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Lactation is the most energetically costly component of maternal investment in mammals. For large tem-
perate herbivores, summer is characterized by relatively abundant forage but also high energetic needs for
lactation and recovery from winter mass loss. We experimentally restricted food supply by about 20%, and
compared the nursing and foraging behaviours of control and food-restricted adult female white-tailed
deer, Odocoileus virginianus, and their fawns during lactation. We considered two fawn ages: 0e30 days (af-
ter which time spent suckling dropped markedly) and 30e80 days (the end of the nursing period). From
0 to 30 days of age, food-restricted fawns performed 17 more suckling bouts/day and spent twice as much
time suckling than control fawns. Compared with controls, food-restricted fawns gained 26% less mass
from birth to 80 days. Body growth was inversely related to time spent suckling and to the frequency of
nursing bouts, but positively related to survival. Food-restricted fawns had twice as many suckling solici-
tations and rejected suckling attempts as control fawns. Solicitations for allosuckling and successful allo-
suckling bouts were also more than twice as high in the food-restricted group as in the control group.
Mothers and fawns from the food-restricted group spent more time foraging than control individuals.
We conclude that a reduction in food availability during summer, which may occur under high intraspe-
cific competition, should lead to drastic changes in foraging and nursing behaviours as well as reduced
growth rate of juveniles of large northern herbivores.
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Lactation is the most energetically demanding compo-
nent of maternal care in mammals and can negatively
affect growth, reproduction and survival of mothers
(Martin 1984; Oftedal 1985; Stearns 1992). Body condi-
tion is affected by the high energy needs of lactation
(Rogowitz 1996; Carlini et al. 2004), and fitness costs of
lactation, including reduced fecundity after successfully
weaning an offspring, have been recorded in many species

Correspondence and present address: S. D. Côté, Département de Biologie
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(Clutton-Brock et al. 1989; Arnbom et al. 1997; Schulman
& White 1997; Festa-Bianchet et al. 1998).

For northern temperate herbivores, lactation occurs in
summer when resource availability is high. At high pop-
ulation density, however, resource availability per individ-
ual decreases sharply because of competition (Côté et al.
2004) and resources may no longer be sufficient to cope
with the high energy needs of lactation, growth and replen-
ishment of body reserves. Female ungulates should then
adopt a conservative strategy, ensuring their own future
reproduction and survival by decreasing the allocation of
resources to current reproduction (Festa-Bianchet & Jorgen-
son 1998), as expected by parental investment theory
(Trivers 1974). This trade-off in energy allocation could be
expressed through changes in behaviour (Dall & Boyd
2004). For example, females may decrease nursing activities
35
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and increase time spent foraging (Clutton-Brock et al. 1982)
when resources decrease.

Before weaning, defined as when the rate of milk
transfer drops most sharply (Martin 1984), milk is nearly
the sole source of nutrients for young mammals and its
quantity and quality may have strong impacts on life
history traits such as growth, survival and age at first re-
production (Loudon 1985; Sams et al. 1996; Mellish
et al. 1999; Hofer & East 2003). As both milk quality
and quantity seem to vary according to nutritional
plane in cervids (Landete-Castillejos et al. 2003), esti-
mates of milk transfer could provide information on en-
ergy allocation to current reproduction. Milking studies
can directly assess milk transfer, but involve tremendous
disturbance of animals while providing highly variable
results (Arman et al. 1974; Garcia et al. 1999; Gjøstein
et al. 2004).

Early studies on nursing behaviour proposed that total
time spent suckling could be an index of milk transfer
(Martin 1984; Gauthier & Barrette 1985; Lavigueur &
Barrette 1992), but recent observations suggest that the
correlation between time spent suckling and total milk
transfer is very weak or nonexistent (Mendl & Paul
1989; Bigersson & Ekvall 1994; Cameron 1998). On the
other hand, the rate at which offspring solicit their
mothers for suckling and the rate of rejected attempts by
the mother could provide information on offspring hun-
ger and motivation, but also on the mother’s willingness
to nurse (Green et al. 1993). During nursing, young ungu-
lates often use their head to butt at the udder to induce
milk release (Lidfors et al. 1994; Haley et al. 1998) and
the occurrence of butting could also potentially measure
hunger or milk abundance in the udder.

