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Abstract The lesser spotted eagle Aquila pomarina and
the greater spotted eagle A. clanga are closely related
endangered raptors whose taxonomic status, field iden-
tification, and ultimately conservation, have been com-
plicated due to morphological similarity. However, the
partial overlap in morphological features may also in-
volve hybrids, which are known to exist, but which have
so far been poorly described. This study investigated
spotted eagle nestlings in Estonia, pre-identifying them
according to mitochondrial DNA, nape patch and the
appearance of their parents. Relative size of bill and toes
(corrected for nestling growth) enabled us to separate
the smaller A. pomarina, but hybrids were as large as
A. clanga. All three groups had distinct plumages with
hybrids being intermediate; the separation was clearest
using both size and plumage indices. In all, 164 of 168
birds were correctly identified using a three-step proce-
dure, separating: (1) A. clanga, having no nape patch; (2)
9 of 13 hybrids according to plumage index; and (3) the
remaining hybrids by their large size (at least two fea-
tures over the mean+2 SD values of A. pomarina).
Knowing the sex helped to interpret size, but not
plumage, characteristics, and its overall value for
assisting identification was not high. The results support
the view that spotted eagles with intermediate characters
are usually hybrids which can be recognised by their
appearance.
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Introduction

Interspecific hybridisation provides a wide range of
taxonomic, evolutionary and conservation problems
(e.g. Arnold 1992; Rhymer and Simberloff 1996; Allen-
dorf et al. 2001). Although relatively rare in animals in
general, hybridisation is widespread in some taxa such as
birds. Almost one tenth of bird species interbreed in
nature and produce hybrid offspring (Panov 1989; Grant
and Grant 1992). Detection of hybrids is a crucial
question since parental characteristics may be exposed in
several ways. Some hybrid animals show intermediate
characters, causing obvious difficulties in species identi-
fication, while others may have the characters of only
one parent species and remain unrecorded (Panov 1989;
Forsman 1999; Allendorf et al. 2001). The use of
molecular techniques has recently increased the reli-
ability of identification, but often the hybrids of closely
related species can be separated only by a complex
analysis of several variables (Vilà et al. 2003). The
development and analysis of a reasonable number of
molecular markers is time consuming and expensive,
and can be particularly hard to perform for those
zoologists that want to solve urgent conservation prob-
lems in the field. Therefore, studies on phenotypic vari-
ation and morphological ‘shortcuts’ for detecting
hybrids have not lost their importance.

Lesser spotted eagle Aquila pomarina Brehm and
greater spotted eagle A. clanga Pallas are two closely
related semisympatric Eurasian raptors, which diverged
approximately one million years ago (Seibold et al.
1996). The eastern A. clanga is globally threatened and
the western A. pomarina has an unfavourable conser-
vation status in Europe (Tucker and Heath 1994); both
species are listed in the Annex I of the EU Directive on
the Conservation of Wild Birds (EEC/79/409). Sepa-
ration of spotted eagles is one of the hardest field
identification problems in the western Palaearctic
(Forsman 1991, 1999), such that the true conservation
status of A. clanga is still disputable (Collar et al.
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1994). Not only are the typical representatives of both
species quite similar, but there are also eagles with
intermediate characters. A number of such birds have
been observed in the overlapping area of the species’
breeding ranges in Eastern Europe (Lõhmus and Väli
2001). Zhezherin (1969), after detecting characters of
both species in many museum skins from Ukraine and
Poland, even suggested uniting the forms into one
polytypic species. More recently, Bergmanis (1992,
1996) analysed a complex of characters and supported
the occurrence of two species, although a fraction of
birds with intermediate characters caused an overlap of
the groups.

