Prednaska 6

Zivotni historie a kompromisy



Zivotni historie a fitness

» Organizmy bez stadia dospéelce

» Univoltinni organizmy (hmyz) — jedna reprodukce za rok, rocni
zivotni historie - metamorféza — dospélec

» Semelparni organizmy — reprodukuji se jednou, zivotni historie
delsi nez rok

5

» lteroparni organizmy — reprodukuji se
vice nez jednou, dlouha perioda mezi
reprodukcnimi udalostmi



Fitness semelparnich organizmu je produktem
viability a fekundity

» W=VT{
viabilita = pravdepodobnost preziti z juvenilniho do adultniho
stadia
fekundita = celkova uspesnost gamet produkovanych adultem

» Predpoklad: vsichni adulti jsou stejne reprodukcne uspesni
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lteroparni' organizmy maji Vekove-
strukturovane zivotni historie

» Reprodukcni schopnost se meni s vekem

» Vekove tridy = vSechny jedince ve tride jsou hodnocene jako
rovnocenne




lteroparni' organizmy maji Vekove-
strukturovane zivotni historie

» Vekove-specificka pravdepodobnost prezivani
» Vekove-specificka fertilita

» Metody odhadu vekove-specifickych fertility a pravdepodobnosti
prezivani
» 1. Kohortova analyza — skupina jedincu stejneho veku

» 2. Staticke zivotni tabulky - pocCty a vek jedincu urcite populace v
urcitem case (nevyhoda vliv prostredi)



Rust vekove-strukturované populace

» Prezivani a fertilitu kazde vekove skupiny pro predikci celkove
velikosti populace a poctu jedincu v kazde vekove skupine

A Hypothetical Life Table

Age Class  Female Fertility Probability of Surviving
Newborns 0 0.8
1-year-olds 0.5 0.6
2-year-olds 1.2 0.5
3-year-olds 0.3 0.3

4-year-olds ; —

» Rust vekove-strukturované populace
» kazda trida konstantni frakci
» celkova populace dosahne

stabilni' vekovou distribuci

1-year-olds
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FIGURE 7.4D Age Structure of the U.S. and Mexican
Populations in 2000




Fitness u iteroparnich organizmu

» Slozite odhadovat fitness
» lepsi prezivani a vyssi reprodukce = lepsi fitness (jak vetsi?)
» vnitfni mira populacniho rustu (r)

» Malthusian parametr (r nebo m)




Maly narust v semelparni fekundite muze byt
favorizovan pred iteroparitou

» Semelparni organizmy se reprodukuji'a umrou. Proc?
» Proc neinvestuji' do delsiho prezivani? Coluy. paradox

» prirozena selekce favorizuje reprodukovat se rychle nez cekat
na reprodukci



Zivotni historie

Rust a vyvoj pred reprodukci
Zacleneni do reprodukce
Distribuce celozivotni reprodukce
Zivot po reprodukénim obdobi

vyVvyvyy

Pre-reprodukcni faze — jasne vymezena, bez reprodukcni
schopnositi

» Reprodukcni faze — nekdy adult bez moznosti reprodukce
(socialni obratlovci)

» Post-reprodukcni faze — clovek, nektere velryby

\ /



Kompromisy v evoluci zivotnich historii

» Naklady vynalozene v jedne etape zivotniho cyklu jsou splaceny
V jiné etape

» \yuziti zdroju pro investici do reprodukce => redukce zdroju pro
rust a prezivani

Resource expenditure
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Analyzy kompromisu

Korelace fenotypické a geneticke

Fenotypické a genetické korelace muzou pracovat v opacném
smeru

Geneticka korelace — odpovéed k selekci (ne vzdy)

1. Selekce jednoho znaku a mereni korelovane odpovedi v
dalSich znacich — experimenty s umelou selekci

2. Manipulace fenotypu a nasledky u jedince — experimenty s
velikosti snusky a poctem vajicek



Priklady fenotypicke korelace

» Cervus elaphus — vyssi mortalita u samic starajicich se o
potomky
» Fyziologicke I mechanickée mechanizmy
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Priklady fenotypicke korelace

sarance menliva (Chorthippus biguttulus)
Vztah mezi velikosti a poctem potomku
Odlisnosti v zavislosti na potravni nabidce
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Priklady fenotypicke korelace

