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In polygynous species, male reproductive effort has been measured both directly in the 
form of somatic costs and indirectly using behavioral data. We used 12 years of data 
collected from a semi-domesticated reindeer population in northern Finland to inves-
tigate age- and time-specific patterns of dominant males’ reproductive effort. Overall, 
we found that activity levels differed both between young and old dominant reindeer 
males, and among the early, peak, and late rut, the pattern being age-specific. Repro-
ductive effort was generally higher for old than young dominant males; however, old 
males reduced their effort in the late-rut period, while young males maintained the 
same level of activity. There was a positive relationship between somatic costs and 
activity level only during the early rut for young dominant males, and only during the 
peak rut for old dominant males. Thus, old males incur the highest energetic costs from 
rut-related activities when most of the females in the herd are in oestrus. Conversely, 
young males appear to time their rut-related energetic cost to coincide with the early 
rutting period, before most females have reached oestrus. Old males are more efficient 
in timing their reproductive effort so as to maximize their reproductive success. This 
can be attributed to young males being less experienced than old males or to using an 
alternative mating tactic by young males who try to avoid competition with old males 
during the peak rut.

Introduction

Life-history theory predicts that in iteroparous 
organisms as reproductive value declines, repro-
ductive effort increases (Stearns 1992). This 
increase in reproductive effort may be a response 
to changes in reproductive value due to the 

period of the mating season or the age of the 
animal. Reproduction is an energetically expen-
sive process. In particular, seasonally breeding 
polygynous males of large and highly dimorphic 
species have the opportunity to attain high repro-
ductive success within a mating season (Emlen 
& Oring 1977), which often requires consider-
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able energy expenditure within a relatively short 
period of time (Michener & McLean 1996). 
Furthermore, many seasonal breeders adopt a 
capital breeding tactic, in which resources are 
acquired prior to the mating season and food 
intake is drastically reduced during breeding 
(Jönsson 1997). As a result of an increased activ-
ity and reduced feeding, condition of males typi-
cally declines as the mating season progresses 
(Forsyth et al. 2005, Vannoni & McElligott 
2009). Substantial body mass loss over the 
mating season is also common among these spe-
cies (Bobek et al. 1990, Mysterud et al. 2003). 
Decreased condition at the end of the mating 
season could negatively impact future ability 
to reproduce and survival (Neuhaus & Pelletier 
2001, Barboza et al. 2004).

Reproductive effort has been defined as an 
organism’s investment into any current act of 
reproduction (Fisher 1930). Most empirical stud-
ies measure reproductive effort as an energetic 
cost (Clutton-Brock 1984, Nilsson & Sven-
sson 1996). For capital breeding mammals, the 
amount of weight lost over the mating season is 
considered a direct indicator of male reproduc-
tive effort (Yoccoz et al. 2002, Mysterud et al. 
2005, Galimberti et al. 2007). Behavioural indi-
ces, such as performance of agonistic behaviours 
or activity budgets during the mating season, are 
also often used in studies as indirect measures of 
male reproductive effort (see references in Mys-
terud et al. 2004). Few studies have looked into 
the relationship between these two measures.

It has often been reported that old males 
lose substantially more weight than young males 
during the mating season (Skogland 1989, Mys-
terud et al. 2005). Proximally, this may be due 
to a combination of young males not participat-
ing in the capital breeding strategy (Apollonio 
& Di Vittorio 2004, Mainguy & Côté 2008), 
and engaging in less overall activity during the 
mating season than old males (Kojola 1991, 
Mainguy & Côté 2008). There is also evidence 
that old and young males use different mating 
tactics, with old males sometimes engaging in 
more energetically costly tending of females 
(Saunders et al. 2005, Willisch & Neuhaus 2009), 
while young males perform sneak copulations or 
engage in coursing (Willisch & Neuhaus 2009), 
which are energetically expensive but infrequent.

There is evidence that large males are able 
to time their reproductive effort to coincide 
more precisely with female ovulation than small 
males (Preston et al. 2003). However, this study 
did not take into account that body size is typi-
cally correlated with age, and thus while precise 
timing of reproductive effort is size-dependent, 
it is also likely age-dependent. Indeed, many 
aspects of male reproduction, such as duration 
of male–male aggression (Jennings et al. 2004) 
and copulatory success (Apollonio et al. 1992) 
are affected by experience. Females might also 
control the timing of their ovulation to match the 
peak reproductive effort of the highest quality 
males; Komers et al. (1999) showed that female 
fallow deer enter oestrus earlier when adult 
males are present and delay oestrus when only 
young males are present.

