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Forskningsområder:

Samarbejde og social adfærd

Genetisk diversitet og tilpasning

Seksuel selektion og partnervalg

• Feltarbejde i Afrika, Indien og Israel

Underviser i:

Adfærdsbiologi 

Evolutionær økologi 

Feltbiologiske projekter  





Naturlig Selektion 

Der produceres langt flere individer end der overlever

- Miljøet har begrænsede ressourcer – føde, vand, egnet habitat, 
rede pladser etc.  

- Individer indenfor en art (og imellem arter) konkurrerer om 
ressourcerne

- Naturlig Selektion ‘favoriserer’ de bedst tilpassede = Evolution



1. Variation

Individer indenfor en art er ikke 
fuldstændig ens, der er variation (f.eks. 
kropsstørrelse, farver, morfologiske træk) Musling af arten

Donax variabilis

- Nogle individers ‘træk’ øger deres overlevelse 
og reproduktion

- Eksempel:  nogle farver/mønstre beskytter 
bedre mod prædation - camouflage



2.  Arvelighed

Træk skal være arvelige

- Det adaptive træk skal være 
genetisk betinget



3. Fitness

Den reproduktive succes varierer imellem individer

Individerne med de bedst tilpassede træk reproducerer 
sig mere = højere fitness



Den evolutionære proces

- Individer med favorable træk giver disse videre (via generne) til 
deres afkom

- Højere fitness = relativt flere afkom i næste generation

- Højere fitness = relativt flere gener i populationen der koder for 
det favorable træk



Naturlig selektion virker på individet

u Hvert individ skal maksimere sin egen fitness 
(konkurrence om ressourcer)

u Individer indenfor samme art konkurrerer!



Hvordan opstår variation?

u Mutationer er kilden til al variation

- mutationer opstår tilfældigt

Kan producere fordelagtige, neutrale, eller skadelige 
forandringer

u Naturlig selektion er IKKE tilfældig

- Den eliminerer skadelige mutationer, fra 
genpuljen

- og øger dermed frekvensen af fordelagtige 
mutationer (genotyper)



Naturlig selektion driver evolutionær forandring
- Darwins finker – næb og nicher

Finkerne er tilpassede 
forskellige nicher, og 
deres næb er tilpassede 
forskellige fødetyper

Der opstår nye arter fra 
fælles forfader





Birkemåleren
- Biston betularia

Hvis naturlig selektion fremmer 
tilpassede former 
– hvorfor har vi så populationer 
med individer med forskellige 
farvemorfer?

Polymorfier?



Birkemåleren - Biston betularia
Camouflerede dyr er vanskelige at se for 
rovdyr der jager ved brug af synet 



‘Tilpassede’ farver

To farvetyder (morfer) i populationen –
mørk og lys (polymorfi)

Den industrielle revolution i 
England medførte høj 
luftforurening der dræbte 
lav på træerne

Baggrunden blev mørkere



Frekvensen af den mørke type steg i 
populationer i forurenede områder

Farvegradient med stigende melanin (mørk)



Efterhånden som forureningen mindskes, falder 
frekvensen af den mørke type i populationen

År

Procent af 
den sorte 
form



Evolutionær Stabil Strategi ESS

ESS en ‘strategi’ (f. eks. farve) de fleste individer i en 
population har, der ikke kan udkonkurreres af en anden strategi



Gouldsamadine
hanner med rød – sort farve polymorfisme

(Erythrura gouldiae)

• Røde hanner er aggressive
• Slås for rede huler i træer
• Omkostning: mindre yngelpleje
• Stærkere konkurrent

• Sorte hanner er passive
• Slås ikke
• Ingen omkostning
• Ringe konkurrent



Hvordan opnås sameksistens i populationen som ESS?

Sort passiv
Rød aggressiv



Høj frekvens af:

Konkurrenter: Rød/
aggressiv

Sort/
passiv

Rød Høj konkurrence,
Rød slås altid,
reducerer yngelpleje, 
færre Røde afkom

Lav konkurrence,
Rød udfører yngelpleje, 
flere Røde afkom

Sort Høj konkurrence
Sort passiv, ingen 
omkostning af at slås
flere Sorte afkom

Lav konkurrence,
Sort passiv, ingen 
omkostning af at slås
flere Sorte afkom

Frekvens afhængigt udfald af ‘strategier’



Sameksistens i populationen som ESS 
afhænger af den relative forekomst

Sorte morf~70%

Røde morf ~ 30%





Samarbejde som ESS

Fordele ved samarbejde?

