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Summary. The extent to which (a) larger females produce 
more or larger offspring, (b) reproduction imposes costs, 
and (c) the benefits of early reproduction outweigh the 
costs was examined for female bison (Bison bison) with 
data from an 8-year period. Description of ontogenetic 
patterns indicated that reproductive performance reach- 
ed a plateau near the end of the growth period; changes 
with age in fecundity were little related to those of body 
weight during the typical reproductive lifespan (age 3-18 
years). Examination of inter- and intra-individual varia- 
tion showed that the relationship between growth and 
reproduction depends on the age of subjects. Larger 
juveniles matured earlier and were more fecund (though 
smaller) as adults. In contrast, post-pubertal growth was 
negatively related to reproductive performance, although 
intra-individual weight variation was positively asso- 
ciated with pregnancy rate. Fecundity was not generally 
lower in years after reproduction than after barren years, 
in spite of weight loss, suggesting that reproduction did 
not impose significant fitness costs. On the other hand, 
offspring quality was lower when mothers reproduced in 
successive rather than alternate years. Early maturation 
resulted in immediate costs, including reduced growth 
and infertility in the year after first parturition. However, 
there were long-term benefits: fecundity in the first 7-9 
years was highest for early-maturing and lowest for late- 
maturing females, suggesting that reproductive success is 
greater for early-maturing females despite reduced 
growth. In the present study, trade-offs between growth 
and reproduction did not appear to reflect substantial 
costs as measured by long-term reproductive success. 
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Positive correlations between growth and reproductive 
success are to be expected in that increased body size at 
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one age may promote later survival and reproductive 
potential (Gadgil and Bossert 1970). Ricklefs' (1969) 
model for birds predicts that fitness increases with 
growth rate (see also Case 1978). These predictions are 
supported for a broad range of species by the fact that 
faster-growing females begin reproducing earlier in life 
(e.g. ungulates: Joubert 1963; Hamilton and Blaxter 
1980; Bunnell and Olsen 1981; Doney and Gunn 1981; 
Ozoga and Verme 1982; Thomas 1982; Saether and 
Haagenrud 1983). If reproductive success depends on 
total size attained, the duration as well as the rate of 
growth may be important. That fertility increases with 
body size in adult females is suggested by evidence from 
numerous vertebrate species (Grubb 1974; Thomson and 
Hytten 1973; Pianka and Parker 1975; Mitchell et al. 
1976; Ralls 1976; Millar 1978; Kaplan and Salthe 1979; 
Hackman et al. 1983; Myers and Master 1983; Berger 
1986; Milne 1987; Clutton-Brock et al. 1988). 

On the other hand, trade-offs between reproduction 
and somatic investment are predicted by life-history 
theory (Gadgil and Bossert 1970; Pianka and Parker 
1975; Stearns 1976; Tuomi et al. 1983). Costs of re- 
production may thus play an important role in determin- 
ing relationships between growth and reproductive suc- 
cess. Investment in offspring has been shown to occur at 
the expense of somatic investment (Robbins 1983; 
Mitchell et al. 1976; Clutton-Brock et al. 1983; Berger 
1989; Festa-Bianchet 1989); subsequent fecundity as well 
as growth may be reduced by reproduction (Stearns 1976 
and references therein; see also Williams 1966). Early 
reproduction, in particular, may reduce subsequent re- 
productive success (Wilson et al. 1983; Miura et al. 
1987). 

The objective of the present study is to examine rela- 
tionships between growth and reproduction in bison 
(Bison bison) in light of the ideas outlined above. 
Previous studies suggested that female bison reach sexual 
maturity four to five years before attaining full adult 
weight. Growth appears to continue at least until the age 
of six years (Berger and Peacock 1988). Most females 
produce their first (single) calves at age three; rare cases 
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of two-year-olds with calves have been noted (Halloran 
1961; Haugen 1974; Shaw and Carter 1989). It  is not 
known to what  extent females defer reproduction beyond 
age three. 

