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Nonparental infanticide, or killing of conspecific young infants, is an extreme form of sexual conflict that is widespread throughout the
animal kingdom. One of the female counterstrategies to reduce the damage of infanticide is the “Bruce effect,” ie the termination of a
pregnancy sired by the former breeding male after the invasion of a new breeding male. Using bank voles (Myodes glareolus) as experi-
mental subjects we phenotyped males for infanticidal types (attacking unrelated pups or not), and we exchanged the breeding male
in the early second trimester of a potential pregnancy, allowing the female to terminate the pregnancy and breed with the new male
(pregnancy replacement). We found that the proportion of late litter was significantly higher if the second male encountered was in-
fanticidal, and males’ probability to reproduce was affected by both infanticidal tendency and the sequence in which it was presented
to the female. We found no connection between infanticidal tendencies and male quality, and females’ choice was not affected by male
quality or female parity. Consequently, the infanticidal status of the males and the sequence in which the males are presented may
trigger females to exchange a pregnancy and reproduce with an infanticidal male. Thus, the functional Bruce effect may be considered
as a form of sequential mate choice.
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Introduction knowledges infanticide as an adaptive behavioral strategy used
to enhance the individual fitness of the perpetrator (Hrdy 1979;
Hausfater and Hrdy 1984; Huck 1984; Pierotti 1991).

Infanticidal behavior has primarily evolved in group-living spe-
cies in which a few dominant males monopolize the reproduction
(Lukas and Huchard 2014), and where the care for the offspring
would prevent females from mating again, atleast until the current
offspring is independent. However, in species with post-partum
estrus (ie most rodents) there are other benefits of infanticide oc-
currence since females can be both lactating and pregnant at the
same time, one of them being possibly the larger size of the next
litter (Elwood and Kennedy 1990). In mammalian species, infanti-
cide has been recorded under both laboratory and wild condi-
tions in over 100 species, mostly primates, carnivores and diurnal
rodents (Hausfater and Hrdy 1984; Hoogland 1985; Parmigiani
and Vom Saal 1994; Harestad and Davis 1996; Ebensperger 1998;
Ebensperger and Blumstein 2007; Lukas and Huchard 2014).
As nonparental infanticide reduces the overall fitness of the
parents (Chapman and Hausfater 1979), it is expected that species
evolve strategies preventing possible infanticide (Chapman and
Hausfater 1979; Glass et al. 1985; Hiraiwa-Hasegawa 1988).

Pregnancy termination (before implantation), also known as
the ‘Bruce effect’ (Bruce 1959, 1960; Milligan 1976), is currently
understood as one of the female counterstrategies to male in-
fanticide. Moreover, it might reduce a female’s investment into
offspring that might subsequently be killed by the invading,

Sexual conflict is present in many species, often due to the sexual
dimorphism in gamete size and mating costs (Trivers 1972; Parker
1979). Furthermore, in most species, there is a difference in par-
ental investment, where males have a higher reproductive poten-
tial than females (Trivers 1972; Clutton-Brock and Parker 1992),
asis the case in mammals. Conflict requires interactions between
males’ and females’ reproductive interests, and one example
of such conflict is infanticide by non-parental males, where fe-
males lose their reproductive investment, and males increase
the probability of mating with the female (Agrell et al. 1998;
Ebensperger 1998; Arnqgvist 2004). Nonparental infanticide, or
killing of young infants by conspecifics is widespread throughout
the animal kingdom, from invertebrates to vertebrates (Hausfater
and Hrdy 1984; Elgar and Crespi 1992; Parmigiani and Vom Saal
1994). Several hypotheses have been proposed to explain the oc-
currence of nonparental infanticide by males (Agrell et al. 1998;
Ebensperger 1998), eg to get access to better food or nesting site
for the perpetrator or its’ offspring (“the resource competition hy-
pothesis”; Rudran 1973; Hrdy 1979). The “sexual selection hypoth-
esis” suggests that males commit infanticide in order to shorten
the inter-birth interval and increase their chance of mating with
the female (Hrdy 1979; Ebensperger 1998). Originally, infanticide
was viewed as maladaptive and pathological conduct (Calhoun
1962) or a behavior aimed at regulating population growth for
the benefit of the species. However, further understanding ac-
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non-sire male (Hrdy 1979; Schwagmeyer 1979; Huck 1984;
Ebensperger 1998; Marashi and Riilicke 2012; Bartos et al. 2022).
This hypothesis predicts (1) a direct correlation between the rate
of pregnancy termination and the risk of infanticide, and (2) that
under similar conditions of infanticidal risk, females who inter-
rupt their pregnancies should wean more offspring than females
who retain their former pregnancies (Ebensperger 1998). In mice,
eg it has been shown that females can block pregnancy before
implantation (Bruce 1959, 1960); those that do not block their
pregnancies have a higher chance of losing entire litters in re-
sponse to an infanticidal perpetrator compared to their coun-
terparts (Elwood and Kennedy 1990). Still, different species of
voles and rats can obstruct pregnancies at later stages, ie after
implantation (Schwagmeyer 1979; Heske and Nelson 1984; Heske
1987; Storey and Snow 1990; Marashi and Riilicke 2012). In its
original form, the Bruce effect refers to a pregnancy block that
would happen before implantation, ie mechanistical definition of
Bruce effect (Bruce 1959, 1960). We, on the other hand, follow the
functional definition of Bruce effect, that states: “when females
terminate pregnancies after some form of sensory exposure (ol-
factory, visual, auditory, or tactile) to nonsire males” (Zipple 2020;
Zipple et al. 2021). This definition would cover all pregnancy fail-
ures (Roberts et al. 2012), both before, and after implantation,
such as we will discuss in this experiment.

