but not after. These data suggest that there is adaptive 
variation in gestation length in bison cows in good condition and that assumptions about 
the constancy of gestation are unwarranted. 
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INTRODUCTION 

Reproductive synchrony, resulting in the birth of 
offspring within a short time frame, occurs among nu- 
merous social mammals (Rutberg 1987, Ims 1990). 
While environmental, ecological, and physiological 
factors control breeding seasonality (Sadlier 1969, 
McClintock 1983, Bronson 1989), individual costs and 
benefits of synchronous breeding remain questionable. 
For gregarious ungulates of temperate regions, neo- 
nates born late in the season are at a serious disad- 
vantage because they fail to accrue body reserves nec- 
essary to survive harsh winters (Clutton-Brock et al. 
1982, Festa-Bianchet 1988), whereas savanna-dwelling 
wildebeest calves deviating from the birth peak may 
experience greater predation (Estes 1976, Sinclair 1977, 
Estes and Estes 1979). Nevertheless, how synchrony 
in births is achieved remains unclear. Prior to estrus 
it may be facilitated by olfactory cues or other mech- 
anisms (McClintock 1978), but such data are lacking 
for wild mammals, in part because most mammals are 
secretive and copulation and birth dates are unknown. 
Here, based on data gathered for wild bison (Bison 
bison) over a 5-yr period, I show: (1) late-breeding 
females in good body condition shortened gestation by 
up to 15 d, thus synchronizing births with other fe- 
males; (2) no similar adjustments occurred among fe- 
males in poor condition; and (3) those females that 
shortened gestation achieved synchronous parturition 

I Manuscript received 30 August 1990; revised 27 February 
1991; accepted 26 March 1991. 

2 Present address (until 1 August 1993): Etosha Ecological 
Institute, Okaukuejo via Outjo, Namibia. 

despite having neonates that, on average, were 20 kg 
lighter when 6 mo old than those gestated to full term. 
These findings illustrate not only the existence of a 
mechanism differing from estrous synchrony, but the 
costs that some bison females must pay to compress 
their birth season. 

METHODS 

Data were gathered on bison in Badlands National 
Park (South Dakota) from 1985-1989, where >200 
individually distinguishable animals were observed for 
>8500 h. Females' body masses, ages, and skeletal 
dimensions were known from capture in July (one year) 
or September (four years) (Kock and Berger 1987, Ber- 
ger and Peacock 1988, Berger 1989). A constant for 
skeletal size, head length, was scaled to body mass by 
power regression (Y = ABX, r2 = 0.76; Berger and Pea- 
cock 1988), and animals whose mass values were below 
or above the line were designated to be in relatively 
poor or good condition, respectively. This method 
avoids the inherent bias of using body mass per se, 
since heavy animals can be in poor condition, and vice 
versa. Reproduction was evaluated by direct obser- 
vation of copulations or was known when females 
erected their tails for up to 6 h, a behavior characteristic 
of mated females only (Berger 1989). The data base 
consisted of information on 261 copulations (Berger 
and Cunningham 1991). 

Since it was not possible to handle all animals in 
every year of the study, a photogrammetric device was 
used to evaluate growth. Changes in calf head and body 
size were assessed at different ages by using a Mitutoyo 
(500 Series) Digimatic caliper (Phototrix, Arcata, Cal- 
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TABLE 1. Summary of annual parturition season characteristics at Badlands National Park with comparisons to Wind Cave 
National Park (WCNP), South Dakota, and National Bison Range (NBR), Montana, populations. 

Badlands National Park 

WCNPt NBRt 1985 1986 

Gestation length (days, mean ? 1 SE) ... ... ... *292.5 ? 4.1 
Median date 2 May 8 May 

Number of days from first birth to: 
50% of births 32 14 30 24 
65% of births 37 17 37 28 
80% of births 49 23 60 41 

Number of days for most compressed 21 13 27 22 
50% of births 

* Proportion of good and poorly conditioned females in the sample are significantly different (Binomial probability; P < 
.025), whereas in other years no significant differences existed. 

t Data from Green and Berger (1990). 
t Data interpolated from Rutberg (1984). 

