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Possible Effect of Anthropogenic
Environmental changes on Morphological
Variation of some European Birds of Prey

VI. Pererva and A.V. Grazhdankin

INTRODUCTION

Problems of animal adaptation to human activity have attracted increasing attention in recent
years. Behavioural reactions are normally the quickest form of organismresponse to anthropogenic
factors of varying intensity. Changes in ecology and quantity of species are also of much interest.
Moreover there are few investigations into basic transformations of animal morpho-physiology,
which concern vital aspects of their biology and influence heredity.

Correlation has been confirmed of changes in morpho-physiological traits of certain mammals
under the influence of anthropogenic factors (primarily towards diminution and deformation of the
skull as well as the skeleton as a whole) in Aurochs (Zalkin 1962; Paaver 1965; Werestschagin &
Rusakov 1979; Kobrynczuk 1985), Saiga Antelope (Zhimov 1982; Pronjaev 1986) and Przhewalski’s
Horse (Klimov 1990). Few such changes are known in birds. However, at the beginning of the
1970s Wiadishevsky (1973) noted certain differences between “agricultural” and “urban”
populations of House Sparrows Passer domesticus in the Carpathian Mountains region, such as
diminution in size of body parts (stomach, limbs). Tomialojc’s (1995) research on European House
Sparrows concluded that modern western forms adapted to new environments more quickly than
eastern ones. There is no doubt that the natural environments in Europe have been substantially
transformed through human activity.

Our hypothesis is that during the last century western Palaearctic populations of birds of prey
evolved more than eastern ones. In our opinion this is due to more intensive western anthropogenic
factors which influence natural trends in evolutional development of intraspecific forms. For birds
of prey, one criterion for such a mode of evolution is, we suggest, intensification of sexual
dimorphism in dimensions. We follow the conclusions of Hill (1944) and K.A. Judin (1958) that
sexual size dimorphism in primitive members of the Falconiformes is expressed to a lesser degree
than in more developed ones. Accordingly our second hypothesis is that decrease in the degree of
sexual dimorphism within an intraspecific form of birds of prey indicates its inhibition in
evolutional development.

The influence of anthropogenic factors can lead to an imbalance of genetic and phenotypic
structure of a species as a whole and of interspecific forms in particular. Wladishevsky (1973,
1975) concluded that “synanthropic™ forms are more variable in body dimensions than “wild
populations™, connected with different directions of selection. One way of producing such an
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imbalance of traits and increase in their coefficients of variance is by “infusion of blood™ of
domestic animals into wild ones, as with boars in Poland (Zurowski et al. 1970).

Thus we offer a third hypothesis: changes in traits through time, expressed as cofficients of
variance, indicate the influence of factors (in this case anthropogenic) on a population of animals.

Our criteria for evaluating trait transformation in some birds of prey under the influence of
anthropogenic factors are organ dimensions and their coefficient of variance, degree of sexual
dimorphism and period of time when morphological changes could have taken place, based on the
material available. The period (1824-1987) can be divided into three stages: first - 1824-1900,
second - 1901-1930 and third - 1931-1987. These correspond with periods of varying degrees of
intensity of anthropogenic influence on European fauna. The strongest impact was during the
1930s and beginnning of the 1940s in connection with the Second World War, use of toxic
chemicals and appearance of synanthropic populations of Rock Doves as a new prey-base.

MATERIALS AND METHODS

Investigations were carried out on four species of raptor widespread in the Palaearctic: Saker
Falcon Falco cherrug, Goshawk Accipiter gentilis, Steppe Eagle Aquila nipalensis and Imperial
Eagle A.heliaca. We used study collections in museums (Zool. Inst. of Russia, St. Petersburg;
Moscow State University, Moscow; Ukrainian A. Sc., Kiev) and eagles discovered dead below
electric power lines in Kazakhstan and Kalmikia in 1981-1986. Subspecies differentiation (except
of birds found under power lines) was done according to distribution of intraspecific populations
(Dementiev 1951). Only adultbirds collected in their nesting period (April-August) and with 1abels
defining sites were analysed.

We measured lengths of wing (Lw), tail (Lt), first claw (I.1c), bill at cere (Lb), and height of
bill at cere (Hb), taking bill and claw measurements as previously stated (Grazhdankin & Pererva
1986).A total of 261 Goshawks (135f,, 126 m.), 161 Saker Falcons (82 f., 79m.) 91 Steppe Eagles
(34 f., 57 m.) and 61 Imperial Eagles (39 ., 22 m.) were measured. Results were analysed for
arithmetical mean, mean error, quadratic deviation, significance by t-test and coefficient of
variation. Degree of sexual dimorphism (r) wasdetermined according to the formula of Hill (1944):
r= A/B x 100% where A is arithmetical mean value of male traits and B of corresponding female
traits. A decrease in the “r” value corresponds to an increase in sexual dimorphism, and increase
to the contrary.

