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Mass-dependent reproduction or reproduction-
dependent mass? A comment on body mass and
first-time reproduction in female sciurids

Murray M. Humphries and Stan Boutin

Abstract: We question the validity of Svendsen and White’s conclusion that body mass affects the timing of
primiparity in eastern chipmunks (Tamias striatus) (G.E. Svendsen and M.M. White. Can. J. Zool. 75: 1891-1895.
1997). Because the masses of reproductive and non-reproductive females were measured during the postpartum period
only, the differences reported by Svendsen and White may be due to reproductive females gaining more mass than
non-reproductive females between the premating and postpartum periods. We evaluated the plausibility of this
alternative explanation by comparing the body mass of reproductive and non-reproductive female red squirrels
(Tamiasciurus hudsonicus). Like Svendsen and White, we found that postpartum reproductive females were
significantly heavier than non-reproductive females, but contrary to their interpretation, these differences did not exist
during the premating period. We conclude that primiparity in female sciurids may not be mass-dependent, but rather
that postpartum mass differences may occur because reproductive females augment their energy reserves to help sustain

reproductive demands during late lactation.

Résumé : Nous mettons en doute la validité des conclusions de Svendsen et White selon lesquelles la masse corporelle
affecte le moment de la premiére reproduction chez le Tamia rayé (Tamias striatus) (G.E. Svendsen and M.M. White.
Can. J. Zool. 75: 1891-1895. 1997). Comme la masse des femelles reproductrices et des femelles non reproductrices a
été mesurée seulement au cours de la période de post-parturition, les différences signalées par Svendsen et White
peuvent étre attribuables aux gains de masse supérieurs chez les femelles reproductrices entre la période précédant
I’accouplement et la période de post-parturition. Nous avons évalué la plausibilité de cette explication en comparant la
masse de femelles reproductrices et de femelles non reproductrices chez I"Ecureuil roux (Tamiasciurus hudsonicus). A
I'instar de Svendsen et White, nous avons constaté que les femelles reproductrices étaient significativement plus
lourdes que les femelles non reproductrices, mais contrairement & leur interprétation, ces différences n’ont pas été
observées pendant la période précédant 1’accouplement. Nous croyons que la primiparité des sciuridés femelles n’est
probablement pas influencée par la masse, mais plutot que les différences de masse qui apparaissent aprés la parturition
s’expliquent par le fait que les femelles reproductrices augmentent leurs réserves énergétiques pour étre en mesure de
répondre encore aux exigences reproductrices a la fin de la période d’allaitement.

[Traduit par la Rédaction]

Recently, Svendsen and White (1997) investigated the ef-
fects of season of birth and body mass on the timing of
primiparity in eastern chipmunks (Tamias striatus). A di-
verse literature suggests that the timing of first reproduction
may be more a function of size than of age (see references
in Svendsen and White 1997). To test this hypothesis,
Svendsen and White documented when and at what body
mass 40 female chipmunks of known age first reproduced.
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Because activity patterns of the study population prevented
the trapping and weighing of females prior to pregnancy,
postpartum masses were used in the analysis. Postpartum
masses were measured during May and September, which
correspond to the spring and fall mating seasons (Svendsen
and White 1997, p. 1893 (Note to Table 1), but see p. 1892).
Based on the timing of mating (mid-March to early April
and late July to early August), parturition (31-32 days after
conception), and weaning (5-7 weeks post partum) in this
species (Smith and Smith 1972), masses measured from re-
producing females would therefore have predominantly in-
volved lactating females. Svendsen and White found that the
proportion of females which reproduced during their first,
second, or third opportunity was not significantly related to
season of birth. However, during a given reproductive op-
portunity (i.e., spring or fall breeding season), females that
did reproduce for the first time were significantly heavier
than same-age females that did not (96.0 + 1.06 vs. 89.4 =
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Table 1. Body masses (g) of primiparous and nulliparous female
red squirrels during the premating and postpartum periods.

Reproductive Non-reproductive

females females

Body mass n Body mass n
Premating period 232.4+2.1 19 229.4+5.5 15
Postpartum period 202:5%18 208 229,015 112

Note: Values are given as the mean + SE.

1.44 g). The authors concluded (Svendsen and White 1997,
p. 1893) that “Larger young female chipmunks tended to ini-
tiate reproduction at an earlier breeding opportunity than did
smaller females.”

We question the validity of Svendsen and White’s implicit
assumption that the differences observed between post-
partum and non-reproductive female masses reflect differ-
ences that existed before the reproductive females entered
oestrus. In many mammals, female energy reserves are sup-
plemented during gestation and early lactation in preparation
for pronounced increases in energy requirements during late
lactation (Millar 1987; Gittleman and Thompson 1988;
Thompson 1992). The resulting increase in body mass be-
tween the premating and postpartum periods could lead to
postpartum females being significantly heavier than non-
reproductive females, as reported by Svendsen and White
(1997).

To evaluate this alternative explanation, we analysed body-
mass differences between reproductive and non-reproductive
females in another sciurid rodent, the red squirrel
(Tamiasciurus hudsonicus), for which it is possible to obtain
measurements of premating body mass. Although eastern
chipmunks and red squirrels differ in terms of winter activity
(eastern chipmunks hibernate; red squirrels are active year-
round), body size, and degree of arboreality, they are closely
related taxonomically (family  Sciuridae, subfamily
Sciurinae), both are primarily granivores, and both maintain
year-round larder hoards (Elliot 1978; Hafner 1984; Obbard
1987). We see no obvious reason why the relationship be-
tween body mass and reproduction should differ between the
two species.