Finally, allosuckling, which occurs when a young ob-
tains milk from a female other than its mother, is frequent
in captive ungulates, and allosucklers can obtain extra
milk (Packer et al. 1992) that could supplement an inade-
quate supply of maternal milk (Vı́chová & Bartoš 2005).
The frequency of allosuckling attempts, therefore, should
be higher for animals under a low plane of nutrition than
for animals with access to abundant resources.

Here we examined behavioural trade-offs in resource
allocation to maintenance and maternal care in relation to
resource availability in white-tailed deer, Odocoileus virgin-
ianus. We manipulated food availability to measure how
a low plane of summer nutrition, similar to that encoun-
tered by deer at high population density, affected mater-
nal and fawn behaviours during lactation, when fawns
have high energy needs for growth and survival. We hy-
pothesized that adult females facing low resource avail-
ability in summer would diminish maternal care. We
predicted that total time spent nursing would be lower
for food-restricted mothers than for mothers fed ad libi-
tum and that the numbers of solicitations and rejected
suckling attempts would be higher for fawns of food-re-
stricted mothers than for fawns of control females. Finally,
we predicted that allosuckling would be more frequent in
the food-restricted group and that mothers and fawns
would increase foraging activities compared with in-
dividuals fed ad libitum to compensate for low food
abundance.
METHODS

Animals and Study Site

In September 2003, 18 prime-aged (3e8 years) female
white-tailed deer were introduced in a 3-ha enclosure in
Saint-Valérien, southeastern Québec, Canada. Females
originated from a semicaptive population that had varied
between 40 and 60 animals since 1990 and were marked as
fawns. In early May 2004 and 2005, females were separated
into two groups of nine in two 1-ha enclosures, where they
gave birth. Both groups had similar average mass (food
restricted ¼ 53.9 � 3.7 kg, controls ¼ 53.9 � 7.5 kg; t1,18 ¼
0.00, P ¼ 1.00) and age (food restricted ¼ 4.8 � 1.8 years
old, controls ¼ 4.6 � 1.7 years old; t1,18 ¼ 0.27, P ¼ 0.79).
Food restriction started on 22 May in 2004 and 26 May in
2005 and the first birth was on 29 May in 2004 and 28
May in 2005. Individual females were assigned to the
same treatment group in both summers.

To isolate the effects of summer nutrition from winter
conditions, we regrouped all deer together in late October
of both years and provided ad libitum wheat, oat, barley
and hay overwinter. In summer, we fed deer with com-
mercial wheat, oat and barley (1:1:1) in six feeding troughs
in each enclosure. Each trough had a roof to protect the
food from rain. We provided hay ad libitum and water in
tanks. Because food limitation is the most likely mecha-
nism through which density-dependent effects operate
(Sand et al. 1996), we restricted the amount of wheat, oat
and barley in the diet to simulate intraspecific competition
generated by high population density. The control group
received food ad libitum. The food-restricted group re-
ceived 75% of the quantity consumed by the control
group until mid-August and 80% after mid-August the first
summer, and 80% during the whole summer the second
year (see Ethical note). We weighed daily the food con-
sumed by the control group (quantity given: leftovers
24 h later) taking into account food wastage (only about
30e50 g/day). An additional trough in each enclosure al-
lowed access to fawns only to prevent adults from monop-
olizing all feeders. For ethical reasons and to isolate the
maternal effect of food availability on resource allocation,
food was always available for fawns in those feeders.