For individuals of short-lived species, often with annual
density fluctuations, it is important to reproduce as early as pos-
sible to contribute to the future population. Thus, by interrupting
a pregnancy at late stages, females lose valuable time and pos-
sibly a major proportion of fitness (Eccard et al. 2017). In several
species of rodents, evidence suggests there is a positive asso-
ciation between the risk of infanticide and the occurrence of a
pregnancy block as a great proportion of rodent adult and sub-
adult males are infanticidal (Blumstein 2000). Numerous studies
have proposed that engaging in copulation alone is sufficient for a
female to inhibit infanticide by that male (Elwood 1977; Vom Saal
and Howard 1982; Palanza and Parmigiani 1991), whereas others
argue that in addition to mating, physical contact or proximity to
the female or her nest is necessary for the inhibition of infanti-
cide in male rodents (Huck et al. 1982; McCarthy and Vom Saal
1986; Mennella and Moltz 1988; Cicirello and Wolff 1990).

In this paper, we investigated the predictive power of the in-
fanticidal status of males on the timing of pregnancies and
whether there is a link between male quality and infanticidal
status. Furthermore, we investigated whether infanticidal status
was repeatable over long periods of life. We paired females succes-
sively with two previously phenotyped males and assumed that
females could choose among potential sires in order to maximize
their fitness. In this experiment we reviewed whether females
might use pregnancy termination and remating (ie pregnancy re-
placement) to avoid potential infanticide by males(Eccard et al.
2017; Vodjerek et al. 2024). We specifically predict, that if females
based their decision on infanticide risk, and one of the males is
infanticidal, the offspring will be sired by this male. If both males
are infanticidal, the offspring will be sired by the last male paired
with the female, since females have a higher chance to wean the
offspring sired by the last male they encounter, otherwise, the off-
spring of the previous male might be killed by the new male. We
expected the infanticidal status of the males and the sequence
in which the males were presented to the females to affect the
timing of the births and the males’ probability of reproducing.
Therefore, if we consider late litters a form of infanticide avoid-
ance, potentially through pregnancy replacement (functional
Bruce effect), we would expect a higher proportion of late litters

in the sequences where the second male was infanticidal com-
pared to sequences where the second male was non-infanticidal.
Further, we investigated alternative explanations affecting female
mate choice including male quality and female parity. Lastly we
investigated whether infanticide risk changed over time relative
to the age-dependent vulnerability of the offspring (Elwood 1977;
Labov 1980; Cicirello and Wolff 1990; Vihervaara et al. 2010).

Methods

Study species and animal-keeping

The breeding system of bank voles is promiscuous (Klemme et al.
2007; Klemme and Ylénen 2010), and the percentage of multiple
sired litters was shown to be between 20% and 30% in wild popu-
lations (Ratkiewicz and Borkowska 2000). Males do not provide
any care for their offspring (Ylonen et al. 2017). In bank voles,
both females and males were shown to be infanticidal (Ylonen
1997; Agrell et al. 1998; Vihervaara et al. 2010; Opperbeck et al.
2012), and the ratio of infanticidal to non-infanticidal males
within the population can differ. The infanticidal tendency of a
male is reported to be highly repeatable within the individual,
and also heritable (Poikonen et al. 2008; Korpela et al. 2010;
Mappes et al. 2012), but body size and dominance were not re-
lated to infanticidal behavior (Horne and Ylénen 2002; Korpela
et al. 2010).The threat for the offspring is highest when pups are
less than 10 d old (Horne and Ylonen 2002; Korpela et al. 2010).
Furthermore, a recent study has shown that females are able to
assess the threat of infanticide by using male odors and they ad-
just their behavior accordingly (Breedveld et al. 2019), and that
males are less likely to kill their offspring due to familiarization
with the female (Korpela et al. 2010).

