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Figure S1: a) The proportion of females in each state throughout the study period (raw data).
Missing values are indicated by gaps. b) The proportion of litters raised communally over time
(blue bars). A red line indicates that no females were breeding in a given month. The total
population size (adult males and females of at least 18g) is denoted in black.

MSCMR model selection

In a first step, we identified the best structure for detectability (p) and survival (S), while mod-
elling transition probabilities (¢/) as a function of state:tostate (intercept removed) and its in-
teraction with season, as needed to parameterise our matrix population model. Due to data
limitations and a lack of difference between 3 of the life-history states, we further simplified the
states for p and S and classified all individuals that had reproduced at least once (S, C and N)
as breeding individuals, while keeping two distinct states for juveniles (J) and prebreeders (P).
The Akaike information criterion, adjusted for small sample sizes (AICc) was used to select
the best model (see Table S1). After having determined the best model structure, we added
population size (total number of adults) as additive and interactive (with state and season)
covariate to estimate p, S and ¢. AICc was again used to select the best model (see Table S2).
The model with population size included both for p, S and ¢ had the lowest AICc and was
therefore used to parameterise the matrix population models at two different densities.



model npar A AICc weight

S(state * season)p(state * season)y(-1 + (state:tostate):season) 24.00 0.00 0.99
S(state * season)p(state + season)y(-1 + (state:tostate):season) 22.00 10.98 0.00
S(state * season)p(state)y(-1 + (state:tostate):season) 22.00 11.71 0.00
S(state * season)p(state)y (-1 + (state:tostate):season) 21.00 42.40 0.00
S(state 4+ season)p(state * season)y(-1 + (state:tostate):season) 22.00 105.01 0.00
S(state 4+ season)p(state)y(-1 + (state:tostate):season) 20.00 106.82 0.00
S(state 4+ season)p(state + season)y (-1 + (state:tostate):season) 20.00 113.91 0.00
S(state + season)p(state)y(-1 + (state:tostate):season) 19.00 142.62 0.00
S(state)p(state)y (-1 + (state:tostate):season) 21.00 173.80 0.00
S(state)p(state * season)y (-1 + (state:tostate):season) 23.00 177.87 0.00
S(state)p(state + season)y(-1 + (state:tostate):season) 21.00 184.47 0.00
S(state)p(state)y(-1 + (state:tostate):season) 20.00 208.19 0.00
S(state)p(state)y(-1 + (state:tostate):season) 19.00 218.63 0.00
S(state)p(state * season)i(-1 + (state:tostate):season) 21.00 219.34 0.00
S(state)p(state + season)y(-1 + (state:tostate):season) 19.00 226.39 0.00
S(state)p(state)y(-1 + (state:tostate):season) 18.00 249.82 0.00
S(state * season)p(state * season)vy (-1 + (state:tostate)) 20.00 401.72 0.00
S(state * season)p(state + season)vy (-1 + (state:tostate)) 18.00 415.53 0.00
S(state * season)p(state)y(-1 + (state:tostate)) 18.00 436.38 0.00
S(state * season)p(state)y(-1 4 (state:tostate)) 17.00 449.69 0.00
S(state 4+ season)p(state * season)y(-1 + (state:tostate)) 18.00 508.18 0.00
S(state 4+ season)p(state + season)y(-1 + (state:tostate)) 16.00 519.24 0.00
S(state 4+ season)p(state)(-1 + (state:tostate)) 16.00 533.81 0.00
S(state 4+ season)p(state)(-1 + (state:tostate)) 15.00 550.82 0.00
S(state)p(state * season)y (-1 + (state:tostate)) 19.00 573.19 0.00
S(state)p(state + season)(-1 + (state:tostate)) 17.00 581.01 0.00
S(state)p(state)y(-1 4 (state:tostate)) 17.00 591.53 0.00
S(state)p(state) (-1 4 (state:tostate)) 16.00 607.68 0.00
S(state)p(state * season)v (-1 + (state:tostate)) 17.00 619.66 0.00
S(state)p(state + season)y(-1 + (state:tostate)) 15.00 628.61 0.00
S(state)p(state)y(-1 4 (state:tostate)) 15.00 639.39 0.00
