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Reproductive success of females in iteroparous species usually increases early in life, then remains constant or

declines. The restraint hypothesis suggests that primiparous females limit their 1st reproduction in order to avoid

future costs to survival, reproduction, or both, whereas constraint indicates that primiparous females are limited

in their 1st reproductive attempt either because they lack sufficient resources (measured by body mass) or lack

experience at weaning a litter. To evaluate these alternatives, we examined age- and experience-related patterns

of reproduction in female Columbian ground squirrels (Spermophilus columbianus) with data from a long-term

study and by experimentally altering age at 1st reproduction. In the results of the long-term study, experienced

females had significantly higher reproductive investment and reproductive success (number of offspring

surviving to yearling age) compared to inexperienced females. Annual survival of females was not affected by

their level of previous weaning experience or current reproductive investment. Additionally, subsequent

reproductive success was not impaired by earlier reproduction. In the experimental results, experienced females

had significantly higher reproductive investments compared to inexperienced females. Constraint in terms of

previous weaning experience best explained the differences in reproductive investment and reproductive success

between primiparous and multiparous females.
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Ideas concerning patterns of lifetime reproduction in verte-

brate animals underlie much of life-history theory (Stearns

1992). Most vertebrates are iteroparous, producing offspring

more than once during their lifetime. Reproductive success of

many vertebrates, such as birds and mammals, usually increases

early in life and then declines or remains constant over the

remainder of their lifetime (Bérubé et al. 1999; Derocher and

Stirling 1994; Ericsson et al. 2001; Harvey et al. 1988; Pärt 1995;

Sydeman et al. 1991). Despite the importance of these patterns to

life-history theory, evolutionary ecologists still do not have a

complete understanding of how patterns of age-specific repro-

duction have evolved under natural selection (Fox et al. 2002).

In particular, increasing reproductive success early in life

could be due to older age, increased reproductive investment

by individuals, or it might simply reflect improvements in re-

production due to experience (Clutton-Brock 1984). Under-

standing age-specific reproductive output is important because

current reproduction may have consequences on lifetime repro-

ductive success. These consequences may include decreased

parental survival and reproduction, or changes in parental invest-

ments that influence subsequent survival of the young (Stearns

1992; Williams 1966). Alternatively, patterns of investment

may have direct influences on survival, development, or repro-

duction of offspring. Thus, reproductive investment is critically

important to the pattern of life history because it is closely

associated with fitness (Clutton-Brock 1991).

Hypotheses proposed to explain changes in reproductive

success during early aging in vertebrates have focused on body

condition, previous weaning experience, and maternal restraint

(Côté and Festa-Bianchet 2001; Curio 1983; Forslund and Pärt

1995; Krüger 2005; Lunn et al. 1994; Rowher 1992; Rutstein

et al. 2005; Sydeman et al. 1991). The constraint hypothesis

suggests that young individuals are limited in their reproductive

performance because of low body mass or body condition or

both (condition constraint). Primiparous individuals also might

be constrained in their reproductive performance because they
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lack essential skills for successful reproduction, such as for-

aging efficiency or predator defense (experience constraint).

The restraint hypothesis is based on a trade-off between current

and future reproduction. It suggests that younger animals

restrain their reproduction at a young age because of a high

expectation of future reproduction; thus, they can allocate more

resources to growth and maintenance. Even though primip-

arous females may be able to produce the same number of

offspring as older females, they limit their 1st attempt at repro-

duction to avoid possible costs (Evans 1990; Künkele and

Kenagy 1997; Tuomi et al. 1983).

