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For most birds species, some variation in size and
pigmentation of eggs laid by an individual female is
common and expected (Williams 1994; Takagi 2003).
Such variation may result from natural variations in
food availability (Hakkarainen and Korpimäki 1994;
Aparicio 1999) or food supplementation (Wiebe and
Bortolotti 1995). However, unusual eggs can sometimes
be found in a bird’s clutch, either as a result of inter-
specific brood parasitism (Lowther 1993) or intraspe-
cific brood parasitism (“egg-dumping”), e.g., in ducks
(Semel et al. 1988; Yom-Tov 2001; Evans et al. 2002). 

Reports of anomalous eggs contained within a clutch
include that of a Mallard (Anas platyrhynchos) laying
an egg in the nest of a Short-eared Owl (Asio flam-
meus) (Wiggins et al. 2006) and a Hooded Merganser
(Lophodytes cucullatus) laying an egg in the nest of a
Northern Flicker (Colaptes auratus) (Wiebe 2000).
These latter cases probably do not involve brood par-
asitism, but rather competition for nest sites, or simply
misplaced laying by the female. 

Within clutches laid by a single female, unusually
small or large eggs may appear which are outside the
typical range for the species (e.g., Sharp 1904; Ken -
deigh et al. 1956; Rothstein 1973; Jenkins 1984; Petty
and Anderson 1989). Unusually large eggs may have
two yolks or embryos (e.g., Petty and Anderson 1989),
whereas small eggs may be missing a yolk (e.g., Rick-
lefs 1975). Such small “runt” eggs are very common
among some woodpeckers and may represent an adap-
tive breeding strategy (Koenig 1980). Frequently, these
unusually sized eggs have poor hatching success, but
occasionally they are fertile (hatchings have been doc-
umented from Western Bluebird (Sialia mexicana)
(Hayes 1985), as well as the hybrids of Carrion Crow
(Corvus corone corone) and Hooded Crow (C. c. cor -
nix) (Saino and Villa 1992).

In addition to differences in size, oddly coloured eggs
have been extensively reported. Almost all of these

reports are of pale or achromatic eggs (e.g., Sprunt
1926; Hayes 1985; Radke and Radke 1988; Saino and
Villa 1992), or eggs lacking their characteristic mark-
ings (Rowan et al. 1919). Such size and colour differ-
ences may be the result of developmental anomalies
(Sprunt 1926; Jenkins 1984; Hayes 1985; Rhymer
1988; Saino and Villa 1992). 

Here we describe an egg, anomalous in both size
and colour, from a Northern Saw-whet Owl (Aegolius
acadicus) nest in Nova Scotia.

Methods
Study site and general methods

Near the community of Bay Road Valley (46°58'N,
60°28'W), on Cape Breton Island, Nova Scotia, we have
placed 17 nest boxes (Korpimäki 1985) for owls. The
box in which the unusual egg was laid was erected in
February 2008, and it was found occupied on 3 May
2008; only the adult female Saw-whet Owl was seen in
the box. The box was not opened to inspect the con-
tents until 13 June, when a clutch of six eggs was found
abandoned. The clutch, including the anomalous egg
(Figure 1), was brought to the laboratory and held at
4°C. Maximum length and diameter of all the eggs
were measured using Marathon digital Vernier callipers.
Because the size and shape of the anomalous egg did
not match the eggs of other cavity-nesters on our study
site, the clutch of six eggs underwent genetic analysis.

DNA sequencing
To identify the egg, two genes in the mitochondrial

genome were amplified and sequenced: NADH dehy-
drogenase 2 (ND2) and cytochrome b (cyt b). Genomic
DNA was isolated from egg membranes and egg con-
tents using a modified Chelex extraction (Walsh et al.
1991; Burg and Croxall 2001).