» Samecci neotropickych zab — zvukove signaly — pri pareni +
pozornost predatoru

» Predator rozliSuje zvuky a velikost
» Kompromis — ziskat reprodukcniho partnera versus riziko smrti

listonos Zzabozravy
%, Trachops cirrhosus



Priklady fenotypicke korelace

» Svinka obecna (Armadillidium vulgare)

» Pomaly rust u reprodukujicich se samicek — alokace energie do
reprodukce limituje alokaci energii do rustu

Female size class (mg premoult live weight)

Postmoult size (mg} 20-39 40-59 60—99

Growth rates (weight increase at ecdysis in mg)
Spring
Non-reproductive 4.71 6.53
Gravid 3.25 3.62
Summer
Non-reproductive 391 3.13
Gravid 0.96 1.01

Energy allocation (joules expended during one moult cycle)
Reproductive growth 41.8
Reproduction 66.9
Total 108.7
Non-reproductive growth 100.8




Efekt stribrne Izice a pozitivni fenotypicka
korelace

» Rozdil v reprodukcni kapacite - efekt veku, geneticky rozdil ve
fitness, efekt prostredi = efekt stribrne lzice (reprodukcni vyhody
jedincu narozenych v priznivych podminkach — tendence pro
pozitivni vztahy)

» Armadillidium — pozitivni korelace mezi rustem a reprodukci

» Parus cearuleus - snizene prezivani na ukor reprodukce jenom

v letech s nepriznivymi podminkami
—




Fyziologicky kompromis

Alokace mezi dva a vice procesu, které jsou primo v kompetici o
limitovane zdroje jedince

Princip alokace (Levins, 1968)
Model alokace prebytku energie (Sibly and Calow, 1986)

Allocation to
growth, u




Tok materialu a energie

Kolik materialu a energie je ziskano, zpracovano a vyuzito?

Pr. Tok energie karnivorni ryby plavajici optimalni rychlosti pro
ziskani potravy

Faeces
Excretion
Heat

Standard
metabolism

Activity
metabolism

Reproduction




Potravni omezeni a potravni efektivhost

» Potravni aktivity limituji mnozstvi energie

» Pr. Postolka obecna (Falco tinnunculus)

» Rodicovske naklady samecka = celkovy Cas dne straveny letem
+ vydej energie

» Maly a velky pocet potomku — stejné usili, ale aktivita
efektivnéjSi u vétsiho poctu potomku

» Experiment - cilene zvyseni
aktivity donasky a letu

» Naklady na vydaje energie A3
+ naklady na preziti rodice e AU




Potrava a reprodukcni uspech

» Husa divoka (Anser anser) — vztah mezi ucinnosti ziskavani
potravy a reprodukcniho uspéechu

» Samice dominantniho samce maji kvalitnejsi potravu, vice
potomstva a nemeni frekventovane partnera




Mikroevolucni kompromis

Sirdi nez fyziologicky
kompromis = odpoved populace k selekci tj. zména v jednom
znaku zvysuje fitness, zmena ve druhem znaku fitness snizuje

Fyziologicky existuje i bez mikroevolucniho

Potravni zdroje limituji individualni plasticitu v pocCtu a velikosti
potomku = fyziologicky

Odpoved populace k selekci geneticke variability ve
fyziologickem kompromisu = mikroevolucni




Mikroevolucni kompromis

5 nejvice studovanych kompromisu

Trait 2

Trait 1 PC NO SO oG oC oS

Current reproduction El 5 P ,
parental survival 1 12 13 14 15 .
Future reproduction _ 19 20 21 py Y

parental growth —_ 25 26 27 29 39
parental condition — 31 32 34 35
Number of offspring — 38 39
size of offspring — 41 42
Offspring growth 43 44
Offspring condition _— 45
Offspring survival _

rust rodicu versus kondice potomku (29) = rodic- potomek
konflikt

Rust versus prezivani potomku (44) Celedi
Alcidae — hnizdo — dobre prezivani,

slaby rust, more — slabé prezivani,

dobry rust




Makroevolucni kompromis

Komparativni analyza variability ve znacich mezi fylogeneticky
nezavislymi udalostmi

Znak, ktery neni plasticky a znak, ktery nevykazuje genetickou
variabilitu = fixovany pro druh neni variabilni v prostredi

- negativni korelace — druhy v ramci rodu nebo rody v ramci
celede...