ifornia), first developed by J. K. Jacobsen (personal 
communication) for determining the size of killer whale 
flukes. The procedure measures the size of morpho- 
logical features from photographs placed on a digitizer 
using information on the actual distance between the 
object and photographer. The accuracy of the device 
approaches 99% if used within 45 m of the subject (J. 
Jacobsen, personal communication). When the device 
was field tested on 17 juvenile bison, the following 
regression accounted for 98.9% of the variance in head 
size: Y= 0.99X + 3767; P < .001, where Y= predicted 
head width and X = actual head width, both in cen- 
timetres. Photographs, taken opportunistically of calves 
of known age, were used to generate data on changes 
in calf head dimensions, which were then converted to 
body masses. This was possible because the masses 
and sizes of 29 captured juveniles allowed determi- 
nation of the relationship of head width and length to 
actual mass. (Ymaies = 4.19X, + 5.84X2 - 105.24, r2 
= 0.87; Yfemales= 4.03X1 + 6.86X2- 171.95, r2 = 0.84, 
where Y is body mass, and Xl and X2 are head width 
and length, respectively.) 

RESULTS AND DISCUSSION 

Variation in parturition 

Data on birth dates and gestation lengths were avail- 
able for 5 and 4 yr, respectively, at the Badlands and 
on birth dates at two other sites (Table 1). Annual 
variation in median parturition date at Badlands was 
slight, with the peak ranging from 2 to 8 May and the 
most compressed 50% of births taking place within 20- 
27 d. The number of days elapsing from the first birth 
in a given year until 65% and 80% of the subsequent 
births occurred are also shown, reflecting greater an- 
nual variation. For instance, in 1986, 41 d were re- 
quired to reach the 80% threshold, but in 1988 69 d 
were required (Table 1). Data from Wind Cave Na- 
tional Park, also in South Dakota, are similar to those 

at Badlands, but the span of births is tighter at the 
National Bison Range (Montana) where the most com- 
pressed 50% of births occurred in only 13 d (Table 1). 
Such differences are not surprising, since nutritional 
limitations may occur at the unmanaged Badlands site 
(J. Berger and C. Cunningham, unpublished manu- 
script), whereas the Montana population is rotated 
among pastures with abundant food (Rutberg 1984). 

Adjustment in gestation length 

To examine whether gestation lengths are adjustable, 
it is first necessary to determine the extent to which 
they vary and to remove effects of potentially con- 
founding variables. Over the 4 yr for which data were 
available, mean gestation period varied from 277 to 
293 d (Table 1). Primiparous bison females exceeded 
multiparous females in gestation length, 287.96 ? 3.64 
d vs. 279.86 ? 1.82 d (mean ? 1 SE; t = 2.29, df= 
75, P < .05) but calf gender had no effect (males: X = 

281.45 ? 3.00 d; females: X= 280.57 ? 2.94 d; t = 

0.22; NS). 

The possible effects of other factors on gestation length 
were examined by partitioning the sample for multip- 
arous females into classes based on the number of days 
that copulation and birth dates deviated from the me- 
dian for that year (Fig. 1). Estimates of the annual 
median were derived from the total number of copu- 
lations (N = 261), but data on gestation lengths were 
not available for all mated females since birth dates 
were not known in every case. Therefore, the gestation 
length data in Fig. 1 represent only a subset of females 
that bred mostly after the median date. Nevertheless, 
it was preferable to examine for possible adjustments 
in gestation length, in relation to the median for all 
copulations, rather than just those copulations in which 
coincident gestation lengths were known, since any pu- 
tative modification may have been in response to cu- 
mulative effects of the rut or parturition season and 
not just those in the subsample. 
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TABLE 1. Continued. 