Portions of the ND2 (1.5 kb) and cytochrome b (150
bp) genes were amplified with 5 pmol of each pri -
mer (L5215 5'-TATCGGGCCCATACCCCGAATAT-3'�
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(Hack ett 1996) and HTrp 5'-CGGACTTTAGCAGA
AACTAAGAG-3' (Eberhard and Bermingham 2004)
for ND2 and L15560 5'-GYGAYAARATCCCATTC
CACCC-3' (Marthinsen et al. 2009) and H15646 
5'-GGGGTGAAGTTTTCTGGGTCTCC-3' (Sorenson
et al. 1999) for cyt b) in 2.5 mM MgCl2, 1 unit (U) Taq
polymerase, 200 µM dNTP, and Promega Flexi Taq
buffer (Promega Corporation, Madison, Wisconsin) in
a 25 µL reaction. Both loci were amplified using one
cycle for 2 minutes at 94°C, 45 seconds at 54°C, and
60 seconds at 72°C; 37 cycles of 30 seconds at 94°C,
45 seconds at 54°C, and 60 seconds at 72°C; and one
final cycle of 5 minutes at 72°C. Samples were sent for
sequencing to Génome Québec, Montreal, Quebec.
The samples were compared with sequences in Gen-
Bank using blastx (National Center for Biotechnology
Information, National Library of Medicine, Bethesda,
Maryland).

A third gene, the control region, was also sequenced.
Typically the control region mutates at a higher rate
than either ND2 or cyt b and is often used to examine
differences within a population (e.g., Friesen et al.
2002; Steeves et al. 2005). By examining the control
region, we sought to determine whether the egg was
the result of intraspecific brood parasitism by an un -
related female. A portion of the control region, ap -
proxi mately 2 kb in length, was amplified using N1
(5'-AACATTGGTCTTGTAAGCCAA-3') and D16
(5'-AGTGCATCAGTGTCTAGGTGATTC-3') primers
from Barrowclough et al. (1999) using the same poly-
merase chain reaction (PCR) conditions as above except
with a final extension step at 72°C for 10 minutes.

Results
Egg size and colour

The anomalous egg measured 33.9 mm in length ×
25.9 mm in diameter. The mean length (± standard
error) of the other five eggs was 29.0 mm (± 0.41) and
the mean diameter was 24.0 mm (± 0.06). Therefore,
the anomalous egg was 17% longer but only 8% wider
than the mean of the remaining eggs, i.e., it was not

just larger than the other eggs but it also had a different
shape. All the eggs had only one embryo (n = 4) or no
visible embryo (n = 2, including the anomalous egg).
In coloration, five of the eggs were not different from
typical Northern Saw-whet Owl eggs—dull and off-
white. The anomalous egg was pale blue with brown
flecking.

DNA analysis
A 133 bp fragment of cyt b and a 407 bp fragment

of ND2 were obtained from the contents and shell
membranes for each of the six eggs. The sequences
from all six samples were identical (Table 1). The cyt b
sequence showed a 93% match to Aegolius acadicus
sequences from British Columbia and Alaska (Table 2).
The ND2 sequence was a 99% match to the same spe -
cies. None of the other sequences in GenBank had as
high a match as the Northern Saw-whet Owl sequences.

The 1584 bp fragment of the control region was iden-
tical for the four eggs from which we were able to
obtain a sequence (eggs 1, 4, 5, and 6), with egg 6 being
the anomalous egg. All four sequences were identical.

Discussion
Genetic analysis

The high degree of similarity between the sequences
from the study eggs and known Northern Saw-whet
Owl sequences, combined with visual observation of
a female Northern Saw-whet Owl incubating the eggs,
suggests that all the eggs were of that species. The fact
that all sequences for the three mitochondrial genes
were identical does not rule out the possibility that a
second female from the same mitochondrial lineage
laid the anomalous egg. The nest box was erected the
previous winter, so the possibility that the anomalous
egg was laid the previous year can be eliminated. 

Our DNA results rule out interspecific brood para-
sitism because the minor differences (1–3 bp) between
published Northern Saw-whet Owl sequences and those
we obtained are typical of intrapopulation variation.
For the cyt b data, Topp and Winker (2008) found two
variable sites within a 971 bp fragment from 30 North-
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FIGURE 1. The clutch of Northern Saw-whet Owl eggs. The anomalous egg is third from the left. Photo: R. F. Lauff. 
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ern Saw-whet Owls from western North America. Sim-
ilarly, Proudfoot et al. (2006) found up to 1% sequence
difference in Northern Pygmy Owls (Glaucidium gno-
ma, n = 103).