One reason for identification problems in spotted
eagles may be the occurrence of hybrids. Although
hybridisation is very difficult to prove due to variability
of characters (Forsman 1999), interbreeding of spotted
eagles has been reported repeatedly since the 19th
century and particularly in recent years (Rodziewicz
1996; Bergmanis et al. 1997; Bergmanis and Strazds
2001; Lõhmus and Väli 2001; Dombrovski 2002; Gut-
iérrez and Villa 2002). In this paper, we explore whether
the reported overlap in the appearances of the two
species (Bergmanis 1992, 1996; Forsman 1999) could be
due to hybrids (as first hypothesised by Transehe 1942),
and whether both pure forms and the hybrids can be
separated from each other in the field. For that, we
described the nestlings of spotted eagles in Estonia
where distribution ranges of both species overlap.
Nestlings are easier to inspect in detail (taking mea-
surements, DNA samples etc.) than adults, and juve-
niles have been considered to have more distinct
species-specific features (such as the nape patch; Berg-
manis 1989). At the same time, identification of nes-
tlings requires different methods than previously
applied in full-grown birds, particularly because size
measurements have to be adjusted to growth. We pre-
identified individuals with a set of independent vari-
ables, including genetic markers of species and sex, and
the appearance of adults, which are difficult to use
in ordinary surveys. We also assessed some recently
proposed species-specific features for their usefulness in
identification.

Methods

Describing the nestlings

Since the early 1990s, spotted eagles have been annually
monitored all over Estonia, where the national popula-
tions are 500–600 nesting territories of A. pomarina and
20–30 of A. clanga, including 10–15 interbreeding pairs
(Väli and Lõhmus 2000; Väli 2003). A part of the survey
is the visiting of known nests at least once in a breeding
season to record productivity and to ring the young.
During these visits, and some extra ones to sample
smaller nestlings, we (mainly Ü.V.) described 179 indi-
viduals at 115 nesting territories in 1997–2003. Addi-
tionally, one nestling from 1995 and two nestlings from
1996 have also been included in the analysis. There was
only one A. pomarina brood of two young; all other
nestlings from the same nesting territory represent dif-
ferent years.

We described the nestlings according to the criteria
suggested for species determination in young spotted
eagles (Bergmanis 1989, 1996; Lewington et al. 1991;
Forsman 1999), including six plumage variables (and,
additionally, colour of nape patch for pre-identification;
see below) and four size variables. The plumage vari-
ables were classified into 2–3 groups, so that, according
to the cited authorities, typical values of A. pomarina got
the smallest and those of A. clanga the highest values
(Table 1). The size-variables had to be corrected for the
growth of nestlings, and we used residuals of regression
between a variable and wing length to get these indices
of relative size (Table 2; see below for details). Due to
conservation reasons, we could not visit the nests fre-
quently enough to determine hatching dates and thus the
exact age of nestlings. Since this is likely to be the case in
most studies on the eagles, we consider age-related
measurements as more practical than age for assessing
relative size. Originally, we also measured tail lengths,
but we did not use these here since tail and wing lengths
were highly correlated (r=0.98, P<0.001, n=217).

Additionally, we tested the identification value of two
recently proposed characteristics: (1) the width of the

Table 1 The six plumage variables and categorization (scores) of their values, which were used for calculating the plumage index in
spotted eagle nestlings. The scores range from typical A. pomarina values (min) to typical A. clanga values (max) according to Lewington
et al. (1991), Bergmanis (1996) and Forsman (1999)

Variables Scores of variables (lengths in mm)

1 2 3

Length of notch in outer vane of the 7th primary Absent or up to 50 50.5–79.5 At least 80
Maximum length of spots on median upperwing-coverts 0–15 15.5–29.5 At least 30
Maximum width of spots on median upperwing-coverts 0–5 5.5–14.5 At least 15
Colour of lesser and median upperwing-coverts compared
to greater coverts and remiges

Clearly lighter Slightly lighter Darker or
same colour

Colour of lesser and median underwing-coverts compared
to greater coverts and remiges

Clearly lighter Slightly lighter
or same colour

Darker

The width of dark bars on secondaries compared
to grey interspaces

Wider or of equal width Narrower
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grey tip of the 1st secondary (narrow in A. pomarina,
broad in A. clanga according to Forsman 1999); and (2)
occurrence of pale spots on lesser upperwing-coverts as a
feature of A. clanga (Bergmanis 1996; we classified it as
follows: 1 – no spots, 2 – few spots, 3 – all lesser coverts
spotted). For DNA analyses, blood samples were taken
from brachial veins of nestlings and stored in vacun-
tainers with EDTA buffer at room temperature during
fieldwork days. After this, blood cells were separated
from serum and stored at �20�C until further analysis.
Total DNA was isolated from blood cells using pro-
teinase K lysis and salt-extraction of proteins, and eth-
anol precipitation of DNA. Species-specific markers in
the cytochrome b gene or the pseudo-control region of
mitochondrial DNA (mtDNA) were amplified by poly-
merase chain reaction and sequenced (see Seibold et al.
1996 and Väli 2002 for details).

