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Abstract

In some biparental mammals, paternal care is irapofor offspring development and
survival. We investigated the influence of the eadgt-natal environment on the
development of paternal care in the naturally petiedlesert-dwelling African striped mouse
(Rhabdomys pumiljoOur aim was to establish whether the expressigaternal care in
adult sons is influenced by their experience ofrpalecare. Offspring were raised in one of
three conditions: both parents raised young; methased young alone; and mothers raised
young alone but were separated from the father avliarrier. The paternal care behaviour of
sons was investigated when they were adults. Qgritnaexpectations, adult sons raised by
the mother alone displayed greater levels of haddbehaviour of their own pups compared
to sons raised by both parents. This response epfebe influenced by the early mother—
son relationship, because mothers raising pupgaompensated for the absence of fathers
by increasing the time spent with pups compareddthers raising pups with fathers. The
mechanisms underpinning the development of patearal are not apparent in our study.
Nonetheless, the development of paternal carenditon-dependent in male striped mice,
indicating that the potential for greater levelsafe occurs in the absence of the father and

concomitant compensation of maternal care durimly €avelopment.
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I ntroduction

Paternal care is rare in mammals, occurring in %-d0 species (Wright 2006). In these
species, fathers may play a crucial role in offspdevelopment (behavioural and cognitive)
and survival (Gubernick & Teferi 2000; McCarty & 8bwick 1977; Outscharoff et al.

2006; Wright 2006). In addition, the existencelo$ tbehaviour in some mammals suggests
that it has been favoured by selection and is inéttesd between generations (Gomendio et
al. 2008). A number of studies have shown the itgmme of the early mother—daughter
relationship in shaping the development of matecagd (e.g. Curley et al. 2008; Francis et
al. 1999; Kikusui et al. 2005); yet, it is curiaimsit few studies have investigated the role
fathers play in the development and expressioratdrpal care in their sons.

Behaviour has both genetic and non-genetic comgsnand behavioural expression is a
product of gene—environment interactions (Goodehaigl. 2001). Many studies have only
reported either one or the other components; famgpte, Bester-Meredith & Marler (2003)
demonstrated a non-genetic basis for paternalicaalifornia mice Peromyscus
californicug: male pups that were retrieved less often shdewdr levels of retrieval
behaviour themselves as adults. In contrast, Fregbadlant & Rothstein (1999) found that
feeding rates (a measure of paternal investmergqwdnnah sparrowrésserculus
sandwichensjsfathers and their sons closely correspondedcatitig genetic determination.
Clearly, more studies are needed to determineeiagive importance of non-genetic and
genetic factors on the development of parental wdtién a species. This study investigates
the importance of the early rearing environmentiendevelopment of parental care in the
biparental African striped mousRlfabdomys pumiljo

The striped mouse offers a unique opportunity Wegtigate the influence of the father
on the development and expression of paternal aarstriped mice from the succulent karoo

of South Africa show high levels of direct pateroafe both in nature and in captivity,



displaying all the behaviours shown by femalesl@ding huddling, licking and grooming
and retrieving pups), apart from lactation (Schma@diPillay 2003), in equal measure
(huddling, licking and time spent in the nest; $clim & Pillay 2003; Schubert et al. 2009).
In addition, males typically show a nearly thredfwicrease in the time spent in the nest
when pups are present (Schradin & Pillay 2003)aifgpring development in this
population is faster when fathers are present ¢lihr& Pillay 2005). Under conditions of
high population density, striped mice in the suentikaroo live in groups of 3—4 adult
females and one adult breeding male (Schradin &yPa004). Offspring are typically
philopatric for a number of months because of ittnééd availability of suitable nesting sites
(Schradin et al. 2010) and the benefits of groupdivsuch as reduced energy expenditure
afforded by group huddling (Scantlebury et al. 2006

