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Abstract

The litter size is one of the most important determinants of
mammalian life-histories. Depending on the size of the litter, the
mammals can be divided into two main groups: (1) the monotocous
mammals, producing only one offspring per litter; and (2) the
polytocous mammals, producing more than one offspring per litter.
This life-history dichotomy entails different strategies whereby the
mammalian females may optimize their maternal investment. The
aim of this Ph.D. thesis is to show variation in the maternal
investment strategies of monotocous and polytocous mammals from
a life-history perspective. In order to address this issue, I investigated
the strategy of maternal investment in the red deer (Cervus elaphus),
representing a typical monotocous mammal, and the house mouse
(Mus musculus), representing a typical polytocous mammal. From a
life-history perspective, the red deer, producing no more than one
litter per year, can be viewed as a model of “K-selected species”,
while the house mouse, producing up to ten litters per year, can be
viewed as a model of “r-selected species”. The red deer and the
house mouse are ideal model organisms for this type of research also
because they both are representatives of the most common
mammalian mating system — the simultaneous polygyny. A general
assumption of the maternal investment theory is that in this mating
system the maternal investment is optimized mainly to maximize
reproductive success of male offspring. Both in the red deer and the
house mouse, the females optimized their maternal investment

according to their state. One way whereby the females optimized
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their investment was by controlling the offspring’s intrauterine
growth and date of birth. In addition, the investment tactics partly
varied according to the sex of the offspring. In both species, the
females tended to provide more investment to male than female
offspring, but their investment tactics fundamentally differed
depending on the species-specific life-history. The red deer females
seemed to optimize their investment mainly to maximize the
offspring competitiveness. By contrast, the house mouse females
seemed to optimize their investment mainly to maximize the
offspring number. In addition, the house mouse females showed a
great phenotypic plasticity which may be an adaptation to a
colonizing life strategy. The present Ph.D. thesis thus (1) shows the
importance of a life-history perspective for understanding the
variation in the maternal investment strategies of monotocous and
polytocous mammals, and (2) challenges a general assumption of the
maternal investment theory that in polygynous mammals the
maternal investment is optimized mainly to maximize reproductive

success of male offspring.



I. Dusek, A., Barto§, L. & Svecovd, L. 2007. The effect of a
mother’s rank on her offspring’s pre-weaning rank in farmed

red deer. Applied Animal Behaviour Science, 103: 146—155.

Maternal rank “inheritance” occurs in cercopithecine primates,
spotted hyenas and several ungulates. A recently observed positive
relationship between dominance rank of a mother and that of her sub-
adult offspring in wild red deer (Cervus elaphus) suggests that
maternal rank “inheritance” also occurs in this species. This may be
caused by various factors. We have focused on one of them.
Presuming that an offspring will “inherit” the dominance rank of its
mother, we hypothesized that the mother will support her offspring
by directing attacks towards the peers of her offspring. We observed
three groups of hinds and calves (hinds/calves n = 18/7, 18/10 and
28/14, respectively). Observation took place since the 3rd month up
to the 11th month of the calves’ age. We recorded 8339 agonistic
encounters. The rank of an animal was assessed by its fighting
success. The fighting success of the offspring increased with the
fighting success of its mother (GLMM, F, 3,y = 29.88, P = 0.0001)
and with the offspring’s birth body weight (GLMM, F; 3, =22.72, P
= 0.0001). Milk hinds (females with a surviving calf) attacked other
calves more often than the yeld hinds (females without a calf) did.
The aggressiveness of the milk hinds increased with the
aggressiveness of the attacked calves (GLMM, F; ¢4 = 11.68, P =
0.0001). Although we observed several events when a mother

intervened on behalf of her offspring, it seems that mothers affected
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the rank of their offspring rather indirectly by the offspring’s birth
body weight, timing of delivery, etc.

I1. Drabkova, J., BartoSova, J., Bartos, L., Kotrba, R., Pluhacek,
J., Svecova, L., Dusek, A. & Kott, T. 2008. Sucking and
allosucking duration in farmed red deer (Cervus elaphus).

Applied Animal Behaviour Science, 113: 215-223.