The nestlings were sexed using the sex-specific CHD
gene. A part of the gene was amplified according to
Griffiths et al. (1998) and the product was analysed by
restriction with VspI enzyme (Fermentas) and electro-
phoresis. The female-specific form of the gene (CHD-W)
contains two restriction sites, whereas the CHD-Z,
present in both sexes, has only one cutting site. This
leads to three DNA bands for females and two bands for
males, a clearly visible difference on 2% agarose gel
(Väli 2004).

Separation of hybrids

Because of the unknown variation of characters, a major
problem for developing identification cues for similar
species, and particularly their hybrids, is the pre-identi-
fication of individuals. We used a set of three features,
which we considered sufficiently reliable and indepen-
dent for that purpose: (1) ochre nape patch of A. pom-
arina, which has been considered the most reliable
character in distinguishing of spotted eagle nestlings
(Bergmanis 1989, 1996); (2) a species-specific genetic
marker from maternally inherited mtDNA (the cyto-
chrome b gene or the pseudo-control region; Seibold
et al. 1996; Väli 2002) to determine maternal lineage;
and (3) appearance of parent birds according to visual
observations in the field. Although we always attempted
to record all known species-specific characteristics, most
adults were identified by silhouette, upperwing contrast
between coverts and remiges, and the form of Aquila-

patches on upperwing and carpal crescents on under-
wing (Lewington et al. 1991; Forsman 1999).

We distinguished the 16 nestlings without nape patch
as A. clanga, since all of them also had the typical
mtDNA of A. clanga and both of their parents were
always identified as A. clanga. Among 152 nestlings with
nape patches, we distinguished 13 hybrids. Twelve
hybrids had nape patches, but the mtDNA of A. clanga
(suggesting the female parent as being A. clanga), while
the fact that their parents were of different species was
also confirmed by visual observations (see Lõhmus and
Väli 2001 for descriptions and photos of some of these
cases) and, in three cases, by mtDNA extracted from
feathers (Ü. Väli, unpublished data). One hybrid had
mtDNA of A. pomarina, but the adult male in this
breeding territory was determined as A. clanga by sev-
eral independent experts during 4 years. The remaining
sample was generally considered to represent A. poma-
rina, except in two territories where both adults were
determined as A. pomarina, but their ochre-naped nes-
tlings had mtDNA of A. clanga. We have paid separate
attention to these two nestlings, which may be later-
generation hybrids, but cannot be proven as such
according to current knowledge.

Statistical analysis

To explore the similarity of the species and the hybrids,
and to develop a simple identification cue, we addressed
two problems with the original variables. First, we re-
gressed the four size-variables against wing length to
take into account the nestling growth. Although the
relationships were best described by quadratic equa-
tions, these were probably imprecise since we had very
few data on small nestlings (Fig. 1). Therefore, we
omitted eaglets with <150 mm wing lengths from fur-
ther analyses and, to simplify practical use for identifi-
cation, we used linear approximations to calculate the
residuals (Fig. 1; Table 2).

Second, we reduced the number of variables to ad-
dress their redundancy and to follow the current view of
using a whole set of characteristics, rather than a few
features for distinguishing these species (Bergmanis
1996; Forsman 1999). We calculated a ‘plumage index’
by summing scores of the six original plumage variables
(Table 1). For size variables, we used two different
approaches.

