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Summary. Many passerine birds with open cup-shaped 
nests lay blue or blue-green eggs. In thrushes, blue eggs 
may be cryptic and provide camouflage by imitating 
spots of light on green leaves. Alternatively, egg colora- 
tion may be selectively neutral because nest predators 
detect nests and not eggs, or it may be maladaptive be- 
cause organisms are not always well adapted to their 
present environment. I evaluated these hypotheses by 
studying predation on artificial song thrush (Turdus phi- 
lomelos) nests with quail eggs, painted either white, blue, 
or spotted (cryptic to a human eye). Corvids were the 
major nest predators. For concealed as well as exposed 
nests, I found no differences in the predation rates of 
nests with white, blue, or spotted eggs. Predators appar- 
ently detected the nests, and not the eggs, first. In a 
second experiment, I placed egg groups without nests 
in trees to study the effect of color per se. The predation 
rate of the spotted egg groups was significantly lower 
than that of the white and blue egg groups, for concealed 
as well as exposed egg groups. These results suggest that 
blue eggs in the song thrush are not cryptic but may 
be selectively neutral or even maladaptive with regard 
to nest predation. 

Introduction 

Scientists have paid little attention to the coloration of 
bird eggs. One reason for this is that the adaptive signifi- 
cance is usually taken for granted; eggs are often eaten 
by predators, and it is generally believed that the basic 
color and markings on bird eggs provide camouflage 
and reduce nest predation (e.g., Harrison 1985; O'Con- 
nor 1985). 

Even if this may often be true (Tinbergen et al. 1962; 
Montevecchi 1976), the great variation in egg coloration 
remains to be explained. Closely related bird species may 
have pure white, brown, or blue eggs, or spotted versions 
of such eggs (Harrison 1985). Lack (1958, 1968) studied 

the passerine subfamily Turdinae (the thrushes) and 
found some correlations between nest site and egg color- 
ation. For example, species nesting in deep holes tend 
to have immaculate white eggs, and those nesting on 
the ground, amid herbage, or on ledges, obscured brown, 
gray, or olive eggs. Blue or blue-green eggs are common 
in passerines, especially in the Turdinae. Lack tentatively 
suggested that blue eggs are cryptic, being "adapted for 
concealment from predators in extremely well screened 
or dark nests." He cautioned, however, that "the preva- 
lence of blue on passerine eggs remains the biggest puz- 
zle." 

Recently, Oniki (1985) studied egg coloration in 
Amazonian birds and found that blue eggs are associat- 
ed with "thick, dark cup nests in dappled sunlight." 
The nests were mainly placed in "isolated bushes in 
sunny areas." Oniki suggested that blue pigmentation 
is "a  protective coloration in situations of contrasting 
light on green foliage." The eggs "may be imitating 
spots of light on green leaves against a dark back- 
ground." 

Nest predation is the main cause of reproductive fail- 
ure for a wide range of bird species; predators often 
destroy 50% or more of the nests (Ricklefs 1969). The 
risk of predation is often greater during the egg stage 
than during the chick stage (e.g., Mason 1985; Redondo 
and Carranza 1989, and references therein). Therefore, 
adaptations that reduce predation risk are expected, 
especially during the egg stage. In species with cup- 
shaped nests, in which eggs are exposed during laying 
and at times during incubation, correlations between egg 
color and nest sites may reflect alternative forms of cryp- 
sis in eggs. However, some authors have challenged 
Lack's and Oniki's adaptive interpretation. Skutch 
(1976) thought that "eggs in open nests in trees and 
bushes are, on the whole, protectively colored only to 
a minor degree." He believed that " i f  close assimilation 
to nest lining substantially improved their chances of 
escaping detection by predators, such eggs would match 
the lining much more often than they do." Skutch also 
noted that predators usually detect the nest and not the 
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eggs first; hence, it may be more important that the 
conspicuous nest rather than the eggs are concealed. 

One may raise other objections against Lack's and 
Oniki's studies. They both used species as units in the 
analyses, but because these differ in degree of  relatedness 
they cannot be considered independent statistical units 
(Harvey and Pagel 1991). The statistical correlations re- 
ported by Oniki therefore may be invalid. Progress in 
the study of  egg coloration seems to require a combina- 
tion of refined comparative and experimental work. 