RESULTS

Saker Falcon

A widespread polymorphic species inhabiting natural zones of forest, steppe, forest-steppe and
semi-desert from Central Europe in the west to Manchuria and China in the east. Saker Falcon
subspecific structure is not yet defined: some authors distinguish 6 subspecies (Dementiev 1951,
Weick 1980), while others 4 subspecies (Stepanian 1975) or 3 (Kozlove 1969).

We made a preliminary attempt to revise subspecies on the basis of the coefficient of
differences (CD) (Mayr 1970). The following subspecies according to Dementiev (1951) were
evaluated: danubialis, cherrug, saceroides, coatsi, milvipes and hendersoni, taken from west to
east. For each of the five traits studied no difference of more than 0.74 was found (Fig. 1), whereas
according to the “rule of 75%” a population is considered as an independent subspecies when CD
=1.28 (Mayr 1970).

Earlier, based on statistical analysis of colouration intensity in various forms of Saker Falcon,
a distinct difference between danubialis and milvipes was shown (Grazhdankin 1988). Based on
our analysis of metric traits of Saker Falcon subspecies, we concluded that no distinct differences
exist at the subspecific level. Therefore we analysed the whole species as a monophyletic taxon.
We expect the largest anthropogenic pressure to be on the western populations of Saker Falcon,
sometimes united under the name denubialis, which inhabit Europe west of the River Volga.

During the last 100 years there was a marked diminution in all body parts of females in this
population (Table 1, Fig. 1). Shortening of wing, tail and bill was almost significant (t=1.3-1.9)
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Figure 1. Changeability oflength of wing (Lw), tail (Lt), and first claw (L1c) in subspecies
(A-F) of Sacer Falcon (X + SD)
1,2,3 - traits changeability in F. ch. danubialis at time intervals: 1 - 1824-1900,
2 - 1901-1930, 3 - 1931-1987.
A - F. ch. danubialis, B - F. ch. cherrug, C - F. ch. saceroides, D - F. ch. coatsi, E
- F. ch. milvipes, ¥ - F. ch. hendersoni.
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and height of the bill and the length of claw 1 were significant (t=2.9-2.3). At the same time, over
the whole area females had a lesser tendency to diminution, Males of the western population group
danubialis changed quite differenty (Table 2). There was a significant enlargement in the
dimensions of wing, tail, claw and bill. The same tendencies in claw and bill were noted for the
species as a whole, but length of tail and bill decreased somewhat during the last century.

There was a markedly wider variation of traits in females of the “danubialis” group (Fig. 1).
Variation of traits through time was also greater than variation recorded between subspecies by
Dementiev (1951). Besides, during the past century, variability in the range of dimensional traits
as expressed by the coefficient of variation (CV) tended to increase, especially in western forms.
This is in contrast to the decline in coefficient of variation for females as a whole. Thus, within the
last decades, the species has been stable in dimensional traits but western populations tend to
destabilisation with wide variation (Tables 1 & 2). There is also a marked diminution in sexual
dimorphism in birds of the western “danubialis” population (Table 3).

Goshawk

In the Palaearctic a variable number of subspecies is distinguished: 10 (Dementiev 1951), 8
(Gladkov 1941), 6 (Stepanian 1975; Weick 1980) and even one (Wattel 1981). We followed
Dementiev and analysed 8 subspecies; gallinarum, buteoides, gentilis, caucasicus, suschkini,
schvedowi, albidus and fujiyamae. To define deformation in metric traits it is sufficient to examine
only data on nominal subspecies (Tables 1 & 2). There are trends towards diminution of wing and
hill in both sexes and claw 1 in females. There is also a significant increase in tail length in both
sexes. Simultaneously we found an increase in variation: in the last century coefficients of variation
in wing, tail and bill in males and in tail and claw in females increased (Tables 1 & 2). Sexual
dimorphism in the “gentilis” populationdecreased in height of bill and claw length and, as for other
metric traits, there were unsteady modulations in time (Table 3).