During the parturition period, two observers conducted
behavioural observations daily to determine the exact
birth date of each fawn and to mark and weigh all
newborns within 3 days of age (most at 2 days). All deer
were individually marked with plastic eartags. We attemp-
ted to weigh fawns daily (to the nearest 0.1 kg), but we ob-
tained on average one body mass measurement per fawn
every 6.1 days to compute individual growth rates. We
used two electronic platform scales (Weigh-Tronix, Fair-
mont, MN, U.S.A.) whose remote controls were installed
in an elevated blind from where we also conducted behav-
ioural observations. Fawns started to use the scales at
about 1 month of age. Scales were baited with wheat,
oat and barley that were part of the daily measured ration
for each group. Fawns remained with their mothers until
the end of October of each year.

During the rutting seasons of 2003 and 2004 (November
through early December), we allowed all females to breed
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with only two males: a large adult, 3.5 years old in 2003
and 4.5 years old in 2004, and a different yearling male
each year. We used two males in case the large one would
be sterile or unable to mate all females. We extracted DNA
from ear punches of all deer and conducted parental
assignment analyses using the protocols of Anderson
et al. (2002) and DeYoung et al. (2003). We used four mi-
crosatellite loci (BM4208, BM6438, INRA 011 and OarFCB
193, with four to seven alleles per locus) to perform the
analyses and we confirmed all maternities. Thirty-four of
42 fawns could be assigned to a father; the remaining eight
fawns could not be assigned because of the low heterozy-
gosity of the loci. Thirty-three of 34 fawns were fathered
by the large male. We repeated all analyses using only
fawns sired by the large male, and found very similar
results to the complete data set. We therefore considered
paternal effects to be negligible and pooled all fawns in
the analyses.

Behavioural Observations

We observed simultaneously all mothers and their fawns
within both enclosures using 8 � 42 binoculars. Two ob-
servers recorded all nursing attempts and nursing bouts
for periods of 6e8 h a day, covering all daylight hours. We
began observations within a week of birth (late May or early
June) and ended them at the approximate age of behaviou-
ral weaning (i.e. 80 days; Gauthier & Barrette 1985). Both
groups were observed for 272 h during 34 days in 2004
and 258 h during 43 days in 2005. We recorded total time
spent suckling with stop watches and the number of butts
during each suckling bout, and later computed hourly rates.
Suckling bouts were considered effective when nipple con-
tact lasted at least 3 s. Each time a fawn touched a teat with
his mouth we counted a suckling attempt and each time a
female walked away or prevented a suckle we counted a
rejected suckling attempt. Suckling solicitations were com-
puted as the sum of suckling bouts initiated by the fawn and
of rejected suckling attempts. We recorded each animal’s
identity at every nursing activity and since all animals
were marked and the motherefawn relationships were
known, we were able to measure allosuckling accurately.
All information was recorded continuously on a tape re-
corder and transcribed later.

We measured time spent at the feeders for every fawn
with stop watches (�1 s) during periods of observations of
6e8 h, and computed hourly rates. For mothers, we eval-
uated time spent foraging (either at the feeders or on
hay or plants in the enclosure) using scan sampling
(Altmann 1974), recording the instantaneous behaviour
of every animal at 10-min intervals. We used a different
procedure to estimate the foraging time of adult females
compared with fawns because food-restricted adults ate
their daily ration completely within a few hours and for-
aged on natural plants everywhere in the enclosure, while
control adults had food in their feeders at all times.

Analyses

Physiological weaning occurs at approximately 30 days
of age in white-tailed deer (Gauthier & Barrette 1985) and
we observed a sharp decline in time spent suckling after
that age (Fig. 1). Nursing occurred until about 80 days of
age but was much less frequent after 30 days. Therefore,
we separated lactation into two periods according to
fawn age (0e30 and 30e80 days) and computed a mean
value for every mother and fawn during each period for
total suckling time per hour (in s), suckling bouts per
hour, mean duration of suckling bouts, rejected attempts
per hour, suckling solicitations per hour and butts per
suckling minute. We averaged the 2 years of data for
each female to ensure that each female contributed only
once to the data set. We compared mean values of suck-
ling behaviour using two-way analyses of variance with
groups (control and food restricted) and periods (0e30
and 30e80 days since parturition) as independent vari-
ables. We restricted the analyses to 32 fawns that survived
at least 3 days (7 of the 10 fawns that died within 3 days
were from the control group). Data were tested for normal-
ity and homogeneity of variances prior to analyses.