Because pre- and post-pubertal  growth may  be dif- 
ferently associated with reproduction, thorough exam- 
ination of  relationships between growth and reproduc- 
tion requires long-term observation of  individuals. While 
many  studies have examined interspecific (or interpopu- 
lation) variation (Ricklefs 1969, 1979; Millar 1977; 
Tuomi 1980; Berger 1982; Allaine et al. 1987), few have 
examined intrapopulat ion variation. Particularly lacking 
are data on long-term individual growth in relation to 
reproductive performance.  Comparisons  between species 
are generally based on species-typical means;  intraspecif- 
ic comparisons of  individuals allow investigation of  dif- 
ferences both between and within age classes and of  the 
relative importance of  these two sources of  variation. 
Moreover,  because reproductive costs may be un- 
derestimated by interindividual comparisons (Clutton- 
Brock et al. 1983), intraindividual variation provides 
valuable information. 

Examination of relationships between growth and 
reproduction is complicated by age at sexual maturi ty 
and its relation to both growth and long-term reproduc- 
tive success (see Stearns 1976 for a review of theoretical 
considerations). In elephant seals (Mirounga an- 
9ustirostris), for example, lifetime reproductive success 
is higher for females that begin reproducing earlier (Le 
Boeufand  Reiter 1988; see also Murie and Dobson  1987, 
on Columbian ground squirrels, Spermophilus colum- 
bianus). However,  costs of  reproduction should be 
greater for younger individuals (Gadgil and Bossert 
1970; Stearns 1976). In particular, where early-maturing 
females are substantially smaller than other primiparae,  
normal  growth patterns may  be interrupted and subse- 
quent fecundity reduced. 

Patterns of  growth relative to reproduction were ex- 
amined using data on female bison f rom an 8-year 
period. We first describe ontogenetic changes in body size 
(weight and height) and in fecundity to compare  age- 
specific rates of  growth and reproduction. Second, we 
examine intra- and interindividual variation in pre- and 
post-pubertal  growth in relation to age at first reproduc- 
tion, fecundity, and offspring quality. I f  reproduction 
and growth are positively related, larger females should 
mature  earlier in life, show higher long-term fecundity, 
and/or  produce higher-quality offspring. Alternatively, 
growth may  be negatively related to reproductive perfor- 
mance. The latter finding would suggest that  reproduc- 
tion results in fitness costs, i.e. reduced subsequent fecun- 
dity and offspring quality. Early reproduction may  be 
associated with particularly large costs in relation to the 
benefits, as measured by long-term reproductive success. 

Methods 

This study was conducted at Wind Cave National Park, South 
Dakota, USA from 1982-1989. The bison population, including 
about 230 adult females and juveniles (three-year-olds and younger) 

and 100 adult males, move freely in the enclosed 11,355 ha park. 
Excess animals were culled biennially, although roundups were held 
annually for Brucellosis testing. Natural mortality was low among 
females (see below) and negligible among calves; e.g. of 153 calves 
born in 1982-84, 1 died of disease. 

Observations were made from a truck or on foot, using 10 • 50 
binoculars and a 25 x spotting scope. Individuals were identified 
through eartags and natural variation in horn and hair growth, 
body shape, and coloration. Identification of juveniles was aided by 
temporary bleach marks, applied with a bow and blunt arrows. We 
recognized all females born before 1984 and males born in 1982 and 
1983. The primary subjects were 99 females of reproductive age (see 
below) for three to eight years during the study. Data on offspring 
quality were based on 111 females and 55 males born in 1982-1987; 
most of these data were limited to 48 females and 43 males born in 
1982-1983, that were observed during their first three years. Sample 
sizes vary among measures since data were not available for all 
subjects on all variables. 

Subjects born before the study were aged at roundups with 
reference to metal eartags inserted early in life. The ages of the few 
animals that had lost their eartags were estimated by tooth wear and 
horn development. Body weight and hump height were measured 
in a confining stall at autumn roundups in 1983-1989. During the 
roundup, animals were held for up to 18 h without food or water 
before weighing; consequently, variation in gut content was mini- 
mized. Horn size (length and diameter) was also measured in year- 
lings but not older animals, since many of the latter had broken 
horns. 