In this study, we aimed to determine how 
reproductive effort varies with age and over the 
course of the mating season for dominant rein-
deer males (Rangifer tarandus). We predicted 
that old males would exhibit higher activity level, 
with peak activity coinciding with peak oestrus. 
Peak activity level for young males was predicted 
to occur before or after peak oestrus due to lack 
of experience or in order to avoid competing with 
old males. Finally, if the two commonly used 
measures of reproductive effort, somatic costs 
(measured as body mass loss during the rut) and 
activity level during the rut, are both reliable 
indicators of reproductive effort, a positive rela-
tionship between them was expected.

Material and methods

Study area and research herd

The data in the present study come from the 
Kutuharju Field Reindeer Station in Kaamanen, 
Finland (69°N, 27°E). The total area of about 
45 km2 is fenced and sub-divided into sev-
eral smaller enclosures, among which Sinioivi 
(~15 km2) and Lauluvaara (~13.8 km2), the two 
largest, are used during the rut. This semi-domes-
ticated reindeer population (approximately 100 
animals) is free ranging for most of the year and 
has been continuously monitored since 1996. 
At the beginning of the rut, all adults are fitted 
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with VHF radio collars, which are marked with 
unique identification codes.

It has been established that male mating suc-
cess in this herd is positively related to social 
rank (Holand et al. 2011). While dominant males 
sire a higher proportion of calves, subordinate 
males can also be successful in using alternative 
mating tactics such as sneak copulations (Roed 
et al. 2002). Between 1996 and 2008, females in 
this herd ranged from 1.5 to 12.5 years of age, 
and males ranged from 1.5 to 6.5 years of age 
(Table 1). The age structure of the herd is manip-
ulated every year, and between 1996 and 2008 
there were three age structures: young males 
only, old males only, and mixed (Table 1). Thus, 
it is possible for young males to be dominant as 
there are years when only young males are avail-
able during the breeding season.

Data collection

We used 12 years of data (1996–2008, exclud-
ing 1998 due to lack of data) for this study. Each 
year, fieldwork took place during the rutting 
period, which lasts three weeks between mid-
September and late October. We located the 
mating groups daily between 09:00 and 18:00 

using ground tracking. Between two and five 
observers watched the group for five minutes, 
focusing on the males. Aggressive interactions 
among males as well as male rutting behaviours 
were observed, and the male winning most of 
the agonistic interactions and having control 
over females was considered to be the dominant 
male in the group (see Tennenhouse et al. 2011 
for further details). All males were weighed to 
the nearest kilogram every year prior to (early to 
mid-September) and after (early November) the 
rutting season, and the birth dates of newborns 
were recorded during each calving season.

Throughout the mating season, instantane-
ous focal observations (Martin & Bateson 2007) 
were taken on individuals within a mating group 
and recorded on check sheets. Typically we 
performed between one and five focal observa-
tions per animal per day. One focal observation 
consisted of 15 minutes of continuous observa-
tion of an animal, split into 15-second inter-
vals. At the end of each interval, the activity 
being performed was categorized as: rest (lying 
down, sleeping or ruminating), stand (standing 
and not exhibiting motor behaviours or eating), 
walk (slow locomotion), eat (foraging), fight 
(exhibiting aggression with a partner), chase 
(pursuing a male, with one or both animals 

Table 1. Annual sex composition and male age structure of semi-domesticated reindeer in the two experimental 
enclosures of the Kaamanen Experimental Reindeer Station, Finland, in 1996–2008 (1998 excluded due to lack of 
data). Three male age structures are used: M = Mixed age structure (i.e. young and old together), Y = young males 
only, and A = adult (old) males only.

Year	L ocation	 Number	 Number of males by age class (years)	 Male age
		  	 	 structure
		  Females	 Males	 1.5	 2.5	 3.5	 4.5	 > 5