In species with paternal care, it is not appardrgtiver a male must experience direct
care from its father to display appropriate leslpaternal care to its own offspring.
Therefore, the aim of our study was to establighetkient to which paternal care in striped
mice is influenced by the early experience of patiezare. To test this, we studied paternal
care in striped mice in captivity, using malesedisinder three treatments: (1) by both
parents; (2) by the mother only; or (3) by the neothhysically separated from the father.
We predicted that if paternal care was significaimtfluenced by the early experience of
paternal care received, sons raised by their methry would show lower levels of paternal
care than sons raised by both parents. Alterngtivigbaternal care was merely a response to
the presence of young, independent of an individymevious experience of paternal care,
neither the presence nor the absence of fatherklwrdiuence the level of paternal care

displayed by their sons.



M ethods

Subjects

Striped mice were F1-F4 generation individualswetifrom Goegap Nature Reserve
(succulent karoo, Northern Cape Province, SouticAf29.41.56 S, 18.1.60 E) housed
under partially controlled environmental conditidid L:10 D cycle, lights on at 0500
hours; 2024 C; 30-60% relative humidity).

A total of 22 breeding pairs were established amgskd in glass tanks (46 x 30 x 32
cm). The floor of the tanks was covered with a layfawood shavings for bedding. A plastic
nest box (13 x 9 x 10 cm) was provided. Nestingemialt comprised a handful of dry grass
provided weekly and approximately 5 g of paper tqwevided twice weekly. One
cardboard roll/paper cup was provided weekly peusedor behavioural enrichment.
Subjects had access to watdrlibitumand were fed approximately 5 g of mixed seed
(sprinkled throughout the cage to stimulate forgdiehaviour) and 10 g of fresh

fruit/vegetables daily per mouse.

Experimental design
The intention was to obtain three consecutiversitfger breeding pair and randomly assign
each litter to one of three different treatmentsieNpairs produced the required three litters,
three pairs each produced two litters and threes gaich produced one litter only. Data from
an additional seven pairs (two pairs produced ftter$ each and five pairs produced one
litter each) were distributed among all treatméatachieve the required sample size.

We used single breeding pairs, rather than comriyunesting groups, to remove the
effects of female—female aggression (Schubert &0419) and to reduce the likelihood of

infanticide (Schradin et al. 2010). Experimentsined two phases. In Phase 1 (denoted



below as Phl), breeding pairs were subjected &zttreatments in random sequence. (1)
Mother + father (M + F) — both parents raised theng together until weaning (21 d of age).
Because striped mice show a post-partum oestrubiemrsowere normally pregnant during
the rearing of their litter. (2) Mother alone (M=-— the father was removed from the mother
a few days prior to parturition and housed in alimg cage (42 x 26 x 14 cm) in a separate
room. Thus, males had no contact with the femateyaning post-partum. (3) Mother +
father separated (M/F) — the father was removeu tlte mother a few days prior to
parturition by inserting a wire mesh barrier (38cm, 1 x 1 cm squares) into the tank and
placing the female and male on opposite sides fdther had visual, olfactory and auditory
contact with the female and young post-partumnouphysical contact. This treatment was
designed to test whether the close proximity offttteer, but without physical contact,
influenced the parental care behaviour of mothedstlag subsequent expression of parental
care in the offspring. At weaning, offspring (a#atments) were housed in same-sex sibling
pairs in holding cages under the conditions desdrébove until sexual maturity
(approximately 90 d of age).

In Phase 2 (Ph2), one male (son = S) from eadh pgr treatment was randomly
selected and paired with an unrelated mate (olddnoen biparental pairs in our breeding
colony) of approximately the same age, resultinthiee treatments: SM + F, SM — F, SM/F

(son from M + F, M — F and M/F, respectively). Bairere housed as described for M + F.

