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Monitoring of spotted eagles in Estonia in 1994-2014:
Stability of the lesser spotted eagle (Aquila pomarina)
and decline of the greater spotted eagle (A. clanga)

Monitorovanie orla krikl’avého a hrubozobého v Estonsku v rokoch 1994 az 2014:
Stabilita u orla krikl’avého (4quila pomarina) a pokles u orla hrubozobého (A. clanga)

Ulo VALI

Abstract: Population trends of the lesser and greater spotted eagle in Estonia were comparatively estimated using data obtained
in 1994-2014 from the monitoring scheme of common raptors and from special plots for monitoring of spotted eagles. Both ap-
proaches had pros and cons, but resulted in similar population trends. The numbers of the lesser spotted eagle have had minor
fluctuations over the last two decades but the overall trend is stable; the current population size is estimated as 600—700 pairs. The
number of greater spotted eagle breeding territories (pure-species and mixed pairs pooled) have significantly decreased, for ex-
ample by 14% per year in 2004-2010, though in recent years the numbers seem to be stabilised at a critically low level. The de-
cline of pure-species pairs was somewhat steeper than that of mixed pairs, their proportion decreasing from a third to a quarter of
the greater spotted eagle breeding territories. Altogether 5-10 breeding territories of the greater spotted eagle may be found
nowadays in Estonia.

Abstrakt: Populacné trendy orla krikl'avého a hrubozobého v Estonsku boli odhadnuté z udajov ziskanych v rokoch 1994 — 2014
v ramci monitoringu beznych druhov dravcov a tiez zo Specialnych pléch na monitoring tychto dvoch druhov orlov. Oba meto-
dické pristupy maji svoje klady a zapory, avSak z ich udajov vypocitané populacné trendy su si podobné. Pocetnost’ orla
krikl'avého v poslednych dvoch desatrociach mierne kolisala, celkovy trend je ale stabilny; vel'kost” jeho populacie sa v stcas-
nosti odhaduje na 600 — 700 parov. Pocet hniezdnych teritorii orla hrubozobého (Cisté aj zmieSané pary) vyznamne poklesol, napr.
v rokoch 2004 az 2010 o 14 % za rok, v poslednych rokoch sa ich pocet zda byt stabilizovany na kriticky nizkej Grovni. Pokles
pocetnosti Cistych parov bol prudsi nez u zmieSanych parov, ich podiel sa znizil z tretiny na $tvrtinu z hniezdnych teritorii orla
hrubozobého. Dnes je v Estonsku mozné najst’ 5 — 10 hniezdnych teritérii tohto druhu orla.
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Introduction

The lesser spotted eagle (Aquila pomarina) and the
greater spotted eagle (Aquila clanga) are closely-related
palaearctic eagles whose ranges overlap in Eastern
Europe. The lesser spotted eagle is the more numerous
of the two species, but in recent decades its numbers
show various trends across Europe (BirdLife Interna-
tional 2004, 2015). The greater spotted eagle has de-
creased all over its FEuropean range (BirdLife

