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Coevolution between antagonistic species has produced instances of exquisite mimicry. Among brood-

parasitic cuckoos, host defences have driven the evolution of mimetic eggs, but the evolutionary arms

race was believed to be constrained from progressing to the chick stage, with cuckoo nestlings generally

looking unlike host young. However, recent studies on bronze-cuckoos have confounded theoretical

expectations by demonstrating cuckoo nestling rejection by hosts. Coevolutionary theory predicts recipro-

cal selection for visual mimicry of host young by cuckoos, although this has not been demonstrated

previously. Here we show that, in the eyes of hosts, nestlings of three bronze-cuckoo species are striking

visual mimics of the young of their morphologically diverse hosts, providing the first evidence that

coevolution can select for visual mimicry of hosts in cuckoo chicks. Bronze-cuckoos resemble their

own hosts more closely than other host species, but the accuracy of mimicry varies according to the

diversity of hosts they exploit.
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1. INTRODUCTION
Mimicry is a tactic commonly deployed by brood para-

sites to deceive their hosts. For example, social insect

parasites reproduce the hydrocarbon signatures of their

hosts [1,2], cuckoos lay eggs that closely resemble those

of their hosts [3–5] and nestling cuckoos mimic the beg-

ging calls of host young [6–9]. Experimental studies have

demonstrated that mimicry in these cases has evolved in

response to sophisticated recognition systems on the

part of the host [10–12].

Among brood-parasitic cuckoos, the exquisite mimicry

of host eggs is in stark contrast to the general lack of resem-

blance between parasite and host young [13,14]. The

failure of cuckoos to mimic host young has been attributed

to constraints on the evolution of recognition systems in

hosts at the nestling stage [15,16]. However, recent studies

have provided novel evidence of cuckoo chick discrimi-

nation by hosts [11,17–19]. Chick rejection appears to

be particularly prevalent among hosts of the Australian

bronze-cuckoos (Chalcites spp.) [11,18,19]. Here we test

whether the evolution of cuckoo chick discrimination by

hosts of Australian bronze-cuckoos has reciprocally

selected visual mimicry of host young by cuckoos.

The Chalcites bronze-cuckoos are obligate brood para-

sites endemic to Australasia [20–22]. They parasitize

taxonomically distant passerine hosts, primarily belonging

to the Acanthizidae and Maluridae. Soon after hatching,

the Chalcites cuckoo nestling evicts all host offspring from

the nest, thus imposing a high fitness cost upon its hosts.
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Selection therefore favours hosts that resist parasitism in

the first place, by mounting defences against the cuckoo.

However, unlike hosts of the common cuckoo [23],

Chalcites cuckoo hosts lack robust defences at the egg

stage of the breeding cycle [11,24–26], probably owing

to constraints on detection of the mimetic or cryptic

cuckoo eggs [11,27,28], and instead mount their primary

line of resistance at the chick stage [11,18,19,29]. Chalcites

hosts reject the alien chick within a few days of hatching

either by abandoning it [11,29] or by grasping the parasitic

chick and flinging it from the nest [18,19].

In theory, chick rejection by hosts should select recipro-

cal counter-strategies in the cuckoo nestling to evade

detection, just as egg rejection by hosts has driven the evol-

ution of cuckoo eggs that mimic the host clutch [23].

Whether chick rejection actually has selected cuckoo nest-

lings that resemble host young remains unclear, however.

Field experiments have shown that nestlings that look differ-

ent from host young are more likely to be rejected by host

parents [11], but whether this has yielded mimetic cuckoo

chicks is harder to determine. Quantifying the extent of

mimicry is not straightforward because the sensory systems

of the target audience are commonly quite unlike our own

[30–32]. For birds, models of avian visual processing

[33,34] offer a solution to the problem because they effec-

tively enable us to ‘see’ objects as though through a bird’s

eyes and thereby allow us to measure the accuracy of any

potential mimicry [12]. Here we apply these techniques to

quantify the extent of host mimicry in nestlings belonging

to three species of Chalcites cuckoo: Horsfield’s bronze-

cuckoo C. basalis (primarily parasitizes Malurus hosts);

shining bronze-cuckoo C. lucidus plagosus (primarily

parasitizes Acanthiza hosts); and little bronze-cuckoo

C. minutillus (primarily parasitizes Gerygone hosts).
This journal is q 2011 The Royal Society
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We demonstrate that bronze-cuckoo nestlings are striking

visual mimics of their hosts, and that the accuracy of

mimicry varies according to the diversity of hosts they exploit.
2. MATERIAL AND METHODS
(a) Study species and sites

