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General framework:
Biological arms-race

Host Parasite
laying aggression cryptic & fast behaviour

incubation egg rejection egg mimicry

nestlings chick rejection chick mimicry



Dawkins & Krebs 1979: Proc. R. Soc.

General framework:
Biological arms-race

adaptations & counter-adaptations

MimiMimiccryry



Ecological races

Davies & Brooke 1989: J. Anim. Ecol. 

chemical mimicry

perceptual mimicry

high performance liquid chromatography

biliverdin, protoporphyrin

conservative across species

flexible within species

What is the mechanism of mimicry?

Igic et al. 2012: Proc. R. Soc. 



mimetic

non-mimetic

Mimicry is only in the eye of the beholder

Cassey et al. 2008: Biol. Lett.

visual modelling

relevant observer - is never a human!

Integrative approach across all breeding stages:
EU thrushes (Turdus spp.)



Soler et al. Oecologia 1999; Honza et al. J. Ethol. 2004

Absence/rarity of parasitism: 
alternative explanations

Host unsuitability Cause Coevolution
Primary Life-history traits No
Secondary Anti-parasite defences Yes

mean masks species-specific 
differences

reification fallacy!

abstraction ≠ real thing

exploratory comparison

range vs. particular species

Life-history vs. co-evolutionary traits: 
common hosts vs. thrushes

Mann-Whitney P = 0.002

Welch t-test P = 0.0003

Grim et al. J. Anim. Ecol. 2011



Davies 2000: Cuckoos, cowbirds and other cheats. TA&D Poyser, London.

Experiments: sympatry vs. allopatry

Host Parasite
laying aggression cryptic & fast behaviour

incubation egg rejection egg mimicry

nestlings chick rejection chick mimicry

replicates 

spatial: 12 populations

temporal: 1986-2009

taxonomic: 4 Turdus spp.

1016 nests

1211 experiments

generalized lin. mix. models

Bolker et al. Trends Ecol. Evol. 2009

Material & data analyses
Meta-replication: space, time, phylogeny



low aggression and/or 

cuckoo ≤ crow

sympatry ~ allopatry

thrushes < common hosts

1. line of defence:
Are thrushes too aggressive?

Grim et al. J. Anim. Ecol. 2011

rejection frequency ~50%

sympatry ~ allopatry

thrushes ≤ common hosts

rejection latency ~2-3 days

sympatry ~ allopatry

thrushes ≥ common hosts

2. line of defence: 
Do thrushes reject alien eggs too often/fast?

Grim et al. J. Anim. Ecol. 2011



Grim Behav. Ecol. Sociobiol. 2006

3. line of defence: 
Nestling stage

unsuitable diet?

defence ~ collateral damage

Grim et al. Behav. Ecol. 2009

Nest size, egg size and eviction success

; Grim et al. J. Anim. Ecol. 2011

no effect of egg size per se

strong effect of nest cup steepness (not nest size)

nest architecture constraint

forced competition with host chicks



Grim & Honza Biologia 2001 vs. Grim et al. J. Anim. Ecol. 2011

Poor sample ≠ erroneous but unsure conclusions!

n Effect 
size (%)

Blackbird 6 66.7
Song thrush 12 58.3

n Effect 
size (%)

Blackbird 208 65.7
Song thrush 84 54.2

Taborsky Ethology 2010

Sample size: 
To maximize or to optimize?



Moksnes et al. 1991; Kleven et al. 1999

Previous studies – traditional errors

large body size

large egg size

large chick size

diet composition

generalgeneral life-history traits

a „thrush“ = logical error ...

... reificationreification

species specificspecific explanations

„thrushes“ are primarily unsuitable hosts

Ø = 4.6 vs. 6.3

categories – suitable/unsuitable

continuous (un)suitability

preference for better hosts 

Kleven et al. Behav. Ecol. Sociobiol. 1999; De Mársico & Reboreda Proc. R. Soc. 2008

Adaptive host selection



= typical = typical characteristics characteristics of of 
(behav.) (behav.) ecolecol. . studies!studies!

taxonomical replicatestaxonomical replicates

spatial replicatesspatial replicates

allall ontog. parasite stages

multiplemultiple hypotheses

testing interactions

comparisons andand experiments

species specificspecific explanations

Grim et al. J. Anim. Ecol. 2011

Traditional approach     vs.     the "thrush study"

singlesingle model species

singlesingle study population

singlesingle ontog. parasite stage

singlesingle hypothesis

ignoring interactions

comparisons oror experiments

generalgeneral explanations

Johnson 2006 USGS Paper 34

Traditional approach     vs.     the "thrush study" 



interspecific parasitism (IP)

conspecific parasitism (CP)

IP + CP

ghost of evolutionary past

Samaš et al. (MS)

But why unsuitable hosts reject parasitism?!

xxx

Can we know the length of allopatry with
parasites?

Allopatry

Sympatry



Predictions

Samaš et al. (MS)

CP
(thrushes)

IP 
(cuckoo)

Rejection of CP + –

Ejection costs/errors + –

Rejection frequency S ≤ A S > A

Latency to rejection S ≥ A S < A

Predictions

Samaš et al. (MS)



Song thrushes and blackbirds reject 
up to 50% conspecific eggs!
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Samaš et al. (MS)

Results

Nest desertion (~20%) is not a 
response to parasitism

CP
(thrushes)

IP 
(cuckoo)

Rejection of CP +

Ejection costs/errors +

Rejection frequency S = A

Latency to rejection S = A

Samaš et al. (MS)



Results

Nest desertion (~10%) is not a 
response to parasitism

CP
(thrushes)

IP 
(cuckoo)

Rejection of CP +

Ejection costs/errors +

Rejection frequency S = A

Latency to rejection S = A

Samaš et al. (MS)

Grim (in prep.)

Does it all make sense?

Host Cuckoo Energetic cost of rearing
(unit: 1 consp. chick)

Reed warbler Alone 6.45

Song thrush Alone 2.11

Cohabiting 0.15

Blackbird Alone 0.06

In thrushes CP is moremore costly than IP!!!



... + Chamberlin Science 1890

Lessons (we know them ... but forget too often:-)

pseudoreplication

metareplication ...

... space, time, phylogeny etc.

sample size (benefits/costs)

controls

"multiple hypotheses"

Thanks
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