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Despite brilliant analyses of raptor-prey interactions by Formosov (1934), Uttendorfer
(1939), Errington (1946, 1963), Tinbergen (1946), Craighead & Craighead (1956) and
others, the general ecological theory of predator-prey fluctuating systems has been based
mostly on models involving carnivorous mammals, fish and insects. Sometimes there is no
mention of raptorial birds, even in special chapters such as ‘Predator-prey interactions’
(MacArthur & Connel 1966), or ‘Predators and predation’ (Watt 1968). More often data
on avian raptors have been used only as illustrations. As a result the well-known asyn-
chronous or lagging type of predator-prey fluctuating system, mathematically worked out
by Lotka (1925) and Volterra (1926), receives mention in book after book.

Yet one might suppose a priori that the unique mobility of birds could not have failed to
affect their population dynamics. In view of this, a comparison of raptors with carnivorous
mammals might be expected to bring to light some interesting differences. It is the purpose
of the present paper to discuss the synchronous predator-prey fluctuations which seem to
be characteristic of some raptor populations, as well as the classical Lotka—Volterra theory.
It must be stressed, however, that the evidence on which the arguments are based is drawn
from work on raptor populations in the Northern Palaearctic, mainly in the U.S.S.R.
Evidence from Australia, Africa and America has been mentioned by Brown & Amadon
. (1968). Therefore the conclusions should not be taken as applicable beyond this region
without additional studies.

A number of population studies of northern raptors show that the most marked annual
fluctuations in numbers are found in open-country species whose food supply—mostly a
relatively small number of rodent species—oscillates sharply from year to year. In the
U.S.S.R. the Rough-legged Buzzard Buteo lagopus in tundra, harriers Circus spp. in
steppe, and the kestrels Falco tinnunculus and F. naumanni in semi-desert are well-known
examples. On the other hand, raptors whose diet is broad and/or rather stable show
smaller fluctuations in number from year to year or do not fluctuate at all. The Peregrine
Falcon F. peregrinus in tundra, Saker F. cherrug in steppe, and Short-toed Eagle Circaetus
gallicus in desert, as well as a majority of forest birds of prey, are examples of this kind.

The stable raptor populations need not concern us further. As regards the raptorial
birds and carnivorous mammals with oscillating populations, field studies—at least
within open habitats of the North Palaearctic—show the existence of two types of fluctua-
tions. The lagging (or asynchronous) type chiefly characterizes carnivorous mammals; its
most distinctive feature is a one- or two-year time lag of the peaks and troughs of their
population fluctuations those of their principal prey species. The coincident (or synchron-
ous) type mainly characterizes raptorial birds; its most significant feature is the temporal
coincidence of the peaks and troughs with those of the principal prey. Although ecologists
have paid a great deal of attention to the asynchronous type, the no less interesting syn-
chronous fluctuations also deserve to be discussed thoroughly.
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EVIDENCE FROM FIELD STUDIES

The first evidence of this phenomenon in Russia appeared some 60 years ago (Sushkin
1908, Valkh 1914). The special study by Formosov (1934) contained a thorough analysis
of his own data and the literature, which left no doubt as to the existence of sY{lChm"?'lﬁ
population fluctuations of rodents and their avian predators. Later, many ornithologists
who had worked in the open country of the northern (tundra) and southern (steppe a'nd
desert) belts of the U.S.S.R. emphasized the same (Osmolovskaya 1948, 1953, Dementiev
1953, Rustamov 1957, Gibet 1960, 1963, Sukhinin 1971, and many others). Data of the
?'i\.lgne )kind for other European countries are summatized, for instance, by Glutzet al.

71). : :

It is important to not¢ that the area over which the fluctuations are synchronized in
dpen country may be_vast. In 1948, for instance, a drastic fall in rodent populations coin-
cided with a sharp decrease (to a fifteenth of the previous year’s levels) in the numbers of
‘harriers, kestrels and other raptors over an area extending for hundreds of kilometres in
northwest Kazakhstan (Gibet 1960).