We studied three species of bronze-cuckoos at five sites in

Australia:

— Little bronze-cuckoos were studied at two sites:

C. m. minutillus in Darwin, Northern Territory (Leanyer

Swamp 1308540 E, 128220 S; Casuarina Coastal Reserve

1308520 E, 128210 S; Ludmilla Creek 1308510 E, 128250 S)

in 2005, and C. m. russatus in Cairns, north-eastern Australia

(Cairns Botanic Gardens area 1458440 E, 168550 S) in

2007. The primary host at both sites was the large-

billed gerygone Gerygone magnirostris. Nestlings of the

two cuckoo subspecies were morphologically similar but

differed in one respect: C. m. minutillus sported signifi-

cantly more down on the back (mean+ s.e. ¼ 17.5+
2.3 plumules) than C. m. russatus (mean+ s.e. ¼ 0.4+
0.3 plumules; number of C. m. minutillus (4/4) versus

C. m. russatus (0/7) with greater than 2 plumules on

back, Fisher’s exact test, p ¼ 0.003).

— Shining bronze-cuckoos C. lucidus were studied in Camp-

bell Park, Canberra, south-eastern Australia (149890 E,

358160 S) from 1999 to 2009, where their primary hosts

were yellow-rumped thornbills Acanthiza chrysorrhoa.

Nestling down was either absent or restricted to very

short, fine filaments on the head. Nestlings exhibited

two skin colour morphs: yellow and black [11]. Black

nestlings (n ¼ 4/20 nestlings, probably all offspring of

the same pair) were observed only in 2001, before spec-

tral analyses commenced, and data presented here are

from yellow chicks. The two colour morphs may be

indicative of distinct populations or subspecies of the

shining bronze-cuckoo, which parasitize hosts with dif-

ferent skin colours. Similar subspecific differences in

bronze-cuckoo nestling morphology that match that of

their respective hosts have been documented previously

for two subspecies of the shining bronze-cuckoo (white

natal down, white rictal flange, pink and grey skin in

C. l. lucidus [35,36]; and sparse or no down, yellow

rictal flange, yellow skin in C. l. plagosus, this study and

[37]) and two subspecies of the little bronze-cuckoo

(C. m. minutillus and C. m. barnardi [38]; see §4).

— Horsfield’s bronze-cuckoos, C. basalis, were from two

sites: Campbell Park, Canberra, south-eastern Australia

(149890 E, 358160 S) from 1999 to 2009, where they

parasitized superb fairy-wrens Malurus cyaneus, and

Mornington Wildlife Sanctuary, the Kimberley, western

Australia (126860 E, 178310 S) from 2006 to 2007,

where they parasitized purple-crowned fairy-wrens M.

coronatus. Data collection at Mornington Wildlife Sanctu-

ary differed from that at the other sites (see electronic

supplementary material) so it was not included in visual

modelling analyses. Horsfield’s bronze-cuckoos lacked

nestling down.

(b) Field methods

Nests were located either by following adults during nest-

building or incubation, or, in the case of G. magnirostris, by
Proc. R. Soc. B
searching along creek lines where nests are suspended

above the water. To minimize loss of data owing to high pre-

dation rates, some nests of M. cyaneus and A. chrysorrhoa

were protected with a large, dome-shaped cage throughout

the incubation and nestling period, which excluded large pre-

dators but had sufficiently large mesh to allow access by the

host adults. Small predators could still access nests, but over-

all caging reduced predation rates from 66 to 28 per cent

[11]. Spectral reflectance of nestlings was measured in the

field, a few metres from the nest. A single host or cuckoo

nestling was removed from the nest for approximately

5 mins for measurement and then returned to the nest. In

cool conditions, the nestling was placed on an insulated hot

water bottle or in a woollen sock. One randomly selected

host nestling from each brood was used for measurement.