Sucking duration in ungulates does not only mean milk transfer, but
is also associated with maternal care in general. It seems to be a
reflection of offspring demand rather than solely milk transfer rate.
Thus, the objective of this study was to discriminate between sucking
and allosucking (i.e. sucking non-maternal hind) behaviour in red
deer according to the sucking duration. We hypothesized that: (1)
calves should suck longer from their mothers than allosuck from non-
maternal hinds; (2) sucking duration of calves frequently nursed by a
particular non-maternal hind should be longer than that of calves
occasionally allonursed; (3) sucking duration should be longer for
bouts including one calf than two or more calves sucking
simultaneously; (4) male calves should suck and allosuck longer than
female calves; and (5) primiparous hinds should nurse and allonurse
longer than multiparous hinds. We observed sucking behaviour of 25
hinds and their 38 calves (from birth until the youngest calf reached

one month of age) in two seasons. We recorded 1730 sucking bouts,



of which 11.62% in the first season and 4.37% in the second season
were non-filial. The duration of filial sucking was significantly
longer than non-filial sucking. A large individual variance in the
incidence of non-filial sucking in both the calves and hinds was
found. Therefore, the non-filial hind—calf pairs were categorized in
two clusters according to the frequency of nursing non-filial calves
for one hind in relationship to all nursing events for this hind by a
cluster analysis (PROC CLUSTER, SAS). We used a general linear
mixed model, GLMM (PROC MIXED, SAS) to test the influence of
hind relationship to the nursed calf (filial, frequently allosucking
non-filial, or occasionally allosucking non-filial pair). Sucking
duration of occasionally allosucking non-filial calves was only
marginally different from that of filial calves. There was no
difference between the two groups of non-filial calves. Multiple
sucking bouts were shorter than those with one calf. Male calves
sucked longer than female calves; however, the greatest difference
was recorded between frequently allosucking non-filial pairs of both
sexes. Frequently allosucking non-filial males sucked the longest and
differently from occasionally allosucking non-filial males. Frequently
allosucking non-filial females sucked the shortest and differently
from filial calves of both sexes. It is more likely that allosucking
seems to be more important for male rather than female calves.
Therefore, it is concluded that allosucking calves differ in their
sucking behaviour and two types of allosuckers (frequent and
occasional) should be taken into account when analyzing

allosuckling behaviour.
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IT1. Dusek, A., Barto§, L. & Sedlacek, F. Mixed sex allocation
strategies in a polytocous mammal, the house mouse (Mus

musculus). Behavioral Ecology and Sociobiology, under review.

The issue of adaptive adjustment of offspring sex ratio (proportion of
male births) in polytocous mammals, producing several offspring per
litter, is controversial because females of these species can maximize
their fitness mainly by adjusting offspring number. To address this
issue, we examined the effect of maternal condition at mating,
experimentally decreased by pre-mating food restriction, on the sex
ratio variation in 137 female mice. We tested two basic sex allocation
hypotheses plausible for polytocous mammals: (1) the Myers
hypothesis, predicting that cheaper sex should be favored in poor
environmental conditions to maximize offspring number; and (2) the
Williams hypothesis, predicting maximum fitness returns by
adjusting size- and sex-specific composition of the litter according to
the maternal condition. The food-restricted mothers produced larger
litters with a higher proportion of cheaper daughters than the control
mothers. By contrast, the control mothers optimized size and sex
composition of the litter according to their weight at mating. In
addition, the offspring of the food-restricted mothers suffered less
from pre-weaning mortality than those of the control mothers.
Therefore, when comparing the groups, the Myers hypothesis had a
general significance while the Williams hypothesis was plausible
only for the control mothers. Furthermore, some of the food-

restricted mothers partly coped with the pre-mating food restriction



and increased the proportion of sons in the litter with the increasing
maternal weight loss (during the period of food restriction). The sex
ratio variation was thus a result of three sex allocation strategies

depending on the maternal condition at mating.

IV. Dusek, A., Barto$, L. & Sedlacek, F. 2010. Developmental
instability of ano-genital distance index: implications for
assessment of prenatal masculinization. Developmental

Psychobiology, 52: 568—573.