Parental care

For Ph1 pairs, the maternal care displayed by meifad treatments) and the paternal care
displayed by fathers (M + F treatment only) waswaidecorded for 15 min every second day,
starting on Day 1 (Day 0 = day of birth) until Da¥ (i.e. for 6 d), following the protocol of

Schradin & Pillay (2003) and Schubert et al. (200%)ese data were used to assess the



contribution of parental care of the mother onlypoth parents to the development of
paternal care in sons. Recordings were made uayilT1 as young striped mice start eating
solid food at this time (Pillay 2000) and paremi@ie decreases after this time. Recordings
were made between 0700 and 1100, coinciding widtk g&riped mouse activity, and no
observers were present in the room. Using contissampling, we scored the behaviour of
test subjects and summed the time spent in mat@gnuwhers) and paternal (fathers) care for
the 6 d of taping. Parental care was scored ubmdpallowing behaviours (after Schradin &
Pillay 2003): time spent in close proximity (<2 caf)pups (designated near); huddling;
grooming (includes sniffing) pups; and retrievingpp. We could not distinguish between
nursing and huddling pups for maternal care, salttia were grouped and collectively
classified as huddling (as described by Schubeit 8009). The incidence of retrieval
behaviour was very rare and did not vary amongdrdéements, and therefore, the results are
not included here.

For Ph2 pairs, the paternal care displayed by n{&es+ F, SM — F, SM/F) from all

three treatments was recorded as described for Ph1l.

Offspring growth

We recorded the growth rate of male and female pufigers produced in both phases. For
this, the masses of all males and all femaledliitea were recorded to the nearest 0.1 g
every day after birth for the first 7 d and eveny thereafter until day 21. Growth rates were

calculated using the formula: (LN mass day 21 —haks day 1)/20 d.

Statistics

Statistica 7.1 (Statsoft Inbttp://www.statsoft.comwas used in all analyses. All parental

care data met the assumptions of normality (Shap¥itk’s test) and homogeneity of



variances (Levene’s test). All tests were two-thikend the model-level significance was
determined ai = 0.05.

The data set for the three behaviours (near, hngidirooming) for maternal (mothers)
and paternal (fathers and sons) care over thef&id@o-recording was first analysed with
the variance components analysis using the Re=driaximum Likelihood method to
assess the effects of the following random faaborthe behavioural variables: litter order
(i.e. the first to third litter produced by a paccounting for previous breeding experience
and reproductive condition of the females) and direg pair identity (i.e. not all Ph1l pairs
produced three litters and we used one or twadigach from additional breeding pairs to
achieve the required sample size). In all casdb, flamdom factors were not significant
predictors of parental care (p > 0.05), indicatimat parental care did not change with
maternal parity. Therefore, they were not considiéndurther analyses. The data set was
then analysed using a General Linear Model (GLMhwepeated measures, multivariate
design, in which treatment was the categoricalipted the behaviours were the dependent
variables, 6 d (time) of recording were the repgateasures variables (to assess changes in
behaviours over time), and litter size was the dat& Fisher's HSIpost hoaests were
used to identify specific differences in the maifieets (treatment, time). For the interaction
(treatment x time), orthogonal polynomial decomposifor linear and quadratic
components was used to assess whether the changgsaviour over time were random.

We compared the parental care displayed by mo{Rérk) and sons (Ph2) using linear
regressions. Growth rate data were arcsine tramsfdiand analysed initially using variance
components, which showed that litter order anddirgepair identity were not significant
predictors of growth rates (p > 0.05). We then ysed the growth rates of offspring in each

phase separately using a GLM, with a repeated mesislesign, in which treatment was the



categorical predictor, male and female growth rateslitter were the repeated measures

variable, and litter size and sex ratio (M:F) weogariates.