Fecundity was calculated for each female as the proportion of 
reproductive-age years during the study in which she produced a 
calf. Females born before 1981 were considered of reproductive age 
from age 3 (i.e. first mating at about 2.3 years) to 18 years, since few 
data were available before age 3 and because 95% of females were 
known to begin calving at age 3 or 4. For comparisons involving 
young females who began calving during the study (1981-1983 
cohorts), reproductive age was considered to begin at 2 years (first 
breeding at 1.3), which was the minimum age at which calves were 
produced. No twins were born, nor have they been reported for 
other populations (McHugh 1958 ; Lott and Galland 1985; Rutberg 
1986a; Berger 1989). A second measure of fecundity was used to 
describe ontogenetic patterns. Age-specific fecundity was calculated 
as the percentage of females in each age class that produced calves; 
data on each age class were pooled over all years. Unless otherwise 
noted, "fecundity" refers to the former measure (individual fecun- 
dity). 

Percentages were arcsine transformed prior to parametric analy- 
ses. All probabilities reported in the text are two-tailed. 

Results 

Ontogenetic patterns 

To describe patterns of  growth, we examined changes 
with age in body weight and shoulder height for in- 
dividuals measured each fall during an eight-year period. 
Thus, the data consist of  up to 8 repeated measurements 
of  individuals f rom 15 cohorts. Because the data combine 
measurements of  same and different individuals, to inter- 
pret these data as a growth curve we had to assume that 
mortali ty and/or culling was not size-specific. The low 
rate of  natural mortali ty (0.9% annually in 1982-84 for 
184 females aged 0-20), and the culling methods used, 
make this a reasonable assumption. In addition, because 
each age class was represented by several cohorts, year- 
to-year variation is unlikely to affect the results substan- 
tially; standard errors were low except for older age 
classes with small sample sizes (Fig. 1). 
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Fig. 1. Mean female body weight and shoulder height in relation to 
age. Vertical bars indicate standard errors. Curves are solutions of 
logistic growth model for height and weight (see text for equations). 
Sample sizes for weight for ages 0-20, respectively, are: 50, 168, 122, 
88, 69, 57, 51, 46, 29, 21, 14, 13, 13, 6, 4, 6, 5, 2, 3, 8, 9 

Growth in female bison occurred primarily during the 
first six years (Fig. 1), and followed a typical mammalian 
pattern (Peters 1983). Accordingly, we fit a logistic model 
to the data: weight = aw/(1 + b x exp ( -  r x age)), where 
aw, b, and r are parameters to be estimated. The model 
for height is the same, with ah replacing aw. For weight, 
a w = 430.7, b -- 1.86, and r = 1.03 (r 2 = 0.82, all parameters 
different from 0 at P<0.05);  for height, ah=139.8, 
b = 0.32, r = 0.63 (r 2 = 0.69, all parameters different from 
0 at P <  0.05). This model predicts a continuous increase 
in size throughout life, approaching an asymptote (aw or 
ah). Nevertheless, little of the variance in body weight is 
explained by age after the first six years (linear regres- 
sion: y=410.7+2.96x,  r2=0.045), suggesting that 
growth was limited to this period. Growth in height 
appeared limited to the first three years. The logistic 
curve predicts that 92 % of adult height is reached by age 2, 
and little of the variance in height is explained by age 
after the first two years (y=  132.6+0.70x, r2=0.096). 

Age-related changes in reproductive performance, 
described in a previous paper (Green 1990), are sum- 
marized here. Age-specific fecundity was nearly maximal 
at age 3 (78%), remained over 75% through age 11 (ex- 
cept for age 10, with 74%), and then declined gradually 
to 0 by age 20; the maximum was 86%, at age 7. Al- 
though there was a general decline in fecundity during 
the typical reproductive lifespan (age 3-18 years), a pla- 
teau occurred between ages 3 and 11. While this decline 
in fecundity between ages 3-18 was associated with in- 
creasing weight, there was no relationship between 
weight and age-specific fecundity when age was con- 
trolled for (Multiple regression: age-specific fecun- 
dity = 46.0 + 0.06 weight - 1.51 age; coefficient for age: 
t = 2.51, P < 0.05; for weight: t = 0.63, P > 0.5). A second 
measure of reproductive performance, subsequent fecun- 
dity (the percentage of all females calving at one age that 
also calved the previous year) showed similar patterns of 
change (Green 1990). The tendency to reproduce in suc- 
cessive rather than alternate years, as reflected by this 
measure, increased somewhat more gradually than age- 
specific fecundity during the first few reproductive years, 
from 71% at age 4 (and 0% at age 3: see below) to 94% 

at age 9, and then declined somewhat more abruptly to 
0 by age 19. Rates of subsequent fecundity remained 
above 80% from ages 6 11. 