In this study, I attempted to evaluate three alternative 
hypotheses related to predation and the evolution of  
blue eggs in the song thrush, Turdus philomelos. First, 
I considered Lack's and Oniki's idea, here called the 
adaptive hypothesis. Second, I considered the possibility 
that eggshell pigmentation is a neutral trait with regard 
to predation, i.e., that egg coloration does not influence 
the probability of nest predation (the neutral hypothesis). 
This may be the case in many passerines which, like 
the song thrush, place their nests in trees and bushes 
where predators are likely to detect the nest before de- 
tecting the eggs. The hypothesis is certainly relevant to 
roofed or hidden nests, but also to the open nests of  
thrushes, given their size (see Moller 1990 for the evalua- 
tion of  nest size and predation risk) and the limited angle 
from which the eggs are visible relative to that of the 
nest. Third, blue eggs may be maladaptive with regard 
to predation, i.e., they may be less concealed from preda- 
tors than the ideal cryptic eggs would have been (the 
maladaptive hypothesis). To a human eye, the blue eggs 
of  passerines appear conspicuous in the nest. Indeed, 
organisms may sometimes exhibit traits that are not op- 
timal in their present environment (Gould and Lewontin 
1979). 

I evaluated the hypotheses by exposing nests with 
eggs of  different coloration to predators. Ideally, real 
nests and eggs of the song trush should be used, but 
this was impossible as I needed large samples and control 
of environmental factors. I therefore used artificial nests 
and quail (Coturnix coturnix) eggs to study predation, 
a method employed in many earlier studies (see Reitsma 
et al. 1990). 

I compared "survival"  of the following three egg 
types: (1) white eggs, that may be less costly to produce 
than pigmented or colored eggs; (2) blue eggs, similar 
to real eggs of  the song thrush; (3) dark-spotted eggs 
that to a human eye appear cryptic in nests of  the song 
thrush. The predators were birds (see below) which gen- 
erally are believed to have good color vision (see Palacios 
et al. 1990; Waldvogel 1990). 

Two experiments were conducted. In experiment A, 
I tested the following predictions: (1) The risk of  preda- 
tion should be lower for nests with blue eggs than for 
nests with white or dark-spotted eggs (the adaptive hy- 
pothesis); (2) the risk of  predation should not differ sig- 
nificantly among nests with white, blue, or dark-spotted 
eggs (the neutral hypothesis); (3) the risk of  predation 
should be higher for nests with white and blue eggs than 
for nests with dark-spotted eggs, if predators perceive 
these colours in the same way as humans (the maladap- 
tive hypothesis). I guessed prediction 2 would be con- 

firmed in experiment A, because I believed that preda- 
tors detect nests rather than eggs first. In order to study 
the significance of egg color per se I also exposed eggs 
without nests, placed in trees in the same way as nests 
(experiment B). Such eggs are called 'egg groups '  below. 
The predictions of  experiment B were identical to those 
of experiment A. 

Materials and methods 

The song thrush breeds in the upper and middle latitudes of the 
western and central Palearctic, mainly in the northern coniferous 
zone. It nests in a variety of habitat types with trees, bushes, and 
some open spaces (Simms 1978; Cramp 1988). It mainly forages 
on the ground but places its nest in trees, usually in a young spruce, 
Picea abies (Siivonen 1939; Bochenski 1968; Dyrcz 1969; von 
Haartman 1969; Simms 1978). Nests are placed fairly low, on aver- 
age 1.5-2.5 m above the ground (Siivonen 1939; Bochenski 1968; 
yon Haartman 1969). Between 60% and 88% of the nests are 
destroyed, mainly by predators; failures are generally more com- 
mon during the egg than during the chick stage (Siivonen 1939; 
Silva 1949; Snow 1955b; Dyrcz 1969). 