S(state)p(state)y(-1 4 (state:tostate)) 14.00 654.52 0.00
S(state * season)p(season)(-1 + (state:tostate):season) 20.00 1344.80 0.00
S(state * season)p(1)y (-1 + (state:tostate):season) 19.00 1346.47 0.00
S(state + season)p(season)y (-1 + (state:tostate):season) 18.00 1436.93 0.00
S(state + season)p(1)y (-1 + (state:tostate):season) 17.00 1437.58 0.00
S(season)p(state * season)ty (-1 + (state:tostate):season) 20.00 1445.57 0.00
S(season)p(state + season)y (-1 + (state:tostate):season) 18.00 1480.34 0.00
S(state)p(season)y (-1 + (state:tostate):season) 19.00 1503.71 0.00
S(state)p(1)y (-1 + (state:tostate):season) 18.00 1506.11 0.00
S(state)p(season)y (-1 + (state:tostate):season) 17.00 1544.61 0.00
S(state)p(1)y (-1 + (state:tostate):season) 16.00 1546.88 0.00
S(season)p(state)y (-1 + (state:tostate):season) 18.00 1607.00 0.00
S(season)p(state)y (-1 + (state:tostate):season) 17.00 1634.50 0.00
S(state * season)p(season)y (-1 + (state:tostate)) 16.00 1724.92 0.00
S(state * season)p(1)y (-1 + (state:tostate)) 15.00 1726.73 0.00
S(season)p(state * season)y (-1 + (state:tostate)) 16.00 1819.10 0.00
S(state 4+ season)p(season)y (-1 + (state:tostate)) 14.00 1825.54 0.00
S(state + season)p(1)y (-1 + (state:tostate)) 13.00 1826.10 0.00
S(season)p(state + season)y(-1 + (state:tostate)) 14.00 1859.64 0.00
S(state)p(season)y(-1 + (state:tostate)) 15.00 1883.10 0.00
S(state)p(1)y (-1 + (state:tostate)) 14.00 1884.84 0.00
S(1)p(state * season) (-1 + (state:tostate):season) 19.00 1905.12 0.00
S(state)p(season)y(-1 + (state:tostate)) 13.00 1935.00 0.00
S(state)p(1)y (-1 + (state:tostate)) 12.00 1937.24 0.00
S(1)p(state + season)y (-1 + (state:tostate):season) 17.00 1940.53 0.00
S(season)p(state)y(-1 + (state:tostate)) 14.00 2015.23 0.00
S(season)p(state)y (-1 + (state:tostate)) 13.00 2027.22 0.00
S(1)p(state)y(-1 + (state:tostate):season) 17.00 2073.39 0.00
S(1)p(state)y(-1 + (state:tostate):season) 16.00 2094.26 0.00
S(1)p(state * season)y (-1 + (state:tostate)) 15.00 2255.60 0.00
S(1)p(state + season)y(-1 + (state:tostate)) 13.00 2296.15 0.00
S(1)p(state)(-1 + (state:tostate)) 13.00 2453.68 0.00
S(1)p(state)yp(-1 + (state:tostate)) 12.00 2462.65 0.00
S(season)p(season) (-1 + (state:tostate):season) 16.00 3448.17 0.00
S(season)p(1)y(-1 + (state:tostate):season) 15.00 3462.30 0.00
S(season)p(season)(-1 + (state:tostate)) 12.00 3838.86 0.00
S(season)p(1)y (-1 + (state:tostate)) 11.00 3852.99 0.00
S(1)p(season)y (-1 + (state:tostate):season) 15.00 4043.87 0.00
S(1)p(1)y (-1 + (state:tostate):season) 14.00 4058.72 0.00
S(1)p(season)y(-1 + (state:tostate)) 11.00 4434.56 0.00
S(1)p(1)y (-1 + (state:tostate)) 10.00 4449.41 0.00

Table S1: Model selection table. The factors used to model survival (), detectability (p) and
transition probabilities (¢) for each model are given in brackets. The + denotes additive affects,
the * and : interactive effects. Further given are the number of parameters (npar), the Akaike
information criterion, adjusted for small sample sizes (AICc), and the model weight.
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Effect of density on state-dependent recapture probability in the breeding and
off-breeding season
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Figure S2: The effect of population size during the breeding (March to September) and the off-
breeding season (October to February) on state-specific recapture probabilities in a free-living
population of house mice (for the years 2007 to 2014). States are: P=prebreeder, second month
or older, not yet breeding; S=solitary breeder, female raises a litter solitarily; C=communal
breeder, female raises a litter communally; N=nonbreeder, female has no current litter but bred
previously). Plotted are the estimates and 95% CI from a multi-state capture-mark-recapture
model.