International 2015) and nowadays it is one of the most
threatened raptors on the continent. These reasons, ac-
companied with the alteration of greater spotted habitats
(Maciorowski & Mirski 2014) and flexibility in habitat
use by the lesser spotted eagle (Lohmus & Vili 2005),
have led to the extensive hybridisation of the two species
(Vili et al. 2010a). Mixed pairs produce fertile offspring,
which, at least nowadays, form a natural part of the pop-
ulation in the hybrid zone (Vili 2010, Vili et al. 2010a).
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Both spotted eagle species breed in Estonia (Fig. 1).
The first general estimations of their numbers here date
back to the early 20th century, and the first quantitative
estimates to the middle of the 20th century (Vali 2011).
However, the numbers of the lesser spotted eagle were
seriously underestimated up to the 1990s (Lohmus &
Vili 2001b, Vili 2011) and those for the greater spotted
cagle may have been biased due to misidentifications
(Vali & Lohmus 2000). Not until 1997 did the compila-
tion of data from many study plots across Estonia result
in first reliable estimations: 480—600 pairs of lesser
spotted eagles and 20-30 pairs of greater spotted eagles,
also including mixed pairs (Léhmus 1998, Lohmus &
Vili 2001a, b). Since then the estimation for the lesser
spotted eagle has been recalculated and corrected to
600-700 pairs (Elts et al. 2013). Reliability of the es-
timate is supported by the compilation of monitoring
data and casual field observations; indeed, most of the
population has been actually recorded in the field (Vili
2011). Also the estimate for the greater spotted eagle
and mixed pairs has been changed to 5-10 pairs in 2012
(Elts et al. 2013) but, unlike for the lesser spotted eagle,
actual decrease in numbers was the cause of the change
in this species (Vili et al. 2010a, Vili 2011).

Monitoring of spotted eagles has a long history in
Estonia. In the previous century spotted eagles were
followed together with other birds of prey in permanent
raptor monitoring plots. Several of such plots have been
studied over decades (Randla 1976, Lelov 1991, Tuule
et al. 2011), although only a few pairs of spotted ecagles
have been breeding there and thus trends have been dif-
ficult to estimate. The monitoring of raptors became
more extensive in the early 1990s, and since 1994 the
programme has been included in the national bird mon-
itoring scheme (Lohmus 1994). A modern raptor plot is
usually a UTM-grid based square with average size of
ca 100 km?, although some variation in shape and size
exists (Lohmus 1994, 2004). With the increasing num-
ber of raptor plots the coverage of spotted eagles im-
proved significantly, although the grid of raptor plots
still enabled researchers to follow only a limited sample
of the eagles. To enhance the monitoring and studies on
biology of spotted eagles, a special 1,000 km? study
area was established near Tartu in the early 1990s. In
2003 similar spotted eagle monitoring plots (200—-600

km?) were also established in other parts of Estonia as
part of the national monitoring of the lesser spotted
cagle. Both schemes, the grid of raptor study plots and
that of the spotted ecagle plots, are still studied at
present.

In the current study I use data from the two moni-
toring schemes and analyse trends in the two spotted
cagle species, and mixed pairs, over the last two dec-
ades. I also discuss the pros and cons of the two ap-
proaches and thus bring the classical “single (few) large
or several small (SLOSS)” debate to the discussion on
the monitoring of spotted eagles.

Methods

The study was conducted in Estonia, north-eastern
Europe (Fig. 2a), a lowland country situated in the
hemiboreal vegetation zone and characterised by flat
terrain. The area of the country is 45,215 km? and ap-
proximately 50% of it is covered with forest. In Estonia,
the lesser spotted eagle is at the northern limit of its
range and the same is nearly true for the greater spotted
eagle, except for a pair recorded in Finland (Valkama et
al. 2011) and a small population in north-western Russia
(Pchelintsev  2006). The species are distributed
throughout the Estonian mainland, but the greater spot-
ted eagle is very scarce throughout the country (Vili &
Lohmus 2000, Vili et al. 2005) and breeding density of
the lesser spotted eagle rises gradually from northwest
to southeast (Lohmus 1998, Lohmus & Vili 2001).

The current study includes data from the raptor
monitoring plots (hereafter raptor plots) in 1994-2014
and from the larger special study plots, where only
spotted eagles were monitored (hereafter spotted cagle
plots), in 2003-2014 (Figure 2b). These two sources are
analysed separately because of the differences in study
periods and sizes of the plots, and moreover several
raptor plots are included in the spotted eagle plots and
thus should have been omitted from the united analysis
to avoid pseudoreplication. As an exception among the
spotted eagle plots, the survey plot near Tartu has
provided reliable numbers of spotted eagles since 1997;
the data from this study area are presented separately.