Likemany otherrodent species, bank voles are seasonal breeders
with females becoming receptive multiple times throughout the
season (Andersson and Gustafsson 1982). Females are receptive
either during post-partum estrus (after parturition) or cyclic es-
trus, with the former being the most common mode of reproduc-
tion (Klemme et al. 2011). Cyclic estrus can be triggered by male
presence or odor, and mostly occurs if females have not mated yet
or if the previous mating has been unsuccessful (Dewsbury 1990;
Klemme et al. 2011). Gestation lasts between 18 and 20 d for fe-
males that mated during cyclic estrus and litter size usually ranges
between 4 and 7 pups (Gustafsson et al. 1980; Bujalska 1990).

Experiments were conducted in the housing facility of Animal
Ecology Potsdam in the spring and summer of 2022, 2023 and
2024. We used either wild-captured bank voles, or laboratory-
born F1 and F2 descendants of the wild captured individuals. All
animals were housed singly immediately if they were trapped
in the wild, or after weaning if they were born in the laboratory.
All individuals were adults, overwintered (ie born in the previous
season) or year-born (ie sexually matured individuals born in the
season). Females used in the experiment could have been either
nulliparous (first time breeders) or parous (already was breeding
and produced at least one litter). All males and females were re-
productively active, females were not pregnant, and both males
and females were weighed before the experiment.

Experimental setup

Each female was paired with the first male (M1) for 7 d, after
which the male was removed and replaced with the second male
(M2), which stayed with the female for another 7 d. We separated
all pairs on an experimental day 14, and all animals were trans-
ferred back into their single-home cages (Fig. 1.).



We assumed that offspring born until day 24 after the pairing
of the female with the first male must have been sired by the
first male. Births between days 25 and 29 were subjected to gen-
etic paternity analysis (see below). As bank voles exhibit cyclic
estrus, we assumed that the exchange of males after 7 d (end of
the first trimester of the potential pregnancy) was assumed to
allow females to get into estrus and breed with the first male but
also undergo a pregnancy termination and breed with the second
male (pregnancy replacement). We also considered the possibility
that females were not breeding with M1 at all but only bred with
M2.

It might be argued that late births in our treatments could be
a general artifact of the particular experimental design, further,
that by offering males sequentially, we are potentially adding op-
portunities for a female to conceive, which could falsely be inter-
preted as pregnancy replacements. We had addressed this issue
in an earlier experiment in a large cohort of caged bank vole pairs
(N =202, Eccard et al. 2017), comparing overall pregnancy rates
and late litter rates of females where we exchanged the breeding
male, to pregnancy rates of females where the breeding male
stayed with the female, otherwise using the exact same experi-
mental setup as in this study (same pairing interval, cage size,
and species). Back then we could show, that by the exchange of
the breeding male the proportion of pregnancies conceived was
not altered significantly (76% and 67%), while the proportion of
late litters was increased (35% compared to 13%, Eccard et al.
2017). If we assume the same high pregnancy rate after the first
week with the breeding male in both treatments, an increase of
late births after replacement of the breeding male indicates that
a proportion of females replaced the original litter. We therefore
analyzed the overall pregnancy rate also in this study.

Infanticidal tendency was tested after males were returned to
their home cages, therefore there is a difference in the number
of infanticidal tendency sequences (infanticidal (I) or non-
infanticidal (N) male). We had 4 possible infanticide tendency
sequences (first male—second male): I-I (17), I-N (13), N-I (9), and
N-N (32).

The males presented to the females could have been either re-
lated (a brother) or unrelated. We investigated the importance of
relatedness between males and females in the pairing in the pre-
liminary analysis, however the relatedness factor did not improve
the model fit and was therefore excluded from further analysis.
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Infanticidal behavior testing

We used the testing procedure adapted from Vihervaara et al.
2010, where the male encounters a tube with a protected, unre-
lated pup(s) to estimate infanticidal tendencies (Vihervaara et al.
2010). For each trial, two pups unrelated to the tested male were
placed in a double-walled tube (5 cm in length, 1.5 cm in diam-
eter, made of plastic wire mesh, mesh size 1.5 mm) with a small
amount of bedding from their nest. Both ends of the tube were
closed so that the pups could not be harmed. The tube was placed
into a corner of the testing arena (60 cm x 40 cm x 30 cm con-
tainer), and the male was placed in the opposite corner without
direct handling from the observer. After each trial, the arena was
cleaned with 70% ethanol to remove the odors of the previously
tested male and was air-dried before being reused. All pups used
in the infanticide trials were 2 to 5 d old. We used the same pups
repeatedly for no longer than 30 min, after which they were re-
turned to their mother’s nest. There was no negative survival ef-
fect on repeatedly used pups.