Ulemper ved samarbejde?



Afrika
200.000-150.000

Mellemøsten
120.000-90.000

Europa
45.000

Nordasien
25.000

Nordamerika
15.000

Sydamerika
12.000

Australien
55.000

Neandertaler

Denisovans

Mennesket har erobret hele kloden og dominerer alle habitater



Samarbejde og bevidsthed - nøglen til menneskets 
enorme succes? 



Stor hjerne giver særlig kognitiv kapacitet

H. neanderthalensis
og H. sapiensVolumen

År
6 mio 3 mio 2 mio 1 mio 0,5 mio 0

0.5 l

1.0 l

1.5 l
H. 

heidelbergensis
H. erectus

H. ergaster

A. afarensis/
africanus

‘rudolfensis/habilis’

S. tchadensis



Udveksling af erfaring og strategier

• Kommunikation - sprog
• Bevidsthed - fremsynethed
• Individuel og social læring samt undervisning!
• Hurtig formidling af måder at tilpasse sig til miljøet



• Give gener videre til næste generation

• Nyttige egenskaber videregives

• Stor hjerne, kognitive egenskaber

• Hvad med samarbejde?

Evolutionær fordel = reproduktion

Charles Darwin



Samarbejde kræver at alle 
bidrager til fællesskabet

• Hvorfor yde, hvis man kan 
nyde?  

• Selvisk adfærd nedbryder 
samarbejde



• Kræver tid og energi til andres fordel

• Har en omkostning - altruisme

• Individet er sig selv nærmest

• Fordele ved samarbejde skal opveje omkostningen

Samarbejde - en evolutionær gåde 





Selektion blandt slægtninge

Direkte og indirekte reproduktion



Direkte efterkommere

Børn

Børnebørn



Indirekte efterkommere

Søskendes afkom
nevøer/niecer

Grandnevø/niece



Reproduktion = samlede genetiske 
bidrag til næste generation

• Summen af direkte og indirekte 
efterkommere 



Graden af slægtskab

datter
1/2

1/4
barnebarn

niece
1/4

1/8
grand niece



‘Jeg vil give mit liv for 2 brødre eller 8 fætre’

8 kusiner
8 ×1/8 = 1

2 brødre
2 ×1/2 = 1

4 nevøer
4 ×1/4 = 1

Haldane 1932



Sterile arbejdere er dronningens døtre



Selektion blandt slægtninge



Familiegrupper samarbejder

Dag

vægt 
(mg)

Beslægtede

Ubeslægtede



Familiegrupper samarbejder

Beslægtede Ubeslægtede

Vægttab 
(mg)

Deler gener –
fremmer egen og slægtninges 
reproduktion



Findes altruisme?



Reciprok altruisme - ‘noget for noget princippet’



Er vi altruistiske?

Vi ‘ønsker’: 
• Status
• Belønning

Vi vil undgå:
• Sanktioner
• Dårligt omdømme



Status eller straf?
• flere penge i kassen i uger 

med ‘overvågning’

• når der er risiko for ‘straf’?

• for at bevare status?

Pund betalt pr. liter mælk forbrugt

UgerBillede



Retfærdighedssansen: en vigtig regulerende faktor 

• Udpræget i mennesker!

• Hvad med dyr?





Evolutionen har fremmet sociale relationer og 
samarbejde

• Ligger vores sociale egenskaber i 
generne? 

• Indlæring?







Har børn har en genetisk disposition for at hjælpe?

• Ingen slægtskab

• Ingen udsigt til reciprocitet

• Har allerede ‘lært’ belønning?





Genetisk disposition for at hjælpe?

• Præ-disponering til hjælpsomhed 
uden belønning i primater



Pisaura mirabilis

Alm rovedderkop

Kærlighedsgaver

Reproduktions strategier



Hunnen spiser gaven, hannen parrer sig



GAVE

Alm. rovedderkop Pisaura mirabilis



Sultne hunner er mere villige til at acceptere gaven

Hannen udnytter hunnens fødebehov til at parre sig



Falske gaver: ‘smarte’ hanner pakker et udsuget 
insekt eller plantedele ind i spind