Interindividual variation 

Age at first reproduction. Although most females 
produced their first calves at three years of age, in- 
dividuals varied in this respect. During a 5-year period, 
for example, four out of 84 females (5%) began calving 
at age 2, 66 (79%) at 3, and 14 (17%) at age 4. 

The relationship between growth and age at first re- 
production became inverted at puberty (Fig. 2). Females 
that first calved at age 2 weighed more as yearlings than 
those that began calving at 3 or 4 years (F=4.92,  
df = 1,32, P < 0.05). However, after puberty, late-matur- 
ing females (first calving at 4) weighed more than those 
that began at 3, who weighed more than those that calved 
at age 2. At age 6, for example, body weight was signifi- 
cantly correlated with age at first calving (rs=0.594, 
N =  25, P < 0.01). Thus early-maturing females appear to 
trade somatic growth for early maturation. 

Mature females. Body weight ranged from 352 to 605 kg 
in females aged 6 and older. Fecundity over an 8-year 
period varied from 0 to 100%. Comparisons of body 
weight and fecundity further show that adult body 
weight is negatively related to reproductive performance, 
again indicating a trade-off of somatic growth for re- 
production. 

Four "non-reproductive" females, who never calved 
during the 5-8 years in which they were of reproductive 
age, were the largest females in the herd, weighing 22 % 
more than parturient females. Mean weight ( i  SE) of 
non-reproductives was 518 + 22 kg versus 424 + 6 kg for 
parturient females (both groups aged 6 years and older; 
F = 23.1, d f =  1,47, P < 0.001). This difference was signifi- 
cant even when the latter were barren and thus at maxi- 
mum weight (see below; ~24- S E = 4 5 5 •  10 kg; F =  5.4, 
d r=  1,31, P<0.05).  Non-reproductives were also taller 
than parous females (1474-2 vs. 1384- 1 cm; F=7.0 ,  
df = 1,66, P <  0.025). 

Body weight was also negatively related to fecundity 
in parous females, particularly within cohorts (e.g. age 6 
[born in 1978] : Pearson correlation coefficient 
r =  - 0.328, N =  37, P <  0.05). The fact that individuals 
weighed more in barren than parturient years (see below) 
may have contributed; however, weights in parturient 
years alone showed even closer (negative) association 
with fecundity (e.g. age 6-7: r = - 0 . 6 7 1 ,  N=12 ,  
P<0.05).  That high fecundity was associated with re- 
duced growth was also indicated by a negative correla- 
tion between shoulder height and fecundity in prime- 
aged females (aged 6-13; rs = - 0.391, N =  52, P =  0.005). 

In contrast to adult body size, early size differences 
within a cohort appear to have important positive effects 
on subsequent fecundity. Fecundity during the first 7-9 
years was significantly related to weight at 0.5 years 
(r=0.761, N =  10, P<0.02)  and at 1.5 years (r=0.479, 
N =  22, P <  0.05). Of 10 females for whom data are avail- 
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able, five that reproduced in 80% of their first seven years 
weighed 35 % more as calves, on the average, than did five 
less fecund females (20-60 %). Moreover, heavier females 
reproduced earlier (above). Shoulder height among pre- 
reproductive two-year-olds was also positively related to 
later fecundity (%=0.559, N=15, P<0.05). Thus, as 
with age at first reproduction, the relationship between 
body size and fecundity became inverted around the time 
of sexual maturity, being positive before and negative 
afterwards. 