Badlands National Park 

1987 1988 1989 Statistical comparisons 

286.2 ? 4.0 277.8 ? 3.3 276.6 ? 2.7 One-way ANOVA F348 = 4.53 (P < .02) 
6 May 5 May 2 May Median Test x2 = 1.01, df= 9; NS 

Kolmogorov-Smirnov Test: NS 
1985 vs. 1987 and 1988 vs. 1989 (P < .5) 

29 31 25 1985 vs. 1989 (P < .01) 
40 40 30 Kolmogorov-Smirnov Test: NS 
61 69 44 Kolmogorov-Smirnov Test: NS 

21 26 20 Kolmogorov-Smimov Test: NS 

Maternal condition and mating date both exerted 
significant influences on gestation length (three-way 
ANOVA: FCofditiof = 9.73; P <. 001; Fdate = 122.12; P 
< .001; Finteraction = 4.22; P < .05) but maternal mass 
had no effect (F = 1.62; P > .20). The interactive effects 
of maternal condition and mating date on gestation 
length were examined with a Student-Newman-Keuls 
test (SNK test). Females in good body condition that 
mated prior to the annual breeding median differed 
markedly in gestation period from those in the same 
condition that mated after the peak (277.30 ? 4.15 d, 
N= 9 vs. 271.99 ? 3.15 d, N = 22, days); those (N = 

27) in poor condition that mated after the peak had 
gestation lengths (294.16 ? 2.03 d) that differed from 
those of females in good condition, irrespective of when 
such females copulated (SNK test; P < .0 1). Data from 
wild and captive red deer females are also suggestive 
of nutritionally determined effects on gestation length 
(Guinness et al. 1978). 

However, the key point from the perspective of so- 
cial facilitation of births is not the effect of nutrition 
per se but the extent to which compensation in ges- 
tation length occurs. If adjustments in gestation length 
promoted synchronous births, females mating after the 
peak should have been characterized by shorter ges- 
tation periods than those bred before, but the data just 
noted indicated that cows in poor condition had longer 
gestation periods. Had females in good condition mod- 
ified their gestation lengths, effects should have been 
evident in the ANOVA in which gestation length was 
contrasted between females of different mating dates 
and body conditions. However, because the analysis 
failed to account for variation in deviation after the 
mating peak, it may be that females bred well after the 
peak cannot afford an early in-utero termination, 
whereas those bred nearer the peak could. Therefore, 
I split the 22 females bred after the median date into 
two equal-sized groups based on copulation date (1- 
14 and 15-30 d post-median), and contrasted their 
gestation lengths with those for females mated prior to 

the median. While the variance in gestation length was 
greater for females bred from 15 to 30 d after the me- 
dian (F1O,O = 5.37; P < .02), differences in gestation 
length were absent (Mann-Whitney U' = 56; NS; a non- 
parametric test was necessary due to uneven variances) 
for females mated after median. These results suggest 
that some late-mated females lacked the ability to ad- 
just gestation. More striking, however, is that the fe- 
males that bred within 14 d after the peak had signif- 
icantly shorter gestation lengths than those mated before 
(271.36 vs. 277.30 d, t = 2.94; df = 19; P < .01; 
variances were similar, F = 2.53; NS). Hence females 
in better than average condition that mated late re- 
duced their gestation length an average of 5.9 d com- 
pared to early-mating females. 

The differences between categories were not due to 
female age (t = 0.09, NS) nor is it likely they resulted 
from undetected copulations with different males, since 
-95% of bison cows mate with a single bull (Lott 1979). 

Nevertheless, the supposition of gestation adjustment 
hinges on the assumption that observations of copu- 
lations resulted in conception or, if they did not, that 
systematic biases against any particular category of an- 
imals were not evident. For instance, if cows failed to 
conceive in their first estrus, only to recycle and cop- 
ulate later, then gestation lengths would have been 
overestimated on average by - 3 wk, the approximate 
interval between cycles (Fuller 1966). This possibility 
was checked in daily censuses of group size and com- 
position by noting which females were investigated or 
guarded by males and whether females that had cop- 
ulated weeks before had raised tails or swollen vulvas, 
both indications of having mated within several hours 
(Berger 1989). Had the observations been biased for 
or against females in good or poor condition, it is likely 
that estimations of gestation could have been off by 
weeks. The samples of animals in different categories 
with both known copulation and birth dates were too 
small to permit robustness in minimizing the proba- 
bility of a type II error (i.e., accepting the null hypoth- 
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FIG. 1. A comparison of gestation length in 62 multiparous mothers differing in body condition (good or poor) the summer 
that they conceived and the number of days that 261 copulations deviated from the annual median. 

esis of no effect when there is an effect), so only females 
with known copulation dates were contrasted; this in- 
creased the sample size from 77 to 126. Of females in 
good condition, 4.4% recycled, while 6.9% of those in 
poor condition did. The lack of differences (G = 0.37; 
NS) suggests that any mistake in gestation length was 
unlikely to be in any particular direction. Hence the 
data support the hypothesis that (1) late-breeding fe- 
males in good body condition shorten gestation, syn- 
chronizing births with other females, while (2) no sim- 
ilar adjustments occur -among females in poor condition. 