The test started when the male was released into the arena,
and we observed its behavior for 5 min. Bank voles usually start
attacking the pups shortly after encountering them (Ylonen
1997), therefore a 5-min period was considered sufficient to dis-
tinguish a male’s behavior as infanticidal or non-infanticidal. To
test the repeatability of infanticidal behavior. (Korpela et al. 2010;
Vihervaara et al. 2010), one-third of the males underwent the test
twice We classified their behavior as indicated in Vihervaara et
al. 2010:

A) Infanticidal behavior was categorized as “aggressive” if the
male approached the tube and showed aggressive behavior
(biting and rolling of the tube). If the male displayed such
behavior the trial was stopped, and the male was removed
from the container and classified as “infanticidal”

B) Non-infanticidal behavior. The male was categorized as “non-
infanticidal” if he ignored the pup in the protective tube or
approached it non-aggressively during the first 5 min. After
the 5-min period had ended, the male was removed from
the container and classified as “non-infanticidal”

In the experiment, most males were tested up to 4 wk (28 d)
after being paired (range: 2 to 13 wk; median = 4 wk) with the first

Testing infanticidal
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B |
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Fig. 1. Graphical representation of the experimental setup and the important time periods (in both weeks and days) for the experiment and the study

species.
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female. This period would resemble the time after which a pos-
sible offspring of the male would be born (see Fig. 1.) and males’
infanticidal tendencies would temporarily disappear (Elwood
1977; Labov 1980; Cicirello and Wolff 1990; Vihervaara et al. 2010),
hence males could not harm their offspring. When the offspring
is more than 10 d old (ie 4 to 5 wk after the mating) males should
regain their infanticidal tendencies since their own young would
be mobile enough that they can escape the attack (Ylonen 1997;
Horne and Ylonen 2002; Korpela et al. 2010).

Additionally, 20 males were retested in the spring 2024 to in-
vestigate the repeatability of infanticidal tendencies over time.
Moreover, we wanted to assess if males exhibit the same type of
behavior (aggressive or non-aggressive) when tested against an
empty tube with only bedding (as a novel object exploration)
compared to those with bedding and pups. Therefore, another 20
males were tested in an empty tube test and their behavior was
scored as described for the infanticide test.

Male quality assessment

Male quality was assessed in paired trials using urine-marking
(UM) behavior, a commonly used method to classify dominance
relationships in rodents (Desjardins et al. 1973), and specifically
in bank voles (Rozenfeld et al. 1987; Horne and Ylonen 1996).
While low-quality males only leave a few concentrated urine
spots, high-quality males extensively mark large areas with thin,
squiggly shaped traces (Rozenfeld and Rasmont 1991; Horne and
Ylonen 1996), which are used to quantify the urine marking value
(UMV).

Males were tested three times against random male oppon-
ents in short rounds (2 h). Tests were conducted in two con-
nected arenas (60 cm x 42 cm x 20 cm) divided by a 42 cm long
plastic wall with 5 mm holes. During the trials, males were not
able to interact, but they could still detect each other using ol-
factory cues, which for profoundly olfactory communicators as
bank voles, would be sufficient. We used a significantly repeat-
able urine marking style (traces or puddles) to categorize males
as high or low-quality (GLMM-based intra-class correlation for bi-
nomial data: R = 0.665, C195% = [0.341, 1.186], p = 0.001).

It has been shown that urine marking behavior is independent
of the opponents’ marking behavior and identity, and the specific
style (traces of puddles), as well as high or low urine marking
values, are repeatable (Horne and Ylonen 1996; Klemme et al.
2006; Korpela et al. 2010; Erixon et al. 2024). Further, males with
higher UMV were chosen over those with lower UMV in females’
first choices during simultaneous choice trials (Horne 1998) as
well by females in sequential mate choice trials involving de-
layed reproduction (Vodjerek et al. 2024) indicating that these
social odors signal male dominance and quality to the female.
Consequently, we treated urine marking behavior as an indicator
of intrinsic male quality rather than a rank relative to the op-
ponent.