Steppe Eagle
In the Palaearctic there are two subspecies (Dementiev 1951) but differences between males
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are not sufficient for separation of given taxa with a differentiation coefficient (by Mayr 1970) of
less than 1.28 (Grazhdankin & Pererva 1986). Steppe Eagles that perished from electrocution in
1981-1992 had smaller bills and claws than those in museums from the 19th and early 20th
centuries (Grazhdankin & Pererva 1986). This was established for the species as a whole, whereas
differential analysis of birds within the subspecies orientalis and nipalensis shows various trends.
For “nipalensis” inhabiting Central Asia there is a decrease of traits in both sexes (Tables 1 & 2).
Over the same time period there was some shortening of bill and claws in males of the western
subspecies “orientalis”, whereas in females there was some enlargement. Variation in degree of
sexual dimorphism in these subspecies also developed differently (Table 3): this index was almost
unchanged during the whole period in the eastern subspecies, whereas in the western one the
tendency to stability of sexual dimorphism degree was marked only during the first three decades
of the 20th century (second period).

Imperial Eagle

There are two separate, geographically isolated subspecies. In Russian territory the nominate
Aguila heliaca showed a trend towards diminution (Tables 1 & 2), especially in males. Enlarge-
ment of the bill in females was noted at the same time, as for females of Steppe Eagles.

DISCUSSION

Variations in features of animals under anthropogenic impact has not been previously
discussed in biology, due to the common view that evolutionary transformations require a long
time process. Compared to the millions of years necessary for even insignificant differences to
appear, similar effects within a decade do not seem probable, even though the cause of such
changes may be considered evolutionary.

At present it is still impossible to give a full scientific description of anthropogenic factors.
Hence it is reasonable to use such aterm as “complex anthropogenic impact” and, when possible,
to divide this into separate kinds of human activity. This report identifies two causes and
accordingly two separate mechanisms for external metric trait transformation in birds of prey.

It would be simple to think that anthropogenic impact produces a unidimensional transforma-
tion, for example only diminution, but the collected data show a more complicated pattern. This
is due, in our opinion, to a compromise between the natural evolutionary transformation of the
species and new anthropogenic tendencies in wildlife.

The following two factors most affected Palaearctic birds of prey during the last decades:

1. A change in diet due to the disappearance of large prey species and appearance of new food
SOUrces.

2. A change in age structure of the population, due to extermination of adults and early breeding
of young.

The effect of the first factor can be seen in Goshawks. At the turn of the century this species
fed mainly on gallinaceous birds and hares (Kalchrenter 1981). From the 1930s the number of
pigeons (wild and domestic) in Europe rose steeply (Thissen 1981) and inrecent decades passerine
birds also began to play an important role as food for Goshawks (Pererva 1983).

Birds of prey capture more small than large prey to feed nestlings and for their own
nourishment. The catching of smaller prey requires a higher expenditure of energy. Goshawks of
both sexes, now forced to capture small and medium-sized prey in comparison to their own size,
show wing-shortening (as the general diminution equivalent) and simultaneous tail-lengthening,
both of which are important for the successful pursuit of passerines and pigeons.

In the early 20th century, the diet and the dispersion of the Steppe Eagle were closely linked
to suslik (Osmolovskaja 1953; Warshawski et al. 1983). Moreover, due to a steep rise in saiga
numbers from the beginning of the 1950s as aresult of successful protection (Zhirnov 1982), large
birds of prey obtained a new source of food in saiga carcases and younger animals. Such food is
accessible at any season and Steppe Eagles began actively to consume it (Korelov 1962; Fadeev
1986).

Such interconnections between raptors and their prey can be seen increasingly often during the
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Table 2. Changes of metric traits in different forms (subspecies) of male birds of prey in sequential time periods (see Table I1).

Subspecies

A.g.gentilis

F.ch.danubialis

F.ch.cherrug

F.cherrug (sum)

A.n.orientalis

A.n.nipalensis

Aguila heliaca

1824-1900

Size

32,6+1,5
2000+4.5
22,202
13,6+0,2
26,3+0,4

361,720
192.8=1,5
21,3£0.2
12,9+0,1
2,2£02

353,7+3,8
194,8£2,1
21,2+0,4
13,2+0,3
20,8+0,4

361,5+2,2
1944+ 14
21,4+0,2
13,0201
212%0,1

37,9+0,5
19,3£0,2
32,5+0,4
31,7+0,4

40,4:£2,0
21.220.6
33.8+1,5
33316

42,1£0,6
22,6£0,3
350£06
33.5+0.6

Periods
1901-1930
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325, 1,6
2150£3,6
22402
13,601
279402

363,0+4,1
2037239
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13.2£02
20,8202

354,8+3,7
190,3£2,4
21,4%0,3
13,30,1
21,5+0,2

362,3%1,8
1983+ 14
21,4+0,1
13201
21,5+0,1
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39,30,5
20,9+0,2
33,408
32,6%0,6
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1931-1987
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13.520,1
27,9203
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197,0+31
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13,1£02
21,5+0,5