We evaluated the constraint and restraint hypotheses by

testing predictions concerning patterns of reproductive invest-

ment, somatic investment, and reproductive success of primip-

arous (inexperienced) and multiparous (experienced) female

Columbian ground squirrels (Spermophilus columbianus) in 2

ways. First, we examined a long-term data set for females

weaning a litter with no previous experience (primiparous) and

females weaning a litter with at least 1 year of previous expe-

rience (multiparous). Second, we experimentally delayed the age

at 1st reproduction of some females. The body condition–

constraint hypothesis predicts that reproductive output of

primiparous females relative to their body mass will be similar

to that of multiparous females. Thus, if younger females have

lower mass than older females, the reproductive and somatic

investments of younger females will be lower in terms of

absolute measures, but will be similar to older females when

body mass is considered. However, the experience-constraint

hypothesis predicts that primiparous females will have lower

reproductive investment and success relative to body mass

compared to multiparous females because their lack of expe-

rience results in inefficient use of resources. The restraint

hypothesis predicts that those females that wean a litter in their

1st attempt should pay a survival cost or a cost to future repro-

duction or both. Under restraint, young females have a high

expectation of future reproduction and should therefore limit

reproduction regardless of their body condition. Therefore,

restraint predicts that reproductive investment and success

relative to female body mass of primiparous females will be

lower than that of multiparous females.

Columbian ground squirrels provide an excellent model for

evaluating hypotheses about life-history evolution. Because of

a short active season, females have a short amount of time in

which they must invest resources in both reproductive and so-

matic needs (Dobson et al. 1992). Also, this species has ex-

tremely limited reproduction (viz., litter size) compared to other

species of ground squirrels (Blumstein and Armitage 1998;

Dobson and Murie 1987). Therefore, reproduction should be

constrained and somatic investment should be more pronounced

in Columbian ground squirrels compared to other ground

squirrels, making this species ideal for a study of the importance

of age and experience to reproductive performance.

MATERIALS AND METHODS

Study species.—Columbian ground squirrels are hibernating,

semifossorial rodents whose reproduction and ecology have

been well studied (e.g., Boag and Murie 1981; Zammuto and

Millar 1985a, 1985b). Population size is regulated by food re-

sources (Dobson 1995; Dobson and Kjelgaard 1985a; Dobson

and Oli 2001) and life histories are plastic and influenced by

individual body condition (Dobson 1988, 1992; Dobson and

Kjelgaard 1985b; Dobson and Murie 1987; King et al. 1991).

Adult ground squirrels emerge from their hibernation burrows

in spring and mate. Once the young are weaned in early sum-

mer, the adult females must then prepare for an 8- to 9-month

period of hibernation, which begins in late summer (Dobson

et al. 1992; Murie and Harris 1982). Columbian ground squir-

rels, being multiparous, are faced with possible trade-offs be-

tween current and future reproduction. Although most females

in our study population mated at the age of 2 years, some did

not wean a litter until they reached the age of 4 years. In ad-

dition, females did not achieve full body mass before reaching

the age of at least 3 years (Boag and Murie 1981). Changes in

body mass can be largely attributed to condition, because most

females are fully grown in structural (skeletal) size before they

are 2 years of age (Dobson 1992).

Field methods.—Field studies were conducted from 1992 to

2003 at the Sheep River Wildlife Sanctuary in southwestern

Alberta, Canada (508N, 1108W). Two study areas, both approx-

imately 1.5 ha, consisted of open meadows located approx-

imately 100 m apart; both were bordered by mixed fir

(Pseudotsuga sp.), juniper (Juniperus sp.), and aspen (Populus
tremuloides) woodland and the Sheep River gorge. Ground

squirrels were livetrapped shortly after emergence from hiber-

nation in early to mid-April. Captured individuals were weighed,

examined for reproductive condition, uniquely marked with

numbered metal ear tags and dye markings on their pelage, and

released. Ear tags and dye markings were reapplied as needed on

recapture.

Juvenile ground squirrels were captured shortly after

emergence from natal burrows in early to late June. Emergence

(weaning) date could be anticipated because date of mating was

known, or could be estimated within a few days. Mating date

was estimated from the external appearance of the female’s

genitalia, behavioral evidence of underground copulation

(including oral cleaning of the groin area by both sexes), or

the detection of a copulatory plug. Dates of litter emergence

were estimated by adding 51 days to the estimated or observed

mating date: 24 days from mating to parturition and 27 days

from parturition to 1st emergence of the litter (Murie and Harris

1982; Shaw 1925). Natal burrows could be identified from

observations of females stocking them with nesting material

before young were born, or by observing females emerge from

or enter them during the lactation period. In this way, the site

of emergence was anticipated for most litters.