Table 2 Linear regressions
relating bill and toe
measurements to wing length,
which were used for calculating
relative indices of body size in
spotted eagle nestlings (see also
Fig. 1). Only nestlings with
wing lengths of at least 150 mm
have been included

Dependent variable Intercept
(in mm)

Coefficient for wing
length

P n

Estimate SE

Height of upper mandible
in front of cere

10.98 0.0087 0.0011 <0.001 224

Bill height 15.05 0.0103 0.0012 <0.001 226
Bill length 20.05 0.0244 0.0019 <0.001 225
Length of middle toe 44.68 0.0108 0.0038 <0.001 216
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1. In comparative analyses of the three forms, we
pooled the standardised relative values of the three
bill measurements and mid-toe length into a general
‘size index’. The index was the first principal com-
ponent (PC1) of a Principal Components Analysis,
based on correlations. Such a pooling was necessary
because the bill variables were strongly correlated
with each other (r>0.8; P<0.001) and with the toe
length (r=0.67–0.68; P<0.001). PC1 explained 83%
of total variation of the four variables. We used
standardised values to make contributions of the
variables independent of measuring scale.

2. For developing identification criteria, we used
raw residuals (as calculated from the equations in
Table 2) and did not pool the variables.

In most analyses, each nestling was represented only
once as plumage characteristics change little during
nestling growth. However, for exploratory morphomet-
ric analyses (calculating the functions of relative size,
descriptive statistics) we used all available data. Alto-
gether, 29 nestlings were measured more than once; the
average interval between two measurements from the
same nestling was 9 days. We consider these measure-
ments independent enough to be simultaneously used for
our purposes; one measurement per nestling wastes data,
but full time-series were impossible to get because of
conservation concerns.

Results

Nestling characteristics

In general, the three taxonomic groups (A. clanga,
A. pomarina, hybrids) were more distinct by plumage
than by size (Table 3), and the separation was most clear
when considering both these aspects (Fig. 2). While the
bimodal frequency distribution of plumage index
(Fig. 3) suggested the occurrence of two partially over-
lapping forms, the species were actually separated
and the intermediate forms were hybrids (Fig. 2). The
average plumage indices of all three groups differed
significantly from each other (Tukey’s HSD post-hoc
tests: P<0.001) without pronounced sexual dimorphism
(Table 4). Also, the average size differed between
the taxonomic groups (Table 4) due to the smaller
A. pomarina nestlings (Table 3; Tukey’s tests: P<0.001).
However, it was not possible to reliably separate hybrids
from A. clanga by size (Tukey’s test: P= 0.078), and a
significant part of size differences between individuals

Table 3 The studied species-specific characteristics of spotted eagle
nestlings.

Variable Species Mean SD n

Relative size, mm a:
Height of upper
mandible

A. clanga 1.2 0.6 32
Hybrid 0.9 0.7 21
A. pomarina –0.3 0.6 170

Bill height A. clanga 1.5 0.6 33
Hybrid 1.1 0.9 21
A. pomarina –0.4 0.7 171

Bill length A. clanga 2.0 1.1 32
Hybrid 1.4 1.8 21
A. pomarina –0.5 1.3 171

Length of middle toe A. clanga 4.3 2.1 28
Hybrid 2.8 2.2 21
A. pomarina –1.1 2.4 166

Plumage index A. clanga 15.1 0.9 16
Hybrid 12.0 1.4 13
A. pomarina 8.1 1.3 139

a Raw residuals from regression equations, see Table 2

Fig. 1 Height of the upper mandible in relation to wing length in
spotted eagle nestlings (n=233). The relationship was best
described by a quadratic equation (mean±95% confidence limits
shown with dashed lines). The nine nestlings with wings shorter
than 150 mm were omitted from further analyses, and linear
regression (solid line) was used to calculate relative measurements
for the larger nestlings.

Fig. 2 Size and plumage indices of nestlings of the two spotted
eagle species and the hybrids. A. pomarina nestlings, which were
not separable from hybrids using step-by-step identification, are
indicated by arrows
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was due to sexual dimorphism (female nestlings being
significantly larger than males; Table 4).