Red squirrels were studied on a 130-ha site near Kluane
Lake, Yukon, Canada (61°N, 138°W). A more complete de-
scription of the general methodology is provided in Boutin
and Larsen (1993) and Humphries and Boutin (1996).
Briefly, in each spring and summer from 1993 to 1997, resi-
dent red squirrels were livetrapped repeatedly beginning in
early April. During each live capture, body mass was mea-
sured to the nearest gram using 500-g spring-slide scales.
Females were classified as lactating when milk could be first
expressed from nipples. Females found to be lactating were
fitted with radio collars to assist in locating the nest contain-
ing their young, which was then accessed to allow the neo-
nates to be counted, weighed, and sexed. The parturition
date was estimated from the size of the neonates, as de-
scribed by Boutin and Larsen (1993), and verified by match-
ing the estimated date to the timing of sudden mass loss by
females, indicative of parturition.

For the present analysis, we attempted to make our data as
comparable to those of Svendsen and White (1997) as possi-
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ble, except that we included premating masses. Thus, only
females that had not previously reproduced were included in
the analysis, and each female was assigned to a reproductive
or non-reproductive category according to whether or not
she produced a litter that spring. Because we were unsure
whether Svendsen and White (1997) measured postpartum
masses during a 1-month (p. 1893 (Note to Table 1)) or 2-
month period (p. 1892 (Methods)), we included body masses
measured during a 6-week period. To estimate postpartum
mass, we calculated an average mass for each reproductive
female based on all measurements made 242 days after her
estimated date of parturition. To obtain similar measures for
non-reproductive females, we calculated an average mass for
each non-reproductive female based on all measurements
made 242 days after the average parturition date of first-
time reproducers in that year. Premating mass for a given fe-
male was calculated as the average of measurements made
38-78 days prior to estimated parturition date, since the ges-
tation period is 33-36 days in red squirrels (Obbard 1987).
“Premating” body mass of non-reproductive females was
based on measurements taken 38-78 days prior to the aver-
age parturition date of first-time reproducers in that year.
Like Svendsen and White (1997), we pooled masses mea-
sured in different years and compared masses of reproduc-
tive and non-reproductive females using two-sample # tests,
modified for unequal variance when necessary. To more ex-
plicitly evaluate whether body masses of reproductive fe-
males increased between the premating and postpartum
periods, we conducted a paired-sample ¢ test on the average
premating and postpartum body masses of a subset of repro-
ductive females for which both measurements were avail-
able. Our research on red squirrels was approved by The
University of Alberta Animal Care Committee.

As Svendsen and White (1997) reported for chipmunks,
postpartum female red squirrels were significantly heavier
than non-reproductive females measured during the same
period (r = 12.04, p < 0.001; Table 1). During the premating
period, however, the masses of reproductive and non-
reproductive female red squirrels did not differ (1 = 0.55, p =
0.58). The average masses of non-reproductive females were
nearly identical between the premating and postpartum peri-
ods, while the average masses of reproductive females dif-
fered by more than 20 g between the two periods (Table 1).
Among the subset of reproductive females whose body mass
was measured during both periods, mass increased signifi-
cantly from the premating to the postpartum period (paired-
sample t test, 1 = 15.4, df = 72, p < 0.0001), with an average
increase in body mass of 23.9 g (SE = 1.56 g) or 10.5%.

Our results demonstrate that the body masses of primi-
parous red squirrels differ from those of non-reproductive
females during the postpartum period but not during the
premating period, and are therefore inconsistent with mass-
dependent initiation of first-time reproduction. Instead, these
results indicate that primiparous females gain mass between
conception and lactation, while nulliparous females maintain
a relatively constant body mass through the same period.
Humphries and Boutin (1996) demonstrate that increases in
mass from early to late lactation in red squirrels are associ-
ated with increases in body fat, and that mass gain is posi-
tively related to manipulated litter size. Thus, it is likely that
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mass gain from the premating to the postpartum period also
involves an increase in body energy stores, although several
other components of mass may also increase in size (e.g.,
lactational tissue, digestive organs). Svendsen and White’s
(1997) finding that postpartum female chipmunks are signif-
icantly heavier than non-reproductive females may also re-
flect postmating mass gains by reproductive females.
However, additional data on eastern chipmunks, as well as
other sciurid species, are needed to evaluate the generality of
this hypothesis.

Our explanation of the differences in body mass between
reproductive and non-reproductive sciurids is consistent with
the emerging view that an individual’s body mass is often
not as large as is permitted by either physiological capacity
or nutrient availability, but is regulated at some optimal level
(Witter and Cuthill 1993; Cuthill and Houston 1997). Given
that increases in body mass are likely associated with costs
(Witter and Cuthill 1993; Cuthill and Houston 1997), one
might question why female red squirrels and chipmunks
would increase body energy reserves in advance of elevated
reproductive demands at the expense of maintaining or sup-
plementing their larder hoards. Because all energy trans-
ferred from a lactating mother to her offspring must first be
ingested and assimilated by the mother, it is speculated that
offspring production, and hence reproductive success, of fe-
male mammals may be limited by their capacity to assimi-
late energy during late lactation (Speakman and McQueenie
1996; Hammond and Diamond 1997). Partial reliance on
body energy reserves that are established during periods of
lower energy demand and depleted during periods of peak
energy demand may thus be beneficial even in animals with
large external energy stores, because such reliance permits
circumvention of short-term limitations imposed by the ali-
mentary tract.
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