The number of annually studied raptor plots has
varied between 8 and 19, spotted eagles being recorded
in 5-12 of them, and their size has ranged from 25 km?

<« Fig. 1. Typical habitats of spotted eagles in Estonia. The nest site (a, b) and the foraging habitat (c) of the lesser spotted eagle

and the same habitats (d—f) of the greater spotted eagle.

<« Obr. 1. Typické habitaty orla kriklavého a hrubozobého v Esténsku. Hniezdisko (a, b) a lovisko (c) orla kriklavého a tie isté habi-

taty orla hrubozobého (d - f).
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Fig. 2. The study region, Estonia (black), and approximate dis-
tribution ranges of the lesser spotted eagle and the greater
spotted eagle in Europe (a). The locations of the raptor plots
(black) and spotted eagle plots (grey) in Estonia (b).

Obr. 2. Studované Uzemie, Esténsko (Gierne) a priblizny aredl
vyykytu orla kriklavého a hrubozobého v Eurépe (a). Roz-
miestnenie monitorovacich pléch pre bezné druhy dravcov (Cier-
ne) a pre orla kriklavého a hrubozobého (sivo) v Esténsku (b).

to 200 km? (mean = 84 + 43 (SD) km?), total area being
between 905 km? and 1657 km? (Figs 2 and 3). The
total number of spotted eagle pairs in raptor plots was
11-21 annually. On the other hand, the number of annu-
ally studied special spotted eagle plots varied between
four and seven, and their sizes between 200 and 1000
km? (mean = 458 + 250 km?); the total area ranged
between 2000 and 3210 km? (Figs 2 and 3). In total
there were 64—104 pairs of spotted eagles recorded an-
nually on these large special monitoring plots.

The field methods of spotted eagle monitoring were
similar in the two types of plots. Spotted eagles were
mapped throughout the breeding season in study areas
using methodology similar as for other raptors (e.g.
Hardey et al. 2009). This included observations of dis-
playing birds in spring, and also later during the breed-
ing season, registering birds on foraging and carrying
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Fig. 3. Inter-annual dynamics of the total studied area (km2) in
raptor study plots (filled bars) and spotted eagle plots (empty
bars).

Obr. 3. Medziro¢na dynamika vymery (km?2) Gzemia moni-
torovaného v ramci monitorovacich pléch pre bezné druhy
dravcov (piné stipce) a pre orla kriklavého a hrubozobého
(prézdne stipce).

food to their nests, searching for potential nests
throughout the year and checking them at least once
during the breeding season. Adult birds were identified
in the field according to the characteristics described by
Forsman (1999) and nestlings according to Véli & Loh-
mus (2004). Moreover, samples from adult birds
(moulted feathers) and nestlings (blood and feather
samples) were collected and genetic identification of
species was performed according to Vili et al. (2010b).
In addition to pure-species pairs, also mixed-species
pairs were included in the current study, and to simplify
analysis I pooled in this sample the ones involving a
greater and a lesser spotted eagle, and also those in-
cluding an F1 hybrid, F2 hybrid or a backcross to the
pure species breeding with each other or with a bird
from a parental species. The proportions of such hy-
bridising pairs are not treated here, but see Vili et al.
(2010a) and Vili (2011) for detailed analysis of the hy-
bridisation. Population trends were analysed separately
for the lesser spotted eagle and, due to the low numbers,
jointly for the greater spotted eagle and mixed pairs.
This grouping was justified also by the fact that mixed
pairs have usually been established in the territories of
the greater spotted eagle (Lohmus & Vili 2005).