Prenatal androgens are generally assumed to permanently affect the
morphology of external genitalia. In laboratory rodents, the ano-
genital distance index (AGDI) has become widely used as a marker
of natural prenatal masculinization. A greater value should indicate a
greater masculinization. The aim of this study was to assess the
developmental stability of the AGDI in female mice during pre-
(Days 1-21) and postweaning (Days 21-61) periods. Presuming that
the AGDI reflects a permanent effect of prenatal masculinization, we
hypothesized that the AGDI will be a developmentally stable
morphometric measurement (interindividual differences in the AGDI
measurement should persist over time). In contrast to our prediction,
the AGDI showed poor repeatability both during pre- (.15) and
postweaning (.22) periods, indicating developmental instability. (A

value of 1 indicates perfect repeatability and a value of 0 indicates no
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Abstrakt

vvvvvv

zivotni historii savcil. Podle velikosti vrhu mohou byt savci rozdé€leni
na dvé zékladni skupiny: (1) monotokni savci, ktefi produkuji vrhy
pouze s jednim mladétem, a (2) polytokni savci, ktefi produkuji vrhy
s vice mlad’aty. Tato dichotomie vedla k rozriznéni strategii, kterymi
samice savcu optimalizuji svou matefskou investici. Cilem této
disertacni prace je ukazat rozdilnost strategii mateiské investice
monotoknich a polytoknich savcl z pohledu teorie zivotni historie.
Pro tento ucel byla zkoumana strategie matetské investice u jelena
lesniho (Cervus elaphus), typicky monotokniho savce, a mysi domaci
(Mus musculus), typicky polytokniho savce. Z pohledu teorie Zivotni
historie pfedstavuje jelen lesni, ktery produkuje ne vice nez jeden vrh
ro¢né, modelového “K-stratéga”. Naopak my$§ domaci, ktera mize
produkovat az deset vrhi za rok, predstavuje modelového “r-
stratéga”. Jelen lesni a my§ domaci jsou idedlnimi modelovymi
organismy pro tento typ vyzkumu i proto, Ze oba tyto druhy jsou
zéstupci vibec nejvice rozsifeného reprodukéniho systému savcd —
simultdnni polygynie. Obecnym pifedpokladem teorie matetské
investice je, ze v tomto reprodukénim systému matky optimalizuji
svou investici hlavné proto, aby maximalizovaly reprodukéni uspéch
svych samcich potomku. Jak u jelena lesniho, tak u mys$i domaci
samice optimalizovaly svou matetfskou investici podle své kondice.
Jednim ze zpusobu, kterymi optimalizovaly svou investici, byla
kontrola prenatalniho riistu a data porodu potomka. Navic investi¢ni

taktiky samic ¢astecn€¢ zavisely na pohlavi potomka. U obou
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zkoumanych druhti mély samice tendenci investovat vice do samc¢ich
nez samiéich potomkui. Zda se vsak, Ze jejich investi¢ni taktiky se
zasadnim zpusobem lisily podle druhové specifické Zivotni historie.
Samice jelena lesniho optimalizovaly svou investici hlavné k
maximalizaci konkurenceschopnosti svych potomkt. Naproti tomu
samice mysi domaci optimalizovaly svou investici predevSim k
maximalizaci poctu svych potomkd. U samic mysi domaci byla navic
pozorovana velka fenotypova plasticita, kterda mtize byt adaptaci na
kolonizac¢ni zpisob zivota. Predkladana disertacni prace tak (1)
ukazuje dilezitost teorie zZivotni historie pro pochopeni rozdilnosti
strategii matef'ské investice monotoknich a polytoknich savcu a (2)
zpochybiiuje obecné uznavany piedpoklad teorie matetské investice,
ze samice polygynnich savcii optimalizuji svou mateiskou investici
hlavné proto, aby maximalizovaly reprodukéni uspéch svych saméich

potomkd.



I. Dusek, A., Barto§, L. & Svecovd, L. 2007. The effect of a
mother’s rank on her offspring’s pre-weaning rank in farmed
red deer. (Vliv socidlniho postaveni matky na socidlni postaveni
jejiho potomka v obdobi pred odstavem u farmové chovaného
jelena lesniho.) Applied Animal Behaviour Science, 103:

146-155.