During the period of litter emergence, the study site, espe-

cially the locations of natal burrows, were checked 1–3 times

daily for newly emerged juveniles. Juveniles were captured in

wire-mesh traps that were placed over natal burrows, or in live

traps that surrounded the burrows. Most juveniles were cap-

tured, weighed, and marked within the first 0–2 days of emer-

gence from the natal burrow. The lactating female that

associated with a natal burrow was assumed to be the mother
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of the litter that emerged from that burrow. Protocols for

trapping and handling of animals were written according to

guidelines approved by the American Society of Mammalo-

gists (Gannon et al. 2007) and were approved by institutional

animal care and use committees at Auburn University and the

University of Calgary.

In the long-term data, females were designated as primip-

arous or multiparous. Primiparous females were those females

weaning a litter that had no previous successful experience.

Multiparous females were those females weaning a litter with

at least 1 year of successful experience. Variances for all ma-

ternal and reproductive variables measured were not signifi-

cantly different among study areas in the long-term data, which

allowed pooling of these data during statistical tests (Zar 1999).

Only those females that weaned litters were included in the

analyses examining age and experience effects on investment

patterns among all age classes. Females that gave birth to litters

but failed sometime during lactation were eliminated from

these analyses. For analyses examining annual survival and

reproductive and somatic investment patterns of 2- and 3-year-

old females, unsuccessful females included those who either

failed to mate, conceive, or give birth to a litter, or failed

sometime during early lactation. Successful females included

those who weaned litters.

Reproductive investment was calculated as the sum of the

mass of juveniles in each litter near the time of weaning. Because

lactation had subsided at this time, the majority of direct

energetic investment into the offspring was considered com-

plete (Broussard et al. 2003; Kenagy et al. 1989; Mattingly

and McClure 1982; Michener 1989). We assumed that litter

mass at weaning was a reasonable measure of maternal energy

investment, in part because litter size at weaning was not

significantly different from litter size at conception or birth in

Columbian ground squirrels (Murie et al. 1980). Somatic

investment was calculated as change in maternal mass from

the time of emergence from hibernation to the time her litter

emerged from the natal burrow (Broussard et al. 2003). For

unsuccessful females, somatic investment was calculated as

change in maternal mass form the time of emergence from

hibernation to the time her litter would have emerged from the

natal burrow (51 days after mating). Yearly somatic investment

was change in maternal mass from hibernation emergence in that

year to emergence from hibernation in the next year. As a

measure of reproductive success, we used numbers of juveniles

surviving to yearling age. This measure of success is not a proper

measure of fitness, but was an indication of offspring production

to a subadult age class. Reproductive yearling females were

eliminated from analyses of investments because they only

rarely weaned litters (,10% of yearling females).

Experimental delay of age at primiparity.—Experimental

and control groups consisted of 2- and 3-year-old primiparous

females. Primiparous females that were expected to mate were

randomly placed in control and experimental groups using

a randomized block design (Hurlbert 1984; Scheiner and

Gurevitch 2001). Experimental females were forced to miss

their 1st mating opportunity by being housed in laboratory

conditions for no more than 5 days during their estrous period

in mid- to late April and early May no later than 2 days after

they emerged from hibernation. Control females who mated and

produced litters as primiparous individuals were also housed in

the laboratory just after their estrous period and mating for a

period of 5 days approximately 14 days after emergence from

hibernation. During the year that followed manipulation, repro-

duction, mass changes, and survival for both groups of females

were monitored.

Statistical analyses.—All analyses were performed using

SAS statistical software (SAS Institute Inc. 2000a, 2000b).

Because some analyses required repeated measures of the same

individuals, a linear mixed-model approach was used (PROC

MIXED). This approach is similar to the general linear model

approach (PROC GLM) but allows random and fixed terms to

be defined. In our case, female identification was used as a

random factor to search for differences in maternal variables

among age and experience classes of females. For long-term data

analyses without repeated measures, t-tests (PROC TTEST)

were used. In the experimental data, nonparametric Wilcoxon

sum rank tests (NPAR1WAY procedure) were used to search for

differences in maternal and reproductive variables of control and

experimental females. One-tailed P-values were used for some

comparisons because the hypotheses predicted specific direc-

tions for differences in these means. Unless stated otherwise,

P-values � 0.05 were considered significant.