Egg size and colour
Within a bird species, variation among clutches laid

by different females is typically greater than variation
within clutches laid by a single female (Christians
2002), and size differences in eggs have been used to
identify intraspecific nest parasitism, or “dumped eggs”
from other females in the same population (Pöysä
2006). We are unable to distinguish between two like-
ly explanations for the anomalous owl egg. It may have
been a dumped egg laid by a conspecific with the same
matrilineal lineage. However, the extreme length of the
anomalous egg (longer than the mean sizes reported
for Saw-whet Owls) (Rasmussen et al. 2008) and the
fact that it appeared infertile could also mean it was a
developmentally abnormal egg laid by the same female. 

The eggs of all North American owls are normally
white (Baicich and Harrison 1997), which may rep-
resent the ancestral condition in birds (Kilner 2006).
Oniki (1985) suggested that only cavity-nesting birds
should lay unspotted white eggs because cryptic or
heat-absorbing coloration is not needed in a cavity
nest. The anomalous egg in this study was pale blue,
more typical of birds using thick cup nests in isolated
bushes (Oniki 1985). 

Whatever the explanation for normal variation in
spotting and ground colour in some species, anomalous
eggs, such as the one reported here, stand out from
others in the same clutch as well as from the species’
standard. Most reported cases of miscoloured eggs
in volve the complete or partial loss of pigment, i.e.,
the anomalous eggs are typically white (e.g., Hayes
1985; Radke and Radke 1988). Gross (1968) summa-
rized the occurrence of albinistic eggs and found 18
species in only three orders (Falconiformes, Charadri-
iformes, and Passeriniformes) that laid these pigment-
free eggs, sometimes as one anomalous egg among the
clutch, sometimes as a whole clutch.

The egg we found had additional pigment, both as
ground colour and as spotting. An extensive review of
the literature revealed no other case in which a species
which normally lays an immaculate egg of one ground
colour has laid a spotted egg with a different ground
colour. Biliverdin is responsible for the blue in the
eggshells of many species, and is likely synthesized in
the shell gland (Zhao et al. 2006). White eggs, includ-
ing those of owls, are not necessarily devoid of these
pigments; they may be present in minute quantities
serving structural roles (Kennedy and Vevers 1976;
Mikšík et al. 1994). For unknown reasons, the large
egg in the study nest had much more pigment added
to it than normal; whether this was related to the egg
also being over-sized or to some general developmen-
tal problem is not known. TA
B

L
E

1.
 M

ito
ch

on
dr

ia
l N

D
2 

se
qu

en
ce

s 
fo

r 
eg

g 
co

nt
en

ts
 (

E
) 

an
d 

sh
el

l m
em

br
an

e 
(S

) 
fr

om
 e

gg
s 

fr
om

 th
e 

N
or

th
er

n 
Sa

w
-w

he
t O

w
l n

es
t. 

D
ot

s 
in

di
ca

te
 m

at
ch

es
 w

ith
 N

or
th

er
n 

Sa
w

-w
he

t
(A

eg
ol

iu
s 

ac
ad

ic
us

, G
en

B
an

k 
E

U
60

10
51

) 
an

d 
A

si
an

 B
ar

re
d 

O
w

le
t (

G
la

uc
id

iu
m

 c
uc

ul
oi

de
s,

 G
en

B
an

k 
E

U
60

10
47

);
 u

pp
er

-c
as

e 
le

tte
rs

 in
di

ca
te

 m
is

m
at

ch
es

 a
nd

 d
as

he
s 

in
di

ca
te

 m
is

si
ng

se
qu

en
ce

. V
ar

ia
bl

e 
si

te
s 

ar
e 

lis
te

d 
al

on
g 

th
e 

to
p.