In forested country, and in wooded steppe, the position is less clear-cut. There is some
_evidence for synchronization: for example, the annual fluctuations in the numbers of bank
voles Clethrionomys and of kestrels at the Oka station (Ryazan District) are practically
identical (Galushin 1971), and at the Vladimir station (Vladimir District) in 1964 an
unusual abundance of Honey Buzzards Pernis apivorus coincided with a massive increase
in wasps (Galushin & Kulukina 1969). On the other hand, changes in numbers of the
Buzzard Buteo buteo at the Oka station were not so clearly related to changes in the num-
bers of rodents. It seems that the Buzzard is not affected unless the change in numbers of
its prey is substantial, as Likhachev (1961) and Mebs (1964) have also found. Fluctuations
in Buzzard populations in Britain, documented over half a century by Moore (1957), were
mostly caused by anthropogenic factors.

It is noteworthy that in forest synchronous fluctuations of raptors and their prey have
been detected in considerably smaller areas than in open country. Thus, in the Kalinin
District, Belyakov (1964) found areas extending for several dozen kilometres that were
characterized by the presence of large numbers of both rodents and birds of prey (Kestrel,
Buzzard and Hen Harrier Circus cyaneus).

The existence of the synchronous type of predator-prey interacting system raised the
question of the mechanism of synchronization. Some cases which cannot be explained in a
traditional way by the processes occurring within the local raptor populations are given
below.

In the autumn of 1957 the population of adult and young Kestrels at the Oka station was merely
10 birds while in the spring of 1958 the same area was populated by 22 birds. In the same area the
respective figures for Honey Buzzard were as follows. : autumn 1956, not more than 12 birds (even
ignoring possible deaths among the young birds); spring 1957, 14 birds (Galushin 1971). No Honey
Buzzards were registered in the area of the Vladimir station in 1963, but in the next year five pairs
nested there (Galushin 1970). In the above years there was no noticeable reserve of non-nesting
Kestrels or Honey Buzzards in the areas under observation.

In Tulskie Zaseky (Tula District, U.S5.S.R.), the entire population of Buzzards in the autumn of
1940 was about 30-35 birds including non-breeders; in the next spring 56 birds nested within the
area (Likhachev 1961).

In Berkshire (southern England) the total number of Tawny Owls Strix aluco, both adults and
fledged young, within the 1000-acre Wytham Wood was 28 in summer 1951 while the next spring
34 owls nested there. The same area supported 12 owls in summer 1955 (minimum bank vole
numbers); in spring 1956 (vole population increasing) as many as 46 owls started breeding (Southern
1959).

The only acceptable explanation for these cases is that some species of predatory birds
are capable of undertaking more or less extensive nomadic movements within their breed-
ing ranges in search of enough food for them and their future broods. This explanation was
offered by Formosov (1934) and a little later by Uttendorfer (1939). Such nomadism is
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similar to the invasions or cruptions of other specics, except that the nomadic wandcring
of raptors normally takes place within the breeding rarigc of the species. -
For migratory raptor populations the process of synchronization with the state of their
food resources is presumably one of spatial adjustment at the time of spring migration.
From their wintering grounds the birds migrate north towards their breeding grounds,
singly or in small groups. They may stop, sometimes for quite long periods to fféed AR
areas where food resources are good, (Mayaud 1957, Varshavsky 1957). Some individuals,
probably those breeding for the first time, may even stay in such areas and nest (Dorst

1962). Adult birds presumably return to their previous nesting territories but, if food 1s
scarce there, some or all of them may move away in various directions, including back to
the south (Gibet 1963). In this connection it may be mentioned that at the Oka station the
pre-nesting period (the time from arrival to the beginning of laying) was found to be
longer for raptors with unstable populations than for the more stable species. This may be
an afgiaptation enabling the former to have time to assess the situation before attempting to
breed.

Exceptionally, birds may shift beyond the normal breeding range. Thus seven pairs of
Rough-legged Buzzards nested near Oslo in 1962, far to the south of their normal range
where rodents were unusually abundant (Mysterud 1964). There are also records of species
nesting well to the north of their usual range in similar circumstances: for instance,
Kestrel in the Kola peninsula (Vladimirskaya 1948), and Pallid Harrier Circus macrourus
in southwest Sweden (Lundevall & Rosenberg 1959).

The selective advantage of pre-nesting wandering, or ‘searching migrations’, in response
to food shortage, seems clear. The numbers and biomass of most prey species are at a
minimum in spring. The discovery of a substantial standing crop at this time is therefore a
reliable indication that food will be abundant at the time when the young have to be fed.
As man alters the face of the country at an increasingly rapid rate, these nomadic move-
ments may become even more vital to the species which exhibit them.