Offsprin 9 quality. Larger maternal body size may also 
confer such benefits as enhanced offspring size, domi- 
nance status, and reproductive performance (see Berger 
1979). If body weight is positively related in mothers and 
offspring, older mothers should have heavier offspring 
since weight increases with age. This was borne out for 
sons but not daughters; the yearling sons of females aged 
4 years and older weighed more than those of 3-year-old 
primiparae. In contrast, daughters showed the opposite 
pattern (Green and Rothstein, in press). When the sam- 
ple was restricted to mothers aged five and older, how- 
ever, maternal weight in the year of the offspring's birth 
was not correlated with offspring weight (sons: r = 0.107, 
N=  19, ns; daughters: r= -0 .052 ,  N=34, ns). Yearling 
height was also uncorrelated with maternal height (sons: 
rs = - 0.268, N= 15, ns; daughters : rs = 0.321, 
N= 17, ns). Maternal weight was little related to off- 
spring horn diameter (sons: rs=0.142, N=13, ns; 
daughters: r~ = - 0.117, N= 8, ns) and horn length (sons: 
rs=-0.111,  N=  13, ns); in fact, the latter relationship 
was negative for daughters (r s = - 0.651, 
N=8,  0.05<P<0.1). Moreover, daughters' fecundity 
and the within-cohort dominance status of sons and 
daughters were uncorrelated with maternal size (Green 
and Rothstein, in press). Thus larger mothers do not 
appear to have offspring of higher quality. 

Intraindividual variation 

Of the 99 females who were of reproductive age for three 
to eight years during the study, 58 (59%) were barren in 
at least one year. To examine the somatic effects of 
varying reproductive effort by the same individuals, we 
compared autumn body weights before and after each 
female produced a calf (parturient years) to her weight 
in years when no calf was produced (barren years). 

Weight gain was associated with increased pregnancy 
rates; individuals weighed more in the fall before par- 
turient years than before barren years (X• SE, before 
calving: 436.6+-10.3 kg; before barren: 421.7• 8.6 kg; 
Wilcoxon matched pairs signed-ranks: z= -2.05, 
N= 27, P = 0.040). Weight differences were not likely to 
have been substantially influenced by the presence or 
absence of the fetus, since pregnant females mated only 
about two months before weighing (and bore their calves 
about seven months later). Individuals lost up to 40% of 
their barren-year weight in parturient years (z = -3.18, 
N=29, P=0.001; R weight loss=21 +7 kg, or 5• 
suggesting somatic costs of reproduction. 
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Fig. 2. Changes in mean body weight with age for females that 
began calving at the ages of 2, 3, and 4 years. Vertical bars indicate 
one standard error 

The finding that individuals weighed less in parturient 
than in barren years helps explain the shifting weight 
relationships in Fig. 2. For example, females that calved 
at two years of age weighed less that year than their 
pre-reproductive peers (F = 6.53, df = 1,32, P < 0.025). At 
age 3, all early-maturing females were barren following 
the birth of their first calf. Thus their weights increased, 
particularly as compared with the primiparous three- 
year-olds. Age 4 weights can be similarly explained. 

Costs of reproduction 

The fact that smaller adult females were more fecund 
suggests that the trade-off of growth for reproduction 
does not reflect significant fitness costs. The absence of 
reproductive costs was further indicated in that fecundity 
was not generally lower after parturient than after barren 
years, in spite of the significant weight loss after the 
former (see above). To avoid repeated sampling of in- 
dividuals, fecundity rates following parturient and bar- 
ren years were compared in each year and for each age 
class. In only one out of seven two-year periods were 
females significantly less fecund after parturient than 
after barren years (1985-1986: 48% versus 100%; 
G = 12.7, df= 1, P <  0.001). Similarly, this difference was 
significant in only two of 16 age classes (age 2: 0% versus 
81%; G=12.5, P<0.001; age 3: 72% versus 100%; 
G=  8.2, P <  0.005). 

On the other hand, fitness costs of reproduction were 
suggested in that offspring quality was lower when moth- 
ers reproduced in successive years than when they were 
previously or subsequently barren. Barren females con- 
tinued to invest in their previous offspring. For example, 
out of 13 mothers, five who were subsequently barren 
weaned their daughters after 17-21 lunar months, as 
compared with 8.5-12 months for eight who calved again 
(Green 1990). That this extended investment enhanced 
offspring quality was suggested by the fact that daughters 
of subsequently barren mothers (N = 8) began calving 
earlier than females whose mothers calved again (N= 32) 
(X+SE: 2.8+0.2 versus 3.3• years; t=2.94, 
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P <  0.01). The former were also somewhat more fecund 
during their first 7-9 years (80.5_+3.3% versus 
68.6+_3.0%; t--1.82, 0 .05<P<0.1) .  Both male and 
female yearlings of subsequently barren mothers were 
heavier than those of subsequently parturient mothers 
(Green and Rothstein, in press). Similarly, daughters 
born to previously barren females appeared to benefit 
from enhanced maternal condition; they began calving 
earlier and were heavier and higher-ranking than the 
daughters of previously parturient females (Green and 
Rothstein, in press; data not available for sons). 