Effect of density on state-dependent survival and litter size in the off-breeding
season
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Figure S3: a) The effect of population size during the off-breeding season (October to February)
on state-dependent survival (J=juvenile, first month of age; P=prebreeder, second month or older,
not yet breeding; S=solitary breeder, female raises a litter solitarily; C=communal breeder, female
raises a litter communally; N=nonbreeder, female has no current litter but bred previously) in a
free-living population of house mice (for the years 2007 to 2014). Plotted are the estimates and
95% CI from a multi-state capture-mark-recapture model. b) Average number of female pups
weaned for litters raised solitarily and communally during the off-breeding season.



Parameter estimates used for matrix population models

overall high density low density

breeding season  off-breeding season breeding season  off-breeding season breeding season  off-breeding season
oJ 0.40 0.71 0.49 0.80 0.28 0.60
op 0.87 0.97 0.90 0.97 0.81 0.98
os 0.93 0.90 0.93 0.89 0.95 0.97
oc 0.93 0.90 0.93 0.89 0.95 0.97
oN 0.93 0.90 0.93 0.89 0.95 0.97
wyp  1.00 1.00 1.00 1.00 1.00 1.00
bp 0.16 0.04 0.14 0.04 0.23 0.05
bs 0.35 0.00 0.22 0.00 0.52 0.00
bc 0.33 0.00 0.24 0.00 0.59 0.00
bn 0.29 0.05 0.31 0.03 0.26 0.08
cp 0.73 0.80 0.79 0.82 0.58 0.74
cs 0.46 0.00 0.63 0.00 0.36 0.00
cc 0.65 0.00 0.77 0.00 0.51 0.00
cN 0.72 0.53 0.74 0.64 0.65 0.40
fs 1.72 1.65 1.54 1.48 1.89 1.83
fc 1.42 1.35 1.32 1.26 1.67 1.61

Table S3: Parameter estimates used to parameterize the matrix population models. MSCMR-models were used to estimate the state- and
season-dependent survival (oszaze), breeding probability conditional on survival (bsiate) and the probability to breed communally conditional on breeding
(Cstate)- The number of female pups per season and state was estimated using a linear model. The two seasons are the breeding (Mar-Sep) and off-breeding
(Oct-Feb) season. Life-history states are abbreviated as follows: J=juvenile (first month of age), P=prebreeder (second month or older, not yet breeding),
S=solitary breeder (female has a solitary litter), C=communal breeder (female has a communal litter), N=nonbreeder (female has no current litter, but
bred previously).



‘(Arsnotaead paiq
IM( “I9Y JUSLIND OU SeY J[RUID)) IOPIdIqUOU=)] ‘(I91)1] [RUNWUIOD € SeY 9[RW)) I9PedI] [RUNWWOd=) ‘(19))1] AIRJI[0S ® SBY O[RUWS]) IOPII( AIRIIOS=S
‘(8urpealq 304 j0u ‘IOp[O IO IUOW PU0ddS) Iopaaiqard=g ‘(e8e Jo [Iuow )sIy) O[IUAN[=[ :SMO[[0] Se pojJRIAdIqQe oIt soJe)S AIOISTU-ofIT *(°#%5[)
o3eiose w0 peonpoid sdnd efewsj Jo Isquunu oY) pue (#9#)) JUIPI( UO [RUOINIPUOD A[[RUNTUIOD Padlq 01 Ajrjiqeqold ‘(?#7#5q) [eAIAINS UO [RUOIIIPUOD
Aymqeqoad Surpeaiq ‘(d1¢q) J 01  woxy Ayqiqeqord uorjisuer) ‘(?7P#50) Tealams juapuosdop-oje)s AIOSIU-9JI[ oIe sojel [eyiA ‘s[ppouw uolyeindod
xriyewr juspusadop-A)Isuop pue -uosess ul siojowreded 9jel [BIIA Ul sdueyd 0} Y JO D %G6 poddeilsjooq pue S|IJIAINSULS :§S O[(R],