EVIDENCE FROM RECOVERIES OF RINGED BIRDS

Ringing recoveries of birds of prey provide some supporting evidence. Using all the
European literature available to me (about 220 titles published before 1965) and the card
index of the U.S.S.R. Centre for Bird Ringing, I have checked over 6000 recoveries of
predatory birds. Of these, only some 150 are suitable for analysis for the present purpose
(Table 1), namely those in which the birds were ringed, (mostly as nestlings) in the breed-
ing season and recovered in the breeding season at least two years later (see footnote to
table). ; :

Ta)ble 1 shows a wide range of distances between birth or nesting place and subsequent
breeding area. I believe that it is not accidental that the upper half of the table (the more
‘settled’ species) includes the Sparrowhawk Accipiter nisus, Black Kite Milvus migrans and
Goshawk Accipiter gentilis (the Osprey Pandion haliaetus would have come fifth on the
list, at 82-4-53 Km, had there not been one, perhaps casual, vagrant from Sweden to
Scotland). These are species which do not normally show population fluctuations. The
species whose populations are known to fluctuate most markedly in particular areas,
Kestrel, Montagu’s Harrier Circus pygargus, Honey Buzzard and Rough-legged Buzzard,
occupy the lower (‘nomadic’) half of the table.

Within a species, there may be differences in the degree of dispersal, as measured in
Table 1, and such differences accord well with differences in the stability of the different
populations. For example, in western and central Europe the distances between place of
ringing and of recovery are notably shorter for Common Buzzard (60+4-11) and Kestrel
(1464-59) than in northern and eastern Europe (2954105 and 2774-57 Km respectively).
Perhaps the food resources of these two species fluctuate less in the west than in the east,
but the more favourable climate in the west may also have some effect.
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TasLe 1
Displacement in breeding territory of birds of prey

Distance (km) from the place of
ringing to the place of recovery

Species (within breeding season) of
raptors at the age of 2 years or
above. Mean 4:s.e.

Hobby Falco subbuteo ' 39+14
Sparrowhawk Accipiter nisus 4121
Black Kite Milvus migrans 4936
Goshawk Accipiter gentilis 60116
Buzzard Buteo buteo 90 +21
Osprey Pandion haliaetus 174 4100
Marsh Harrier Circus aeruginosus 1744137
Kestrel Falco tinnunculus 192 +43
Montagu’s Harrier Circus pygargus 199458
Honey Buzzard ‘Pernis apivorus _ 997 375
Rough-legged Buzzard Buteo lagopus 195541079

Note: The inclusion in the ‘tablc also of.the presumably non-nesting yearlings, as was done in my
preliminary note (Galushin 1964), changes the general picture little, though on the whole the
distance of displacement is normally greater.

It must be stressed that the figures given in Table 1 should be regarded as preliminary,
and as suggestive rather than conclusive, since the samples are small and the standard
errors very large. Nevertheless the general trend seems clear.

EVIDENCE FROM SYSTEMATICS

Indirect—and, certainly, less reliable—evidence for differences in the amount of dis-
persal between various raptorial species is provided by their systematics. It is known that,
in general, the extent of subspecific differentiation varies inversely with the degree of
wandering or dispersal (Mayr 1947, White 1959). On this basis one would expect the
species showing least dispersal to have the greatest number of subspecies, and vice versa.
The actual situation is in fact close to expectation. According to Brown & Amadon (1968)
most subspecies—7-17 for whole range, or 3-8 for Northern Palaearctic (Vaurie 1965)—
are found in Peregrine (17 in toto, 8 within the Northern Palaearctic), Black Kite (7, 3) and
Marsh Harrier Circus aeruginosus (8, 3). Other harriers (1-2, 1), Lesser Kestrel (1), Red-
footed Falcon Faco vespertinus (2, 2), Imperial Eagle Aquila heliaca (2, 2) and Steppe Eagle
A. nipalensis (2, 2), Long-legged Buzzard Buteo rufinus (2, 1), Rough-legged Buzzard
(4, 3) and Honey Buzzard (1) are either monotypic or are represented by 24 subspecies
(1-3 the Northern Palaearctic). There are of course exceptions: for instance the small
number of subspecies in the Hobby Falco subbuteo (2, 1), Osprey (5, 1) and Short-toed
Eagle (4, 1), and the rather large number of subspecies in the Kestrel (11, 7). But other
factors are obviously involved in subspeciation besides mobility; for instance some of the
Kestrel subspecies are insular populations and well isolated geographically, whereas the
vast territory of the Northern Palaearctic is inhabited almost entirely by the nominal form.