The experimental quail eggs were slightly larger than those of 
the song thrush: their average length and breadth was 30.5 (SD = 
1.4) and 24.8 mm (SD=I0; n=30) compared with 27.1 and 20.4 
ram, respectively, in the song thrush (Sch6nwetter 1979). To com- 
pensate for this slight difference, I used four quail eggs in each 
artificial nest (mean clutch size in the song thrush is 4.7-4.8 eggs; 
Snow 1955a; yon Haartman 1969). The quail eggs were painted 
with an outdoor paint (Stugffirg; Alcro, Stockholm), water-soluble 
in liquid form and considered nontoxic. To obtain the right blue- 
green color, comparisons were made with fresh song thrush eggs 
in April 1990. In museum collections and on photographs in books, 
song thrush eggs are light blue (Harrison 1985) or greyish blue 
(Cramp 1988), probably because these eggs lack their contents (cf. 
Harrison 1985, p 35). I used a blue-green color denoted 25B6 in 
Kornerup and Wanscher (1967), corresponding to a Munsell refer- 
ence of 7BG 6/4. 

Real song thrush eggs have some small, sparse spots. Similar 
spots were painted on the blue quail eggs. According to Harrison 
(1985) and Cramp (1988), there is great variation in the size and 
number of spots, but this did not apply to the study area. A collec- 
tion of 38 clutches at G6teborg's Natural History Museum and 
about 20 clutches examined in the field in 1990 showed little varia- 
tion in spotting pattern; eggs resembled the egg in plate 5 in 
Sch6nwetter (1979). The dark-spotted eggs were modified quail 
eggs. These are often considered cryptic (e.g., Nilsson et al. 1985), 
with dark spots or blotches on a beige background (plate 34, Harr- 
ison 1985). My quail eggs varied in appearance; some were heavily 
spotted, others lacked markings. I therefore painted them all with 
dark brown spots of various sizes, placed as randomly as possible 
on the shell. 

Siivonen (1939) and Bochenski (1968) examined nests and nest 
sites of the song trush in detail. I used their descriptions to make 
artificial nests. In addition, I studied 10 newly built nests in late 
April 1990. In Bochenski's study, the average inner diameter of 
the cup, outer diameter (protruding twigs disregarded), depth of 
cup, and height of nests were 9, 15, 6.5, and 11 cm, respectively; 
these values applied (approximately) to the artificial nests as well. 
As an outer cup, I used chicken wire (mesh diameter ~22 mm), 
painted dark to reduce glare. It was filled with a mixture of thin, 
dry spruce twigs (main component), dry leaves, dry grass, and 
fresh mosses and lichens, materials that occur in natural nests (Sii- 
vonen 1939; Bochenski 1968; pers. obs.). The song thrush builds 
an inner smooth cup (not lined with vegetation or feathers) of 
rotten wood that probably is mixed with saliva. This cup is yellow- 
ish-gray or light gray. To make inner nest cups of a similar color, 
I used ground rotten wood from birch and conifers, mixed with 
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Table 1. Number and concealment category of artificial nests set 
out in experiment A; the same numbers apply to experiment B, 
in which egg groups instead of nests with eggs were placed out. 
Nests of categories 1-2 were called "exposed,"  those of 3-5 "con- 
cealed" 

Egg color Concealment category Total no. 
of nests 

Exposed Concealed nests 
nests 

l 2 3 4 5 

Blue 15 15 10 15 5 60 
White 15 15 10 15 5 60 
Dark-spotted 15 15 10 15 5 60 

Totals 45 45 30 45 15 180 

water and wheat flour. From this "dough" ,  I formed inner nest 
cups. 

I placed 304 nests/egg groups in spruce, 34 in pine (Pinus sylves- 
tris), and 22 in juniper (Juniperus communis). Nests were placed 
between branches next to the stem (the most common site; Bo- 
chenski 1968) and attached with thin strings (I placed a few nests 
on the outer branches of larger spruces; see Bochenski 1968). The 
height of artificial nests or egg groups varied, but most were placed 
1.4-1.8 m above ground level (range: 0.5-2.3 m). Nest height varied 
because selected trees differed in height, but categories of nests 
and egg groups did not differ in average height. For experiment 
B (egg groups), I used super glue to attach a very thin, 5-6 cm 
long wire to each egg. Eggs were tied to branches in trees but 
could be removed by predators, leaving the wire on the site. The 
four eggs were tied next to each other, but sometimes 2-3 cm apart. 
Eggs were placed in trees in the same way as the nests in experiment 
A. 