Measurements were made before the appearance of ‘pin’

feathers on the body (up to 8 days after hatching). Spectral

reflectance (300–700 nm) of the skin of cuckoo and host

nestlings was quantified in the field using an Ocean Optics

(Dunedin, FL, USA) USB2000 spectrometer with illumina-

tion by a PX-2 pulsed xenon lamp and an S2000

spectrometer with illumination by a PX-1 pulsed xenon

lamp. We used a narrow-ended UV-VIS unidirectional reflec-

tance probe, held at a constant 45 degrees to the surface by a

small sleeve with a bevelled edge. We measured the reflec-

tance of the chicks at four points on the back (front left,

front right, rear left, rear right) and four points on the

flange (two left, two right). Measurements were recorded at

2 nm intervals from 300 to 700 nm, expressed relative to a

Spectralon 99 per cent white reflectance standard (Lab-

sphere, Congleton, UK). Nest irradiance (‘ambient’ light)

spectra were calculated using a cosine-corrected spec-

trometer (integration time 5000) and a 600 � 2 optical

fibre, from measurements taken between 09.30 and 16.30.

(c) Calculations of volume in tetrahedral colour space

To calculate the level of colour variation among and within

the cuckoos and hosts, we analysed the total volume of

avian colour space that they occupied; a larger volume

equates to greater variation as individuals with more differing

appearances are more separated in colour space. We first

calculated the predicted photon catches for the four avian

single cones, using the reflectance and irradiance spectra

and the spectral sensitivity of an avian visual system (see

below), followed by transforming the four standardized

single cone catches into three (X, Y, Z) coordinates in tetra-

hedral colour space [33]. We then calculated a minimum

convex polygon containing all points corresponding to the

chick back colours [39]. We used this data to calculate the

volume occupied by the three cuckoo species and by each

cuckoo–host pair. However, comparison of the volume occu-

pied by the three cuckoo species versus each cuckoo–host

pair could be influenced by the unequal sample sizes for

the three host species (greater sample sizes may have larger

volumes). Therefore, we randomly re-sampled the data for

the three cuckoo species to a sample size equal to each

cuckoo–host pair. This was repeated 500 times for each

comparison with the three sets of cuckoo–host pairs, and

the average volume occupied by the three cuckoo species

was then calculated and used for comparison with the

cuckoo–host pair. In addition to the above calculations, we

also checked the robustness of the above approach with an

additional measure of colour variation. This comprised, for

a given dataset (i.e. all cuckoos combined, or specific

http://rspb.royalsocietypublishing.org/
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cuckoo–host pairs), calculating the Euclidean distance in

tetrahedral colour space between each chick colour and

every other chick colour, followed by taking the overall

mean. This calculates the average difference in bird colour

space between individuals in a given sample. Although the

results were less marked, this analysis confirmed the findings

of the volume analysis, with the average distance between all

cuckoos larger than the average distance for any cuckoo–host

pair: all cuckoos combined occupied 67, 22 and 9 per cent

more colour space than that occupied by the cuckoo–host

pairs for shining, Horfield’s and little bronze-cuckoos

respectively.

(d) Visual modelling

We used a log form of a model of avian visual processing,

based on evidence that noise arising in the photoreceptors

limits the discrimination ability of the observer [34,40] (see

electronic supplementary material for detailed methods).

The model predicts when an observer, such as a bird,

should be able to discriminate between two objects based

on colour (chromatic variation) [34] or luminance (‘per-

ceived lightness’) [41]. The model produces an output in

terms of just noticeable differences (‘jnds’). In high light

levels, a jnd of less than 1.00 means the observer is unable

to discriminate between two objects; values between 1.00

and 3.00 mean two objects are hard to discriminate except

under good viewing conditions; and values above this

should be discriminable. However, these thresholds are rel-

evant to high light level models, and when modelling dark

conditions the values vary in relation to a parameter that esti-

mates noise at low light levels (set at a flux of 103 photons per

integration time here, as in [28]). Thus, absolute jnd values

are not precise, but they are standardized units of discrimi-

nation relative to one another. The key factor for this study

is that increasing jnd values indicate that two objects (chick

signals) are less similar (poorer mimicry).