Pomery slozek zivotnich historii
- liniové (skupinove) efekty

[ ]
K
&
&
S
-4
&
=
F
|
«
$
2
>
<

Female age at maturity




Proc muzeme pozorovat nepravy kompromis?

» 1. fylogeneticka fixace

» Kompromis fixovany u druhu, korelace je fenotypicka, ale ne
geneticka

» 2. prijmoyva versus investicni reprodukce

» Prijimaji potravu, rychly metabolizmus a nasledne se rozmnozuji
— neni kompromis mezi velikosti snusky a naklady na
reprodukci, prime naklady.

» Uchovavaji energii pro pozdegjsi reprodukci — naklady na
reprodukci ve vztahu k fy2|olog|ckym rezervam, ,vstrebavaci®
naklady. . ;
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Proc¢ muzeme pozorovat nepravy kompromis?

» 3. Variabilita v ziskani a alokaci energie

» Variabilita mezi jedinci v energii ziskané a jak je alokovana —
korelace mezi reprodukci a prezivanim zadna, pozitivni,
negativni

» 4. Interakce mezi genotypem a prostredim

» Environmentalni faktor ovlivhuje vice
jeden znak nez druhy

» Pr. Rychlost vyvoje a velikost v
metamorfoze zab je zavisla na
variabilite v potravni nabidce

;e}-tlve genetic correlation
Reaction norms

Positive genetic
correlation

No genetic
correlation
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Aktualni reprodukce versus prezivani

Shaffertuv model reprodukcnich kompromisu
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Evidence kompromisu mezi reprodukci a
prezivanim

Organism Sex Effect Reference

Arthropods and nematodes
Agonum
Agromyza
Artemia
Corixa
Diplogasteritus
Drosophila
Drosophila
Drosophila
Drosophila
Drosophila
Drosophila
Drosophila
Dysdercus
Ephestia
Fumea
Melanoplus
Mesocyclops
Panagrellus
Paroigolaimella
Periplaneta
Rhabditis
Tribolium
Tribolium
Trogoderma

V>C Murdoch (1966) N
vV>C Quiring and MacNeil (1984) Efekt reprodukcnich

V>C Browne (1982) kontaktl na délku zivota
v=C Calow (1973)
V>C Woombs and Laybourne-Parry (1984)

V>C Bilewicz (1953)
Vo Maynard Smith (1958) V — bez reprodukce

V>C Malick and Kidwell (1966) _ -
V>C Kidwell and Malick (1967) C — s reprodukci

V>C>CC Partridge and Farquhar (1981)
C>CC Turner and Anderson (1983)

C>CC Fowler and Partridge (1989)

V=C Clarke and Sardesai (1959)

V>C Norris (1933)

V>C Matthes (1951)

V>C Dean (1981)

V>C Feifarek et al. (1983)

V=C Abdulrhaman and Samoiloff (1975)
vV>C Woombs and Laybourne-Parry (1984)
Vv>C Griffiths and Tauber (1942)

V>C Woombs and Laybourne-Parry (1984)
V>C Sonleitner (1961)

V>C Mertz (1975)

V=C Loschiavo (1968)
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Mammals
Mus

Mus
Rattus
Rattus

V<C Agduhr (1939)

V>C Miihlbock (1959)

v C Slonaker (1924)

V<C Drori and Folman (1969)
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Evidence kompromisu mezi reprodukci a
prezivanim

Organism Common name Correlation  Reference

In laboratory culture

Aelosoma
Agromyza
Asplanchna
Philodina
Platyias
Cypridopsis
Daphnia
Drosophila
Drosophila

Carabidae spp.