Benefits and costs 

Numerous social benefits may result from birth syn- 
chrony. Mothers might profit by: (1) sharing feeding 
and vigilance (Jason and Guinness 1985); (2) reducing 
the risk of not being pregnant in the next year, since 
late calving reduces that probability by 1 %/d (Clutton- 
Brock et al. 1983); and (3) decreased competition be- 
tween young of the same years (Schaller 1972, Bertram 
1975, Packer and Pusey 1983). In addition, predation 
on neonates may be reduced, perhaps by predator glut- 
ting (Estes and Estes 1979, Sinclair 1977), a possibility 
that could not be assessed because prairie bison no 
longer co-exist with wolves. 

However, one potential cost of gestation adjustment 
could be examined, that by shortening gestation to give 
birth synchronously, females compromise the growth 
rates of their neonates. This idea was tested by com- 
parison of the growth trajectories of calves gestated for 
varied lengths by mothers of different condition (Fig. 
2). Since birth dates were known, comparisons in- 
volved calves of the same age. At 180 d of age, a time 

when mothers still provide milk (Green 1986, Green 
et al. 1989), predicted calf body masses for (A) mothers 
in good condition mated prior to the median (N = 5), 
(B) mothers in good condition mated after the median 
(N = 12), and (C) mothers in poor condition mated 
after (N = 6) are 197.83, 179.66, and 179.21 kg (Fig. 
2). The growth rate of only one calf born to a mother 
in poor condition mated before the peak was available, 
so this category was excluded from analyses. The re- 
gression slopes (Fig. 2) do not differ (F217 = 0.89; NS) 
but elevations do (F2,17 = 9.13; P < .02); the differences 
between groups (A) and (B) and between groups (A) 
and (C) were significant (P < .01; Scheffle's Test), but 
elevations of (B) and (C) were similar. 

If these differing growth patterns are extrapolated to 
180 d, then calves of Category A females maintained 
a mass advantage of 10% over young of the other 
two categories, and with other factors equal, Category 
B females traded synchronization by sacrificing 5.9 d 
of in-utero growth or 18.17 kg at 180 d. (The cost is 
18.17/5.9 = 3.08 kg/d for each additional day up to 
the mean birth date that was not spent in utero.) These 
values are conservative and underestimate the mag- 
nitude of biological difference, because mothers in poor 
condition on average give birth 23.74 d after mothers 
in good condition. Since analyses of growth trajectories 
compared neonates at the same ages (i.e., beginning on 
their birthdays; Fig. 2) even though they were born 
more than 3 wk apart, calves of mothers in poor con- 
dition in the real world enter winter with three weeks 
ofgrowth less than calves of mothers in good condition! 
While differences in growth among bison neonates are 
associated with maternal condition, which is tied to 
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(A) Good-conditioned mothers bred before peak 

Y= 179. 1 logX- 205.14,r2= .90 

(B) Good-condftioned mothers bred after peak 
Y= 184.49 logX-235.44,r2 = .87 
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FIG. 2. Relationships among estimated growth rates of calves gestated for three different periods (A) 277 days, (B) 271 

days, (C) 294 days, by mothers differing in body condition and mating date. Body mass was photogrammetrically derived 
by the procedure described in the methods. 

gestation-related variation, it remains unknown whether 
mothers that vary in physical condition also differ in 
the timing of implantation or intrauterine growth. 

Whether slow growth affects calf survival is uncer- 
tain. Over the 5-yr study period, juvenile mortality 
averaged < 2% annually (J. Berger and C. Cunningham, 
unpublished manuscript). However, in years of re- 
source scarcity or severe winters, slow-growing calves 
may be at a greater risk of mortality, especially in light 
of evidence for rodents (Murie and Boag 1984), lago- 
morphs (lason 1989), and pinnipeds (Calambokidis 
and Gentry 1985), in which high juvenile body mass 
was associated with superior survival. Therefore, bison 
mothers who shorten their gestation may trade syn- 
chronized births for diminished juvenile body masses 
and, hence, greater mortality when ecological condi- 
tions are not favorable. 