In surveys where not all areas are studied throughout
the period, registered raw annual average densities are
influenced by the exchange of the study areas and do
not reflect real changes. To avoid such bias, analysis of
trends was based on imputed abundance indices calcu-
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lated using the TRIM program version 3.53 (Pannekoek
& Van Strien 2005). A time series model was applied,
with serial correlation taken into account, and for the
detailed analysis of trends a linear model with break-
points was used. Fit of models was assessed with the
likelihood ratio test, and difference of the slope from
zero was analysed using the Wald test. Trends were
visualised by linear trend line or by loess curve with

95% confidence intervals.
Results
The lesser spotted cagle

According to the indices, calculated using the data from
raptor study plots (Fig. 4a), the lesser spotted eagle
population was well characterised in 1994-2014 by a
linear trend (A = 80.2, df = 145, P = 1.0; i.e. linear
model was not rejected). Although there seemed to be
somewhat higher abundance in the 2000s compared to
1990s, the standard errors were large and the slope of
the trend was not significantly different from zero
(® =10.6, df = 19, P = 0.93); thus the population was
considered as stable. The data from the spotted eagle
plots (Fig. 4b) suggested the same for 2003-2014
(A=11.0,df=47,P=1.0, =117, df =10, P=0.31),
although there was a tendency for a decrease in
2004-2006 (® = 4.0, df = 1, P = 0.04) and an increase
after 2012 (® =2.24, df =1, P = 0.13). At the best-stud-
ied spotted eagle plot near Tartu the annual number of
lesser spotted eagle breeding territories has fluctuated
between 20 and 26; numbers were somewhat underes-
timated in 20062008 when the study intensity was
lower. Also there the overall trend of the lesser spotted
eagle pairs could be considered as stable.

The mean density of the lesser spotted eagle in
1994-2014 in Estonia, as revealed by all raptor plots,
was 1.03 pairs/100 km?, and the annual densities fluctu-
ated due to inter-annual changes in numbers of eagles
and composition of plots between 0.58 and 1.34
pairs/100 km2. To compare the two different study ap-
proaches, I also calculated densities in raptor plots
where at least one lesser spotted ecagle pair was breed-
ing; the mean density was 1.23 pairs/100 km?, inter-an-
nual variation of mean density 0.98—1.88 pairs/100 km?
and variation between mean densities among plots
0.72-3.85 pairs/100 km?2. Comparatively, densities ob-
tained from the spotted eagle plots varied between plots
from 2.0 to 4.2 pairs/I00 km> (mean = 2.8
pairs/100 km?) and yearly averages between 2.47 and
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Fig. 4. Population dynamics of the lesser spotted eagle accord-
ing to the data from raptor plots in 1994-2014 (a) and spotted
eagle plots in 2003-2014 (b). Whiskers indicate standard errors
of annual indices; linear trend with 95% Cl is presented.

Obr. 4. Popula¢na dynamika orla kriklavého na zaklade udajov
z monitorovacich pléch pre bezné druhy dravcov v rokoch 1994
— 2014 (a) a pre orla kriklavého a hrubozobého v rokoch 2003 —
2014 (b). Useeky predstavuju $tandardnu chybu ro&nych popu-
laénych indexov; zobrazeny je linearny trend s 95 % intervalom
spolahlivosti.

3.34 pairs/100 km? (mean = 2.7 pairs/100 km?), indicat-
ing that spotted eagle plots have been established in
better than average areas.

The greater spotted cagle

In 2003-2014 pure-species greater spotted eagle pairs
were found in two and mixed pairs in six out of eight
spotted eagle study plots. During that period the total
number of pure-species pairs in spotted eagle plots de-
creased from four to one and mixed pairs from seven to
four (Fig. 5a). According to the calculated population
indices the number of greater spotted eagle breeding
territories (pure-species and mixed pairs pooled) steeply
declined in 2003-2014 (P < 0.05). The strongest decline
was recorded in 2004-2010 when the population de-
creased by 14% annually (® = 11.2, df =1, P < 0.001);
since then the numbers seem to have stabilised at a very
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Fig. 5. Total number of greater spotted eagle pairs (filled bars)
and mixed pairs with the lesser spotted eagle (empty bars; a),
and the annual population indices (+SE) with the trend line
(loess curve with 95% CI) of the two groups together (b), in the
spotted eagle plots.