increases dramatically when a gift is offered [19,20]. In
P. mirabilis, the male pushes up the female during mat-
ing and performs alternate pedipalp insertions into the
female sperm storage organs placed ventrally on the
abdomen. After each insertion the male returns to a face-
to-face position with the female, grabbing the gift in the
chelicerae [21]. Females usually control mating duration
and they often attempt to run away with the gift upon
terminating the copulation [19]. During each insertion
the male and the female remain motionless. However, if
the female moves and attempts to terminate copulation,
the male may perform “thanatosis” which is a “death
feigning” behaviour (with stretched-out legs) unique to
this species. The male ends the insertion and grasp the
gift with his chelicerae. The female moves away while
holding the nuptial gift and the male is dragged along
until the female stops. Subsequently he “revives” and
resumes mating [22-24]. Thanatosis functions as a mat-
ing effort that increases the male’s chances of completing
or prolonging the copulation [23]. Silk wrapping facili-
tates male handling and control over the gift [25], as it
facilitates a stronger hold of the silk covered package,
both with the chelicerae and the feet claws, compared to
an unwrapped insect. As a result, females are less likely
to succeed in stealing a wrapped than an unwrapped gift
[26,27]. In addition, Stålhandske [28] showed that rela-
tively brighter gifts, i.e. gifts that were wrapped in plenty
of white silk, were more attractive to females, suggesting
an additional function of silk wrapping that directly influ-
ences mate choice. The prey gift and silk wrapping thus
provide males with opportunities to exploit female fora-
ging preferences in a sexual context [29].
Male spiders have a unique opportunity for gift manip-

ulation through the gift wrapping trait, for example by
preventing female assessment of the gift content. By dis-
guising the gift content males may deceive females to
copulate, while the female attempts to consume the gift.
In P. ornata, males were observed wrapping prey carrion
and occasionally inedible items such as plant seeds [20].
In P. mirabilis, males have been reported to carry gifts
containing empty arthropod exoskeletons or plant parts
[21,30,31], gifts that are of no nutritional value. Dissec-
tion of 16 gifts carried by males in the field showed that
62% contained fresh prey, while the remaining 38% con-
tained empty arthropod exoskeletons, i.e. prey already
sucked out probably by the male itself [M.J. Albo, unpub-
lished data]. Such evidence suggests that males of P. mir-
abilis may exploit the female’s preference for prey gifts to
gain a reproductive advantage without providing the
nutritional benefit of fresh prey from which the gift-giv-
ing trait must ultimately have evolved [29]. The costs of
prey capture and gift construction may thus interact with
male condition to favour the evolution of male deceit by
donation of worthless gifts [32].

Here we tested male use of worthless gifts and investi-
gated their effect on male and female reproductive success
in a Scandinavian population of P. mirabilis. We explored
how the gift content affects reproductive success in experi-
mental trials where males offered either genuine prey gifts,
worthless gifts, or no gift to females. Males are under
strong selection to provide a gift [19]; therefore, we
expected males to offer a worthless (non-nutritive) item if
no prey is available. Males offering worthless gifts may
initially be accepted by females, however during feeding
the females should realize the low nutritional value of the
gift and respond appropriately, e.g. by interrupting the
mating prematurely. As a consequence, males would
experience shorter matings, lower sperm transfer and ulti-
mately lower reproductive success than males offering
genuine gifts.

Results
Courtship and mating
In the worthless gift group (WG), 13 males (70%) pro-
duced a worthless gift for courtship and 12 out of these
mated, whereas the remaining 6 males (30%) courted with-
out a gift and only one mated (Fisher exact test: p = 0.002).
Comparing all treatment groups, males that offered a
worthless gift (WG) were equally successful in obtaining
mating as those offering a genuine gift (PG and FG),
whereas males with no gift (NG) experienced significantly
reduced mating success (Chi-Square test: c2yates = 24.8,
p < 0.0001, df = 3; Figure 1). The total mating duration
was significantly shorter for NG males compared with
males that offered a gift (F = 10.03, p < 0.0001, df = 3,
Figure 2A). Although WG males experienced a 20%
shorter mating duration compared with PG and FG males,
this effect was not statistically significant (Figure 2A).
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Figure 1 Mating success of male P. mirabilis spiders offering
different nuptial gifts, PG (protein gift), FG (fly gift), WG
(worthless gift) and NG (no gift). Different letters indicate
significant differences from pair-wise Chi-square tests.
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EVOLUTION OF MALE DECEPTION

Falsk gave giver høj parringssucces

PG= PROTEIN RIG GAVE

FG= FLUE GAVE

WG= FALSK GAVE

NG= INGEN GAVE



Insertion duration, which reflects the duration of actual
sperm transfer, was significantly shorter for WG males
compared with males offering genuine gifts, and shortest
for males with no gift (H = 41.32, p < 0.0001, df = 3,
Figure 2B). The number of pedipalp insertions followed a
similar pattern (H = 7.8, p = 0.05, df = 3, Figure 2C).