(e) Statistical methods

We used a generalized linear model (GLM) with a binomial

distribution and logit link function to test whether the inci-

dence of nestling down (present or absent) in cuckoos and

their hosts was best explained by (i) host species or (ii)

whether the individual was a cuckoo or a host. For analyses

of colour and luminance reported in the text we used

Vorobyev–Osorio contrasts generated using the blue tit

visual system and a ‘d65’ daylight illuminant (a standard day-

light irradiance spectrum). Shapiro–Wilk W-tests were

performed on the distribution of the residuals to check

assumptions of normality, and data were log-transformed

or non-parametric tests were used if necessary. We used

matching model analyses to determine the extent to which

each bronze-cuckoo species resembled their own hosts

versus host young with other skin colours. First, we com-

pared each individual cuckoo nestling in the analysis with

all the host young of a given species to calculate a mean

jnd, unique to each cuckoo chick. These means were the

unit of analysis in the statistics. The factor was host species

(large-billed gerygone, superb fairy-wren, yellow-rumped

thornbill), and the mean contrasts between an individual

cuckoo chick and each of the three species of host chicks

were matched. After finding a significant effect of host

species in each analysis, we investigated which levels pro-

duced higher or lower responses using Tukey HSD

multiple comparisons of the least square means predicted
Proc. R. Soc. B
by the model. In one analysis (skin colour of little

bronze-cuckoo) the data were not normally distributed, so

a non-parametric Wilcoxon test was used. Analyses were

conducted using JMP v. 6.0 (SAS Institute Inc., Cary,

NC, USA).
(f) Statistical analyses using contrasts generated by

the peafowl visual system

We repeated all the statistical analyses of colour and lumi-

nance reported in the text using the contrast values

generated by the peafowl visual system rather than the blue

tit visual system to account for differences that may exist

between different types of avian visual system [32]. The

results are qualitatively identical to those obtained using

the blue tit visual system for all analyses (see electronic

supplementary material).
3. RESULTS
Despite their close relatedness [21], Chalcites cuckoo

nestlings varied substantially between species in their

appearance, and bore a striking resemblance to the

young of their respective hosts (figures 1 and 2). Focusing

first on nestling down feathers, we found that they were

absent in Horsfield’s bronze-cuckoos, vestigial in shining

bronze-cuckoos and comprised plumules of multiple

non-interlocking white barbs in little bronze-cuckoos.

The presence of down in cuckoo nestlings was explained

statistically by host species (GLM, x2
2 ¼ 77:42, p ,

0.0001), indicating that cuckoo species were more similar

to their hosts in this regard than they were to their conge-

ners. The multi-barbed ‘fluffy’ down exhibited by little

bronze-cuckoos is of particular interest, because although

typical of nestling passerines, it is apparently unique

among cuckoos [42].

Skin colour ranged from uniform black in little bronze-

cuckoos to two-tone pink and grey in Horsfield’s

bronze-cuckoos and yellow in shining bronze-cuckoos.

To measure the variation in skin colour between species,

we modelled the predicted photon catches of an avian

visual system using reflectance spectra of the nestling

skin colour (see §2), and then plotted these values in

avian tetrahedral colour space [33]. We then analysed

the total volume encompassed in colour space [39] by

the different cuckoos and hosts, representing the range

of variation in avian-perceived colours (figure 3). Vari-

ation in nestling skin colour was greater among cuckoo

species than within each cuckoo–host species pair; the

volume occupied in avian colour space by all cuckoo

species combined was 1.4 times greater than the volume

occupied by the Horsfield’s bronze-cuckoo and superb

fairy-wren, 4.2 times greater than that occupied by the

shining bronze-cuckoo and yellow-rumped thornbill,

and 2.3 times greater than the volume occupied by the

little bronze cuckoo and large-billed gerygone (control-

ling for differences in sample size; see §2 and figure 3).