U nékolika druhti primath z ¢eledi ko¢kodanovitych, hyen skvrnitych
a nékolika druhti sudokopytnikd a lichokopytnikli bylo pozorovano,
ze potomek ,,dédi* socialni postaveni své matky. Prenos socialniho
postaveni z matky na subadultni potomstvo byl nedavno pozorovan
také u divoce Zijiciho jelena lesniho (Cervus elaphus). To naznacuje,
ze k tomuto procesu dochazi i u tohoto druhu. V této studii jsme se
zaméfili na jednu z nékolika moznych pfic¢in. Pfedpokladali jsme, ze
potomek bude ,,dédit socialni postaveni své matky. Na zakladeé
tohoto predpokladu jsme testovali hypotézu, ze matka bude
podporovat svého potomka v agonistickych interakcich s jeho
vrstevniky. Pozorovali jsme tfi skupiny lani a kolouchd (lané/kolousi
n = 18/7, 18/10 a 28/14 v tomto potadi). Pozorovani probihalo od
tiettho do jedenactého mésice zivota kolouch. Celkem jsme
zaznamenali 8339 agonistickych interakei. Socidlni postaveni
jednotlivee bylo odhadovano pomoci jeho Gispésnosti v agonistickych
interakcich. Socialni postaveni potomka rostlo spole¢né se socialnim
postavenim jeho matky (GLMM, F 3,y = 29,88; P = 0,0001) a jeho
porodni télesnou hmotnosti (GLMM, F 3y = 22,72; P = 0,0001).

Lané, které kojily vlastniho koloucha, utocily na ostatni kolouchy

Diplomové prace

Dusek, A. 2000. Vliv hierarchického postaveni lané na hierarchické
postaveni koloucha u jelena evropského (Cervus elaphus).
Bakalarska diplomova prace. Biologicka fakulta, Jihoceska
univerzita v Ceskych Budg&jovicich, Ceské Budgjovice.

Dusek, A. 2003. Vliv potravniho stresu a prenatalni androgenizace
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Magisterska diplomova prace. Biologicka fakulta, Jihoceska
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15.-17.11. 2010, Smolenice.
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Kuzmova, E., Pluhacek, J., DuSek, A. & BartoSova, J. 2010.
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deer male group. In: W. Flueck, J. Smith & A. Charrier (Eds.).
Advances and Challenges in Deer Biology. Pp. 133—-134. 7th
International Deer Biology Congress, 1.—6. 8. 2010, Huilo.

Kotrba, R., Bartos$, L., BartoSova-Vichova, J., Panama, J., Ksada, V.,
Sustr, P., Pluhagek, J., Dusek, A., Vaiikova-Formanova, D.,
Illman, G., Smidova, E. & Miller, K. V. 2006. Cooperative anti-
predatory behaviour in sympatric white-tailed, fallow, roe and
red deer: experimental confirmation using a dummy. In: L.
Bartos, A. Dusek, R. Kotrba & J. BartoSova-Vichova (Eds.).
Advances in Deer Biology: Deer in a Changing World. Pp. 136.
6th International Deer Biology Congress, 7.—11. 8. 2006, Praha.
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Castéji nez lané bez koloucha. Utoénost lani s kolouchem navic rostla
s agresivitou napadenych kolouchti (GLMM, Fp 64y = 11,68; P =
0,0001). Nekolikrat jsme pozorovali, Ze matka zasahla ve prospéch
svého potomka. Presto se vSak zda, ze matky ovliviiovaly socialni
postaveni svych potomkl spiSe nepfimo prostfednictvim télesné

hmotnosti potomk pfi porodu, datem porodu, atd.

II. Drabkova, J., BartoSova, J., Barto§, L., Kotrba, R., Pluhacek,
J., Svecova, L., Dusek, A. & Kott, T. 2008. Sucking and
allosucking duration in farmed red deer (Cervus elaphus). (Délka
kojeni a alokojeni u farmové chovaného jelena lesniho (Cervus

elaphus).) Applied Animal Behaviour Science, 113: 215-223.