RESULTS

Long-term study: primiparous versus multiparous females.—
In the primiparous group of females there were thirty-five 2-

year-olds, twenty-four 3-year-olds, and nineteen 4-year-olds. In

the multiparous group there were twenty-five 3-year-olds, thirty-

two 4-year-olds, twenty-six 5-year-olds, twenty-nine 6-year-

olds, and thirty 7- to 10-year-olds. Using linear mixed-model

analysis with female identification as a random factor, we found

differences in some maternal and reproductive characteristics

between primiparous and multiparous females (Table 1).

Multiparous females had earlier dates of emergence from

hibernation, heavier masses at emergence from hibernation,

lower yearly somatic investment, heavier and larger litters at

emergence from the natal burrow, and greater numbers of

juveniles surviving to yearling age. Primiparous females and

multiparous females did not significantly differ with respect to

somatic investment. A mixed-model approach with female

identification as a random factor also showed that there was no

effect of female experience level (F ¼ 2.1, d.f. ¼ 1, 208, P ¼
0.15), level of reproductive investment (F ¼ 0.7, d.f.¼ 1, 208, P
¼ 0.80), and age (F ¼ 1.2, d.f. ¼ 1, 208, P ¼ 0.27) on female

annual survival or any interaction between experience level and

level of reproductive investment on female annual survival (F ¼
0.3, d.f. ¼ 1, 208, P ¼ 0.57).

Possible interactions between age and experience among

primiparous and multiparous females and their effects on

reproductive investment and reproductive success were ana-

lyzed using a mixed-model approach with female identification

as a random factor. Experience had a significant effect on

reproductive investment (F ¼ 6.2, d.f. ¼ 1, 208, P ¼ 0.01),
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whereas age did not (F ¼ 0.11, d.f. ¼ 5, 208, P ¼ 0.99). There

were no significant interactions between maternal age and

experience on reproductive investment (F ¼ 1.3, d.f. ¼ 3, 208,

P ¼ 0.28) among primiparous and multiparous females.

Maternal mass, body condition, or both can have a strong

effect on reproductive investments of female Columbian

ground squirrels (Broussard et al. 2003, 2005a; Dobson et al.

1999; Risch et al. 1995). An analysis of covariance using

a mixed-model approach with female identification as a ran-

dom factor was performed to assess whether the relationship

between mass of females at emergence from hibernation and

reproductive investment was different for primiparous and

multiparous females (Fig. 1). There were no significant

interactions between maternal emergence mass and experience

level on reproductive investment for primiparous and multip-

arous females (F ¼ 1.27, d.f. ¼ 1, 208, P ¼ 0.29). Least-square

means (6 2 SE) of reproductive investment were 272 6 19 g

for primiparous (n ¼ 78) and 313 6 13 g for multiparous (n ¼
141) females (P , 0.0001).

Long-term study: 2-year-old versus 3-year-old females.—
Among 2-year-old females only, those that weaned litters had

higher annual survival (91% of 41) compared to those that did

not wean litters (71% of 38; v2 ¼ 4.7, d.f. ¼ 1, P ¼ 0.03). Two-

year-olds that weaned litters had similar dates of emergence

from hibernation, higher masses at emergence from hiberna-

tion, lower somatic investments, and lower yearly somatic

investments compared to 2-year-olds that did not wean litters

(Table 2).

If females paid a cost in terms of future reproduction for

weaning a litter at age 2, their litters in the following year should

be smaller than those of females that were primiparous at age 3

years. The difference (1-tailed probability) in subsequent litter

size between those females that were primiparous as 2-year-olds

and those that were primiparous as 3-year-olds (means 6 2 SE:

2-year-olds: 2.3 6 0.4; 3-year-olds: 3.0 6 0.6: t ¼ 1.73, d.f. ¼
44, P ¼ 0.10) was not significantly different.