Obr. 5. Poget gistych parov orla hrubozobého (pIiné stipce) a
parov zmie$anych s orlom kriklavym (prazdne stipce; a); roéné
populaéné indexy (+ Standardna chyba) s trendovou ciarou
(loess-krivka s 95 % intervalom spolahlivosti) spolu Cistych aj
zmieSanych parov (b) z monitorovacich pléch pre orla
kriklavého a hrubozobého.

low level (Fig. 5b). Both numbers of pure-species pairs
and mixed pairs have decreased, but the decline in pure-
species pairs has been stronger; their proportion has de-
creased from a third to a quarter of the greater spotted
eagle breeding territories.

Changes in population composition are well illus-
trated by the data from the largest spotted eagle moni-
toring plot near Tartu (Fig. 6). The greater spotted eagle
has always formed only a small part of the population.
There were two greater spotted eagle pairs in the late
1990s (one of them was occupied by a mixed pair in the
late 1980s and early 1990s) but both disappeared in the
early 2000s. Three mixed pairs, with greater spotted
cagle females, have decreased to one, with a breeding
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Fig. 6. Dynamics and composition of the spotted eagle subpop-
ulation in the Tartu spotted eagle study area (1000 km?2). Great-
er spotted eagle pairs are indicated as black, mixed pairs as
grey and lesser spotted eagle pairs or single individuals as
white.

Obr. 6. Dynamika a zlozenie populacie orla kriklavého a
hrubozobého na monitorovacej ploche pre tieto druhy orlov v
Tartu (1000 km?2). Cisté pary orlov hrubozobych st znazornené
Cierne, zmieSané sivo a pary alebo jednotlivé jedince orlov
kriklavych bielo.

hybrid male who remained single in 2013. Surprisingly,
in 2014 a female greater spotted eagle arrived in his ter-
ritory, but the pair did not start breeding.

A similar trend has been seen in raptor plots where
in the late 1990s and early 2000s two pure-species pairs
and at least two mixed pairs were breeding, while in
2014 only one hybrid individual bred with a lesser spot-
ted eagle. The population trend for the 1990s is hard to
estimate since mixed pairs and hybrids may have been
missed in raptor plots at that time due to difficulties in
identification. For instance, several mixed pairs have
been found only after a genetic survey. However, ac-
cording to the data from all raptor plots, the density of
the greater spotted eagle/hybrid territories (pure-species
pairs and mixed pairs pooled) declined from 0.375
pairs/100 km? in 1995 to 0.24 pairs/100 km? in 2002 and
0.07 pairs/100 km? in 2014. The overall mean density
over the years was 0.17 pairs/km? and that among plots
was 0.10 pairs/100 km?. The comparative data from the
spotted eagle plots were rather similar, though somewhat
higher: mean density decreased from 0.28 pairs/100 km?
in 2003 to 0.14 pairs/100 km? in 2014, the overall mean
density over the years was 0.20 pairs/100 km? and that
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among plots was 0.18 pairs/100 km?2.

Discussion

The current study demonstrates the stability of the less-
er spotted eagle and the steep recent decline of the
greater spotted eagle population in Estonia over the
previous two decades.