Costs and benefits of early reproduction 

Costs of early reproduction are indicated in that 100% 
of the females that began calving at age two (N= 7) were 
barren at age three. In contrast, only 33% of 54 three- 
year-old and 33% of 9 four-year-old primiparae were 
barren the year after producing their first calves (ages 2 
versus 3-4: G = 15.1, df = 1, P<0.001). That two-year- 
olds weighed less than older primiparae (Fig. 1 and 2) 
may contribute to reproductive costs for the former; 
their post-pubertal growth was substantially lower. 
Yearlings may be particularly vulnerable to abortions 
and calving-related mortality, as suggested by the fact 
that, out of three yearlings known to be pregnant in the 
fall of 1983, one died during the next calving season and 
only one calved. In contrast, mortality rates were quite 
low among older females. 

However, early reproduction resulted in substantial 
benefits. In spite of reduced growth and immediate fecun- 
dity, females that calved early produced more offspring 
in their first 2 9  years than did those that began later 
(r s = - 0.573, N = 49, P <  0.001). Of all females for which 
data are available, mean fecundity was 79.4% for four 
that calved at age 2, 64.7% for 38 that started at 3, and 
39.3 % for seven that began at 4. Thus the benefits of early 
reproduction appear to outweigh the costs. 

Discussion 

Alternate predictions were tested, that (a) reproduction 
and growth are positively related, and (b) reproductive 
costs result in trade-offs between reproduction and 
growth. The results were not fully consistent with either. 
The first was supported in that larger juveniles re- 
produced at an earlier age and were subsequently more 
fecund. In support of the second, however, there were 
substantial costs of reproduction. Post-pubertal growth 
was negatively related to long-term fecundity; non- 
reproductive females approached the size of bulls. More- 
over, offspring born in successive years showed reduced 
growth and fecundity relative to those born in alternate 
years. Early reproduction, in particular, resulted in re- 
duced growth and infertility in the year after first par- 
turition. However, other results suggest that these find- 
ings do not reflect significant fitness costs. Parturition did 
not generally result in reduced subsequent fecundity, in 

spite of weight loss. Even the costs of early reproduction 
were not so great as to exceed the benefits; long-term 
fecundity was highest in early-maturing and lowest in 
late-maturing females. 

Overall, the results suggest that early growth is pos- 
itively related to reproductive performance and that 
post-pubertal trade-offs do not reflect substantial fitness 
costs. The relationship between growth and reproduction 
varied with the age of subjects, becoming inverted 
around sexual maturity. While pre-pubertal growth ap- 
pears to have important effects on reproductive perfor- 
mance, subsequent growth was curtailed according to the 
level of reproductive effort. The lower weights of more 
fecund adults did not apparently indicate poor body 
condition. Where body weight is positively related to 
pregnancy rate, weight differences may reflect those of 
body condition (Mitchell and Brown 1974; Mitchell et al. 
1976; Hamilton and Blaxter 1980; Thomas 1982; Clut- 
ton-Brock et al. 1983). In the present study intrain- 
dividual variation in adult weight and interindividual 
variation in pre-pubertal weight were positively related 
to pregnancy rates, suggesting that these measures reflect 
relative investment ability. In contrast, variation among 
individuals in adult weight appears poorly related to 
condition differences (as in Columbian ground squirrels: 
Murie and Boag 1984). The finding that shoulder height 
was lower in more fecund females suggests smaller 
skeletal size rather than lower fat reserves. 