We correlated the mean values of all nursing parameters
with the average growth rate of all fawns of a given
mother from birth to 80 days of age using Pearson’s
correlations. We did not detect any bias in the sex ratio
of fawns from the two groups during either year (M:F
2004: food restricted ¼ 0.33, control ¼ 3.50; 2005: food
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Figure 1. Time spent suckling by white-tailed deer fawns in relation
to age. Note the sharp decrease after 30 days of age for both control

and food-restricted groups. The 2 years of the study were pooled.
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restricted ¼ 0.57, control ¼ 0.29; all P values > 0.05). Be-
cause we did not observe any difference in growth accord-
ing to sex before 80 days of age (females ¼ 0.12 � 0.03 kg/
day, males ¼ 0.14 � 0.03 kg/day; Therrien 2006), we
pooled all fawns in the analyses. Time spent foraging
was compared between groups for adult females and
fawns separately using generalized linear mixed models
with individual’s ID as a random factor and age of the
fawn in days as an independent variable. All fawns that
survived to 3 days of age were singletons except two pairs
(4/32). Because data for twins are not independent, we re-
moved the slowest growing fawn of each of the two twin
litters from all analyses since the growth rate of the fastest
growing fawn was more similar to that of single fawns.
The 2 years of the study were pooled since no significant
year effects were detected. All analyses were performed us-
ing SAS statistical software (SAS Institute 9.1.3, Cary, NC,
U.S.A.) and results are presented as means � standard error.

Ethical Note

There is no quantitative information in the literature on
tolerance of food deprivation in wild deer in summer. In
2003, we ran a pilot project and deprived four females of
about 35% of their ration. These females were in poor
condition over the summer but recovered quickly in the
autumn after returning to ad libitum feeding. All five of
their fawns (which we did not weigh) survived. We
therefore did not foresee that a reduction of 25% in
high-quality forage for females would affect fawn survival.
Fawns had unlimited access to high-quality forage (which
they began consuming at about 3 weeks of age) and all
deer had unlimited access to hay. Fawn mortalities
occurred in both control and food-restricted groups
(N ¼ 9 and N ¼ 17, respectively). Over the 2 years, 10
fawns died within 3 days of birth (seven in the control
group and three in the food-restricted group). An addi-
tional 14 fawns from the food-restricted group and two
from the control group died over the summer at >16
days of age. Carcasses were examined, but we were unable
to effectively discriminate if these deaths were caused by
disease, starvation, or both. We altered the treatment in
mid-August the first year (20% restriction) to reduce
fawn mortalities. We weighed fawns as often as possible
through the remote-control scales to avoid imposing addi-
tional stress on the deer with recapture. All procedures
were in accordance with the Animal Care and Use Com-
mittee of Université du Québec à Rimouski, Canada
(CPA16-03-08).
Table 1. Nursing behaviour of control and food-restricted white-tailed deer fawns during the first month of lactation (0e30 days) and the next
50 days (30e80 days) when fawns nursed from their mother and from other adult females (allosuckling)

Control Food restricted

df F PX � SE X � SE

Own mother
0e30 days

Time spent suckling (s)/hour 42�7 87�6 1,14 22.73 <0.001
Suckling bouts/hour 0.5�0.1 1.2�0.1 1,14 33.61 <0.001
Solicitations*/hour 1.1�0.2 2.4�0.2 1,14 21.78 <0.001
Rejected suckling attempts/hour 0.7�0.1 1.5�0.1 1,14 18.68 <0.001
Mean duration of suckling bouts (s) 96�9 85�7 1,14 0.88 0.37
Number of butts in the udder/suckling minute 0.6�0.4 1.6�0.4 1,14 2.61 0.13