Results

M aternal Care (care provided by mothersonly in Phl)

Treatment, time (6 d of recording) and treatmetitrre were all significant predictors of
maternal care (Table 1post hodests revealed that mothers raising their youggtteer

with fathers (M + F) spent more time near theirpth|an mothers raising young alone (M/F,
M — F; Fig. 1). In contrast, in the absence ofttpairtners, mothers spent more time huddling
(M = F) and grooming (M — F, M/ F) pups (Fig. 1)mE spent near pups was greatest on
days 9 and 11 (i.e. last post-natal period). Hudpvas greatest shortly after birth (days 1
and 3) compared to days 9 and 11. Grooming wasegrea days 3, 5 and 7 compared to
other days (Fig. 1, Table 1). For the treatmerine tinteraction, polynomial components
were not significant for the time spent near (linear1.27, p = 0.210), huddling

(linear:t = 0.33, p = 0.739; quadratic= 1.83, p = 0.072) and grooming (linear 1.42, p =
0.162; quadratict = 0.51, p = 0.614) pups. However, there was afignt quadratic
component for the time spent near pups 8.36, p = 0.001), which fluctuated over time in
the M — F treatment. Therefore, the general paitethe relationship between treatment and

time is random.

Total Parental Care (care provided by both parentsin Phl)
We compared total parental care provided by botarga (M + F) with mothers raising
young alone (M — F and M/F). Treatment and treatrréime were significant predictors of

parental care (Table 1). Parents in the M + Fitneat spent more time near their pups
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compared to mothers raising young alone, but theldeof huddling and grooming for all
treatments were similar (Fig. 2). For the treatmetine interaction, polynomial components
were not significant for time spent near (linga:0.06, p = 0.950; quadratic= 0.24, p =
0.811), huddling (quadratit= 1.01, p = 0.318) and grooming (linets -0.50, p = 0.622;
gquadratict = -0.88, p = 0.382) pups. However, there was aifségnt linear component for
the time spent huddling pups=-3.67, p = 0.001), which decreased over timi@éeM + F
treatment. The general pattern between treatmehtimue is random.

Both parents (M + F) spent the greatest amouritrad hear pups on day 11 (Fig. 2), and
M/F mothers spent the least time near pups on d&yg31); all other treatment/time
combinations grouped together. Mothers alone (M M) huddled their pups most on
days 1 and 3. Pairs (M + F) showed lower levelsuafdling than mothers raising young
alone (M — F, M'F) on all days, but the least amount was shown by M/F mothers on day 11
(Fig. 1). Grooming did not show clear treatmenimet distinctions, but was lowest in M — F
mothers on day 1 and greatest in M + F (both payemt day 11 (Fig. 2). Time and litter size

did not influence parental care (Table 1).

Paternal Care (care provided by sonsonly in Ph2)

Treatment was the only significant predictor of paécare displayed by sons (i.e. Ph2
pairs; Table 1)Post hodests revealed that males in the SM — F treatstemwed the
greatest level of huddling pups, but there wasifferdnce in the level of time spent near
pups and grooming pups among the treatments: SMsMH F, SM/F (Fig. 3). A linear
regression of parental care for all days combiesealed that there was a significant and
strongly positive relationship for the time speaddling pups between the mothers (Ph1)
and their sons (Ph]Rz: 0.56;F; 96 = 123.98, p < 0.001; Fig. 4), but there was no

relationship for time spent ned®E 0.18;F1 ¢5= 2.91, p = 0.091) and grooming’E 0.01;
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F106=0.01, p = 0.921) pups. Time, treatment x tirmg} ktter size did not influence paternal

care.

Offspring Growth (Phl and Ph2)

The growth rates of male and female offspring icheaf the two phases are presented in
Table 2. In both phases, treatment was not a signifipredictor of growth rate, indicating
that the absence or presence of the father (Phasellhe rearing history of sons (Phase 2)
did not influence the growth of offspring. In addiitj males and females in a litter had
similar growth rates, indicating similar investménboth sexes by parents. Litter size and

sex ratio were also not significant predictors afngh (Table 2).