Although early-maturing female bison incurred im- 
mediate costs (as in other species: Miura et al. 1987; 
Wilson et al. 1983; but see Festa-Bianchet 1989), they 
produced more offspring than their peers. Similarly, in 
Columbian ground squirrels, reproductive success is 
higher among early-maturing females in spite of reduced 
longevity (Murie and Dobson 1987). Positive correla- 
tions between growth and reproduction may occur where 
variation in total available resources is large while varia- 
tion in the proportion of resources allocated to different 
traits is small (van Noordwijk and de Jong 1986). The 
opposite case should result in trade-offs. In the present 
study, allocation to reproduction (e.g. fecundity) varied 
widely, while substantial variation in total resources was 
unlikely because of low population density. Foraging 
competition among female bison is less intense (and 
rank-related differences in feeding efficiency smaller) un- 
der more favorable conditions (Rutberg 1986b). Thus 
one might expect negative rather than positive correla- 
tions between life-history traits. However, maturation 
rate and fecundity were positively related in the study 
population, suggesting that differences in individual 
quality rather than substantial trade-offs determined re- 
productive patterns. 

Differences in individual quality were apparent early 
in life. Females born earlier in the year were larger than 
and dominant to their peers; the former tended to mature 
earlier and become more fecund (Green 1987). In other 
seasonally-breeding ungulates, early birth similarly en- 
hances viability and social status (Guinness et al. 1978; 
Clutton-Brock et al. 1982; Dublin 1983; Byers 1986; 
Festa-Bianchet 1988; see also Clark et al. 1986 on 
Meriones unguiculatus). Early growth may be enhanced 
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by high social status, e.g. through increased foraging 
efficiency (Rutberg 1986b), as suggested by the positive 
relationship between juvenile dominance and body size 
(weight and height: Green 1987). Since young female 
bison often graze near their mothers (Green et al. 1989), 
maternal rank may also accelerate offspring growth (see 
Kojola 1989 on Rangifer tarandus). The significance of 
early growth to later fecundity is underscored by the fact 
that bison daughters whose suckling time during the first 
month of  life was above average were 69 % more fecund 
than those that suckled less (Green and Berger 1990). 

Age-specific patterns of growth and reproduction in 
female bison provide some support for Gadgil and 
Bossert's (1970) prediction that growth continues as long 
as reproductive potential increases with size. The plateau 
of  peak fecundity (and subsequent fecundity) began 
around the end of  the growth period. The tendency for 
body weight to increase after age 6 appears not to reflect 
continued growth. Rather, older females may gain 
weight because they are more often barren and because 
high dominance status increases their foraging efficiency 
(Rutberg 1986b). In the study herd, dominance was pos- 
itively related to weight rather than age in females older 
than six years (Green, unpublished data), suggesting that 
weight differences in mature females are related to varia- 
tion in resource acquisition. Moreover, weight increases 
in older females were not accompanied by increases in 
height, suggesting that the weight changes do not  reflect 
growth. 

Implications of the relationship between size and re- 
production vary depending on whether the data reflect 
within- or between-cohort variation. While peers differ 
in individual quality, ontogenetic patterns involve 
changes in experience and social behavior. In gregarious 
species, social interactions depend in various ways on the 
age of the individual; young animals may be at a disad- 
vantage not  only because they are smaller but also be- 
cause they (and their offspring) are subordinate (Rutberg 
1983, 1986b; Green 1987; see also Ryan and Dinsmore 
1980). Investment ability might thus be expected to in- 
crease more rapidly with increasing size between than 
within cohorts. However, age-specific fecundity did not 
increase over the reproductive lifespan, and in fact was 
much lower in the second half than in the first (Green 
1990). Although older females spent more time nursing 
their calves than did young females, other findings sug- 
gest that reproductive effort actually declines with age 
(Green 1986, 1990). 

To the extent that more fecund females reproduce in 
successive years, they tend to have low-quality offspring. 
Offspring born before or after barren years were superior 
in size and fecundity. Because older (larger) females were 
more likely to reproduce in alternate years, reproductive 
strategies appear to change with age: older females trade 
offspring quantity for quality. In this sense, greater body 
size (and other age-related variables) are associated with 
superior offspring quality. Moreover,  the negative as- 
sociation between fecundity and offspring quality sug- 
gests that fecundity may overestimate fitness. Data  on 
offspring reproductive success are needed to address this 
question. 
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