30e80 days
Time spent suckling (s)/hour 15�5 31�3 1,11 7.21 0.02
Suckling bouts/hour 0.4�0.1 0.7�0.1 1,11 8.95 0.01
Solicitations*/hour 1.0�0.4 2.5�0.3 1,11 11.91 0.01
Rejected suckling attempts/hour 0.6�0.3 1.8�0.2 1,11 11.19 0.01
Mean duration of suckling bouts (s) 44�3 44�2 1,11 0.00 0.98
Number of butts in the udder/suckling minute 3.4�1.1 1.4�1.2 1,11 1.47 0.26

Allosuckling
0e30 days

Time spent suckling (s)/hour 7�7 39�5 1,30 13.08 0.001
Suckling bouts/hour 0.1�0.1 0.6�0.7 1,30 13.53 <0.001
Solicitations*/hour 0.5�0.3 1.5�0.2 1,30 7.41 0.01
Rejected suckling attempts/hour 0.4�0.2 1.1�0.7 1,30 5.26 0.03
Mean duration of suckling bouts (s) 27�5 40�10 1,30 1.81 0.33
Number of butts in the udder/suckling minute 0.8�1.1 1.8�0.6 1,30 0.65 0.43

30e80 days
Time spent suckling (s)/hour 6�2 15�2 1,23 8.42 0.01
Suckling bouts/hour 0.1�0.1 0.4�0.2 1,23 11.70 <0.01
Solicitations*/hour 0.4�0.3 1.5�0.2 1,23 11.87 <0.01
Rejected suckling attempts/hour 0.2�0.2 1.1�0.2 1,23 11.34 <0.01
Mean duration of suckling bouts (s) 31�6 30�4 1,23 0.06 0.82
Number of butts in the udder/suckling minute 2.4�0.8 2.7�0.5 1,23 0.12 0.74

*The number of effective suckling bouts initiated by the fawn plus the number of rejected attempts.
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RESULTS

Nursing Behaviour

Total suckling time was twice as high in the food-
restricted group as in the control group during both the 0-
to 30-day and the 30- to 80-day periods (Table 1). Simi-
larly, suckling frequency was twice as high in the food-
restricted group as in the control group during both
periods (Table 1). As expected, the number of rejected
suckling attempts and the number of solicitations were
twice as high in the food-restricted group as in the control
group for both periods (Table 1). The mean duration of
suckling bouts and the number of butts per suckling
bout did not differ between treatments (Table 1).

A very similar pattern occurred for allosuckling, as total
time spent suckling, suckling frequency, number of
rejected attempts and number of solicitations were all
higher in the food-restricted group than in the control
group, especially during the first month of life (Table 1).
Mean duration of allosuckling bouts and the number of
butts did not differ between treatments (Table 1).

Growth of Fawns

Total time spent suckling between 0 and 30 days of age
was inversely correlated with growth rate of fawns (Table 2,
Fig. 2). Moreover, we observed nearly significant negative
correlations between suckling frequency, number of solic-
itations and rejected attempts, and fawn growth rate
(Table 2, Fig. 2). When analysing the groups separately,
however, we found no correlation between the growth
rate of fawns and any nursing behaviours, indicating
a clear effect of treatment on growth rate (Therrien
2006). Moreover, surviving fawns had higher growth rates
than fawns that died (0.13 � 0.01 versus 0.07 � 0.01 kg/
day, t1,32 ¼ �4.96, P < 0.001).