1996	 Sinioivi	 43	 6	 3	 0	 0	 3	 0	 M
1996	L auluvaara	 46	 6	 6	 0	 0	 0	 0	 Y
1997	 Sinioivi	 47	 18	 9	 6	 0	 0	 3	 M
1997	L auluvaara	 47	 4	 4	 0	 0	 0	 0	 Y
1999	 Sinioivi	 75	 3	 0	 0	 0	 3	 0	 A
2000	 Sinioivi	 75	 3	 3	 0	 0	 0	 0	 Y
2001	 Sinioivi	 80	 11	 11	 0	 0	 0	 0	 Y
2002	 Sinioivi	 92	 4	 2	 1	 0	 1	 0	 M
2003	 Sinioivi	 53	 4	 1	 1	 2	 0	 0	 M
2004	 Sinioivi	 49	 4	 2	 0	 0	 2	 0	 M
2005	 Sinioivi	 46	 17	 10	 4	 1	 0	 2	 M
2006	 Sinioivi	 75	 19	 8	 4	 4	 3	 0	 M
2007	 Sinioivi	 87	 25	 11	 6	 3	 2	 3	 M
2008	 Sinioivi	 82	 26	 5	 7	 7	 3	 4	 M
2008	L auluvaara	 82	 26	 5	 7	 7	 3	 4	 M
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exhibiting aggression and/or submission), herd 
female (pursuing a female until she returns to 
the mating group), spar (fighting in short bouts), 
displace (one male approaches another males, 
and the latter retreats), court (following a female 
or walking on her side while performing mating 
displays), copulation attempt (mounting a female 
without copulation) or copulation (mounting a 
female with thrusting of the pelvis). Walking, 
standing, eating and resting are performed con-
siderably more frequently than any other behav-
iours. Since each behavioural observation period 
consisted of 60 intervals, we divided the sum of 
standing and walking intervals (active reproduc-
tive behaviors) by 60 to attain the proportion of 
performance of these behaviors relative to all 
other behaviors within that observation period; 
this was considered a male’s activity level (see 
Tennenhouse et al. 2011 for a similar approach).

Statistical analyses

We divided the mating seasons, which lasted 
approximately three weeks each year, into three 
periods: early, peak, and late rut. The peak-rut 
day for each year was determined by subtracting 
the average gestation length for female reindeer 
in this population (221 days; Mysterud et al. 
2009) from the birth date of each calf born in a 
given year. We considered the median peak-rut 
day for all females of a given year to be the over-
all peak-rut day for that year. To determine the 
peak-rut week, we added and subtracted three 
days from the peak-rut day. The early rut was the 
week prior to the peak-rut week, and the late rut 
was the week following the peak-rut week.

It has been shown that in this population, 
one- and two-year-old males lose significantly 
less weight over the mating season than do males 
older than two years (Tennenhouse et al. 2011). 
Thus for subsequent analyses, we sub-grouped 
males into two age classes: young (one–two 
years) and old (≥ three years) (see Tennenhouse 
et al. 2011).

We first assessed age- and time-specific pat-
terns in activity level using mixed linear models 
(proc mixed in SAS ver. 9.1). We tested the 
effect of age class (factor with two levels: young 
and old), rutting period (factor with three levels: 

early rut, peak rut, and late rut) and their inter-
action (age class ¥ period) on activity levels. 
If the interaction was significant, we further 
explored the pattern for each age class sepa-
rately. Pair-wise multiple comparisons using a 
Tukey–Kramer family error adjustment were 
made of activity level among rutting periods for 
young and old males.

The effect of activity level averaged over the 
entire rutting period, and averaged over each 
of the early-, peak-, and late-rut weeks, on the 
amount of mass relative to pre-rut body mass 
that each dominant male lost was tested using 
a linear mixed model. The sex ratio of the herd 
was included as a covariate in all models to con-
trol for its influence over male mating behaviour, 
male–male aggression, and somatic costs for 
males during the rut. Year and male identity were 
entered as random terms in all mixed models to 
account for repeated measurements on individual 
males and within years, respectively (Machlis et 
al. 1985). The denominator degrees of freedom 
(DDF) for the mixed models were calculated 
according to the Satterthwaite procedure (Littell 
et al. 2006).

Results

Over the entire 12 rutting periods, the number of 
females in a mating group ranged from 1 to 55 
(mean ± SE = 12.3 ± 0.345), while the number 
of males in a group ranged from 1 to 27 (mean ± 
SE = 2.31 ± 0.082). The sex ratios in the mating 
groups (ratio of males to females) ranged from 
0.02 to 5.4 (mean ± SE = 0.29 ± 0.013); however, 
there were only 5 out of 414 observation periods 
when the sex ratio was greater than one. When 
the sex ratio was smaller than one, the mean mat-
ing-group sex ratio was 0.15 ± 0.32 (mean ± SE).