The stability of the lesser spotted eagle population
has been taken into account in estimating the size of the
Estonian population, being some 600—700 pairs (Elts et
al. 2013), but not yet deserving further attention. The
stable trend is remarkable however, as several European
populations such as those in Germany (Langgemach &
Bohner 2004, Langgemach et al. 2005), Lithuania (Tre-
inys et al. 2007), and locally also in Latvia (Bergmanis
et al. 2006, Bergmanis et al. 2015), have been declining
over the last decades. Despite the stability, and even a
probable increase in the last two years, one should not
consider the lesser spotted eagle as being safe in Esto-
nia. The numbers of the species should be carefully
continuously monitored in Estonia as potential threats
for nesting areas (logging) remain and those for the for-
aging grounds (replacement of meadows with arable
land) have been increasing (Abel 2014). One of the
most significant threats affecting the lesser spotted
cagle in Estonia is the increasing production of rapeseed
oil (Vili et al, in prep.). There has been remarkable
widening of the area covered by rape fields during the
recent two decades, from 600 hectares in 1990 to
98 000 hectares in 2010, although in recent years their
area has somewhat decreased (to 80 000 hectares in
2014 (Statistics Estonia 2015). Whether the contraction
of rape production has been sufficient to improve the
situation of the lesser spotted eagle in Estonia remains a
topic for further studies. On the other hand, a new po-
tential threat has (re-)appeared: the growing area of
maize has increased from 900 hectares in 2007 to 7400
in 2014 and the trend is going steeply upwards (Statist-
ics Estonia 2015).

In long-lived species reproductive success is an im-
portant monitoring parameter as it often signalises the
impact of threats earlier than numbers do. Fortunately,
no negative trends in breeding frequency, breeding suc-
cess or productivity of the lesser spotted ecagle have
been recognised in Estonia, but all these breeding para-
meters fluctuate remarkably on a regular basis (Vali et
al. 2005, Vili 2012). Despite the general stability, there
seem to be some minor ups and downs also in the num-
bers of the lesser spotted eagle (Fig. 4), though with
much less range and regularity. One could suspect that

changes in breeding numbers of species may just be
caused by the detectability determined by breeding suc-
cess as birds are forced to hunt more and are thus more
visible when they have offspring at the nest. However,
fluctuations in numbers and productivity are not syn-
chronous, so this is probably not always true. One must
admit though that there have been some changes in
study intensiveness across plots, but this too has not
been synchronous and thus should not have a significant
effect. Obviously, years of high breeding success must
at least to some extent also have a real influence in
philopatric species, as more birds are available to be in-
corporated into the breeding population after a time lag
equal to the age of the first breeding. The relationship is
not directly reflected in numbers because several other
factors influence birds too. The most important of these
is the first migration, which is fatal to many young birds
(Meyburg et al. 2005 and unpubl. data). Environmental
conditions at the wintering grounds may be unsuitable
as well, and movements of immatures could bring them
to hostile sites thus increasing their mortality. Even if
young birds reach maturity, incorporation into the
breeding population is not easy as breeding grounds
may already be saturated with territorial birds. The
breeding density of the lesser spotted eagle is rather low
in Estonia compared to the other European countries
(Meyburg et al. 2001), and even in neighbouring Latvia
local densities reach several times higher levels
(Bergmanis et al. 2006, Bergmanis et al. 2015). So there
should be potential for an increase of numbers in Esto-
nia, though not necessarily, as it is very difficult to es-
timate the actual carrying capacity of the Estonian
environment for the species.