Table 2. Correlations between growth rate of white-tailed deer
fawns from 0 to 80 days of age and their suckling behaviour during
their first month of life (0e30 days) and the next 50 days (30e80
days)

Fawn age

0e30 days 30e80 days

Pearson P Pearson P

Time spent suckling (s)/h �0.54 0.03 �0.26 0.36
Suckling bouts/h �0.44 0.09 �0.33 0.25
Solicitations*/h �0.40 0.12 �0.33 0.25
Rejected suckling
attempts/h

�0.38 0.14 �0.032 0.26

Mean duration of
suckling bouts (s)

�0.13 0.50 0.01 0.96

Number of butts in
the udder/suckling minute

0.01 0.96 0.23 0.30

Correlations shown are for pooled fawns from control and food-
restricted groups.
*The number of effective suckling bouts initiated by the fawn plus
the number of rejected attempts.
Time Spent Foraging

Food-restricted mothers spent 21% more time foraging
than control mothers (9:34 and 7:56 h/day, respectively;
Table 3, Fig. 3a). Time spent foraging remained constant
throughout summer (Table 3, Fig. 3a). Time spent at the
feeders by fawns was independent of sex, increased with
age in both groups, and was on average 24 min/day longer
for fawns in the food-restricted group than for those in the
control group (Table 3, Fig. 3b).

DISCUSSION

Fawns from the food-restricted group spent more time
suckling and soliciting suckling from their mothers than
control fawns, suggesting that they tried harder to obtain
milk. Despite these efforts, fawns of food-restricted
mothers grew at a slower rate than control fawns (Therrien
2006). Many earlier studies of lactation have assumed that
time spent suckling is proportional to milk consumption
and could be a measure of maternal resource allocation
(Gauthier & Barrette 1985; Lavigueur & Barrette 1992),
but other studies since have shown that time spent suck-
ling is not a reliable measure of milk intake (Birgersson
& Ekvall 1994; Cameron 1998; Cameron et al. 1999).

Our study confirms that mean duration of suckling is
not a good indicator of milk transfer or hunger as it did
not vary according to nutritional plane and was not
correlated with growth rates. Moreover, the number of
butts while suckling did not seem to reflect the level of
hunger of fawns nor milk flow, as it did not differ between
treatments and was not correlated with growth rate,
contrary to previous studies (Haley et al. 1998; but see
Cameron et al. 1999). Our study agrees, however, with
Mendl & Paul (1989), who showed that time spent suck-
ling and suckling frequency are not good indicators of
milk transfer, but represent a behavioural indication that
milk transfer is insufficient. Even though fawns tried
harder to obtain milk in the food-restricted group, they
did not receive enough, and suffered higher mortality
and reduced growth compared with control fawns
(Therrien 2006).

The number of solicitations and rejected suckling
attempts were also good predictors of hunger in early
lactation because fawns from the food-restricted group,
which had lower growth rates, had much higher values
than control fawns for both parameters. The correlations
between growth rate and nursing behaviours were gener-
ated by the treatment, that is, there was no correlation
between growth rate and nursing behaviour within
groups. The relationships were due to the lower growth
rate of food-restricted fawns compared with control fawns
(Therrien 2006).

Allosuckling was very frequent in our experiment,
probably because of captive conditions (Packer et al.
1992). Nevertheless, it was much higher in the food-
restricted group than in the control group. Our results
support the hypothesis of Vı́chová & Bartoš (2005) that
fawns suckle alien mothers to compensate for milk
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Table 3. Factors affecting time spent foraging by mothers (from parturition to 80 days after fawn birth) and by fawns (from 30 to 80 days of
age) in control and food-restricted groups of white-tailed deer

GLMM b SE df t P

Mothers
Intercept 20.60 1.19 1,15 17.28 <0.0001
Day �0.02 0.02 1,15 �0.98 0.34

Group Food restricted 4.13 1.23 1,15 3.37 <0.01
Control

Group*day Food restricted �0.01 0.04 1,15 �0.33 0.74
Control

Fawns
Intercept �0.88 0.63 1,12 �1.40 0.21
Day 0.04 0.01 1,12 3.78 <0.01
Group Food restricted 1.06 0.40 1,12 2.67 0.02

Control

Group*day Food restricted 0.00 0.00 1,12 �1.23 0.22
Control

Sex Female 3.14 2.23 1,12 1.41 0.18
Male

Sex*day Female �0.04 0.04 1,12 �0.95 0.36
Male

GLMM, Generalized Linear Mixed Model.
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deficiency, and therefore that maternal allocation in the
food-restricted group was insufficient.

