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Abstract

Noer, H. & H. Secher, 1990: Effects of legislative protection on survival rates and
status improvements of birds of prey in Denmark. -~ Dan. Rev. Game Biol. 14 (2).

Ringing recoveries of Danish Buzzards Buteo buteo, Sparrowhawks Accipiter ni-
sus and Goshawks A. gentilis were analysed in order to assess the influence on
survival of two changes in shooting regulations: a change in the start of the open
season to Ist November in 1954 and in 1967 the introduction of year-round pro-
tection. Survival rates were estimated by means of an extension of the Haldane-
model and for each species substantial increases in survival rates - in particular
first year survival - were found after 1967. Status of the analysed species improved
considerably during the 1970°s. Changes in brood-sizes were found for both Spar-
rowhawk and Goshawk, but these changes showed no temporal coincidence with
changes in population trends and hence could not explain these trends. When
combined, the observed reproductive and survival rates model the changes in
population sizes closely, and this lends increased credibility to the survival rate es-
timates. It is therefore concluded that: 1) the population growth was caused by in-
creases in survival, and 2) the major cause of the increased survival was the 1967
Protection. In spite of the relatively weak data sets and statistical models, the evi-
dence supporting these conclusions is fairly strong. Secondary decreases in sur-
vival rates were found for both Buzzard and Sparrowhawk when population
growth ceased in 1978. These results are discussed in relation to the present limita-
tion/regulation of population sizes.
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Survival Rates and Status Improvements of Birds of Prey

Introduction

The growing awareness of the negative im-
pacts of modern human communities on
wildlife has resulted in increasingly restric-
tive legislation in many countries. This si-
tuation is new and still under development,
and analyses of long term effects of legisla-
tive policies are still few and much needed.
The population dynamics of many birds
of prey since 1945 offer opportunities to
analyse such a situation. The drastic
declines of most West European popula-
tions of birds of prey between 1945 and
1970 (Bijleveld 1974, Newton 1979) led to
legislative measures in many countries, in
many cases followed by status improve-
ments. The negative trends included Dan-
ish populations (Dyck 1972, Dybbro 1976,
Strandgaard & Asferg 1980) and, in conse-
quence, various measures were started in
1967. In 1967, the three species remaining
with an open season - the Buzzard Buteo
buteo, the Sparrowhawk Accipiter nisus
and the Goshawk A. gentilis - were pro-
tected. Certain commonly used pesticides
were suspected to influence population
sizes of birds of prey negatively. As aresult,
the use of DDT for agricultural purposes
was reduced from 1969 onwards and the use
of Thallium for rodent regulation was pro-
hibited in 1976. Use of Aldrin ceased
gradually during the 1960’s and early
1970’s, while Dieldrin is still in use al-
though not for agricultural purposes.
From about 1970 onwards, the negative
trends in population sizes reversed (Dybbro
1976) and, during the period 1970-80,
populations of the most common species
increased rapidly (Dyck et al. 1981, Bom-
holt 1983). Although stagnation of popula-
tion sizes after 1980 has been reported by
Jorgensen (1989), the breeding populations
of these species are undoubtedly much
larger today than they were in the 1960°s.
These status improvements might be

taken to indicate that the legislative policies
were successful, but a rigorous demonstra-
tion that the observed population increases
were caused by the legislative measures
taken since 1967 is still lacking. Moreover,
results reported by Grandjean (1976),
Clausen & Karlog (1977) and Dyck et al.
(1981) did not suggest reductions in en-
vironmental loads during the period of
population growth, and Noer & Secher
(1983) showed that survival rates of Danish
Kestrels Falco tinnunculus increased sig-
nificantly following the 1967 Protection.
Hence, even if it is assumed that the legisla-
tive measures caused the subsequent popu-
lation increases, the relative contributions
of protection and of reductions in the use
of certain pesticides are even less under-
stood.

This lack of insight is mostly due to the
fact that few records exist for the period be-
fore 1970. However, Noer & Secher (1983)
argued that ringing recoveries contain in-
formation that is highly relevant in this
context. For the Kestrel, analysis of recov-
eries revealed increases in survival rates in
1931 - when the species was protected - and
in 1967, when the three species still with an
open season were protected. After 1967,
monthly distributions of recoveries
changed from a peak in autumn to peaks
in July-August and = January-February.
Brood-sizes increased slowly throughout
the period 1945-80, but these changes were
not significant. Accordingly, it was pos-
sible to conclude that the effects of re-
ducing shooting pressure were probably
greater than the effects of environmental
loads for this species.

In the present paper, the ringing recov-
eries of the three species protected in 1967
are analysed in a similar way, the primary
purpose being to evaluate the effects of the
1967 Protection and the reductions in the
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use of DDT and Aldrin. Other changes in
protective legislation (p. 6) may have in-
fluenced survival rates and the analyses are
extended to cover this point as well.