It is unclear whether the adjustment of gestation 
lengths arose as a consequence of intense selection 
brought about by heavy predation. If giving birth syn- 
chronously is an important tactic, there should be ev- 
idence that females mating early delay birth, but this 
possibility must await a further test. An alternative is 
that some females possess the ability to cue on prox- 
imate phenological triggers. If this were the case, it is 
not easy to imagine how the potential benefit of feeding 
on some nutrient-rich vegetation for a few extra days 
could outweigh the costs of terminating gestation early 
with its coincident diminution of subsequent neonatal 
growth. 

Mechanisms that facilitate reproductive synchrony 

Might tactics less radical than gestation shortening 
be available to mothers in good condition who mate 
late to enhance estrous rather than birth synchrony? 
For many species sensory information about female 
reproductive status is obtained by ano-genital (A-G) 
investigations, although the major hypotheses to ac- 
count for flehmen in females have focused on domi- 
nance and neonate recognition (O'Brien 1982, Pfeifer 
1985). If, however, bison use olfactory cues to facilitate 
estrous synchrony: (1) unmated females should inves- 
tigate A-G regions of both mated and unmated fe- 
males; (2) mated females should not be involved in A- 
G investigations, since information on nonspecific es- 
trus would no longer be of importance; and (3) female- 
female A-G sniffing should be more pronounced before 
the breeding peak. 

The data support these predictions (Fig. 3). More 
than 93% ofthe A-G investigations by females of known 
reproductive status were initiated by unmated cows. 
Differences between the period before and after the 
peak were not detectable (Gadj = 0.51; N = 101; NS). 

However, the distribution of A-G recipients changed, 
with unmated females predominating during the pe- 
riod prior to the median copulation date, and mated 
females after (G = 14.84; P < .001). Overall, flehmen 
was about twice as frequent during the 21 -d period 
prior to the median than during the same period after 
(X2 = 17.31; N= 212; P < .001). These results suggest 
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(mated or unmated), breeding season period (before or after 
annual median copulation date), and givers or recipients of 
ano-genital investigations that resulted in flehmen. 

that females first use olfactory cues to explore the status 
of other females prior to their own estrus, but later they 
apparently rely upon a different mechanism to facilitate 
synchronous reproduction-gestation shortening. 

CONCLUSIONS 

Although evidence for gestation modification in oth- 
er species is meager, both marsupial and placental 
mammals exhibit remarkable intraspecific variation in 
gestation length (Eisenberg 1 98 1, Kiltie 1982, Lee and 
Cockburn 1985). Because factors such as social envi- 
ronment, body mass, and sex of offspring can explain 
up to 43% of the variance in gestation length in horses 
(Berger 1986), there is reason to suspect that gestation 
in other species could be either lengthened or shortened 
in response to environmental or social cues. Inter-an- 
nual variability in births, with presumed gestation 
lengthening, occurs in at least one gregarious ungulate, 
Dall sheep, when unpredictable late spring snowstorms 

render neonatal survivorship questionable (Rachlow 
and Bowyer, in press). Conversely, gestation may be 
shortened because diminished neonatal growth is worth 
trading for improved survivorship (by minimizing pre- 
dation). In at least two species, bison and squirrel mon- 
keys, females employ olfactory monitoring and A-G 
investigation around the time births begin (Boinski 
1987). 

The findings reported here have implications in two 
general areas. First, while the evidence for bison sug- 
gests gestation adjustment facilitates birth synchrony, 
additional data from other gregarious mammals will 
be necessary to confirm both the existence of and mech- 
anisms involved in such putatively adaptive processes. 
Second, in studies of reproductive success, when as- 
signing paternity it may be imprudent to assume con- 
stancy in gestation length by backdating a standard 
gestation length from birth dates (e.g., Clutton-Brock 
et al. 1982) if the species under study can reasonably 
be expected to show reproductive synchrony. 
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