The t-tests also were used to examine possible differences in

maternal and reproductive variables among 3-year-old females

that were successful (multiparous) or unsuccessful (primiparous)

as 2-year-olds (Table 3). Unsuccessful 2-year-olds included those

females that failed to mate, give birth, or their litters died

sometime during early lactation. One-tailed P-values were used

for some comparisons because restraint and constraint predicted

specific directions for differences in those means. Among 3-year-

old females, primiparous and multiparous females did not differ

with respect to date of emergence from hibernation and litter size.

Somatic investment, yearly somatic investment, and reproductive

investment showed nonsignificant differences between primip-

arous and multiparous females. However, primiparous females

were heavier coming out of hibernation than multiparous females

as 3-year-olds. In spite of this advantage in body mass and the

lack of difference in litter size, primiparous 3-year-old females

had significantly lower reproductive success compared to 3-year-

old multiparous females.

Experimental study.—To examine the possible effects of

previous experience on reproductive investment and reproduc-

tive success, a total of 11 (4 control and 7 experimental) 2- and

3-year-old females were successfully manipulated. For control

females, one 3-year-old and three 2-year-old females were ma-

nipulated. For experimental females, three 3-year-old females

and four 2-year-old females were manipulated. Experimental

females were forced to skip their 1st mating attempt as 2- or

3-year-olds and control females bred normally during their

TABLE 1.—Reproductive and maternal variables for female Columbian ground squirrels (Spermophilus columbianus) by level of previous

experience (6 2 standard errors of the mean). Data for multiparous females (1 or more years of experience weaning a litter) are pooled for

comparison with primiparous females using linear mixed models with female identification as a random factor. Sample sizes are given in

parentheses. One-tailed P-values are given in bold italics.

Variable Primiparous Multiparous F P

Date of emergence from hibernationa 29 April 6 1.5 (78) 26 April 6 1.2 (142) 7.1 0.01

Mass at emergence from hibernation (g) 423 6 12 (73) 439 6 8.5 (141) 4.0 0.05

Somatic investment (g) 77 6 13 (68) 82 6 8.4 (131) 0.6 0.22

Yearly somatic investment (g) 6.5 6 12 (42) �4.5 6 6.8 (90) 3.4 0.04

Reproductive investment (g) 270 6 18 (78) 320 6 13 (141) 18.0 <0.0001

Litter size at emergence from natal burrow 2.6 6 0.2 (78) 3.0 6 0.2 (141) 12.6 <0.0001

Reproductive success 1.3 6 0.34 (29) 1.8 6 0.32 (66) 3.8 0.03

a SE in days.

FIG. 1.—Litter mass at 1st emergence (reproductive investment)

from the natal burrow versus maternal mass at emergence from

hibernation with separate regression lines for primiparous (dashed) and

multiparous female (solid) Columbian ground squirrels (Spermophilus
columbianus).
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1st mating attempt as 2- or 3-year-olds. Because the data did

not conform to the assumption of normality, nonparametric

Wilcoxon sum rank tests were used to assess differences in

maternal and reproductive variables between control and ex-

perimental females (SAS Institute Inc. 2000a, 2000b; Zar 1999).

In the year after manipulation, control females (9 May 6 3

days) emerged from hibernation slightly later than experimen-

tal females (30 April 6 9 days), although not significantly so

(P ¼ 0.15). Control females (4.0 6 6.3 g) had statistically

similar yearly somatic investments compared to experimental

females (�4.4 6 8.6 g; P ¼ 0.14). Due in part to the difference

in annual gain in mass, control females (at 463 6 78 g) also

were heavier at spring emergence from hibernation than exper-

imental females (396 6 64 g; P ¼ 0.08). Control females also

had significantly greater reproductive investments (380 6 18 g)

compared to experimental (239 6 76 g) females (P ¼ 0.01) as

well as substantially larger litters (control: 3.3 6 0.5, exper-

imental: 2.1 6 0.7; P ¼ 0.06).