Discussion

Male striped mice raised in the absence of thélirefs (SM — F) spent more time huddling
their pups compared to males raised by mothersiqdilysseparated from fathers (SM/F).
Furthermore, males raised by both parents (SMshBjved the lowest levels of huddling,
suggesting that the level of paternal care provigedons is influenced by the absence of
prior experience of paternal care. Our resultssarprising in the light of empirical evidence
from at least two other rodent studies that shaw ¢farly social interactions with fathers may
influence the development of paternal care in thiéspring (McGuire 1988; Bester-
Meredith & Marler 2003). In contrast, our study gasgts that, in striped mice, the role of the
father in the development of paternal care in tresss not as clear as originally anticipated.
In addition, although fathers are beneficial forelepment of striped mice under natural
weather conditions (Schradin & Pillay 2005), werfduno influence of paternal care on

offspring growth in either Phase 1 or Phase 2,iplysBecause optimal conditions in
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captivity minimize the energetic constraints uspabsociated with parental care (Brown
1993).

In the absence of their mates, Ph1 females inadgasé time spent huddling and
grooming young by 1% times. Provision of care bythracs raising young alone was thus
similar to the total care provided by both mothaamnd fathers in the M + F treatment,
indicating that females show compensation of cdedirjed here as an increase in maternal
investment by the mother in an effort to overconhesa of investment by her mate; adapted
from Osorno & Székely 2004). Compensation of matkcare in the absence of a mate is
common in the bird literature (e.g. magnificentditipirds Fregata magnificesOsorno &
Székely 2004) and occurs in some mammals (e.g.cadles Kerodon rupestris Tasse
1986; female coyote€anis latrang; Sacks & Neale 2001). The expression of paterasd,
in particular huddling behaviour, in striped mossas (Ph2) was subsequently influenced by
this compensation of maternal care. We found nerihce in growth rate between the sexes
in litters (Ph1), suggesting that there is no défeial allocation of maternal care between
sons and daughters. Male offspring were thus roaiveng obvious physical benefits from
their mothers, at least in terms of increased dnpwhich does not explain why they showed
increased paternal care later as adults (Ph2).

Decreased maternal care (huddling and groominghwilee mate is present may be the
result of reduced maternal workload (McGuire 198¥wever, the motivation to mate by
both parents during post-partum oestrus coulddisoipt maternal care (McGuire 1997). If
so, we would have expected maternal care to beskowieen females were physically
separated from their mates by a barrier than weerales were raising young alone or with
their mates, because separated females would sperdtime attempting to access their
mates through the barrier. This was not the casgeber, as these separated females showed

higher levels of huddling than females raising ypwith a mate. Although we cannot
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conclusively rule out sexual motivation as a catesetior for decreased maternal care
(because separated females did show lower levgisooiming of pups than females raising
young alone), it is more likely that females deseematernal care when their mates are
present because the males reduce maternal workjohelping raise the young (Schradin
2006; Schradin & Pillay 2005).

The mechanism underlying the development of pateara, specifically the influence
of the mother on the son’s behaviour, is not apgdareour study. Nonetheless, we propose
four possible explanations. (1) Some behaviourahpkypes can be non-genomically
transmitted through the germline by epigenetic madms (Curley & Mashoodh 2010),
although this was not explicitly tested here. (a)dtg pups alone could increase stress
hormone levels for Ph1l mothers, leading to incréasterest in their young, as seen in
rhesus macaqueMécaca mulattaMaestripieri 2005). In addition, because cortieosne
can be transferred to offspring via milk (Yeh 198#)s could have affected the paternal care
behaviour displayed by striped mouse sons, asisdemale macaques (Maestripieri 2005).
(3) Both mothers and fathers are known to influeheeneuronal development of offspring
(Liu et al. 2000; Outscharoff et al. 2006). Formyde, female Long-Evans hooded rats that
receive high levels of maternal care (licking, griieg and arched-back nursing) show
increased formation of hippocampal synapses (Lal.2000) and also display greater levels
of maternal care to their own young (Francis e1889). (4) Many rodent mothers are
reliable demonstrators for young (Lupfer et al. 20&nd we have previously shown that
young striped mice are more likely to learn abaet food from their mothers than their
fathers, possibly because mothers provide multipsnnels (e.g. olfactory cues on the breath
and gustatory cues in milk) for information tramgfieymer et al. 2008). Similarly, because
striped mouse mothers raising sons alone (M — F) Mad a closer association with them

during the pre-weaning phase, females may alsellable demonstrators of parental care
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for their sons. Clearly, untangling the proximadetors influencing the development of
paternal care in striped mice requires rigorousrexation in future.