The two suspected later-generation hybrids were
plotted in the middle of A. pomarina sample (size and
plumage indices –1.18 and 8 in a male, and 0.46 and 8 in
a female nestling, respectively). Therefore, our samples
of ‘pure species’ may also include some other hybrids if
these were impossible to detect with our three indepen-
dent characters. At this stage of knowledge, we were
only able to check for extensive error in the sample of
the significantly more numerous A. pomarina whose
adult birds were not studied in detail in many cases. If
size and plumage features are independently inherited
within a species, a correlation between plumage and size
indices should indicate a frequent occurrence of hybrids.
However, there was no such correlation among the
nestlings determined as A. pomarina by us (r=0.01,
P>0.05, n=136).

The three taxonomic groups differed from each other
by the grey tip of the 1st secondary (Kruskal-Wallis test:
v22=22.3, P<0.001), which was on average 50.3±13.3
(SD) mm wide in A. clanga (n=7), 25.0±3.4 mm in

hybrids (n=9) and 18.9±3.6 mm in A. pomarina
(n=68). The eagles having narrower dark bars on sec-
ondaries also had a wider grey tip (for pooled sample:
t77=5.4, P<0.001; for A. pomarina: t63=1.9, P=0.067).
The difference between taxonomic groups with regard to
the spots on lesser coverts (v24=37.4, P<0.001) was due
to the less-spotted A. pomarina nestlings (compared with
A. clanga and hybrids: v22=24.6 and 26.4, respectively;
both P<0.001). Of 119 A. pomarina nestlings, 19.3%
had few spots on lesser coverts and 6.3% had all these
coverts spotted.

Identification

Although the three taxonomic groups were separated
according to size and plumage indices (Fig. 2), the few
deviating individuals pointed to a risk of wrong identi-
fication, especially when one cannot perform genetic
analyses. Moreover, in the field, statistical combining of
size variables (such as on Fig. 2) is not possible.
Therefore, for developing identification cue, we classified
plumage index values and raw residuals of size variables
(Tables 1, 2) according to their means and standard
deviations in A. pomarina (Table 3). Altogether, 164 of
168 birds (98%) were correctly identified using a three-
step procedure, separating: (1) A. clanga, having no nape
patch; (2) 9 of 13 hybrids according to plumage index;
and (3) the remaining hybrids by their large size (at least
two features over the mean+2 SD values of A. poma-
rina; Table 5). All four misidentifications were A. pom-
arina nestlings that were identified as hybrids (one
during the second step, three during the third step).

Discussion

We found that hybrids of spotted eagles have interme-
diate phenotypes when compared with both parent
species, and that all three forms can be quite reliably
distinguished from each other in the field. (Note that
‘intermediate’ in our case relates to a set of variables, i.e.
the hybrids could have had either intermediate values of
individual features or a mixture of specific values of both
species; see Appendix.) This adds significantly to the
previous approaches of morphological separation and
field identification of these species, which did not take
into account the occurrence of hybrids. At the same
time, we are aware of the preliminary nature of the re-
sults since: (1) our pre-identification may have included
errors; and (2) our samples of A. clanga and hybrids
were small and probably did not cover the morpholog-
ical variation in the populations.

The possibility of pre-identification errors was high-
lighted by post-hoc misidentifications (Table 5) and the
position of the possible later-generation hybrids. All
four A. pomarina nestlings that were included in the
sample of hybrids were females, which explains their
relatively large size. Hence, knowing the sex of nestlings

Table 4 The effects of species (A. pomarina; A. clanga; hybrid) and
sex on the mean values of plumage and size indices in spotted eagle
nestlings (2-way ANOVA)

Variable and source
of variation

Mean
square

df F P

Plumage index
Species 339.2 2 206.8 <0.001
Sex 2.2 1 1.4 0.24
Species * Sex 0.7 2 0.4 0.66
Error 1.6 149
Size index
Species 33.9 2 113.2 <0.001
Sex 8.1 1 27.2 <0.001
Species · Sex 0.2 2 0.7 0.52
Error 0.3 147

Fig. 3 Histogram of the plumage index (sum of six variable scores)
in spotted eagle nestlings (species pooled; n=168)
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could help to interpret the observed size values, but up
to now there are no field methods available to identify
the sex of spotted eagle nestlings. However, two indi-
viduals also had plumages different from any hybrid
(Fig. 2) and could have been separated from them. The
other misidentified nestlings were plotted in the middle
of the hybrid sample (Fig. 2). In both of these latter
cases, only one adult bird has been described in detail
and thus, we cannot exclude the possibility that these
nestlings were hybrids.