Paternity analysis

We challenged our paternity assignment for the litters born in
the second peak (days 25 to 29) using genetic paternity analyses.
Tissue samples were collected from parents and litters by a small
ear biopsy. DNA extraction and microsatellite amplification were
done according to the protocol of Gockel et al. (1997) for up to
seven microsatellite loci MSCg-4, MSCg-7, MSCg-9, MSCg-15,
MSCg-18, MSCg-24 and MAR 1 (Gockel et al. 1997; Gerlach and
Musolf 2000). Parentage was assigned with the software COLONY
2.0.7.0 (Jones and Wang 2010), within each family separately. We

assigned paternity to 23 families using genetic parentage ana-
lyses and confirmed all of our assignments. Multiple males sired
none of the litters (see also (Vodjerek et al. 2024)).

Statistical analysis and sample sizes

All analyses were carried out in R Studio (version 4.3.3; R Studio
Team 2024). First, we tested whether males’ infanticidal behavior
was changing over time relative to the onset of pairing (males
tested up to 4 wk: N = 38, males tested after 4 wk: N = 23) by using
Generalized Linear Model (GLM) for binomial data and the func-
tion “glm” from the R package “car” (Fox and Weisberg 2011). As
the predictor variable we used male infanticidal category (infanti-
cidal/non-infanticidal), and as a fixed factor the “week from the
first pairing” (how many weeks has passed between infanticidal
behavior testing and pairing with the female, see Fig. 1.)

To establish if infanticidal tendencies were a repeatable trait
we used GLMM-based intra-class correlation using the “rpt” func-
tion from the R package “rptR” (Stoffel et al. 2017). The testing oc-
casion/round (first or second test) did not have a significant effect
on the results; therefore we could use the simpler, intercept-only,
model. The infanticidal tendency category (infanticidal or non-
infanticidal) was used as a response variable. Further, the same
model and analysis were used to explore whether there was any
association between male behavior when tested in an empty tube
test (exploration/playful behavior) and an infanticide test.

First, we tested whether the probability of a litter to be born
differed between four infanticidal tendency sequences using a
Generalized Linear Mixed Model (GLMM) for binomial data and
the function “glmer” of the R package “Ime4” (Bates et al. 2015).
As a predictor variable we used “female pregnant” (yes/no). As a
fixed factor we used infanticidal tendency sequence (4 levels of
sequence by infanticidal tendency combination: I-I, I-N, N-I, and
N-N), and female identity (N=54) was used as a random (inter-
cept) factor as 34 females we included in the pairing two times.
Further, to explore if the probability of a litter to be born late (N
= 71) differed between different infanticidal tendency sequences
we used a Generalized Linear Mixed Model (GLMM) for binomial
data, using the function “glmer” of the R package “Ime4” (Bates
et al. 2015). Each sampling unit is a litter. We included the in-
fanticidal tendency sequence as a fixed effect (4 levels: I-I, I-N,
N-I, and N-N), and female identity (N=46) was used as a random
(intercept) factor since 25 females were included in the experi-
ment two times. We also investigated infanticidal males’ position
in the sequence (2 levels: I-N and N-I) had an effect on timing of
birth (early or late litter) using GLMM (for binomial data) with fe-
male identity as random (intercept) factor.

In addition, to estimate the effects of individual males’ infanti-
cidal tendencies on its probability to reproduce we used GLMM
for binomial data (N = 142), with the response being the males’
reproduction (yes/no) in a pairing. In the model, we included the
infanticidal tendency of a male, sequence (in the pairing) and
their interaction as fixed effects. To control for their potential ef-
fects, we included male quality and female parity as further fixed
effects. As random (intercept) effects, we included male identity
(N =61), and female identity (N = 46), because most females were
in the experiment twice (with different male dyads) and males
were used several times in different experimental male dyads. To
capture the sequence of male properties presented to the female,
we included the unique triplet (Female - M1 - M2) to the model
as a further random (intercept) factor. Post-hoc comparisons to
further explore this significant interaction term were carried out
using the package “Ismeans” (Lenth 2016).
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proportion of early and late litters, per infanticidal tendency sequence.

Other statistical analyses and packages used to obtain them:
WALD chi-square test (‘car” (Fox and Weisberg 2011)), R? values
(‘MuMIn’ (Bartorn 2024)), and residual diagnostics (‘DHARMa”
(Hartig 2018)).

Results

Male infanticidal behavior

Of 61 tested male bank voles, 23 (38%) were categorized as in-
fanticidal, and 38 (62%) as non-infanticidal. Infanticidal males
were not heavier (26.3 +4.9 g, mean + SD) than non-infanticidal
males (25.5+3.1g, mean+SD; t=0.71, df =58.9, p =0.481), and
there was no association between male quality and the infanti-
cidal category (x2 =1.66, df =1, p=0.198). Infanticidal behavior
was not changing over time relative to the onset of pairing (GLM
binomial: x2 =5.21, df =7, p = 0.634; see Fig. 1.). Further, male in-
fanticidal tendencies were not repeatable over long periods of
life (males tested in the season when they were paired/mated
with a female and in a season when no pairing/mating occurred;
GLMM-based intra-class correlation: R = 0.087, CI95% = [0, 0.587],
p=0.329). There was also no association between the behavior
(aggressive/non-aggressive) in the empty tube test and the in-
fanticide test (GLMM-based intra-class correlation: R=0.015,
SE=0.117, C195% = [0, 0.446], p = 0.466).