A female striped mouse, which increases materwaisiment in the absence of the male,
produces sons that display greater levels of carbdr descendants (i.e. grand-offspring) or
her next litter (i.e. helpers at the nest; Schr&dRillay 2004). This maternal effect is
condition dependent, however, requiring a specdi®$ conditions for (1) its occurrence
(females breeding alone) and (2) it to be advamtagiémale mating strategy). For the
occurrence (1), during periods of low populationgigy, striped mouse females prefer
raising offspring alone because of the costs astagtiwith reproductive competition (e.g.
increased female—female aggression, Schubert 20@®; infanticide, Schradin et al. 2010),
but under conditions of high population densitgytlare often forced to nest in groups
because of the limited availability of nesting si(€chradin & Pillay 2004; Schradin et al.
2010). Group-living female striped mice gain a nembf benefits associated with
alloparenting (Schubert et al. 2009), such as redlticermoregulatory costs (Scantlebury et
al. 2006) and improved offspring growth (SchradifPglay 2005). For the advantages (2),
adult male striped mice can adopt one of threengatirategies: territorial breeding males
with paternal care, helpers at the nest or roarniegding males that show no paternal care
(Schradin 2008). If males adopt the roaming bregdimategy, which occurs under low
population density (Schradin 2008), their poterttisdhow care may never be realized.
However, when population density increases, makaglmecome territorial breeders or
helpers at the nest, and both display allopareata (Schradin 2008).

While the predictions about the development andesgion of paternal care from
fathers to sons were not supported in our studydata reveal some unique insights into
parental care in striped mice. First, there israaliassociation between huddling and

grooming by mothers and the expression of patdrelaviour of their sons. Although only
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huddling behaviour was correlated between mothedssans, we cannot rule out the
influence of the combined effect of various mateoaae behaviours on the expression of
paternal care in sons. Second, for female striped,ithe benefits of communal nesting may
outweigh the delayed benefits of improved paterasg displayed by sons raised by their
mothers alone. In the absence of the male andiselpewever, increased maternal
compensation may reflect a contingency strategyatl@ats females to trade-off between
current and future investment in their offspring @ompensation by mothers could result
from natural variations in family structure and isbcearing conditions within a species
(Ahern & Young 2009), we propose a compensatiorothgsis for biparental female rodents
that favour solitary nesting, but are ecologicaliystrained to nesting in groups, such as in
striped mice (Schradin et al. 2010). Finally, teeelopment of paternal care may be
condition dependent in male striped mice and ilates a flexibility that has also been
observed in male mating strategy in this speciegssponse to prevailing environmental

conditions (Schradin et al. 2009).
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Table 1 Predictors (Treatment, time, treatment x timégiisize) of parental care displayed

by female (mothers) and male (sons) striped mice

Predictors Statistics Post hoc comparisons

Maternal care (Phase 1)
Treatment Fe 114 =9.02, p < 0.001 Near: M+ F>M-F > M/F
Huddling: M —-F>M/F>M+ F
Grooming: M—F=M/F, M—F>M+F
Time Fis45=10.65,p<0.001 Near: (D11, D9) > (D1, D3, D5, D7)
Huddling: (D1, D3) > (D5, D7) > (D9, 11)
Grooming: (D5, D3, D7), (D7, D9, D1, D11)
Treatment x Time F 30,90 = 6.06, p < 0.001 See text.
Litter size Fs; 57=0.29, p =0.831

Total parental care (Phase 1)