DISCUSSION
CONJUGATE EVOLUTION OF FOOD SPECIALIZATION AND NOMADIC ABILITY

The facts and arguments given above lead to a consideration of the evolutionary con-
nection between nomadism and food speciali_z_gtigg._ At its simplest, nomadism may
compensatp"tb some extent for insufficient trophic flexibility. Ghilarov (1954, 1961) has
developed this idea with respect to insects. The alternative strategy is to be conservative
with regard to territory and flexible with respect to food. Both evolutionary trends are
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foun.d in raptors. In brief, some birds of prey have cvolved the ability to change food
within permanent nesting territories, others to change territories in search of a particular
food (Galushin 1964, 1966). '
- It should be noted that the distinction between the two alternative strategics may be
traced not only in comparisons between species but also in different gcographical popula-
tions of the same species, and cven, on occasion, at the individual level. Thus those
individuals that remain in an area where a particular food is scarce may survive by broad-
;g%% their diets, as has been found for Buzzards in forests at Vladimir Station (Likhopeck
Individual specialization in feeding habits has been regarded as the first stage, the very
beginning of the emergence of new forms. These views have, for instance, been expressed
by Schwarz (1947) with respect to the Lesser Kestrel, or in more general form by Voous
(1969) for the buteonine complex in Surinam. Against this, it has been argued that the
constantly changing environment would not allow such specializations to persist and be-
come hereditary (Krivonsov 1963). But this objection loses some of its force if one takes
into account the territorial plasticity of some raptorial birds. Nomadism in search of food
represents an active method of selecting favourable living conditions and one that must
enhance the possibility of food specialization, with its all behavioural, physiological and
morphological consequences. '

DIFFERENCE BETWEEN NOMADISM IN RAPTORS AND EMIGRATION IN OTHER PREDATORS
(CONSUMERS)

It is self-evident that the level of any local animal population is determined by the com-
bined effects of reproduction, mortality and movements (immigration and emigration). In
Soviet ecological literature N. Naumov (1958, 1963) has most fully discussed the inter-
action of these three factors, and has developed the concept of ‘biological momentum?’,
which is widely held as being applicable to predator-prey systems. According to this idea,
a favourable food situation—that is, the abundance of a producer, or prey species—leads
to the increase of the consumer, or predator population, as a result of its higher repro-
duction and reduced mortality. A surplus is thus created in the predator population, which
may be aggravated by the reduction of the prey population in the following breeding
season. The consequent imbalance between predator and prey results in the emigration of
a part of the predator population, mainly young individuals. Emigration thus acts as a
kind of safety valve through which surplus individuals are removed from saturated popula-
tions. In such a system the fluctuations of a predator population will be of the asynchronous
or lagging type, referred to earlier.

The existence of the asynchronous type of predator-prey fluctuations has been repeatedly
confirmed among carnivorous mammals, especially in the north (Butler 1953, and many
others). In such cases emigration away from saturated areas results from the local dis-
proportion between the stock of food and the number of consumers. Emigration is likely
to be relatively slow and more or less accidental in direction, and those taking part will
tend to be the less experienced individuals. It would therefore be expected that losses will
be high among emigrants, and there is in fact evidence that this is so.

The pre-nesting ‘probing’ migrations of raptors are of quite a different nature. They
may indeed be thought of as adaptations leading to the elimination, or at any rate the

" reduction, of what one may call the ‘non-productive’ losses of post-nesting surplus
emigrations. They tend to balance the local populations of predators with their food

~resources before the disproportion between them can appear. Since they take place at the

time of normal pre-nuptial migrations, simply making them longer or shorter, these
nomadic movements presumably do not lead to significant additional mortality. Further-
more, they enhance the chances of survival of the migrants’ offspring.
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Therefore the basic thesis of this paper is the recognition of the mobility of some
raptorial birds as the main instrument for matching their population levels in cgch repro-
ductive season to the state of the food resoutces within any arca. In such a situation raptor

,nomadism emerges not as a consequence of the disbalance in a consumer-PfO(_lUCCf
(predator-prey) system, but as an effective, though not absolute, means to prevent it.