11
11
11
11

11
11
11
11
11

11
11
22
22
22

22
22
22
22
22

22
33
33
33
33

33
33
33
33
44
 4

44
55
55
68
89

99
00
01
11
22

23
33
44
45
56

78
99
01
12
23

33
44
45
55
77

99
01
12
22
34

55
55
67
78
00
 0

79
23
89
17
85

78
34
90
68
35

70
68
26
95
71

07
37
65
84
60

38
15
90
17
28

39
77
90
36
81

04
68
51
99
06
 7

E1
TG
TG
TC
GG
CT

TT
CG
TG
TT
GG

TG
TA
AT
CG
TA

AT
AC
TG
TG
GT

CG
CT
GT
AT
CG

TT
GT
GG
AT
AT

TA
TG
AC
CT
TC
 T

S1
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

E3
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

S3
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

E4
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

S4
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

E5
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
--
--
--

--
--
--
--
--
 -

E6
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
.-
--
--
--
 -

S6
..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..
 .

Ae
go
li
us
 a
ca
di
cu
s

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

..
..
..
..
..

.C
..
..
..
..

..
..
..
..
..
 .

Gl
au
ci
di
um
 c
uc
ul
oi
de
s
CA
CA
CT
TA
TG

AG
TA
CA
GG
TT

CA
GG
GG
TA
GT

GC
GT
GA
GT
AG

GT
TG
AC
GG
TT

A.
AC
AT
GC
GA

GG
GA
GG
TG
GG
 G



Acknowledgements
The study was funded by a Discovery Grant from

the Natural Sciences and Engineering Research Coun-
cil of Canada to TMB. Bird Studies Canada (the
Baillie Fund), the Nova Scotia Department of Natu-
ral Re sources (Nova Scotia Habitat Conservation
Fund – Contributions from Hunters and Trappers),
and a Research Grant from the Board of Governors of
the Nova Scotia Museum are acknowledged by RFL.
We thank Fritz McEvoy and David Rasmussen for
their help in erecting and monitoring the nest boxes,
Amanda Lowe for enthusiastic field assistance, and
Linda Lait for help in the lab. Barry Taylor, A. J. Ersk-
ine, and Karen Wiebe provided comments from which
this manuscript benefited. 

Literature Cited
Aparicio, J. M. 1999. Intraclutch egg-size variation in the

Eurasian Kestrel: advantages and disadvantages of hatch-
ing from large eggs. Auk 116: 825-830.

Baicich, P. J., and J. O. Harrison. 1997. A Guide to the Nests,
Eggs, and Nestlings of North American Birds. Princeton
University Press.

Barrowclough, G. F., R. J. Gutiérrez, and J. G. Groth.
1999. Phylogeography of Spotted Owl (Strix occidental-
is) populations based on mitochondrial DNA sequences:
gene flow, genetic structure, and a novel biogeographic
pattern. Evolution 53: 919-931.

Burg, T. M., and J. P. Croxall. 2001. Global relationships
amongst Black-browed and Grey-headed Albatrosses:
analy sis of population structure using mtDNA and mic -
rosatellites. Molecular Ecology 10: 2647-2660.

Christians, J. K. 2002. Avian egg size: variation within species
and inflexibility within individuals. Biological Reviews 77:
1-26.

Eberhard J. R., and E. Bermingham. 2004. Phylogeny and
biogeography of the Amazona ochrocephala (Aves: Psit -
tacidae) complex. Auk 121: 318–332.

Evans, M. R., D. B. Lank, W. S. Boyd, and F. Cooke. 2002.
A comparison of the characteristics and fate of Barrow’s
Goldeneye and Bufflehead nests in nest boxes and natural
cavities. Condor 104: 610–619.

Friesen, V. L., D. J. Anderson, T. E. Steeves, H. Jones, and
E. A. Schreiber. 2002. Molecular support for species status
of the Nazca Booby (Sula granti). Auk 119: 820-826

Gross, A. O. 1968. Albinistic eggs (white eggs) of some
North American birds. Bird-Banding 39:1-6.

Hackett, S. J. 1996. Molecular phylogenetics and biogeog-
raphy of tanagers in the genus Ramphocelus (Aves). Molec-
ular Phylogenetics and Evolution 5: 368-382.

Hakkarainen, H., and E. Korpimäki. 1994. Environmental,
parental and adaptive variation in egg size of Tengmalm’s
Owls under fluctuating food conditions. Oecologia 98:
362-368.