Reproduction
Out of 61 males, 13 did not sire a litter during the experiment
(21%, in 20% of sequences), however, siring a litter was not sig-
nificantly associated with the infanticidal tendencies of these
males (x2 = 1.25,df = 1, p = 0.264) or their quality (x2 =1.26,df =1,
p = 0.261). Since we could not distinguish whether these males did
not sire offspring due to the quality of their dyadic opponent, or
whether the individuals could have been infertile, we conducted
additional analyses with a reduced dataset excluding them (13
dyads). Both analyses yielded the same results, therefore, we re-
port the results of the full dataset.

Out of 88 pairings made, 71 litters (81%) were obtained. Non-
breeding females were distributed evenly among different in-

fanticidal tendency sequences: 2/19 (11%) unsuccessful matings
in the sequence I-I, 3/16 (19%) in sequence I-N, 4/13 (31%) in se-
quence N-I and 8/40 (20%) in sequence N-N (GLMM: x2 = 1.46,
df =3, p=0.691).

We tested whether the number of late litters differed be-
tween four infanticidal tendencies sequences (N = 71). If none of
the males in the pairing was infanticidal, the majority of litters
(72%) was sired be the first male. The number of late litters in-
creased notably in response to the second male being infanticidal
(50%; sequences I-I and N-I) compared to the second male being
non-infanticidal (29%, sequences I-N and N-N; x2=2.77, df =1,
p=0.09, Fig. 2.). Further, if one of the males was infanticidal
(sequences I-N and N-I), 59% of the litters were sired by this male
(GLM for binomial data, N=22, x2=0.43,df =1, p=0.513) and if
both males were infanticidal, 52% of the litters were sired by the
second male. However, no significant difference between the 4 in-
fanticidal tendency sequences could be detected (x2 = 2.89, df = 3,
p =0.409, Fig. 2.).

Additionally, we tested the probability of reproduction for 142
males in 71 male dyads. We found a significant interaction be-
tween the male sequence and infanticidal tendency (x2 =4.78,
df =1, p=0.028, Fig. 3., Table 1.). More specifically, the probability
of reproducing for non-infanticidal males was significantly lower
if they were the second in the pairing (Z ratio = 3.54, p = 0.002;
Fig. 3.) and the probability of reproducing tended to be higher for
infanticidal males that were first in the pairing compared to the
non-infanticidal males being second in the pairing (Z ratio = 2.49,
p =0.062). We did not find any significant effects of male quality
or female parity (all p > 0.10; Table 1.)

Discussion

Infanticide by non-parental males was one of the earliest recog-
nized forms of sexual conflict. In our study, we found that the pro-
portion of late births increased significantly, by 21%, if the second
male encountered was infanticidal, compared to the second male
being non-infanticidal. Further, if one of the males encountered
by the female was infanticidal, the majority of litters were sired
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Fig. 3. Predicted probability for males to reproduce (Table 1.) as a function of pairing sequence (1st or 2nd in the pairing) and infanticidal tendency

(male infanticidal (I) and non-infanticidal (N)).

Table 1. Male based model’. Results of the model (GLMM for binomial data) regarding the effect of individual males’ infanticidal
tendencies on reproduction with random (intercept) factors being male identity (N = 61), female identity (N = 46) and unique triplet

(female - M1 - M2; N =71).

Model Response Explanatory variable Est Std Error  CL,,., CL_ .z p
(Intercept) 0.784 0.415 -0.006  1.858 1.876 0.061.
Male based model (GLMM) Reproduction (yes/no) Infanticidal tendency I~N -0.509  0.503 -1.690  0.560 -0.994 0.321
N =142, Sequence 2 ~ 1 -1.777  0.478 -3.350 -0.943 -3.544 <0.001
R’m=0.13 Quality Low ~ High 0.041 0.363 -0.757  0.865 0.110 0.912
Female parity P ~ N -0.098  0.362 -0.944 0.768 -0.270 0.787
Infanticide * Sequence 1.573 0.719 0.179 3,513 2.186 0.029

‘From the model, we report estimates including their standard errors and 95% confidence limits, z values, and p-values. The first-factor level is used as a

reference level. Explanatory variables with significant effects are shown in bold.