Reproductive investment was regressed on mass of females at

emergence from hibernation with treatment (control or exper-

imental) as a covariate and mass-free measures of reproductive

investment were created using linear regression. Residuals from

reproductive investment regressed on maternal mass at emer-

gence differed significantly between control (58.3 6 64 g) and

experimental (�33 6 74 g) females (1-tailed P ¼ 0.05).

DISCUSSION

Examination of long-term data showed that, overall,

primiparous females had lower reproductive investments and

lower reproductive success compared to multiparous females

with and without statistically controlling for the influence of

maternal mass at emergence in the spring (Table 2; Fig. 1).

Annual survival of 2-year-old females that weaned litters was

similar to that of 2-year-old females that failed to wean litters.

Additionally, primiparous females as 2-year-olds did not pay

a future cost in terms of subsequent reproduction compared to

females that were primiparous as 3-year-olds. Those females

that delayed weaning their 1st litter until they were 3-year-olds

did not have significantly greater reproductive investment or

success compared to those females that 1st weaned a litter as

2-year-olds even though these primiparous 2-year-olds paid

a cost in terms of gain in mass (Table 3). For these reasons, we

did not accept maternal restraint as an explanation for the

reduced reproductive investment and success of primiparous

females compared to multiparous females (Table 4).

Constraint implies that primiparous females are less capable of

gestating or weaning offspring than are older females, because

of low body mass, a lack of experience, or both. Primiparous

female Columbian ground squirrels emerged from hibernation

at a slightly lighter mass than multiparous females (Table 1).

However, with mass at emergence from hibernation statistically

controlled, primiparous females still produced litters signifi-

cantly smaller in size and lighter in mass compared to multip-

arous females (Fig. 1). Maternal mass can influence litter size,

average mass of offspring, or both (Derocher and Stirling 1994;

Dobson and Myers 1989; Festa-Bianchet and Jorgenson 1998;

McClure 1981; Michener 1989; Millesi et al. 1999). However, in

our study, it appears that mass of a primiparous female did not

alone affect her inability to produce a litter of the same mass and

size as those of multiparous females (see also Broussard et al.

2005a; Dobson et al. 1999). These results supported experience

constraint over condition constraint (Table 4).

In experienced females had a slightly lower reproductive

success compared with more-experienced females. Similar ef-

fects of previous experience weaning a litter have been described

for other species of mammals. Older, more experienced female

horses (Equus caballus) targeted their reproductive investment

during times that were most critical to the survival of their young,

because of experience gained through previous attempts at

producing young (Cameron et al. 2000). Increased reproductive

success in older bison (Bison bison) mothers was not explained

TABLE 2.—Maternal variables (6 2 SE) for 2-year-old successful

and unsuccessful female Columbian ground squirrels (Spermophilus
columbianus). Means are compared using Student’s t-tests. Sample

sizes are given in parentheses.

Variable Unsuccessful Successful t P

Date of emergence

from hibernationa 29 April 6 2 (48) 27 April 6 1 (47) 1.7 0.10

Mass at emergence

from hibernation (g) 377 6 16 (48) 402 6 10 (42) 2.5 0.01

Somatic investment (g) 125 6 21 (15) 87 6 16 (35) 2.7 0.01

Yearly somatic

investment (g) 58 6 20 (32) 21 6 7 (22) 3.1 0.003

a SE in days.

TABLE 3.—Reproductive and maternal variables for 3-year-old female Columbian ground squirrels (Spermophilus columbianus) by level of

previous experience (6 2 standard errors of the mean). Means are compared using Student’s t-test. Sample sizes are given in parentheses.

One-tailed probabilities are given in bold italics.