Overall, activity level differed both between 
young and old dominant reindeer males (F1,288 
= 32.27, p < 0.001) and among the early, peak, 
and late rut (F2,288 = 5.11, p = 0.0066); the pattern 
being age-specific as the interaction between 
age class and rutting period was also significant 
(F2,288 = 4.05, p = 0.0185). We thus carried out 
further analyses for each age class separately. 
There were no differences in the activity levels 
of young male reindeer during the early, peak 
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and late rut (all p > 0.05; Fig. 1). However, for 
old-male activity levels did differ among periods 
(F2,102 = 5.12, p < 0.0076), with activity being 
significantly higher during the early and peak rut 
than during late rut (Fig. 1). In addition, activity 
level of old males was significantly higher than 
that of young males during the early and peak rut 
(early rut: estimate 0.253 ± 0.0514, t37 = 4.91, p 
< 0.001; peak rut: estimate 0.207 ± 0.0581, t96 = 
3.57, p = 0.0006; Fig. 1), but not during the late 
rut (p = 0.26; Fig. 1).

When rutting period was not taken into 
account, we could not detect an effect of male 
activity level on relative mass loss for either old 
(p = 0.218; Table 2) or young males (p = 0.09; 
Table 2). However, relative mass loss increased 
with increasing activity level specifically during 
the early-rut week for young males (F1,24 = 5.8, 
p = 0.024), but not for old males, the effect 
only approaching significance (p = 0.07; Table 
2 and Fig. 2A). Conversely, relative mass loss 
increased with increasing activity level during the 
peak-rut week for old (F1,22.9 = 9.57, p = 0.005) 
but not for young males (p = 0.158; Table 2 and 
Fig. 2B). Finally, there was no significant effect 
of male activity level during the late-rut week on 
the relative mass loss of any males (all p > 0.05; 
Table 2). Overall, activity level of males declined 
as group sex-ratio became more male-biased; for 
young males, this negative relationship was only 
significant over the entire rutting period, and in 
the early and late rut (Table 2).
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Fig. 1. Mean proportions (± 1 SE) of activity of young 
(white bars) and old (grey bars) dominant males during 
the early-, peak-, and late-rut weeks. Means with the 
same letter are not significantly different according to 
a Tukey-Kramer multiple comparisons test (α = 0.05).
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Discussion

We found that activity levels of dominant male 
reindeer varied with age and rutting period. Activ-
ity was higher for old than young dominant males 
during the early- and peak-rut weeks. Past studies 
found activity during the mating season to be gen-
erally higher for old than for young males (Skog-
land 1989, Kojola 1991, Mysterud et al. 2004).

During the late-rut week we found that old 
males reduced their activity level. Decreased 
activity towards the end of the rut, which has 
previously been reported for reindeer (Skogland 
1989), along with increased feeding are prob-
ably methods of compensation for the weight 
lost during the rut, as low condition at the end of 
the rutting season can negatively impact future 
reproductive success and survival (Leader-Wil-
liams 1980). It could also be that old males have 
used up their energy reserves by the end of the 
rut and are, therefore, physically unable to be 
active during the final week of the rut (Bobek 
et al. 1990). However, contrary to Willisch and 
Ingold (2007) who found that feeding of old 
male Alpine chamois (Rupicapra rupicapra 
rupicapra) was higher during the early and late 
rut than during the peak rut, we observed feeding 
of old males to be high only during the late rut, 
but low during the early and peak rut. This result 
is consistent with our findings that activity level 
of the old males was high during both the early- 
and peak-rut weeks, as there is often a negative 
relationship between reproductive and mainte-
nance activities, such as feeding (Stearns 1992, 
Pelletier et al. 2009).

Male activity level over the entire rutting 
period was not related to mass loss. The fact that 
males were weighed prior to the start and after the 
end of the rut may explain why we did not detect 
an effect. This also may suggest that this indirect 
measure of reproductive effort (activity level) is 
not necessarily a good indicator of the somatic 
costs of reproduction. However, since male activ-
ity level varies by period, we examined this rela-
tionship within each rutting period. Activity level 
of old males during the peak rut was positively 
related to somatic costs, which indicates that the 
peak-rut week may have the strongest influence 
on mass loss of old males. We specifically exam-
ined standing and walking. Standing behaviour is 
associated with female defense because it allows 
a dominant male to watch members of the group 
and stay alert to wandering females or intruding 
males (Clutton-Brock et al. 1982, Buschhaus 
et al. 1990, Willisch & Ingold 2007, Mainguy 
& Côté 2008), while males move during the rut 
in order to search for receptive females, follow 
females, and drive them back to the group (Eps-
mark 1964, Komers et al. 1997, Forsyth et al. 
2005). These activities are both associated with 
significant energetic costs and reduce time avail-
able for foraging (Pelletier et al. 2009), which 
inevitably leads to mass loss or reduced mass 
gain.