by this male (59%). For a short-lived mammal, such as a bank
vole, timing is of the essence when it comes to reproduction. It is
important to reproduce as fast as possible before the population
increases in early summer, and the habitat gets saturated by in-
dividuals. Therefore, breeding early will ensure that individuals’
genes are transferred to the next generation, and consequently,
individuals’ fitness is increased. However, females might have to
choose if they are willing to risk that their “early” offspring are
killed by an invading male, or they might delay the birth of their
offspring to avoid infanticide. In our study, we showed that a large
portion of females chose to delay the birth rather than risk infanti-
cide by the new male encountered showing, to a certain extent, the
predictive power of the infanticidal status of males on the timing
of pregnancies. Finally, the probability of reproduction for both in-
fanticidal and non-infanticidal males depended on their position
in the sequence, specifically non-infanticidal males had a signifi-
cantly higher probability of reproduction if they were first in the
sequence, compared to being second in the sequence. Similarly,
infanticidal males had a higher probability of reproduction when
first in the sequence, compared to non-infanticidal males being
second in the sequence. This shows us the order in which certain
males are encountered, together with their infanticidal tenden-
cies, would consequently decide which male would sire the off-
spring. As bank voles are a promiscuous species, not mating with
the first male was highly unlikely, especially when considering a
very high pregnancy rate of 81% we had in this experiment. With

no differences in pregnancy rate between treatments, but differ-
ences in late litter rates, we can presume that the late litters were
indeed a result of pregnancy replacement rather than a result of
mating only with the second male (see also Eccard et al. 2017).

One of the more prominent questions that arises when one
mentions infanticide is whether females are able to recognize in-
fanticidal males. What we know is that olfactory communication
is the most prominent in rodents (Schultz and Tapp 1973; Kelliher
2007) and thereby in bank voles. As “urine and fecal marks convey
olfactory signals characteristic of the species, the sex and the hier-
archical background of the animal that deposited them,” odors
can act as an indicator of nutritional status of condition of poten-
tial mates, age, genotype etc. (Desjardins et al. 1973; Hoffmeyer
1982; Yamazaki et al. 1983; Rozenfeld and Rasmont 1991; Horne
and Ylonen 1996; Penn and Potts 1998; Ferkin 2018). Even though
infanticidal tendencies are not related to the urine marking value
(UMV; Horne and Ylénen 2002; Korpela et al. 2010)), other behav-
ioral properties (such as aggression) are (Erixon et al. 2024). As a
result, we assume and speculate, that females may directly as-
sess these different behaviors and odors, and therefore indirectly
gain information on males’ infanticidal tendencies. Due to the
higher proportion of late litters sired by infanticidal males (50%)
in all sequences, and higher proportion of litters sired by the in-
fanticidal male in sequences where one of the males was infanti-
cidal (59%), we can safely assume that females can assess males’
infanticidal tendencies.



In order to commit infanticide, males need to be able to find
nests with the pups, and we have tested whether the behavior
males show (ie aggressive behavior) towards an empty tube and a
tube with pups will be the same or different. We know from pre-
vious research on rodents, bank voles included, that they can hear
ultrasound, as they use it to communicate with each other, and
this type of communication is specifically important in mother-
offspring interaction (Sewell 1970; Kober et al. 2007; Matrosova
et al. 2007). Male voles are therefore able to listen in on mother-
offspring communication and use it to find the nest and commit
infanticide. As in our infanticide test pups were taken from the
mother and the nest for around 30 min, they probably produced
ultrasonic vocalization in order to call out for their mother. This
might have attracted infanticidal males, as it was shown that in-
fanticidal males are more attracted to nest boxes with nest cues
(Ylonen et al. 2017). Alternatively, as bank vole pups are prob-
ably releasing distress signals in the absence of their mother, this
might have attracted some males who would try to free them
from the tube. However, this scenario is very unlikely since bank
vole males are not exhibiting any parental care (Ylonen et al.
2017), therefore, distress signals (separation calls) emitted by the
pups probably would not affect their behavior in a way that they
would have shown care. Males showed different behavior during
the infanticidal test, ie different forms of tube exploration (just
sniffing, biting, rolling etc.) we wanted to make sure that this be-
havior is not related to playful/exploratory behavior since they
are encountering the tube and the offspring for the first time.
Therefore, we tested males’ behavior towards a tube with bedding
and compared it to their behavior in the infanticide test (a tube
with bedding and pups). We found no association between the be-
havior in an empty tube test and the infanticide test. Accordingly,
we concluded that the aggressive behavior males were showing
toward the tube with the pups was indeed associated with their
infanticidal tendencies towards the pups.