Experiments were conducted in an area of 125 km 2 some 10- 
50 km east of G6teborg, Sweden, 2 May 22 June 1990. Active 
song thrush nests are most common in May, but renests and second 
broods occur in June and July. The area consists of a mixture 
of forest (mainly coniferous), farmland, and developed land, but 
I and my assistant only set out nests/egg groups in forest along 
smaller roads. Predation rate on songbird nests is generaliy posi- 
tively correlated with nest density (e.g., G6ransson et al. 1975; 
Nilsson et al. 1985); we kept >200 m between nests/egg groups 
to minimize predation. This ensured that we had time to detect 
any differences and meant that we simulated the approximate natu- 
ral density of Turdus nests. 

The colors of eggs change with the light intensity and hence 
with degree of nest concealment. Concealment of real nests varies, 
and I evaluated this factor by using five concealment categories 
for artificial nests, as judged by the human eye. Categories 1 and 
2 are referred to as 'exposed'  nests or egg groups (n=90 in each 
experiment; Table 1); categories 3-5 are called 'concealed' nests 
or egg groups (n=90 in each experiment; Table 1). In category 
1, there was no vegetation above or just beside the nest, which 
was placed high up in small conifers where the top was cut off 
or broken. Category 2 nests had a few sparse branches above the 
nest, which was still relatively easy to detect. In category 3, nests 
could hardly be seen from above the tree but were clearly visible 
as darker patches from beside the tree. Nests of category 4 could 
not be seen from above the tree. From beside the tree, at a height 
of about 1.8 m, they could be seen only at an angle of about 90 ° 
from the tree stem. Finally, nests of concealment category 5 could 
not be seen at all from outside the nest tree. Concealment categories 
were identical for egg groups in experiment B. 

We used different roads for the nests and egg groups, but the 
areas were similar. We set out a nest/egg group every 200 m on 
alternate sides of the road but drove past houses, villages, and 

open fields, so on average nests/egg groups were farther apart than 
200 m. Along the roads, we set out series of three exposed nests/egg 
groups (one of each egg color), three concealed (one of each egg 
color), three exposed, etc. At each stop by the road, we walked 
15-50 m into the forest. We avoided the area close to the road 
(0-15 m) because of potential human disturbance and edge effects 
(e.g., Andr6n and Angelstam 1988). The exact walking distance 
was determined by drawing random numbers. On the spot, we 
chose the nearest suitable tree. We drew simple maps of each site 
and marked it by the road with various natural and unnatural 
objects. Observations of potential nest predators were noted and 
later summed, but repeated observations of the same species close 
to a nest were counted as one observation. 

We set out 180 nests in experiment A (Table 1) between 2 and 
5 May; 180 egg groups in experiment B were set out between 
5 and 10 May. Nests and eggs were checked regularly, exposed 
ones being revisited more often than concealed ones (Figs. 1, 2; 
note differences in scale on x-axes). I ended the experiments when 
89% (exposed nests), 92% (concealed nests), 85% (exposed egg 
groups), and 83% (concealed egg groups) of nests/egg groups had 
been preyed upon. 

In the analyses, four nests and three egg groups were deleted. 
One nest was destroyed by humans. In six nests/egg groups, beetles 
had opened rotten eggs; because of the bad smell and its possible 
influence on the predation rate (e.g., Henry 1969), these were omit- 
ted (inclusion of the data does not change any conclusions). In 
statistical analyses, I compared the "survival"  (in days) of different 
nests/egg groups. A nest/egg group found preyed upon (eggs disap- 
peared or pecked upon; see below) was assumed to have survived 
until the day of inspection minus half the number of days from 
the preceding inspection. However, some nests or egg groups re- 
mained intact on the day the experiments ended (see above). It 
is important to include also these nests and eggs, and I assumed 
they were preyed upon on the final control day. This means survival 
rates were underestimated, especially for categories of nests and 
egg groups that experienced low predation. 