Male thanatosis and gift control
Male death feigning (thanatosis) occurred in more than
50% of the trials in the PG and FG groups, with only one
occurrence in the WG group and none in the NG group
(Table 1). In the PG and FG groups, females terminated
mating and retained the gift in all mating trials, in 11 out
of 40 cases females and males were observed fighting
over the gift. In the WG group, all females that accepted
the non-nutritive gift actively manipulated it, moving the
item with the chelicerae and pedipalps in the same way
as females from the PG and FG groups. Cotton balls
were wet after handling, suggesting that the females had
regurgitated digestive fluids on them in an attempt to
feed on the gift. We did not observe fights between males
and females over the non-nutritive items.

Worthless items and gift construction
In the WG group, the males preferred cotton balls over
prey leftovers and flower heads (Chi-Square test: c2yates
= 14.8, p = 0.001, df = 3, Figure 3). Two males wrapped
and combined two items: one male combined a prey
leftover and a flower head, while the other combined a
prey leftover and a cotton ball. To measure male silk
investment in worthless gifts, we compared the duration
of gift wrapping for WG and FG gifts. Males with
worthless gifts spent less time on gift construction
(mean ± SE, 3.9 ± 0.5 min, N = 12) than those with fly
gifts (5.3 ± 0.5 min, N = 20) (Student t-test: t = 2.04, p
= 0.049) and showed a tendency to perform fewer wrap-
ping bouts (3.0 ± 0.4) than males with fly gifts (4.1 ±
0.3) (Student t-test: t = 1.80, p = 0.08). Males with cot-
ton ball gifts (preferred item by WG males) performed a
significantly lower number of wrapping bouts (2.5 ± 0.3,
N = 8) compared to males with fly gifts (4.1 ± 0.3, N =
20) (Mann-Whitney U-test: U = 37, p = 0.03).

Oviposition, spiderling emergence and female life span
We found no significant differences in the proportion of
mated females that constructed an egg-sac among
groups; 19 (20) PG females, 20 (20) FG females, 12 (12)
WG females and 8 (9) NG females constructed an egg-
sac (Chi-Square test: c2yates = 0.20, p = 0.97, df = 3).
The time until egg-sac hatching was similar among
groups: 18.1 days (± 0.4 SE) in PG, 18.9 days (± 0.8 SE)
in FG, 17.0 days (± 1.2 SE) in WG and 17.5 days (± 0.5
SE) in NG (ANOVA: F = 0.85, p = 0.48, df = 3). Egg
hatching success differed among groups, and was higher
when females had received a gift (PG, FG and WG)
compared with no gift (Table 2). We found no signifi-
cant differences in clutch-size or the number of spider-
lings that emerged from the egg-sac among groups
(Table 2). Spiderling size differed among groups, the lar-
gest spiderlings appeared to be found in the WG group,
however a significant treatment by clutch-size
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Figure 2 Mating behaviours of male P. mirabilis spiders
offering different nuptial gifts (PG (protein fly gift), FG (fly
gift), WG (worthless gift) and NG (no gift), data presented as
mean and standard error). A) Mating duration, B) insertion
duration and C) number of insertions. Statistical comparisons were
performed using two-way ANOVA or Kruskal-Wallis test, and the
pair-wise comparisons using Student t-test or Mann-Whitney U test,
respectively. Groups with the same letter were not significantly
different (p > 0.05).
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…men hunnen afslutter parringen tidligere

WORTHLESS GIFT DONATIONS

PG= PROTEIN RIG GAVE

FG= FLUE GAVE

WG= FALSK GAVE

NG= INGEN GAVE



…- og hun optager mere sæd fra hanner med en ægte 
gave

Falsk     Ægte

Hvad kan forklare 
sameksistens af 
ægte og falsk gave 
strategi i 
populationen?



Forskellig selektionstryk tidligt og sent i parringssæsonen kan 
forklare polymorfisme – falske gaver som ESS

Frekvens af 
ægte gave

Frekvens af 
falsk gave

Parringssæson

Byttetilgængelighed
Sædkonkurrence





Spørgsmål?