An important question for taxonomy and conserva-
tion of spotted eagles (particularly of A. clanga; Mey-
burg et al. 2001) is the fertility of hybrids, and the
occurrence of later-generation hybrids or backcrosses in
populations. Such hardly distinguishable descendants
occur in low numbers, for example, in spotted owls Strix
occidentalis and barred owls S. varia (Hamer et al. 1994).
Also, in spotted eagles, the two probable later-genera-
tion hybrids (see Methods) suggested that hybrids can
reproduce, which may have a marked impact on popu-
lations given the frequent interbreeding of these species
(Panov 1989; Lõhmus and Väli 2001; Dombrovski
2002). The introgression of mtDNA from A. clanga to
A. pomarina suggests the fertility of at least some female
hybrids, which conflicts with Haldane’s rule of female
sterility (Haldane 1922). This finding is notable since the
rule is followed extremely strictly in nature (Turelli
1998). Based on the field descriptions of adults, we have
suspected the breeding of hybrids in three additional
breeding territories in Estonia. However, proving of la-
ter crossings is very difficult because of individual vari-
ation and other confusing factors (wear of the plumage,
changing light conditions in the field). Such cases should
be best solved by inspecting questionable adults in the
hand and by complex analysis of both mitochondrial
and nuclear DNA (e.g. microsatellites; Helbig et al.
2001; Veen et al. 2001). Since hybrid fertility in spotted
eagles has not yet been proven, it would have been
premature to introduce the concept of later-generation
hybrids into our analysis.

The question about representativeness of our sample
is most important when considering the identification
value of the nape patch. The ochre nape patch of

A. pomarina is thought to be the most reliable criterion
in separation of juvenile spotted eagles (Bergmanis
1989). Since all hybrids studied by us had a nape patch,
we were always able to separate them from pure A.
clanga. However, hybrids without a nape patch have
been reported in Latvia and Belarus (Bergmanis and
Strazds 2001; Dombrovski 2002); and Clark (1990) ob-
served a juvenile ‘‘A. pomarina’’ without a nape patch.
While we cannot exclude the possible existence of hy-
brids without a nape patch, the ‘‘lack’’ of a nape patch
may also depend on interpretation. Young A. clanga
may also have lighter (but still blackish or greyish
brown) tips to the nape feathers (Glutz von Blotzheim
et al. 1989), and the nape patch of A. pomarina can be
formed solely by the ochre tips of nape feathers (both
situations were also recorded by us). The size of the nape
patch in A. pomarina varies as well, ranging from only a
few ochre feathers to an almost entirely rufous head.
The nape patch of the Estonian hybrids varied in size
and colour (from light ochre to brown), but it always
contrasted with the dark upperparts, unlike in A. clanga.

To capture the variation in spotted eagle populations
more completely and to check the identification key that
was elaborated in our study, it is essential to carry out
similar analyses in other regions, particularly those
holding mixed populations of the two species. It is also
important to continue searching for new identification
criteria since those inspected by us (grey tips of sec-
ondaries, spots on lesser upperwing-coverts) did not add
much to the existing ones. Such characters should be as
objectively measurable as possible for effective use. For
example, the ground colour of body plumage could be a
good character for separating the blackish A. clanga and
the warmer brown A. pomarina nestlings. However,
interpretation of colour depends much on the observer
and light conditions (e.g. Forsman 1999). Also, the
length of the notch in the outer vane of the 7th primary
can be easily overestimated when the feathers of the
nestling are wet.
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Table 6 lists the characteristics of the 13 hybrid nestlings
from eight nest sites.
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Väli Ü (2004) Sex ratio of lesser spotted eagle Aquila pomarina
nestlings in good and poor breeding years. Bird Study (in press)
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