The Kruskal-Wallis one-way analysis of variance by ranks was 
employed for statistical tests, unless otherwise indicated. The test 
also allows pairwise comparisons of treatment groups (Siegel and 
Castellan 1988, p 213). All tests were two-tailed. In cases where 
a null hypothesis cannot be rejected, one should estimate the power 
of the test (1-/?, Forbes 1990). This was done for two major compar- 
isons (see below). M. Andersson (Department of Mathematical 
Statistics, University of G6teborg) estimated power by simulations, 
assuming true differences of various magnitudes from given mean 
values, ~=0.05, and an exponential distribution (which seemed 
to fit the data; Fig. 1). 

Resu l t s  

Predation on nests' and egg groups 

F i g u r e  1 s h o w s  the  t e m p o r a l  p a t t e r n  o f  p r e d a t i o n  on  
e x p o s e d  a n d  c o n c e a l e d  nes ts  in e x p e r i m e n t  A.  P r e d a t i o n  
on  nests  w i t h  b lue ,  wh i t e ,  a n d  d a r k - s p o t t e d  eggs  was  
s imi la r  in the  t w o  c o n c e a l m e n t  g roups .  C o n c e a l e d  nests  
s u r v i v e d  l o n g e r  t h a n  e x p o s e d  nests  (Table  2, see a lso  be-  
low)  b u t  the  su rv iva l  ra tes  o f  nests  w i t h  blue,  wh i t e ,  
a n d  d a r k - s p o t t e d  eggs  d id  n o t  d i f fe r  s ign i f i can t ly  (Ta-  
ble  2, P_>0.64) .  T h e s e  resul t s  s u p p o r t  the  n e u t r a l  hy-  
po thes i s  a n d  its p r e d i c t i o n  o f  no  d i f fe rences  in p r e d a t i o n  
on  nests  c o n t a i n i n g  eggs  o f  d i f f e r e n t  c o l o r a t i o n .  H o w -  
ever ,  the  p o w e r  o f  the  tes t  was  weak .  F o r  ins tance ,  the  
p o w e r  to  de t ec t  t rue  d i f f e r ences  o f  - 2 . 5  a n d  + 2 . 5  in 
o n e  egg  c o l o u r  f r o m  a v e r a g e s  o f  5.5 in  the  o the r s  (Ta-  
ble 2) was  o n l y  0.51 a n d  0.22, r e spec t ive ly .  Th i s  w e a k -  
ness  s h o u l d  be  k e p t  in m i n d  be low.  N e v e r t h e l e s s ,  the  
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Table 2. Mean (_+ SD) survival of exposed nests (concealment cate- 
gories 1, 2) and concealed nests (categories 3-5) containing eggs 
of different coloration (experiment A) 

Egg Survival time (days) 
coloration 

n Exposed nests n Concealed nests 

Blue 30 5.7 -+4.0 30 18.8 _+ 14.4 
White 30 5.6_+4.0 27 22.4_+16.4 
Dark-spotted 29 6.1_+4.4 30 18.7_+11.6 

Table 3. Mean (_+ SD) survival of exposed egg groups (concealment 
categories 1, 2) and concealed egg groups (categories 3-5) of differ- 
ent coloration (experiment B) 

Egg Survival time (days) 
coloration 

n Exposed n Concealed 
egg groups egg groups 

Blue 30 6.6__ 6.4 29 13.2_+11.2 
White 30 9.0_+ 8.8 30 19.2-+16.3 
Dark-spotted 30 14.6 -+ 10.2 28 29.3 -+ 15.6 

data  in Fig. 1 show only small and no consistent differ- 
ences a m o n g  nests with different eggs. 

Figure 2 shows the tempora l  pat tern  o f  preda t ion  on 
exposed and concealed egg groups  in experiment  B. The 
preda t ion  rate varied a m o n g  egg groups  o f  different Col- 
orat ion,  in bo th  the exposed ( P = 0 . 0 0 5 )  and the con-  
cealed g roup  (P = 0.002). Concealed egg groups  survived 
longer than  exposed ones (Table 3, see below); within 

the exposed category,  blue and white egg groups  did 
no t  differ significantly in survival rate, but  bo th  blue 
( P = 0 . 0 0 5 )  and white (P- -0 .05)  egg groups  had lower 
survival rates than dark-spot ted  egg groups  (Table 3). 
Similarly, within the concealed category,  blue and white 
egg groups  did not  differ in survival rate, but  bo th  blue 
( P = 0 . 0 0 4 )  and white ( P = 0 . 0 5 )  egg groups  had  lower 
survival rates than dark-spot ted  eggs. The experiment 



ended before all eggs were taken (see above); as all dark- 
spotted eggs were assumed to have been eaten on the 
final control day, differences were actually larger than 
reported here. Assuming this experiment is relevant to 
eggs of the song thrush (see Discussion), the results sup- 
port the maladaptive hypothesis and its prediction of 
lower predation on cryptic (dark-spotted) than blue or 
white egg groups. 