U sudokopytnikd a lichokopytniki ma kojeni vyznam nejen
nutritivni, ale odrazi také celkovou rodicovskou péci. Vice nez
mnozstvi poskytnutého mléka odrazi kojeni nutritivni naroky
potomka. Cilem této studie bylo zjistit, zda se délka kojeni kolouchti
jelena lesniho lisi podle toho, jestli saji od vlastnich matek ¢i
nevlastnich kojicich samic ve skupin¢. Testovali jsme nasledujici
hypotézy: (1) kolousi by méli sat déle od vlastnich matek nez od
nevlastnich kojicich samic, (2) mezi frekvenci a délkou kojeni
nevlastnich kolouchli by méla byt pozitivni korelace, (3) mezi
poétem kojenych kolouchti a délkou kojeni by méla byt negativni

korelace, (4) samci koulousi by méli byt kojeni déle nez samici, (5)



prvorodicky by mély kojit déle nez vicerodicky. Ve dvou sezonach
(od porodu do jednoho mésice véku nejmladsiho koloucha) jsme
pozorovali kojeni u 25 lani a 38 kolouchti. Celkem jsme zaznamenali
1730 kojeni, z toho v prvni sezéné 11,62 % a v druhé sezéné 4,37 %
kojeni bylo od nevlastnich lani. Lané kojily své vlastni kolouchy
vyznamné déle nez cizi kolouchy. V kojeni nevlastnich koloucht
vSak byla zaznamendna znacna variabilita. Proto jsme kolouchy
rozdélili pomoci klastrové analyzy (PROC CLUSTER, SAS) podle
frekvence kojeni na ,,vlastni®, ,,nevlastni, ¢asto kojené* a ,,nevlastni,
prilezitostné kojené*. Toto rodéleni bylo testovano pomoci obecného
linearniho smiSeného modelu (PROC MIXED, SAS). Délka kojeni
»hevlastnich, pfilozitostné kojenych* kolouchti se pouze mirn¢ lisila
od délky kojeni koloucht ,,vlastnich®. V délce kojeni obou skupin
»hevlastnich® kolouchii nebyl zadny rozdil. Lané kojily jednoho
koloucha déle nez vice kolouchti. Sam¢i kolousi byli kojeni déle nez
sami¢i, priCemz nejveétsi rozdil byl zaznamendn ve skupiné
»hevlastnich, ¢asto kojenych® kolouchi. Celkové byli ,nevlastni,
Casto kojeni* sam¢i kolousi kojeni nejdéle. Naopak ,,nevlastni, Casto
kojeni samici kolousi byli kojeni nejkratsi dobu. Je proto mozné, ze
kolouchy. V souhrnu jsme zjistili, ze existuji dva typy ,,nevlastnich*
koloucht lisicich se podle frekvence kojeni. Tato rozdilnost by proto

m¢éla byt brana v tivahu pfi analyze kojeni nevlastnimi samicemi.
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IT1. Dusek, A., Barto§, L. & Sedlacek, F. Mixed sex allocation
strategies in a polytocous mammal, the house mouse (Mus
musculus). (SmiSené strategie poméru pohlavi u polytokniho
savce, mySi domaci (Mus musculus).) Behavioral Ecology and

Sociobiology, v Fizeni.

U polytoknich savet, kteti produkuji vrhy s vice nez jednim
potomkem, je otazka optimalizace poméru pohlavi potomki
(procento narozenych samcich potomkil) problematickd. Divodem
je, ze samice téchto druhli savell mohou maximalizovat svoji fitness
pfedev§im optimalizaci poctu potomkt. Pro zodpovézeni vyse
nastinéné otazky jsme testovali vliv kondice matky pfi pareni
(experimentalné snizené restrikci potravy pred péafenim) na
variabilitu poméru pohlavi potomkt pii porodu u 137 samic mysi.
Testovany byly dvé zakladni hypotézy vhodné pro polytokni druhy
savcl: (1) ,Hypotéza Myersové™ predikujici, ze v horSich
podminkach prostfedi by matky mély produkovat vice potomku
»levngjsiho“ pohlavi k maximalizaci celkového poctu svych
potomkd, a (2) ,Hypotéza Williamse* predikujici, ze matky
polytoknich savcii by mély optimalizovat pomér pohlavi a velikost
vrhu pfedevsim k maximalizaci reprodukéniho tspéchu svych synd.
Matky vystavené potravni restrikci produkovaly vétsi vrhy, s vétSim
podilem ,levnéjsich dcer nez kontrolni matky. Naproti tomu
kontrolni matky optimalizovaly pomér pohlavi a velikost vrhu podle
své télesné hmotnosti pii pafeni. V obdobi pfed odstavem byla navic