Variable Primiparous Multiparous t P

Date of emergence from hibernationa 28 April 6 3 (24) 27 April 6 3 (25) 0.7 0.49

Mass at emergence from hibernation (g) 453 6 22 (24) 423 6 17 (25) 2.0 0.05

Somatic investment (g) 59 6 21 (24) 77 6 22 (25) 1.5 0.07

Yearly somatic investment (g) 0.8 6 12 (25) �16.5 6 19 (13) 2.2 0.08

Reproductive investment (g) 286 6 36 (24) 308 6 34 (25) 1.61 0.06

Litter size at emergence from natal burrow 2.7 6 0.4 (24) 2.8 6 0.3 (25) 0.95 0.18

Reproductive success 1.0 6 0.4 (12) 1.7 6 0.4 (26) 2.4 0.01

a SE in days.
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by increased reproductive effort by those females but rather by

either increased experience or higher dominance status of older

mothers, so that they avoided reproductive costs incurred by

primiparous (1st-time) females (Green 1990). Additionally,

previous experience explained much of the variation in re-

productive success among young female northern elephant seals

(Mirounga angustirostris—Sydeman et al. 1991). Among small

mammals, primiparous prairie voles (Microtus ochrogaster)

spent less time in the nest engaged in parental activities with the

young than multiparous females. As a result, young of

multiparous females had faster growth rates, larger mass at

weaning, and higher survival than young of primiparous females

(Wang and Novak 1994). Further, the ability of red squirrels

(Tamiasciurus hudsonicus) to process cones as food items

(extract seeds) was more highly variable in young animals than

in older animals (Becker et al. 1998). The authors suggested that

1st reproduction in young female red squirrels was constrained

by their ability to extract seeds from jack pine (species?) cones.

Previous experience weaning a litter could increase the

chances of a female of successfully weaning future litters.

However, elucidating this relationship between previous expe-

rience and lifetime reproductive success has proven difficult.

Often, 1st-time females are lighter in mass than older, more

experienced females. Other studies on these same populations of

Columbian ground squirrels (Neuhaus et al. 2004) concluded

that mass and age of females interact with experience to produce

patterns of age-specific reproductive success. To analyze the

effects of previous experience on reproductive success, we

experimentally manipulated age at 1st reproduction. In the year

after manipulation, multiparous (experienced) females had

significantly greater reproductive investments and somewhat

greater reproductive success than primiparous females. By

examining body mass in spring, we found that experienced

females in the sample were in somewhat better condition and

heavier than inexperienced females. This measure of body

condition has proven successful at predicting reproduction in

Columbian ground squirrels (Dobson et al. 1999; Risch et al.

1995). Better body condition of these females was associated

with improved reproductive success. However, when the

influence of maternal mass on reproductive investment was

statistically controlled, multiparous females still had greater

reproductive investments compared to primiparous females.

Reproductive investments of primiparous and multiparous

females showed similar patterns in the long-term and exper-

imental data. Primiparous females in both long-term and ex-

perimental data had lower average reproductive investments

compared to multiparous females. Additionally, yearly somatic

investments of primiparous females were significantly higher

than those of multiparous females in the long-term data when

examining only 3-year-old females (Table 3) and all females

combined (Table 1). The 3-year-old multiparous females had

by far the lowest yearly somatic investment of all female age

classes examined. For their body mass, 3-year-old multiparous

females were investing many more resources into weaning

a litter compared to primiparous 3-year-old females. This high

level of reproductive investment may have cost them in terms

of low mass at emergence in the spring in the following year

but paid off in terms of high reproductive success.

Two-year-old unsuccessful females had significantly higher

somatic investments and yearly somatic investments compared

to 2-year-old successful females (Table 2). Studies of ground-

dwelling squirrels have shown that if females either fail in their

attempt or do not attempt reproduction, they will invest at least

some resources that would have gone into producing a litter

into themselves (Broussard et al. 2003, 2005b; Neuhaus 2000;

Neuhaus et al. 2004; Table 2). Because Columbian ground

squirrels are relatively long-lived for their body size, our results

may not be typical for other species of small mammals that

have many fewer chances to reproduce during a relatively short

life span.

Examination of long-term data from known-age female

Columbian ground squirrels and an experimental approach

showed that previous experience played a role in increasing

reproductive investment and reproductive success, in accord

with previous studies on large mammals. Our study is unique

in that we show an effect of previous weaning experience on

reproduction in a species of rodent. However, because our

experimental study was of limited sample size, further experi-

ments should be carried out to determine if effects of previous

experience are generally independent of age effects.
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