Predation and nest concealment 

Survival rate increased with degree of concealment (the 
categories 1 5) for nests with blue eggs (Spearman rank 
correlation, rs = 0.55, P <  0.0001), white eggs (rs = 0.67, 
P<0.0001), and dark-spotted eggs (rs=0.60, P <  
0.0001). Similar correlations were found for groups of 
blue eggs (r~=0.53, P<0.0001), white eggs (r~=0.34, 
P=0.0]),  and dark-spotted eggs (r~=0.53, P=0.001). 
For nests, there were no significant differences in surviv- 
al rate between categories 1 and 2, but for categories 
3-5 the survival rate increased gradually (Fig. 3). For 
white and blue egg groups, the survival rate was relative- 
ly constant and not significantly different in categories 
i 3 but increased in categories 4 and 5 (Fig. 4). For 
dark-spotted egg groups, survival increased gradually 
from category 1 to 5 (Fig. 4). 

Because of the importance of nest concealment, I also 
analysed predation on egg types within each of the five 
concealment categories. For nests (Fig. 3), I found no 
significant differences in survival rate among egg types 
within any of the concealment categories (P_>0.]2). 
(Note that within category 5, sample sizes were small; 
Table ].) For egg groups (Fig. 4), I found no significant 
difference in survival rate among egg types within cate- 
gory I (P=0.]5), but survival varied within category 
2 (P=0.005) and 3 (P=0.0]). Within categories 4 and 
5, the differences were not significant (P > 0.17). 

We recorded the concealment categories of real song 
thrush nests in and close to the study area. Of 46 nests, 
]0 were of concealment category 2, 2] of category 3, 
] 4 of category 4, and ] of category 5 (mean value: 3. ] 3). 
The use of intermediate categories does not simply re- 
flect availability of concealment but seems to be based 
on a preference for these concealment categories (un- 
publ. data). Thus, for the present experiments, interme- 
diate concealment categories are the ones that are most 
relevant to the natural situation. 

Predators and their behavior 

Jays (Garrulus glandarius) apparently were the main pre- 
dators of nests and egg groups (Table 4). Moller (1987, 
1990) showed that jays were the main predators of Tur- 
dus nests in Danish coniferous plantations, and Angel- 
stam (1986) determined that jays were the main preda- 
tors of ground nests in the forests of south-central Swe- 
den. Hooded crows (Corvus corone) (Table 4) were usual- 
ly seen close to open habitats or flying over the forest 
(cf. Moller 1987; Angelstam 1986), whereas jays were 
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Table 4. Potential nest predators recorded during field work 2 May-  
22 June 1990; repeated observations of a predator species close 
to a nest or egg group were counted as one observation 

Species of predator Number of observations 

Jay, Garrulus glandarius 
Hooded crow, Corvus eorone 
Raven, C. corax 
Magpie, Pica pica 
Jackdaw, C. monedula 
Red squirrel, Sciurus vulgaris 

Total 

33 (47%) 
23 (33%) 
7 (10%) 
4 (6%) 
1 (1%) 
2 (3%) 

7o doo%) 
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usually observed within the forest (cf. Angelstam 1986). 
We often observed jays close to nests (a jay feather once 
was found next to a broken egg). The predation rate 
was not higher for nests or egg groups close to where 
jays (or jays and crows) were seen than for nests or 
egg groups where no egg predators were seen. This sug- 
gests that predators did not learn to follow the observer 
to the nests, which also would be unlikely in the present 
case (G6tmark 1992). 