Tribolium
Chorthippus
Melanoplus
Gargaphia
Dysdercus
Panolis
Oryzias
Pimephales
Gallus
Gallus
Mesacyclops
Pristina

aquatic oligochaete

a leaf-mining fiy

a predatory rotifer
asexual benthic rotifer
planktonic rotifer
ostracod

water flea

fruit fly

ground beetles
flour beetle
grasshopper
grasshopper
hemipteran bug
hemipteran bug
moth

medaka fish
minnow
domestic chicken

cyclopoid copepod
aquatic oligochaete

In unmanipulated field populations

Astrocaryum
Poa
Podophyllum
Senecio
Shaskyus
Ocenebra
Armidillidium
Pandalus
Agonum
Tetraopes
Thalassoma
Delichon

a tropical palm
meadow grass
mayapple

giant Kenyan senecio
littoral gastropod
littoral gastropod
pillbug

pandalid shrimp
ground beetle
milkweed beetle
bluechead wrasse
housemartin

Bell (1984b)

Quiring and McNeil (1984)
Snell and King (1977)

Bell (1984b)

Bell (1984a)

Bell (1984b)

Bell (1984k)

Kidwell and Malick (1967)
Murphy et al. (1983)

van Dijk (1979)

Mertz (1975)

Souza Santos and Begon (1987)

Dean (1981)

Tallamy and Denno (1982)
Clarke and Sardesai (1959)
Leather and Burnand (1987)
Hirshfield (1980)

Markus (1934)

Hall and Marble (1931)
Dempster and Lowry (1952)
Feifarek et al. (1983}

Bell (1984b)

Pinero et al. (1982)

Law et al. (1979)

Sohn and Policansky (1977)
Smith and Young (1982)
Fotheringham (1971)
Fotheringham (1971)
Paris and Pitetka (1962)
Allen (1959)

Murdoch (1966)
McCauley (1983)
Warner (1984)

Bryant (1979)

Fenotypicka korelace mezi
fekunditou a rodicovskym prezivanim

ZTMZZTMT WIS M T T

Delichon

Pica magpie

Passer house sparrow
Turdus biackbird
Parus willow tit
Parus crested tit
Parus great tit

Bryant (1979)

Hogstedt (1981)
Summer-Smith (1956)

Snow (1958)

Ekman and Askenmo (1986)
Ekman and Askenmo (1986)
Den Boer-Hazewinkel (1987)
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Evidence kompromisu mezi reprodukci a
prezivanim

In unmanipulated field populations (continued)

Melospiza song sparrow
Microtus meadow vole
Cervus red deer

Smith (1981)
Clough (1965)
Clutton-Brock et al. (1983)

Clutton-Brock (1984)
Geist (1971)
Berger (1972)

Cervus
Ovis mountain sheep
Papio olive baboon

22T
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In manipulated field populations

Falco kestrel

Aegolius Tengmalm’s owl
Larus glaucous-winged gull
Creagus swallow-tailed gull
Ficedula pied flycatcher
Ficedula collared flycatcher
Iridoprocne true swallow

Parus great tit

Parus great tit

Dijkstra et al. (1990)
Korpimiki (1988)

Reid (1987)

Harris (1970)

Askenmo (1979)

Gustaffson and Sutherland (1988)
DeSteven (1980)

Kluyver (1951)

Boyce and Perrins (1987);
Pettifor et al. (1988)
Tinbergen (1987)

Lindén 1988)

Nur (19844, 1988)*

Nur (19844, 1988)*

Orell and Koivula (1988)
Hegner and Wingfield (1987)
Roskaft (1985)
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Parus great tit
Parus great tit

Parus blue tit

Parus blue tit

Parus coal tit

Passer house sparrow
Corvus rook
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Fenotypicka korelace mezi fekunditou a rodiCovskym prezivanim pokr.