The data from the monitoring plots quantified the
declining trend of the greater spotted eagle in Estonia,
which has been shown and discussed earlier using the
records of breeding territories and nests from all over
the country (Vili et al. 2005, Vili et al. 2010a, Vili
2011, Vili et al. 2011). Summarizing all the existing
data one can conclude that altogether 5-10 breeding
territories of the greater spotted ecagle may be found
currently in Estonia, most of them occupied by pairs in-
terbreeding with the lesser spotted eagle. Several threat
factors such as loss of old-growth wet forests and wet
meadows have probably influenced the population in the
past (Vali & Lohmus 2000, see also Maciorowski et al.
2014). These factors, however, are not considered as ur-
gent threats in Estonia nowadays, because all known
nest sites from the last two decades are protected and
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large-scale measures to save habitats have been rein-
forced (Nurmla et al. 2015). The reproductive success
seems to be sufficient in Estonia and existing pairs have
bred successfully (Vili et al. 2005). At the same time,
disappearing adult birds have usually not been replaced
by young. Thus a major factor for the decline is prob-
ably mortality of young birds during migration or win-
tering, or their dispersal to breed in other areas. Several
greater spotted eagles, studied by telemetry, have indeed
been shot during migration, so this seems to be an im-
portant threat for the species (Maciorowski et al. 2014).
Concerning dispersal, an interesting example is the be-
haviour of a satellite-tracked male greater spotted eagle
who has not started breeding at the age of six years but
has been a vagrant or holding a summer territory instead
in Scandinavia, far from the currently known distribu-
tion range of the species (Vili and Sellis, in prep.). Hy-
bridisation too, which itself is a consequence of
declining numbers, has become an additional threat
factor, as pair-bonds of eagles last for several years and
incoming greater spotted eagles can not replace lesser
spotted ecagles breeding with other greater spotted
cagles in the previous territories of the latter species
(Lohmus & Vili 2005, Vili et al. 2010a). Whatever the
reasons, the decline of the greater spotted eagle is a
general process across Europe (BirdLife International
2015) and thus the shrinking of their range is not sur-
prising. This obviously brings along the disappearance
of subpopulations at range margins, such as the Estoni-
an one, even if local conditions have not worsened.
Monitoring numbers of birds of prey is problematic
because of their low densities over extensive areas.
Monitoring programmes should therefore be conducted
over a sufficiently large total area (Saurola 1986). Es-
timating the population size is especially problematic in
birds with patchy distribution, such as the greater spot-
ted eagle, or with gradual differences in density, such as
the lesser spotted eagle in Estonia (Lohmus 1998, Vili
and Lohmus 2000, Lohmus and Vali 2001, Vili et al.
2005). Indeed, in the current study surprisingly many
greater spotted eagles were recorded in the monitoring
plots, in pure-species or mixed pairs, compared to their
low total numbers in Estonia. Certainly this density
should not be extrapolated to the entire country, or bey-
ond, as several studied areas are located near large
rivers with extensive floodplains, which are the best
areas for the species in Estonia. Similarly, the breeding
density of the lesser spotted eagle decreases gradually
towards the north-west, where several raptor study plots
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are located, and the densities found in the current study
should not be used for estimating its population size.
Both approaches are still valid for estimating popu-
lation trends. Here, however, an intriguing question
raises, analogous to the classical SLOSS debate in con-
servation biology: are single (few) large areas better
than several smaller areas, or vice versa. The large spe-
cial spotted eagle study areas provided a high total
number of pairs, which was sufficiently large for con-
clusions on each subpopulation (plot), and the entire
Estonian population of the lesser spotted cagle with
rather small annual standard errors. The data were suffi-
cient even for analysing the trend for the rare greater
spotted eagle. Nevertheless, pairs in the same plot are
not independent study units and pseudo-replication is a
potential threat for any analysis of such data. To make
reliable conclusions, the effort by researchers in extens-
ive arecas must be large, but this results in conclusions
on the species in focus alone. In the second approach,
the grid of raptor plots, the number of study plots was
higher and these plots were scattered across the country,
thus the number of independent study units was much
higher. The number of spotted eagle pairs in every plot
is small however, and stochastic effects may have
played a significant role. Probably therefore the raptor
plots suggested stronger fluctuations in abundance of
the lesser spotted eagle, but the significance of fluctu-
ations was covered by the large standard errors. The
total number of studied pairs was rather small even for
the more abundant lesser spotted eagle, and clearly in-
sufficient to analyse trends in the greater spotted eagle.
The working effort is large in raptor plots too, but this
returns adequate conclusions on several other species,
thus improving the cost-effectiveness of working hours
for a broad-minded raptor biologist. It is hard to choose
one approach for recommendation, as both have pros
and cons, and complement each other. The choice has to
be made by every researcher taking into account the
purpose, region, time and the species of interest.
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