Hayes, D. 1985. Unusual Western Bluebird eggs. Western
Birds 16: 146.

Jenkins, M. A. 1984. A clutch of unusually small Peregrine
Falcon eggs. Journal of Raptor Research 181: 151-153.

Kendeigh, S. C., T. C. Kramer, and F. Hammerstrom.
1956. Variations in egg characteristics of the House Wren.
Auk 73: 42-65.

Kennedy, G. Y., and H. G. Vevers. 1976. A survey of avian
eggshell pigments. Comparative Biochemistry and Phys-
iology B 55: 117-23.

Kilner, R. M. 2006. The evolution of egg colour and pat-
terning in birds. Biological Reviews 81: 383-406.

Koenig, W. D. 1980. The determination of runt eggs in birds.
Wilson Bulletin 92: 103-107.

Korpimäki, E. 1985. Clutch size and breeding success in
relation to nest-box size in Tengmalm’s Owl Aegolius
funereus. Holarctic Ecology 8: 175–180. 

Lowther, P. E. 1993. Brown-headed Cowbird (Molothrus
ater) in The Birds of North America. Edited by A. Poole.
Cornell Lab of Ornithology, Ithaca. http://bna.birds.cornell
.edu/bna/species/047, DOI 10.2173/bna.47.

Marthinsen, G., L. Wennerberg, R. Solheim, and J. T. Lif-
jeld. 2009. No phylogeographic structure in the circum-
polar Snowy Owl (Bubo scandiacus). Conservation Genet-
ics 10: 923-933.

Mikšík, I., V. Holá�, and Z. Deyl. 1994. Quantification and
variability of eggshell pigment content. Comparative Bio-
chemistry and Physiology A 109: 769-772.

Oniki, Y. 1985. Why Robin eggs are blue and birds build
nests: statistical tests for Amazonian birds. Ornithological
Monographs 36: 545-546.

44 THE CANADIAN FIELD-NATURALIST Vol. 126

TABLE 2. Cytochrome b alignment for shell membranes (S) from eggs from the Northern Saw-whet Owl nest. Highest sequence
matches were with Northern Saw-whet Owl (Aegolius acadicus, GenBank EU75412; A. a. acadicus EU348959, A. a. brooksi
Y15686), Boreal Owl (A. funereus, GenBank AJ004061), Rufous-legged Owl (Strix rufipes, GenBank AJ004353), and
Spectacled Owl (Pulsatrix perspicillata, GenBank AJ004044). Numbers along the top refer to positions of variable sites.

1 111111111
122335666 6667777990 000112233
7358012014 5673578182 469284701

S1 GTCTTAGGGT GTTAAATGAT TATGTC?AC
S3 .......... .......... ......?..
S4 .......... .......... ......?..
S5 .......... .......... ......G..
S6 .......... .......... ......??.
Aegolius acadicus .......... .......... ...AC.A..
A. a. brooksi .........G .......... ...AC.A..
A. a. Acadicus .........G .......... ...AC.A..
A. funereus .....GT.AG ..GTGGCA.A .G....AG.
Strix rufipes ACACGG.... AGGCGGC..A AGG..TG..
Pulsatrix perspicillata ..ACG..A.. AGGTGGC.GA AGG..TGGG



2012 NOTES 45

Petty, S. J., and D. I. K. Anderson. 1989. Egg measurements
from a Northern Goshawk (Accipiter gentilis gentilis) in -
cluding one abnormally large egg with twin embryos. Jour-
nal of Raptor Research 23: 113-115.

Pöysä, H. 2006. Public information and conspecific nest par-
asitism in goldeneyes: targeting safe nests by parasites.
Behavioral Ecology 17: 459-465.

Proudfoot, G. A., R. L. Honeycutt, and D. R. Slack. 2006.
Mitochondrial DNA variation and phylogeography of the
Ferruginous Pygmy-owl (Glaucidium brasilianum). Con-
servation Genetics 7: 1-12.