The relatively greater similarity between cuckoos and

their hosts than between the closely related cuckoos

allows us to discount the possibility that cuckoos resemble

their hosts by chance or due to common ancestry, and

provides strong evidence that nestling Chalcites cuckoo

appearance has diversified under selection from hosts,

unconstrained by phylogenetic history.

http://rspb.royalsocietypublishing.org/
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Figure 1. Representative photographs and mean+ s.e. reflectance of the skin of nestling bronze-cuckoos (blue lines) and their
hosts (pink lines). (a) Little bronze-cuckoo (n ¼ 10) and large-billed gerygone (n ¼ 12). (b) Shining bronze-cuckoo (n ¼ 8) and
yellow-rumped thornbill (n ¼ 5). (c) Horsfield’s bronze-cuckoo (n ¼ 11; photo illustrates a pale individual) and
superb fairy-wren (n ¼ 17). (d) We also include a second host of Horsfield’s bronze-cuckoo (n ¼ 4; photo illustrates a dark

individual), the purple-crowned fairy-wren M. coronatus (n ¼ 8), to illustrate some of the variation in nestling colour among
malurid hosts.

4 N. E. Langmore et al. Visual mimicry of host chicks by cuckoos

 on May 19, 2011rspb.royalsocietypublishing.orgDownloaded from 
We also tested whether each cuckoo species was a

better mimic of its own hosts than the other host species

in the analysis. The perception of mimicry depends very

much on the eye of the beholder [31,43], so we used

avian visual modelling [33,34] to compare the appearance

of cuckoo and host young as though through the eyes of

a host species.

The little bronze-cuckoo, a specialist parasite of dark-

skinned gerygone hosts [20], was an almost perfect

match of its host in skin colour and luminance, and signifi-

cantly different from the other host young in the analysis

(figure 4a,b). The shining bronze-cuckoo shows intermedi-

ate host specificity, specializing on thornbill (Acanthiza

spp.) hosts, but also secondarily exploiting fairy-wrens

(M. cyaneus and M. splendens [20]). Shining bronze-cuck-

oos were significantly more similar to both thornbill and

fairy-wren hosts than to gergyone hosts in skin colour,

and to thornbill hosts than gergyone hosts in skin lumi-

nance (figure 4d,e). Horsfield’s bronze-cuckoo is the least

host-specific bronze-cuckoo. It specializes on fairy-wrens

throughout its range, but secondarily exploits a range of

other hosts including thornbills, robins (Petroica spp.),

heathwrens (Hylacola sp.) and chats (Epthianura spp.

[20]). Nestling skin colour varies among these hosts,

including pink or grey in the malurids (figure 1c,d), and
Proc. R. Soc. B
dark grey (e.g. flame robin Petroica phoenicea) and black

(e.g. shy heathwren Hylacola cauta) in secondary hosts

[44]. Horsfield’s bronze-cuckoos’ skin colour and

luminance bore a similar degree of resemblance to pale-

skinned fairy-wren and thornbill chicks and dark-skinned

gerygone chicks, although they were slightly more similar

to thornbills than to gerygones in colour (figure 4g).

Horsfield’s bronze-cuckoos probably achieve this ‘jack-of-

all-trades’ visual mimicry by employing a two-tone skin

colour of pink and grey (figure 1c,d), enabling them to

look similar to both pale- (e.g. figure 1c) and dark-skinned

(e.g. figure 1d) host young.