u potomkt matek vystavenych potravni restrikci zaznamenana nizsi



mortalita nez u potomkti matek kontrolnich. Ze srovnani obou skupin
vyplyva, ze ,,Hypotéza Myersové®“ méla obecnou platnost, zatimco
»Hypotéza Williamse* platila pouze pro skupinu kontrolnich matek.
Kromé toho vysledky naznaduji, ze nékteré matky se s potravni
restrikci vyrovnaly a zvysily podil ,ndkladngjSich® synti ve vrhu
spolu se zvySujici se ztratou své hmotnosti po obdobi potravni
restrikce. Variabilita poméru pohlavi potomkt tedy byla vysledkem

celkem tii strategii li§icich se podle kondice matky pfi pafeni.

IV. Dusek, A., Bartos, L. & Sedlicek, F. 2010. Developmental
instability of ano-genital distance index: implications for
assessment of prenatal masculinization. (Vyvojova nestabilita
indexu ano-genitalni vzdalenosti: vyznam pro hodnoceni
prenatilni maskulinizace.) Developmental Psychobiology, 52:

568-573.

Androgeny pusobici v prenatadlnim obdobi vyvoje jsou obecné
povazovany za faktory, které maji permanentni vliv na morfologii
vngjSich genitalii. U laboratornich hlodavct byva ¢asto pouzivanym
markerem pfirozené prenatalni maskulinizace tzv. index ano-
genitalni vzdalenosti (Ano-Genital Distance Index — AGDI). Vétsi
hodnota tohoto indexu by méla vyjadiovat vétsi stupenn prenatalni
maskulinizace. Cilem této studie bylo testovat vyvojovou stabilitu

AGDI u samic mysi béhem obdobi pied (1.-21. den zivota) a po

World. Pp. 139-140. 6th International Deer Biology Congress,
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12th International Behavioural Ecology Congress, 9.—15. 8. (21.-61. den zivota) odstavu. Predpokladali jsme, ze AGDI odrazi

2008, Ithaca. permanentni vliv prenatalni maskulinizace. Na zakladé¢ tohoto

Barto§, L., Kotrba, R., Svecova, L., Dusek, A., Bartosova, J. & Kott, ptedpokladu jsme testovali hypotézu, ze AGDI bude vyvojové
T. 2008. Vybér subordinatniho partnera lani jelena evropského: stabilnim morfometrickym znakem. Jinymi slovy, interindividualni
nehoda nebo vyhoda? In: K. Vicek, M. Konec¢na & J. Havlicek rozdily v AGDI by mély pietrvavat v ¢ase. V rozporu s nasi
(Eds.). Program a Abstrakty. Pp. 12. 35. Etologicka Konference, hypotézou jsme jak v obdobi pied odstavem (0,15), tak v obdobi po
12.-15. 11. 2008, Ceské Budgjovice. odstavu (0,22) zaznamenali nizkou opakovatelnost AGDI (hodnota
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Pluhacek, J., Kotrba, R. & Dusek, A. 2006. Do red deer (Cervus vyjadfuje nulovou opakovatelnost). Tento znak proto neni vyvojove
elaphus) grandmothers nurse their grandchildren? In: L. Bartos, stabilni. Vysledky této studie tudiz naznaCuji, ze AGDI neni
A. Dusek, R. Kotrba & J. BartoSova-Vichova (Eds.). Advances spolehlivym markerem prenatalni maskulinizace samice.
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