It has been shown that infanticide is inhibited when mated
males’ offspring are born (Elwood 1977; Labov 1980; Cicirello and
Wolff 1990). Twwo primary hypotheses have been proposed to ex-
plain the suppression of infanticide in males: one suggests that
copulation alone would inhibit infanticide, while the other poses
that previous association with the mother is crucial for inhibition
to take place. These hypotheses were tested in bank voles as well
but have not met the same conclusions (Vihervaara et al. 2010). In
this study, the authors propose that multiple cues acting simul-
taneously would be needed to inhibit infanticide, such as several
matings of a female with the same male, but also familiarization
of a male with the site, the female territory within his own home
range, if not with the female itself (Vihervaara et al. 2010). In our
experiment, we did not find male infanticidal behavior to be re-
peatable over long periods. Therefore, we suggest that infanticidal
behavior should not be considered an individual, behavioral trait,
but rather a behavior dependent on the reproductive context.

Females have evolved numerous counter-strategies to re-
duce the risk of infanticide (Agrell et al. 1998; Ebensperger 1998).
Pregnancy block or ‘Bruce effect’ has been suggested as one of the
mechanisms to avoid infanticide, especially since it may prevent
investing in infants that may be killed by the new, invading male
(Hrdy 1979; Schwagmeyer 1979; Labov 1980, 1981; Agrell et al. 1998;
Ebensperger 1998). This hypothesis predicts that there should be
a direct correlation between the rate of pregnancy block and the
risk of infanticide and that females who block their pregnancies
should wean more offspring (Ebensperger 1998). In the present
study, we tested infanticide avoidance in 4 different infanticidal
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tendency sequences where 71 litters were obtained, and we found
no overall significant difference in the litter production between
the sequences. The percentage of late litters differed significantly
in the sequences where the infanticidal male was encountered as
the second (I-I and N-I, 50%), compared to 29% of late litters if
the second male encountered was not infanticidal (I-N and N-N).
Further, we found a significant interaction between males’ infanti-
cidal tendencies and the sequence in which they were presented
to the females. Our results suggest that there is a higher prob-
ability of reproduction if the non-infanticidal male is the first one
in the pairing. Consequently, there is some predictive power of
males’ infanticidal tendencies on the timing of the birth. Another
strategy that females might use is to mate with the dominant
male, since in many small mammal species such males are more
infanticidal against non-sired offspring (Huck et al. 1982; Vom Saal
and Howard 1982), and are more likely to attack and fend-off the
intruders than subordinate males. Thus, females would gain from
selecting dominant males, who would pose a greater threat to their
offspring if they were not the sires. Further, previous research on
mice showed that a higher proportion of high-quality (dominant)
males were infanticidal, in contrast to low-quality (subordinate)
males (Huck 1982), yet in our study no connection was found be-
tween male infanticidal tendency and male quality, which is in
line with previous findings in bank voles (Horne and Ylénen 2002;
Korpela et al. 2010). The tendency to choose dominant males is
widespread throughout the animal kingdom as it is an indication
of good genotype, phenotype and resource access, and associating
with dominant males might reduce the probability of infanticide.
In free mate choice experiments where males were not able to
leave their compartments, and females would visit them, dom-
inant males had a higher paternity success (Klemme et al. 2006).
Even though we showed a preference for high quality males in an
earlier experiment (Vodjerek et al 2024) where the pregnancy re-
placement rates were higher if the second male encountered was
of high-quality, in the present experiment we could not find the
same preference. Possibly the effect of quality might be weaker,
or masked, in this experiment by controlling for infanticidal ten-
dency and sequence of infanticidal males.

Conclusion

In conclusion, we found that the number of late litters, the indi-
cator of pregnancy replacement, was higher if the second male
encountered was infanticidal. Further, the probability of repro-
ducing in both infanticidal and non-infanticidal males depended
on whether they were encountered first or second by the fe-
male. We found no association between infanticidal tendencies
and male quality, and male infanticidal tendencies were not
repeatable over long periods. For individuals of short-lived spe-
cies, often with annual density fluctuations, it is important to
reproduce as early as possible to contribute to the future popu-
lation. Thus, by reproducing late, females lose essential time and
possibly a major proportion of fitness. Meanwhile, in our experi-
ment, females chose to delay the pregnancy in order to avoid
possible infanticide by males. Therefore, with this experiment,
we confirmed that the infanticidal status of the males and the
sequence in which the males were presented to the females de-
layed the timing of the births and influenced the males’ prob-
ability of reproducing. These results possibly indicate that there
is a strong selection on females to use pregnancy replacement as
a counterstrategy to avoid infanticide by males, even at the cost
of delaying reproduction.
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