354,3+3,5
1918+338
215%0,3
12,002
211202

360,2+2,0
1958+1,5
21,2+0,2
13,1+0,1
21,5+0,1

37,4+14
19,1+0,7
32,2£1,2

39,240,7
20,7+0,3
323+07
32,0+08

41,4+0,7
22,403
34,7+1,1
33,9+1,2

9

eRuLo

Ao b

e

o

—
b MODOON WRaRL LA WL RO

&)

[l B R F N - N R

o

WON ARDEANC WNINYVO VOIS AOCH—OY

-

=W

- - -

£ DO D
WKLo VW

[l S N -]
-

-

foos ooty Soss hdeds Fsted FEREE Korls

00 ~J L) b

‘oo

672



(%) asu0109p 0} puUL) -

(1) eswazour 0] PUS) +  pUAUILOD
+ + - - + + + + - + - + €T S[eatsjul
- + + . +

+ + + + + - - - - -+ - T°] SwnuIpuan
I't6  9°L8 Sv6 V16 106 LS8 TL6 L'v6 - 706 056 016 878 8'83 8T8 8¢8 898 L861-1€61 ¢
- - - - I'lé VL8 €96 TP6 776 616 001 086 0y8 783 L8 L'CB T'68 0S61-1061 ‘T
€16 6L8 vE6 €6 9%6 698 98 V6 €V6 8V6 16 L'S6 P8L $98 I'V8 S'¢8 0L8 0061-#281 '1

T ST 9H Qa1 7T 91T 49H Q91 I ST 9H 91 oT 9H 971 ¥1 a7
Jel],
vovyay Yy sisupdiu ‘u 'y SHDIULO U sypuad synual 'y soradsqng
+ - + + + + + + - - -+ - + + €T S[eAToyIl
- - - - - - - + + - - - - - T swn Ul pusany
£€T6 TP6 906 T'16 97T6 906 876 L06 TO6 0QI6 796 66 86 §T6 £¥6 L86T-TE61 €
St6 €v6 TI6 916 TE6 L've €96 S't6 668 €06 L'E60°S6 T'E6 I'v6 L¥6 0€61-T061 T
016 S'16 T'I6 ¥'68 0C6 006 9¢6 868 016 1T6 868788 <68 98 $'16 0061-¥C81 1

SMT 9H 91 1 AT OoTT 9qH 971 ¥l ATITT qH QT VI a7

nelL
(wms) Snuszyo -y Bnaapy Yo SoIqnuvp Yo o sopadsqng

(L861 - Z8T) dIeIER 1) U £31d J0 SPIIq JO SHDIAS-GNS JUIIAYIP w1 (3) SPorpuy wisydIounp Enxag ‘¢ IAqe],

673



last decades, leading to the direct correlation of many events in the eagle’s life to the migratory
status and time schedule of cattle and other ecological parameters of saiga (Zhirnov 1992; Fadeev
1986).

We believe that further nipalensis specialisation for rodent capture (marmots, susliks and
mice) is mainly responsible for the progressive diminution of the species. That this process is
natural is suggested by the constant degree of sexual dimorphism in nominal subspecies (Table 3),
even against the background of simultaneous diminution of males and females. Orientalis,
inhabiting the region of densest saiga population (Kalmikia, Kazakhstan), had changes in degree
of sexual dimorphism with differently directed trends between the three periods.

The second cause is the change in age structure of the populations of raptors. If this process
is due to extermination of the adults, the nesting places are liberated for the young and this alters
the general appearance of the population. For Goshawks from Denmark, such a process of
replacing adult breeding females by younger ones was described in detail by Thissen (1981).
Young Goshawks have different body proportions from the adults. For example, young North
American Accipiter gentilis atricapillus have shorter wings and longer tails than adults (Mueller
et al. 1976). This, in additon to other changes in body structure such as wingloading, is suggested
to aid flight for the young.

Such selection would promote the process of wing shortening and tail lengthening in the
eastern European populations of Goshawks in two ways: first, by larger breeding participation of
birds with extreme proportions, and secondly by the gain in power expenditure while hunting
numerous small and medium-size prey.

Therefore the anthropogenic changes observed in 20th century Europe and during the last
decades on the Asian continent lead to transformation of behaviour, ecology and numerical
decrease of birds of prey. They also affect profound biological peculiarities of the species. This is
alarming because the direction of the changes does not coincide with the natural evolutionary
processes in wildlife. Natural selection is replaced by an artificial one.

Itis impossible to neglect these changes because they violate one of the fundamental principles
of nature protection strategy - the conservation of natural biodiversity.
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