Reprodukce versus prezivani

» 1. pouze za podminek stresu ze ziskavani potravy

» 2. fenotypické kompromisy neposkytuji informaci o geneticke
korelaci (determinuje odpoved k selekci)

» 3. Interakce mezi genotypem a prostredim muze menit
geneticke korelace z pozitivhich na negativni

» 4. naklady na reprodukci nejsou stejné u vSech druhu, rtzné
omezeni z hlediska Casu a energie

» EXxperimenty se selekci kompromis potvrzuji



Kompromis mezi prezivanim a reprodukci
vede k evolucl reprodukcniho omezeni

» Selekce favorizuje stredni pocet potomku

Number of eggs laid

Successful
fledglings
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Aktualni versus budouci reprodukce

» Reprodukcni naklady G o
u rostlin g;ﬁ\g . ,\
pr. lipnice rocni (Poa annua) ?7; AR

E&; j;‘”!. x| ;

Number of inflorescences per plant (2nd season)

» Samice s vetsimi energetickymi rezervy - vysSi
fekundita v nasledujicich obdobich nedostatku potravy
pr. Daphnia galeata mendotae

» Velka snuska v prvnim roku, menSi v dalSich
pr. lejsek belokrky (Ficedula albicollis)




Evidence kompromisu mezi aktualni a
budouci reprodukci

» Fenotypicke korelace
— evidence mixovana
» Manipulace
— kompromis potvrzen

Organism Common name Sex Correlation

In laboratory culture under good conditions

Aelosoma aquatic oligochaete =0
Biomphalaria snail <0
Cyprodopsis ostracod >0
Daphnia water flea =0
Daphnia water flea >0
Gallus domestic chicken >0
Gallus domestic chicken >0
Gallus domestic chicken >0
Gargaphia hemipteran bug =0

In laboratory culture under good conditions (continued)

Philodina asexual benthic rotifer 0
Platyias planktonic rotifer >0
Pristina aquatic oligochaete <0
Tribolium flour beetle <0

In unmanipulated field populations

Poa meadow grass
Senecio giant Kenyan senecio
Ficedula pied flycatcher
Passer house sparrow
Cervus red deer

In manipulated field populations
Parus great tit

Parus great tit
Parus great tit
Parus great tit
Parus blue tit
Troglodytes house wren
Corvus rook

-
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Reference

Bell (1984b)

Minchella and Loverde (1981)
Bell (1984b)

Bell (1984b)

Lynch (1984)

Jull (1928)

Harris and Lewis (1922)

Hall and Marble (1931)
Tallamy and Denno (1982)

Bell (1984b)
Bell (1984b)
Bell (1984b)
Boyer (1978)

Law et al. (1979)

Smith and Young (1982)
Harvey et al. (1985)
McGillivray (1983)
Clutton-Brock et al. (1983)

Slagsvold (1984)
Tinbergen (1987)
Lindén (1988)
Pettifor er al. (1988)
Nur (1988)

Finke et al. (1987)
Roskaft (1985)




Evidence kompromisu mezi aktualni a
budouci reprodukci

Experimenty se selekci kompromis potvrzuji

Response of late fecundity to upward selection on early fecundity

Chicken Downward 6 Lerner (1958)

Chicken Downward 5 Erasmus (1962)

Chicken Downward 12 Morris (1963)

Mouse Downward 23 Wallinga and Bakker (1978)
Tribolium Downward 12 Mertz (1975)

Drosophila None 3 Rose and Charlesworth (1981b)

Drosophila Downward 17 Luckinbill and Clare (1985)
Drosophila Downward 120 Mueller (1986)

Response of early fecundity to upward selection on late fecundity

Drosophila Downward Wattiaux (1968)

Drosophila Downward 3 Rose and Charlesworth (1981b)
Drosophila Downward 17 Luckinbill and Clare (1985)
Drosophila Downward 15 Rose (1984b)




Aktualni reprodukce versus rust

» Investice do reprodukce redukuje rust a tudiz i budouci
reprodukcni uspech

» VétSi organizmy produkuji vice potomku, potomky IepS| kvallty,
predchazeji Iépe predaci nez malé organizmy -
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Reproductive activity (sday) Thalassoma bifasciatum

Labridae



Evidence kompromisu mezi rustem a
reprodukci

Organism

Field populations

Elminius
Balanus
Fagus
Pseudotsuga
Abies

Pinus
Betula
Betula
Picea
Iridoprocne
Thalassoma

Common name

barnacle

barnacle

beech trees
Douglas fir

grand fir

western white pine
white birch

yellow birch
spruce trees

tree swallow
blue-headed wrasse

Laboratory studies

Agropyron
Oryzias

grass
medaka fish

Correlation

Reference

Crisp and Patel (1961)
Barnes (1962)
Rohmeder (1967)
Eis et al. (1965)
Eis et al. (1965)
Eis et al. (1965)
Gross (1972)
Gross (1972)
Danilow (1953)
DeSteven (1980)
Warner (1984)