Treatment Fe114=15.76,p<0.001 NearrM+F>M/F=M-F
Huddling: M+ F=M/F=M-F
Grooming: M+ F=M/F=M-F

Time Fl5' 5= 1.63, = 0.104
Treatment x Time F30,00 = 1.85, p = 0.014 See text
Litter size F357=0.72, p=0.546

Paternal care (Phase 2)

Treatment Fe 86 = 2.65, p = 0.021 Near: SM + F=SM/F=SM -F
Huddling: SM — F > SM + F = SM/F
Grooming: SM + F = SM/F = SM - F

Time F15’ 31- 166, = 0.114
Treatment x Time F20,62=0.70, p= 0.859
Litter size Fs 43=1.77,p = 0.166

Statistics = General Linear Model with a repeatesures desigiRost hoccomparisons

are provided for significant predictors (indicatedold) for the main effects: homogeneous
(non-significant) subsets are given in parenthédesF = mothers and fathers raised young
together, M/F = mothers separated from fathers imgtal barrier and raised young alone, M

— F = mothers raised young alone; D = day.
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Table 2. Mean (= SE) growth rates for male and femalepoifgy during the first 21 d after

birth for treatments in two phases

Phase/ Malegrowth  Female growth Statistics
Treatment rate rate
Phase 1
M+F 0.085 (0.00¢  0.087 (0.003) TreatmentF; 5= 0.19,p = 0.82¢
M/F 0.076 (0.007  0.077 (0.00€ Male vs femaleF; ,5=0.99, p = 0.330
M—F 0.085 (0.002)  0.083 (0.002) Litter size:Fy 5= 0.89, p = 0.356

Sex ratioF; 25=0.03, p = 0.866

Phase 2

SM+F 0.079 (0.00:  0.077 (0.003 TreatmentF,, »; = 0.55,p = 0584

SM/F 0.077 (0.002) 0.078 (0.002) Male vs femaleF; ;= 0.06, p = 0.831
SM-F 0.082 (0.003) 0.081 (0.002) Litter size:F1,21=3.27, p =0.085

Sex ratioF;, 21 = 0.05, p = 0.831

Statistics, General Linear Model with a repeatedsnees design, indicate that none of the
predictors were significant. M + F = mothers antid¢es raised young together, M/F =
mothers separated from fathers by a metal bamiéraised young alone, M — F = mothers
raised young alone, SM + F = sons from M + F trestinSM/F = sons from M/F treatment,
SM — F = sons from M — F treatment.
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Fig. 1: Maternal care during Phase 1. Mean + SE time (s#x)cspent on three parental care
behaviours by female striped mice for 6 taping d®ey 1-Day 11). Results of the
statistical analyses are presented in Table 1.Av=tmothers and fathers raised young
together, M/F = mothers separated from fathers imgtal barrier and raised young alone, M

— F = mothers raised young alone.
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Fig. 2: Paternal care and total parental care during Phagkean + SE time (seconds) spent
on three parental care behaviours by male striped and both parents combined (Total M
+ F, Phase 1) for 6 taping days (Day 1-Day 11)uResf the statistical analyses are

presented in Table 1. M + F = mothers and fatresed young together.
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Fig. 3: Paternal care during Phase 2. Mean + SE time iisis§@pent on three parental care
behaviours by male (adult sons) striped mice ftaping days (Day 1-Day 11). Results for
the statistical analyses are presented in Tal#Ml+ F = sons from M + F treatment, SM/F

= sons from M/F treatment, SM — F = sons from M trdlatment.
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Fig. 4. The relationship in huddling behaviour betweenheot (Phase 1) and their sons

(Phase 2). Huddling behaviour is the sum of thaysadf sampling. Breeding conditions

indicated as: M + F = mothers and fathers raiseshgdogether, M/F = mothers separated

from fathers by a metal barrier and raised young&l M — F = mothers raised young alone.

The formula for the regression line= 443.21 + 0.3@