However, activity level during the early-rut 
week, although high, was not related to somatic 
costs for old males. Having high body condition 
reduces the costs associated with performing 
activity (McElligott et al. 2003, Pelletier 2005); 
since males are usually in their best condition at 
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the beginning of the rut, being active during this 
time might incur relatively low somatic costs. 
The fact that the proportion of time spent stand-
ing and walking was not related to  body mass 
loss during the early rut might be explained by 
the other energetically costly activities being 
performed during that time. Indeed, the early 
rut is the time when males establish their domi-
nance hierarchy through aggression (Bergerud 
1974, Pelletier 2005), and aggressive behaviour 
is more intense (McElligott et al. 1998, Jennings 
et al. 2010) and fighting duration is longer (Mat-
tiangeli et al. 1998) in older individuals. There-
fore, aggression during the early rut probably has 
a stronger effect on relative  body mass loss than 
do standing and walking activity. In addition, old 
males fed more during the early rut than during 
the peak rut, although the difference was not sta-
tistically significant; a similar reduction in forag-
ing from the early to peak rut has been observed 
in red deer, Cervus elaphus (Mysterud et al. 
2008a). It has been proposed that this early-rut 
extra feeding is a tactic intended to partially 
compensate for the effects of high activity on  
body mass loss during the early-rut period (Liu 
et al. 2009). However, why old males would 
use this tactic only during the early-rut period 
is unknown. It is also understood that quality of 
forage, and therefore foraging efficiency, varies 
over time (Fryxell 1991). Thus, it is possible 
that differences in foraging efficiency through-
out the mating season cause somatic costs to 
differ among periods, i.e. if foraging efficiency 
were higher the during early rut than during 
the peak rut, this could explain why the activity 
performed during the early rut does not have an 
effect on somatic costs.

The results for young males indicated the 
opposite of what was found for old males. Activ-
ity level during the early-rut period had a positive 
effect on the amount of weight young males lost 
over the rut, whereas activity level during the 
peak-rut was unrelated to somatic costs. Young 
males fed more during the peak rut, although the 
difference between the early and peak rut was not 
significant; this slight increase in feeding during 
the peak rut might have compensated for the 
energetic costs associated with activity during this 
period. Since the reproductive effort of old males 
is highest during the peak-rut period, young males 

may avoid pursuing females during this time as it 
would provoke aggression from old males. Simi-
larly, Singer and Zeigenfuss (2002) found that 
young male Dall sheep (Ovis dalli) increase their 
reproductive effort when adult males are scarce 
or absent. Thus, young male reindeer might resort 
to an alternative mating tactic, whereby they 
perform their most energetically costly activities 
earlier in the mating season when competition 
from old males is less intense. Another explana-
tion is that young males are not able to schedule 
their reproductive effort to coincide with peak 
oestrus as old males do because of their inexperi-
ence (Mysterud et al. 2008b). The inexperience 
of young males manifests itself as undeveloped 
social rutting behaviour, such as harassment of 
females, which can induce stress and mass loss 
in females (Holand et al. 2006). It is possible that 
precise timing of reproductive effort is another 
learned skill that improves with age. However, 
the reason why young males in this herd devoted 
most of their reproductive effort to the early rut 
rather than to the late rut, when old males became 
exhausted as Mysterud et al. (2008b) found, 
remains unclear and warrants further research.

In concordance with many studies, we found 
that during the mating season old males are more 
active and feed less than young males (Skogland 
1989, Miquelle 1990, Apollonio & Di Vitto-
rio 2004, Mainguy & Côté 2008). Our sample 
consisted of only the dominant males of mating 
groups; therefore, we determined that although 
dominant males are typically the most active 
during the rut, this age-specific activity pattern 
remains. The direct (relative  body mass loss) 
and indirect (activity level) measures of male 
reproductive effort during the mating season 
were positively related to each other during dif-
ferent periods of the rut depending on male age 
— early rut for young males, and peak rut for old 
males. For both old and young males, activity 
levels averaged over the entire mating season 
were never significantly related to relative  body 
mass loss. This indicates that activity level over 
the entire mating season might not be a good 
proxy for reproductive cost in male reindeer, 
since activity level changes over the course of 
the rut. Furthermore, the timing of activity levels 
differs between young and old males; therefore, 
activity in young and old males should be exam-
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ined separately. These results may influence the 
way in which reproductive effort of male mam-
mals is measured in future studies.
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