The rictal flange colour of nestling bronze-cuckoos was

more similar to their primary hosts than to non-hosts

for all three cuckoo species (figure 4c,f,i). In this trait,

Horsfield’s bronze-cuckoos did not employ a ‘jack-of-

all-trades’ strategy, but showed significantly more

accurate mimicry of their primary hosts than other host

species. There was no significant effect of host species

on flange luminance for any cuckoo species.
4. DISCUSSION
Recent studies have revealed a new stage in the coevolu-

tionary arms race between cuckoos and their hosts:

http://rspb.royalsocietypublishing.org/
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rejection of cuckoo nestlings by hosts [11,17–19]. Here

we present evidence of a reciprocal adaptation in cuckoos:

visual mimicry of host young by cuckoo nestlings. Nest-

lings of the three bronze-cuckoo species were striking

visual mimics of the offspring of their hosts (figures 1

and 2), and more similar to their own hosts than to the

other host species in the study (figures 3 and 4). Visual

mimicry of host young has not been previously demon-

strated in a cuckoo species that evicts the host young

[13,45]. Some brood-parasitic nestlings that are reared

alongside the host young are, to human eyes, similar in

their appearance (eg. Vidua finches, screaming cowbirds

Molothrus rufoaxillaris) [13,14,45]. However, it is unclear

whether this similarity has evolved through coevolution in

response to discrimination by hosts, or to exploit the pre-

existing parent–offspring communication systems in

order to facilitate competition with host young for food

[14,45–47]. By contrast, coevolution between Chalcites

cuckoos and their hosts almost certainly has selected for

mimicry of host nestlings by cuckoos because experimen-

tal studies show that (i) hosts of Chalcites cuckoos can

reject parasite nestlings [11,18,19]; (ii) chick rejection is

a specific response to brood-parasitism, such that hosts

show flexibility in their responses to nestlings depending

on the risk of parasitism [29]; and (iii) non-mimetic nest-

lings suffer a survival cost [11]. Thus, our results provide

novel evidence of a further escalation in the coevolution-

ary arms race between cuckoos and their hosts: the

evolution of visual mimicry of host nestlings by cuckoos

in response to rejection by hosts.

Together with two other recent studies [6,48], this

study counters theoretical arguments that in both avian
Proc. R. Soc. B
and insect brood-parasitic systems coevolution will not

extend beyond the egg stage [16,49]. To date, the only

other suggestion that rejection by hosts has selected for

mimetic parasitic offspring in any brood-parasitic system

comes from recent work on an insect social parasite.

Here, female pupae of brood-parasitic slave-making ants

Protomognathus americanus suffer high rates of rejection

by their Temnothorax hosts, but male parasitic offspring

usually avoid rejection, perhaps owing to visual and

chemical mimicry of host young [48,50]. Furthermore,

our evidence of visually mimetic cuckoo nestlings pro-

vides the final piece of evidence that visual mimicry is a

tactic that has evolved in cuckoos in response to host

defences at every stage of parasitism; cuckoos have

evolved visual mimicry of avian predators in response to

mobbing by hosts [51,52], egg mimicry in response to

egg rejection by hosts [3–5] and chick mimicry in

response to chick rejection by hosts (this study).

The strategy for mimicry differed between the three

species according to the diversity of hosts they exploit.

The specialist little bronze-cuckoo exhibited highly accu-

rate visual mimicry of its gerygone hosts, including

expression of a derived trait; multi-barbed white down

that closely matches the down of its host, but is unique

among cuckoos [53]. The shining bronze-cuckoo, which

specializes on pale-skinned Acanthiza and Malurus hosts,

occupied the area of overlap in avian colour space between

its primary and secondary hosts (figure 3). The more gen-

eralist Horsfield’s bronze-cuckoo employed two-tone

pink–grey coloration that facilitated mimicry of a diversity

of nestling skin colours. Similarly, common cuckoo host

races lay eggs that mimic their respective hosts, but use

http://rspb.royalsocietypublishing.org/
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more ‘average’ markings than their hosts, probably to

facilitate the use of secondary hosts [5].

Our previous study revealed higher rates of rejection of

shining bronze-cuckoo chicks than Horsfield’s bronze-

cuckoo chicks by superb fairy-wren hosts [11]. However,

our results here reveal that the two cuckoo species are

equally similar to superb fairy-wren chicks in skin

colour (figure 4d,g). Additional cues used by superb

fairy-wrens to discriminate shining bronze-cuckoos may

include rictal flange colour, which does not resemble

that of fairy-wrens (figure 4f,i ), and nestling begging

calls [6,11].