1€0°0  Tc00 9200 €500 ¥¥0°0 6¥0°0 ¥¢0'0  ¢10°0 L10°0 1600 €200 8¢0°0 9¢0'0 6100 €200 ¢v0’0  LE00 6€0°0 &
0100  S00°0 800°0 8100 V100 9100 6100 6000 €100 8¢0°0 0200 7200 ¢10’0 2000 600°0 100 9100 8T0°0 &f
100°0-  €00°0- ¢00°0- ¢00°0- 0100~ 900°0- ¢00°0- §00°0- €00°0- €00°0  S00°0- 10070~ ¢00°0-  ¥00°0- €00°0- G00°0- €100~ 60070~ AD
0000 00070 00070 100°0-  €00°0- ¢00°0- 0000 000°0 0000 €000 S00°0- 100°0- 0000 000°0 000°0 ¢00°0-  900°0- ¥00°0- 29
0000 0000 0000 000°0- T00°0- 100°0- 000°0 0000 000°0 ¢00'0  ¥00°0- 100°0- 000°0 0000 0000 100°0-  €00°0- ¢00°0- 59
€00°0-  800°0- 900°0- 100°0-  900°0- ¥00°0- ¢00°0- §00°0- €00°0- 00’0 ¥00°0- 10070~ G00°0- 600°0- L0070~ €00°0-  800°0- S00°0- 9
€L6°0  GIC0 06¢°0 16T°0  ¢cl1'0 ¥ET0 967’0 8¢C0 00€°0 910 SIT°0 6€1°0 weo  €veo 16¢°0 I16T°0  9¢1°0 8€T°0 Ng
900°0- 4T10°0- 0T10°0- ¢90'0  ¢s00 960°0 1¢0°0-  1¥0°0- 1€0°0- 0L0°0  T€0°0 190°0 0T0°0- 8100~ v10°0- ¢90'0 €500 860°0 2q
100°0-  S00°0- €00°0- 10’0 9100 6100 ¢10°0-  8€0°0- Gc0°0- 990°0  ¥¥0°0 €500 €00°0-  800°0- 900°0- ¢€0’0 G200 8¢0°0 5q
LGS0 ¥PT0 86¢°0 007’0 €2¢0 LG€°0 €690  V.LE0 LEG0 ¥ve0  16T°0 6120 9¢7'0 8810 €660 Ive0  88¢°0 €160 4q
1600  9€0°0 700 960°0  ¢80°0 680°0 €900  0¥0°0 050°0 €0T°0 2800 ¢60°0 €500 8600 9v0°0 ¥60°0  ¢80°0 880°0 L
0LT°0  890°0 911’0 a0 86£°0 0¢y°0 a87'0  9€€°0 1170 0v¥'0 0.0 €0v°0 ¥ce0 - 6110 691°0 Ly¥'0  80¥°0 LT¥°0 No
9100 L0070 110°0 8810  T91°0 €LT°0 ¢v0'0  ¢c00 ¢€00 1¢c’0  €LT°0 L61°0 0¢0’0  TI00 9100 061°0 2910 6.11°0 20
G00°0 @000 €00°0 ¢90'0  8¥0°0 960°0 6600 €100 6c0°0 L8T°0  ¥WI°0 891°0 6000  ¥00°0 900°0 ¥60°0 9200 ¥80°0 50
668°0  ¥6.°0 0580 70 L9€°0 68¢°0 6190  ¢9¥°0 8€4°0 ¥0€'0  ¢S¢0 08¢0 €v80  8EL0 ¥6L°0 99¢°0  T1€€°0 6vE0 do
€900 ¥¥0°0 G¢0°0 L6T°0  89T°0 ¢81°0 901T°0 2900 ¥80°0 €9¢°0  §6¢°0 0€€°0 ¥.L0°0  ¥40°0 §90°0 ¥€¢’0  §0¢0 1¢¢0 fo
Pn °r AYTIATYISUOS Pn °r K)TAT)ISTOS Pn °r K)TAT)ISTOS Pn o1 AYTATYISTOS Pn Bl AYTATYISTOS Pn o1 AYTAT)ISTOS
uosees Surpedrq-Jo uoseas Jurpeaiq uosees SurpedIq-Jo uoseos SuIpeaIq uoseos Surpedrq-Jo uoseos JuIpeaIq
Ay1suep ySIy Ayisuep mof [[eI2A0

siojowreted 9jel [e}IA UI SOSURYD 0} Y JO SOI}IAI}ISUDY



"S)YSToM [9pOUI SATJR[OI :JUSrom ‘sozis ojdures [[ews 10] pajsnipe ‘UOLI)LID UOIJRULIOJUL oXIeY D[V
‘WOPaaI] JO S99I39p :JP :SUOIIRIARIQQY *(I9PoaIqUOU ‘I9Pasli( [RUNIUIOD ‘19paalq AIR)I0s ‘Iepaalqald) 9je)s AI0ISIY-9JI] S[RUIS] :9IR]S ‘SSRU APO( S[RId)
:ssewr ‘uorjerndod oY) ul sympe jo Isquunu o] :0z1s'dod :SMO[[0] se poulyep oIv PIPN[OUI SI0JOR "PASIPIRPURIS 9IoM S9)RLIRAOD SNONUIIIO)) IUOW JXoU
o1} UI A[[RUNWITIOD Paaiq 03 ANfiqeqold o) () ‘SUIPaaiq UO [RUOIFIPUOD pue ‘paaiq o) Aiqeqold oy () I0] so[qe) UOIIR[as (SININTD) [PPOIN :GS 9[qRI,