In total, we recorded 281 destroyed nests and egg 
groups; in 147 cases (52%) the predator had removed 
all eggs, sometimes leaving egg remains on the ground. 
In 134 cases (48%), one or more but not all eggs were 
removed, or the predator had pecked a hole in at least 
one egg in the nest or on the branch. There were no 
differences between experiment A and B in instances 
of "ful l"  and "partial" predation. Shell remains and 
holes in eggs suggested that birds were the predators. 
In 2 nests, yolks remained in the broken egg shells; bite 
marks indicated that mammals were predators in these 
cases. In 7 nests and 3 egg groups, eggs were scratched, 
apparently by mammal teeth, suggesting that the preda- 
tors were unable to break the shell. Reitsma et al. (1990) 
observed similar marks on quail eggs, and they may 
originate from red squirrels (Sciurus vulgaris) or bank 
voles (Chlethrionomys gIareolus). Since predators did not 
break the shells, the observations were not recorded as 
predation (inclusion of these data does not change any 
conclusions). 

Discussion 

Experiment A showed that nest predation was similar 
on three very different egg colors. Experiment B, on 
the other hand, showed that egg color influenced preda- 
tion when eggs were presented without nests : dark-spot- 
ted eggs were then generally harder to detect for preda- 
tors than blue and white ones and were therefore more 
cryptic. These findings applied to artificial nests and egg 
groups. Are the results relevant also to real song thrush 
nests and eggs? 

To a human eye, the artificial nests and blue eggs 
resembled those of the song thrush. However, an impor- 
tant difference in the experimental situation is that par- 
ents do not attend these nests. Thrush eggs are mostly 
covered by the incubating parent, which means that egg 
coloration may be relatively unimportant compared with 
parental behavior. Nonetheless, in the song thrush, the 
eggs are exposed during most of the laying period (4-5 
days), when the female (which does all the incubating) 
is foraging (Hartley 1967), and when parents are dis- 
turbed from the nest. The experiments at least simulated 
these conditions. Periods of exposure of real eggs may 
be considered short, but given the high predation rate 
on real nests during the egg stage (see Materials and 
methods), natural selection is expected to minimize pre- 
dation risk also during these shorter periods. 

Predators may find nests in many ways (Collias and 
Collias 1984). They may observe parents building or 
leaving and returning to nests with eggs or young. A 

direct search for nests is another method, likely used 
by predators of tree-nesting thrushes, because °"nests of 
these species are fairly easy to locate" (Nilsson et al. 
1985). Corvids were able to find and prey upon most 
of my artificial nests. Apparently, the nests of thrushes 
are quite visible, and egg coloration does not influence 
this visibility. The data and this interpretation argue 
against the adaptive hypothesis, suggesting instead that 
egg coloration in the song thrush may be a neutral trait 
with regard to nest predation. 

One could argue that larger sample sizes and a strong- 
er statistical test might reveal an influence of egg colora- 
tion on nest survival. For instance, within concealment 
category 3, which predominated among real song thrush 
nests, nests with blue eggs on average survived better 
than other eggs, even though differences were small and 
far from significant (Fig. 3). Experiment B, in which I 
evaluated the influence of egg color per se on predation, 
seems to contradict this criticism. In concealment cate- 
gories ~5 ,  white and blue egg groups experienced more 
predation than dark-spotted egg groups. However, there 
are two potential biases in this experiment. First, the 
background coloration of eggs in nests and on conifer 
branches may be different. This is probably true for the 
exposed egg groups (concealment categories 1, 2) but 
probably not true for the concealed egg groups (categor- 
ies 3-5). In real nests, the inner cup varies from light 
gray to dark gray depending on the light intensity; ex- 
posed egg groups in the top of small conifers often had 
a green or dark green background. But in concealment 
categories 3-5, egg groups were usually placed inside 
trees, on brown-gray branches next to stems of similar 
color, and above the dark ground under these trees. The 
surroundings of these egg groups and real eggs in nests 
should be similar. 

A second potential bias is that eggs in nests may be 
more shaded than eggs on branches. If eggs in nests 
and egg groups on branches are compared within the 
same concealment category, eggs in nests generally were 
more shaded than egg groups (pers. obs.). For egg 
groups, I believe that concealment categories 4 and 5 
may correspond to the average light conditions of real 
nests. If egg groups in category 4 and 5 are pooled, 
the egg types differed in survival (P=0.04), with blue 
egg groups having a lower survival rate than dark-spot- 
ted egg groups (P<0.05). This and other results of ex- 
periment B support the hypothesis that blue eggs are 
maladaptive with regard to predation. However, no evi- 
dence for this hypothesis was obtained when eggs were 
placed in nests (experiment A). 