As well as resembling host young visually, bronze-

cuckoo chicks are vocal mimics of host nestlings

([6,8,11]; N. E. Langmore 2010, unpublished data).

Cross-fostering experiments reveal that the generalist

Horsfield’s bronze-cuckoo can facultatively adjust the

structure of its begging call during the nestling period to

match the notes produced by both Malurus and Acanthiza

host young [6]. By contrast, the begging calls of the special-

ist shining bronze-cuckoo do not appear to vary according

to the host that rears it [8]. The Horsfield’s bronze-cuck-

oo’s capacity for facultative vocal nestling mimicry,

combined with its average mimicry of host nestling skin

colour, facilitates exploitation of diverse hosts, without seg-

regating into host-specific genetic races [6]. By contrast,
Proc. R. Soc. B
where mimicry is highly accurate, as in the case of the

little bronze-cuckoo and the shining bronze-cuckoo,

annexation of new hosts could lead to diversifying selec-

tion, in which mimics diverge in appearance to resemble

different models [54]. For example, although the offspring

of the gerygone hosts of the little bronze-cuckoo typically

display dark skin and white down as described in this

study, in one host species (G. albogularis) offspring display

pink skin and yellow down [38]. Remarkably, the subspe-

cies of little bronze-cuckoo (C. m. barnardi ) that

parasitizes G. albogularis also produces offspring with

pink skin and yellow down [38]. Selection by hosts for

mimetic cuckoo nestlings could reinforce reproductive iso-

lation among cuckoo populations that exploit different

host species. This could explain why Horsfield’s bronze-

cuckoos are monotypic, whereas shining bronze-cuckoos

comprise four subspecies and there are 10 or more subspe-

cies of little bronze-cuckoo [42]. Furthermore, if cuckoo

chick rejection by hosts proves to be more common than

is currently thought, it might also explain the recent evi-

dence that species richness is higher in parasitic cuckoos

than non-parasitic cuckoos [55].

In general, our results challenge the classical view that

evictor cuckoo nestlings are unlikely to be rejected by

hosts and so are unlikely to coevolve visual mimicry of

host young [13,16] because recognizing cuckoo chicks is

http://rspb.royalsocietypublishing.org/
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Figure 4. The disparity (mean+ s.e.) between bronze-cuckoos and their own hosts versus other hosts in (a,d,g) skin colour,

(b,e,h) skin luminance and (c,f,i) rictal flange colour. (a–c) Little bronze-cuckoo; (d– f ) shining bronze-cuckoo; (g– i) Hors-
field’s bronze-cuckoo. SFW, superb fairy-wren; YRT, yellow-rumped thornbill; LBG, large-billed gerygone. The arrow
indicates the primary host in each graph. The asterisks indicate Tukey HSD significance levels (p , 0.05) with the bars
below indicating the two species being compared. JND ¼ just noticeable difference; a smaller JND indicates better mimicry
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visual system. Sample sizes are given in figures 1 and 2.
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too cognitively challenging for hosts [13,16]. In our view,

the best explanation for the rarity of evictor cuckoo chick

rejection and cuckoo chick mimicry centres on the success

of other lines of host defence [13,14]. This has been

termed ‘strategy blocking’ [56] and refers to the diminish-

ing returns of later lines of defence if an earlier defence is

successful. Unlike many other cuckoo hosts, Chalcites hosts

do not reject cuckoo eggs [11,26], perhaps because these

parasitic eggs are too cryptic [28] or mimetic [25] to

detect. Consequently, their only remaining line of defence

is to reject parasitic nestlings, which in turn drives the

evolution of visually mimetic cuckoo nestlings.

Data were collected under the approval of the Australian
National University Animal Experimentation Ethics
Committee (Protocol Numbers F.BTZ.99.99 and
F.BTZ.61.03), the Queensland Parks and Wildlife Service
(permit numbers WITK04582707, WISP04740407), the
Parks and Wildlife Commission of the Northern Territory
(Permit number 26849), Environment ACT (Licence
number LT2006229, LT2007266), the Australian Bird and
Bat Banding Scheme, the Department of Conservation and
Land Management, and the Australian Wildlife
Conservancy.
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