00°0 oLct 8G'¢rvy €1 + + + 89°0- 67'C 86T
000 6V'11 LTV 9 + 8L°0 80°T
000 €C'T1 1revy L + 970~ 6.0 0¢'1
100 8L'8 99667y € 6L°0 16°0
10°0 8L clL'8ev 01 + + av0- 16°C €6°1
10°0 6L°L L9'8EY 6 + + LV'C 6L°1
100 L9°L qegey ¥ 67°0- 80 00T
c00 19°L 098y 11 + LLT- + 47 7'l SVl
€00 92’9 STLEY V1 + + cL'1- + 9¢'1- L6°C GC'c
60°0 607 86Ver 8 9¢°'1- + GL0- ¢t 9C'T
¢ro 0s'¢ 6eTEY 11 + vl- + cL0- G8'¢C 66°T
890 000 880¢V ¢ 19°1- ¥L0- ST'T 17T

Areunwurod paaiq oy Liqeqord (g
00°0 Lvy ¢'8¢eTl 9 + 060 19°0-
000 91y 1°6eeT ¢ £€C0 Ggo €10 79°0-
000 ¢ 0v 9'€eET ¥ 760 ST°0 £€9°0-
000 V'8¢ 6°'1CeT 6 + + 6¢'1- ¢9°0-
00°0 0'9¢ ¥e1er 11 + ¢ce0 + 00°0- 11°0 97°0-
00°0 6'V¢C ¥'81ET  OT + + 10°0- ST°0 870~
000 1've GLIET 6 + + 90°0- 870~
000 g'¢ee 691¢T 11 + ¥0°0 + 160 ¢e'1- VL 0-
00°0 ¥'1c 6 VIET OT + + 160 1¢°1- YL 0-
IT°0 v'e 6°96¢T LT + + + 90°'T + 1¥7°0- ¥9'1- 870~
920 8’1 €96l VI + + 61°0 + 970~ SVl 16°0-
€9°0 00 g'e6cl €1 + + + 870~ 6¢°1- 16°0-

poaiq 03 Ayqiqeqord (v

WSem  ODIV VvV 9DIV Jp  erejsisseurazis ‘dod  ejejsissewr  ojejsiozis ‘dod  sseur:ozis ‘dod  e9je)s  ssewr az1s ‘dod (1deo1e9uy)

UOI}IPUOD d[eWL) JO 199]Jo 9y} J0J S9[qe} UOI}II[3S [9POIA



Female body mass

We tested the effect of population density and a female’s life-history state on her body mass [g]
using a linear mixed model. Female identity was used as a random factor to account for multiple
weight measures per female. The full model containing both density (the number of adults in the
barn, standardised), female state and their interaction had a lower AICc than models containing
only an additive effect, or only one of the factors. Population density led to a slight increase in
female body mass for solitarily breeding females and similarly a slight decrease for communally
breeding females. Such patterns are expected if, as we hypothesize in the main text, the increased
competition at higher densities resulted in only the very best (i.e. heaviest) females being able
to raise their litters solitarily.

estimate SE

(Intercept) 25.62  0.25
density -1.05 0.51
state N 0.98 0.29
state P -3.85 0.28
state S 0.65 0.47

density:state N 0.90 0.58
density:state P 1.29 0.58
density:state S 2.80 0.99

Table S6: Model estimates from a linear mixed model testing the effect of female life-history
state and population density on female body mass. Female identity was used as a random factor.
The intercept represents a communally breeding female (C) at the average population density.
Density was measured as the number of adult mice in the barn and was standardised for the
analysis. Life-history states are abbreviated as follows: P=prebreeder (second month or older,
not yet breeding), S=solitary breeder (female has a solitary litter), C=communal breeder (female
has a communal litter), N=nonbreeder (female has no current litter, but bred previously).
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Figure S4: The effect of population density and a female’s state on her body mass. Plotted are
model mean estimates and 95% CI from a linear mixed model. The states are: P=prebreeder,
S=solitarily breeding female, C=communally breeding female and N=nonbreeder.