The present experiments should be representative of 
coniferous forests with avian nest predators. The results 
are difficult to apply to species nesting in other habitat 
types. It is possible that blue eggs evolved in the song 
thrush (or in the ancestor of today's Turdus species) in 
a habitat type different from the one studied here, where 
blue eggs did provide camouflage. In Oniki's study area, 
nest predators other than birds may be common, and 
blue eggs might reduce nest predation in that situation; 
if so, Oniki's hypothesis would be correct for low-land 
tropical rainforest. Additional tests of the hypotheses 
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should  be c o n d u c t e d  on  species wi th  b lue  eggs in dec idu-  
ous b r o a d - l e a v e d  forests  in t empe ra t e  and  t rop ica l  areas.  

Co t t  (1985) sugges ted  tha t  b r igh t  eggs are  a p o s e m a t -  
ic, bu t  this is un l ike ly  to a p p l y  to the  blue eggs o f  the 
song thrush.  Fi rs t ,  egg p r e d a t i o n  is extensive in the song 
thrush.  Second,  Co t t ' s  hypo thes i s  predic ts  lower  p reda -  
t ion on  blue eggs t han  whi te  and  spo t t ed  eggs, which  
was no t  obse rved  in e i ther  expe r imen t  A or  B. Fo r  fur- 
ther  cr i t ic ism o f  Co t t ' s  idea,  see L a c k  (1958). 

Fac to r s  o ther  than  p r e d a t i o n  migh t  accoun t  for  the 
evo lu t ion  o f  blue  eggs in the song thrush.  Fi rs t ,  egg 
paras i t es  such as cuckoos  migh t  have exer ted  select ion 
pressures  h is tor ica l ly ,  bu t  n o t  t o d a y  because  the on ly  
egg pa ras i t e  in n o r t h e r n  Europe ,  Cuculus canorus, does  
no t  paras i t i ze  thrushes  (Moksnes  a n d  R o s k a f t  1987). 
Second,  it  has  been sugges ted  tha t  the  p i g m e n t a t i o n  o f  
eggs enhances  the s t rength  o f  the  egg shell and  therefore  
its res is tance to c racking ,  bu t  this is con t rove r s i a l  (Solo-  
m o n  1987), and  i t  is u n k n o w n  whe the r  b lue  p igme n t  
serve this p u r p o s e  be t te r  t han  o the r  p igments .  Thi rd ,  
egg c o l o r a t i o n  inf luences egg t e m p e r a t u r e  (Be r t r am 
1981). Poss ib ly ,  b lue  eggs serve to regula te  egg t empera -  
ture,  bu t  I k n o w  o f  no evidence for  this. Fou r th ,  in 
concea led  nests b lue  eggs m a y  enhance  the p a r e n t ' s  abi l i -  
ty to see thei r  own eggs. However ,  song thrush  nests 
are  no t  very concea led  bu t  p laced  in in t e rmed ia t e  con-  
cea lmen t  categories .  Thus ,  there  are no s imple  exp lana-  
t ions.  I f  we assume there  is a cos t  o f  p r o d u c i n g  blue 
p igment ,  it  is l ikely tha t  b lue  eggs are  in some w a y  a d a p -  
tive. 

One p red i c t i on  f rom m y  results  is t ha t  b i rds  wi th  
consp icuous  nests  should  have nonc ryp t i c  eggs (assum- 
ing a cos t  o f  p igmen t  p roduc t i on ) ,  whereas  bi rds  tha t  
lack  nests  and  lay their  eggs on  the g r o u n d  shou ld  have 
va r ious ly  spot ted ,  c ryp t ic  eggs. This  p r ed i c t i on  seems 
to be s u p p o r t e d  by  c o m p a r a t i v e  d a t a  ( G 6 t m a r k ,  in 
prep.) ,  suggest ing tha t  nest  charac ter i s t ics  have  been im- 
p o r t a n t  in the evo lu t ion  o f  egg co lo ra t ion .  
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