Reekie and Bazzaz (1987¢)
Hirshfield (1980)




Aktualni reprodukce versus kondice

» Impakt reprodukce na fyziologickou kondici < o1
Megoura viciae (Aphididae) “ R
vetsi gonady, mene tuku

» Cervus elaphus
Kojeni mladat a mene tuku v ledvinach

» ovce tlustoroha (Ovis canadensis)
- reprodukce snizuje rezistenci k parazitum
- vice plicnich motolic u ovci a
vice synu nebo kojeni mladat




PocCet versus velikost potomku

o NI N= o |

» Velikost potomku u rostlin
- 1 000 000 000:1 az 1:1

» Velikost potomkl u Zivocichu
- nejvetsi plodnost
- do 100 000 000:1
- plejtvak obrovsky (Balaenoptera musculus)
10- 12 tin
- kiwi — 1/3 hmotnosti matky




Velikost potomku a rodicu

AN Poloopice - vice nez 1 potomek

VysSSi primati a poloopice vétsich hmotnosti
- % - jeden potomek

&g

Haplorhini Gorillas
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Neonatal weight (g)
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W Species with multiple births
{J Species with single births
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Evidence kompromisu mezi poctem a velikosti
potomku

Vztah velikost potomstva a rodice:
velikost semen koreluje se zpusobem zivota u rostlin

specificky pro nekteré skupiny (poloopice)

Organism Common name Correlation  Reference

Among individuals within populations

Lomatium umbellifer Thompson (1984)
Phaseolus field bean Adams (1967)
2 v Avena wheat Puckridge and Donald (1967)
VZta h Ve I | kO St a pOCet Chorthippus field grasshopper Kriegsbaum (1988)
Mesocyclops copepod Allan (1984)
) Daphnia cladoceran Lynch (1984)
pOtO mku Lynch (1984)*
Barbaorula frog Saithe and Duellman (1973)
L4 ~ Bufo toad Salthe and Duellman (1973)
Uvn Itr d ru h u CaStO Pachymedusa  frog Salthe and Duellman (1973)
, Agalychnis frog Salthe and Duellman (1973)
Rana frog Salthe and Duellman (1973)
nezZaznamenany _ :
Parus great tit Henrich (unpub.)
I P k . Parus great tit Smith et al. (1989)
mis Parus blue tit Nur (1984b) ‘
SI ny O m p ro Agelaius red-winged blackbird Cronmiller and Thompson (1980)
’ v 7 4 SN Homo man
u blizce pribuznych druhU [
g populations within species

Gambusia mosquito fish Stearns (1983c)
Gambusia mosquito fish Stearns (19835)

Among closely related species
Solidago goldenrod Werner and Platt (1976)
salamanders Salthe (1969)



Evoluce nevede vzdy ke kompromisum

» Semelparni organizmy — evoluce tlacCi reprodukci k maximu a
zablji rodice

» prezivani ztraci ve vztahu k reprodukci => organizmus zije,
jenom aby se reprodukoval



Kompromis mezi poctem potomku a
prezivanim potomku — evoluce prumeérne
velikosti

» Naklady na reprodukci nejsou jedinym kompromisem pro evoluci
zivotnich historii

» Kompromis mezi viabilitou potomstva a poctem potomku

» \elikost potomstva = lepsi prezivani, kaloricke rezervy, mensi
rziko predace

Mean egg size
"Optimal egg size”

Fecundity (egg) x Survival (egg) First
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Multiple kompromis — rodic a potomstvo

Egg mass (g)



Evoluce velikosti potomku

» Cim je potomek vé&tsi, tim méné potomkd rodi¢ produkuje
» Mali potomci umiraji
» Dostatecne velike potomstvo nema dalsi benefit z velikosti

» Rodicovske fitness je nejvyssi u strednich velikosti potomku
(optimalni velikost)
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