COMPARISON WITH ASYNCHRONOUS FLUCTUATIONS OF CARNIVOROUS MAMMALS

The active role played by nomadic ‘probing’ migrations of raptors constitutes a basic
difference in the population dynamics of those predatory birds and carnivorous-mam}xlax.ls
in unstable food resources. The ability of the birds to redistribute their population within
the breeding range, in accordance with the availability of food, should enable' them to
maintain a steadier annual reproductive output and more stable total populatfons than
those of carnivorous mammals. Indeed, if the arguments developed here are valid, raptor
populations should consist of a more or less constant number of individuals which ghiﬂ
within a large area, whereas carnivore populations should show continual fluctuations
in total numbers. In both cases there will be local fluctuations but the causation will be
different, and in the raptors they will be synchronous with fluctuations in prey numbers
while in the carnivores they will be asynchronous.

Hence it would be logical to expect a higher fecundity in carnivorous mammals than in
raptorial birds, to counteract the higher mortality. A high fecundity ensures that the
species will always be able to take full advantage of favourable conditions that may develop.
Although the systematic groups compared in this way appear to be remote, important
differences are apparent in fecundity between some raptors and carnivores. For example,
the fecundity of the Arctic Fox Alopex lagopus is twice as high as that of the Rough-legged
Buzzard, which exploits a similar food supply but is much smaller in size.

Of course the difference between raptors and carnivorous mammals in this respect is not
absolute: ‘searching migrations’ are not a monopoly of the former, nor is high and variable
reproductive output a monopoly of the latter. Both these phenomena play a certain, but
not equal, part in the population dynamics of these groups. Other factors, some of them
conflicting with the generalizations just made, must be taken into account, such as the
variability of clutch-size and the number of clutches in owls and some birds of prey;
cannibalism as a means of control of the number of young depending on the availability of

food (Ingram 1959); the migrations and invasions of Arctic Fox, Wolf and other carnivores -

in response to food shortage. Group behaviour (Chauvin 1969) probably also plays a role?
in the population dynamics of both‘groups. Furthermore, if a general decrease in the prey
population affects the entire nesting range of some raptor species, the population of the
latter will begin to show the lagging type of fluctuation; but this extreme case need not be
discussed in detail. :

ENERGETIC ASPECTS

The two contrasting adaptations, discussed above, may be looked upon as alternative
methods of coping with the problem of food supply. The realization of either of these
adaptations will require a certain amount of expenditure of energy, in the one case in
movement (flight) and in the other case in reproduction. One is reminded in this con-
nection of the conclusion reached by Schwarz ( 1963) on the close-to-stress state of the
energy balance of high-fecundity species. It is also well known that a high consumption of
energy is required for bird migration (Dorst 1962, Dolnik 1970). There is scope for

" research into the evolution of energetic strategies.

1y
e
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SUMMARY

Raptorial birds which depend on a small number of prey species, especially those living in open
habitats in the tundra, semi-desert and desert belts of the Palacarctic, undergo local fluctuations in
?;“‘bezst‘:::i&.:;"-‘ti}'nchrm;lous with the fluctuations in numbers of their main preﬁ(_ s}[:ti;:::es. Ir;_;l;xj

ey contr 1 e asynchron . i a illation which has recei
wid};{ attention in the Iit):zrature.ous O Insgingtypeiof predatar-prey csciliation ;

Evidence from ringing recoveries shows that the species which fluctuate locally in synchrony with
their prey tend to move greater distances from their birth-place or previous breeding place than those
with more stable populations. The former species also tend to be split into fewer subspecifically
distinct forms than the latter. It is argued that the species which are subject to a fluctuating food
supply have evolved, as an important adaptation, the ability. to undertake more or less extensive
‘searching migrations’, which enable them to find and settle in areas of adequate food supply, often
far removed from the previous breeding area. In the longer evolutionary aspect, this ability may be a
factor promoting food specialization,

The synchronous population fluctuations of raptorial birds with their prey are compared with the
asynchronous or lagging oscillations of carnivorous mammals.
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