The most striking differences in lactation behaviours
between the two groups appeared in the first month of
life, that is, before physiological weaning (Gauthier &
Barrette 1985). This period is the most critical for lactation
as fawns then rely almost entirely on maternal milk for re-
source acquisition (Martin 1984). After the first month,
differences between the treatments in suckling frequency
and total suckling time decreased, probably because all
mothers reduced their energy allocation to milk produc-
tion and continued the weaning process (Lavigueur & Bar-
rette 1992). Even though milk is no longer the sole
nutritive source after 30 days of age, food-restricted fawns
still solicited their mothers and were rejected more often
than control fawns, suggesting that they still needed ma-
ternal resources to meet their growth and maintenance re-
quirements and to compensate for the low availability of
milk early in life.

Mothers adjusted their foraging behaviour to cope
with the reduced abundance of resources and increased
daily time spent foraging in the food-restricted group.
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Figure 3. Time spent foraging by control (C, ) and food-

restricted (B, ) white-tailed deer (a) mothers from parturition

to 80 days after fawn birth and (b) fawns from 30 to 80 days of
age.
Fawns in the food-restricted group also tried to com-
pensate for food shortage by increasing time spent
feeding, as observed in red deer (Clutton-Brock et al.
1982) and white-tailed deer in winter (Taillon et al.
2006). The energy needed to extract a similar amount
of resources from a given habitat increases when re-
sources are scarce and, under natural conditions, these
changes in foraging behaviour may negatively affect sur-
vival and growth. For example, the energy expenses of
foraging cannot be invested in growth or other develop-
ment functions (Thompson et al. 1973). Moreover,
mothers in natural conditions that spend more time for-
aging and less time in close proximity to their fawns are
less vigilant and may be less likely to detect potential
predators of their offspring (Fitzgibbon 1990; Lima &
Dill 1990). Finally, active fawns also increase their de-
tectability and vulnerability to predation (Fitzgibbon
1990; Lingle et al. 2005).

Winter is thought to be critical for temperate northern
herbivores because of possible climatic stress or malnutri-
tion (Moen 1976; Clutton-Brock et al. 1985), but our ex-
perimental data provide evidence that summer may also
act as a limiting factor for individuals. Intraspecific com-
petition for limited resources, generated by high popula-
tion density or by density-independent processes such as
drought, can be high during summer, and the substantial
energy needs of lactation and recovery from winter mass
loss can force individuals to adjust their behaviour to
cope with reduced food availability. A shortage of re-
sources in summer appeared to lead to parenteoffspring
conflicts (Trivers 1974): fawn behaviour suggested that
they were lacking resources, while the behaviour of
mothers suggested a trade-off between caring for the cur-
rent offspring and ensuring future survival and reproduc-
tion. Increased intraspecific competition in summer could
limit survival and reproduction in populations that are no
longer limited by predation.

Our results suggest that behavioural measurements of
nursing and foraging are useful to assess the amount of
maternal care in current offspring. Fawns that suckled,
solicited or were rejected the most often were also those
that had lower growth rates, as observed in mice and cats
(Mendl & Paul 1989). Fawns with low growth rates also ex-
perienced reduced survival. Worldwide, densities of many
species of ungulates are increasing (Côté et al. 2004). We
showed that when resources were scarce, mothers and
fawns adjusted their foraging and lactating behaviours. A
decrease of only 20% in resource availability during sum-
mer can lead to drastic changes in behaviour and life his-
tory traits, such as growth rate of juveniles of large
northern herbivores.
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