Radke, W. R., and M. F. Radke. 1988. Unusual Greater Sand-
hill Crane egg. Wilson Bulletin 100: 504-506.

Rasmussen, J. L., S. G. Sealy, and R. J. Cannings. 2008.
Northern Saw-whet Owl (Aegolius acadicus) in The Birds
of North America. Edited by A. Poole. Cornell Lab of
Ornithology, Ithaca. http://bna.birds.cornell.edu/bna/species
/042; DOI 10.2173/bna.42.

Rhymer, J. M. 1988. The effect of egg size variability on ther-
moregulation of Mallard (Anas platyrhynchos) offspring
and its implications for survival. Oecologia 75: 20-24.

Ricklefs, R. E. 1975. Dwarf eggs laid by a Starling. Journal
of Field Ornithology 46: 169.

Rothstein, S. I. 1973. The occurrence of unusually small eggs
in three species of songbirds. Wilson Bulletin 85: 340-342.

Rowan, W., E. Wolff, P. L. Sulman, K. Pearson, E. Isaacs,
E. M. Elderton, and M. Tildesley. 1919. On the nest and
eggs of the Common Tern (S. fluviatilis): a cooperative
study. Biometrika 12: 308-354. 

Saino, N., and S. Villa. 1992. Pair composition and repro-
ductive success across a hybrid zone of Carrion Crows
and Hooded Crows. Auk 109: 543-555.

Semel, B., P. W. Sherman, and S. M. Byers. 1988. Effects
of brood parasitism and nest-box placement on Wood Duck
breeding ecology. Condor 90: 920-930.

Sharp, C. S. 1904. A set of abnormally large eggs of the
Golden Eagle. Condor 6: 164-168.

Sorenson, M. D., J. C. Ast, D. E. Dimcheff, T. Yuri, and
D. P. Mindell. 1999. Primers for a PCR-based approach
to mitochondrial genome sequencing in birds and other

vertebrates. Molecular Phylogenetics and Evolution 12:
105-114.

Sprunt, A. Jr. 1926. An unusual set of eggs of the Black
Skimmer (Rynchops nigra). Auk 43: 532.

Steeves, T. E., D. J. Anderson, and V. L. Friesen. 2005.
The Isthmus of Panama: a major physical barrier to gene
flow in a highly mobile pantropical seabird. Journal of
Evolutionary Biology 18: 1000-1008.

Takagi, M. 2003. Seasonal change in egg-volume variation
within a clutch in the Bull-headed Shrike, Lanius buce -
phalus. Canadian Journal of Zoology 81: 287-293.

Topp, C. M., and K. Winker. 2008. Genetic patterns of dif-
ferentiation among five landbird species from the Queen
Charlotte Islands, British Columbia. Auk 125: 461-472.

Walsh P. S., D. A. Metzger, and R. Higuchi. 1991. Chelex
100 as a medium for PCR based typing from forensic
material. Biotechniques 10: 506-513.

Wiebe, K. L. 2000. Northern Flicker incubates Hooded Mer-
ganser egg. British Columbia Birds 10: 13-15.

Wiebe, K. L., and G. R. Bortolotti. 1995. Egg size and clutch
size in the reproductive investment of American Kestrels.
Journal of Zoology (London) 237: 285-301.

Wiggins, D. A., D. W. Holt, and S. M. Leasure. 2006.
Short-eared Owl (Asio flammeus) in The Birds of North
America. Edited by A. Poole. Cornell Lab of Ornithology,
Ithaca. http://bna.birds.cornell.edu/bna/species/062, DOI
10.2173/bna.62.

Williams, T. D. 1994. Intraspecific variation in egg size and
egg composition in birds: effects on offspring fitness. Bio-
logical Reviews 68: 35-59.

Yom-Tov, Y. 2001. An updated list and some comments on
the occurrence of intraspecific nest parasitism in birds. Ibis
143: 133-143. 

Zhao, R., G.-Y. Xu, Z.-Z. Liu, J.-Y. Li, and N. Yang. 2006.
A study on eggshell pigmentation: biliverdin in blue-shelled
chickens. Poultry Science 85: 546–549.

Received 23 August 2011
Accepted 3 February 2012