In Denmark, population sizes and
reproduction of the Buzzard, the Spar-
rowhawk and the Goshawk have been
thoroughly investigated (e.g. Dybbro 1976,
Dyck et al. 1977, Dyck et al. 1981, Bomholt
1983, Dyck 1983, Storgard & Birkholm-
Clausen 1983a and b, Jergensen 1985, 1987
and 1989). In contrast, survival has only
been analysed in depth for the Kestrel
(Noer & Secher 1983). As population
trends are the net outcome of reproduction
and mortality, the analyses presented here
supply information that has hitherto been
missing. The second purpose of this paper
is therefore to attempt a synthesis of the to-
tal results at a general level.
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Legislative measures taken in
Denmark

Protective legislation

Paludan (1967) summarised legislative pro-
tection of birds of prey in Denmark. The
legislative measures relevant to this paper
are summarised in Table 1. In conjunction
with the 1967 Game Act which abolished
the open season for Buzzards, Spar-
rowhawks and Goshawks, another Act was
passed concerning the control of certain
wildlife species under specific circum-
stances. This Act allowed control of Buz-
zards, Sparrowhawks and Goshawks to be
carried out within 50 m of houses with for
example pigeon stocks or poultry, or by dis-
pensation within 50 m of Pheasant pens, if
the hawks had caused damage that could
be proven. Thus, although the three species
concerned no longer had an open season
after 1967, limited shooting of individuals
has continued.

In addition to the 1967 Protection, the
change of the start of the open season to 1
November (Table 1) may have caused
changes.

Thus, for the three species treated in this
paper, there have been two critical years
with changes in legislative protection since
1945: 1954 and 1967.

Use of and bans on pesticides

The pesticides considered in this paper are
those generally assumed to have influenced
populations of birds of prey. Of these, the
use of DDT in agriculture presumably
declined after 1969. In Danish forestry,
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however, its use was not discontinued until
about 1980. Aldrin was used in Denmark
from the late 1950’s. From about 1963 its
use was restricted to seed dressing which, in
turn, was discontinued from 1968-69. In all
cases, however, these ‘‘bans’’ were effected
through withdrawals from the manufac-
turers on recommendation of the Danish
Authorities and not through formal prohi-
bitions (E. Bendixen, pers. comm). Use of
DDT, for instance, was not formally pro-
hibited in Denmark until 5th September
1984 (by Government Order). This implies
that the actual use ceased gradually as
stocks were exhausted. Although no exact

information could be found about the ex-
tent of the use of Aldrin, it is known that
the somewhat less toxic Thiodan was much
more widely used. At its height, Thiodan
was used on 35,000 ha/year. The other two
organo-chlorines assumed to have caused
the crash of the British Sparrowhawk
population (Newton 1986), Dieldrin and
Heptachlor, were never used in Danish
agriculture. The ban on Thallium, a roden-
ticide seed-dressing, came as late as April
1976 (Clausen & Karlog 1977). As this date
is much later than the start of the popula-
tion growth, effects of the Thallium ban are
not treated here.

Table 1. Survey of legislative protection of birds of prey in Denmark. Years when changes 1o open seasons were
made by Government Order (not enacted) are given in parentheses. Dates delimit the open season; + means to-
tally protected, and - no protection. After Paludan (1967).

1861 1871 1894 1922 (1928) 1931 (1954) 1967
Osprey - - - 1/8-31/1 + + +
Pandion haliaétus
Eagles - - - 1/8-31/1 + + +
Aquila spp. +
Haliaétus albicilla
Honey Buzzard 2/11-31/1 - - 15/9-31/1 + 18/9-31/1 + +
Pernis apivorus
Buzzard 2/11-31/1 13/9-31/1 16/9-31/1 15/9-31/1 18/9-31/1 1/11-31/1
Buteo buteo
Roughlegged Buz-
zard - - - 15/9-31/1 + +
Buteo lagopus
Red Kite - - - + + +
Milvus milvus
Goshawk - - - 1/8-31/1 1/8-31/3 1/11-31/3
Accipiter gentilis
Sparrowhawk - - - 1/8-31/1 1/8-31/3 1/11-31/3 +
Accipiter nisus
Harriers - - - 1/8-31/1 1/8-31/3 + +
Circus spp.
Peregrine - - - 1/8-31/1 1/8-31/3 + +
Falco peregrinus
Hobby - - - 1/8-31/1 + + +
Falco subbuteo
Merlin - - - 1/8-31/1 + + +
Falco columbarius
Kestrel 2/11-31/1 - - 15/9-31/1 + + +

Falco tinnunculus




HENNING NOER & HANNE SECHER

Methods
The hypotheses to be tested

The hypotheses to be investigated are: 1)
that the population growth was caused by
the 1967 Protection, and 2) that the popula-
tion growth was caused by reductions in the
use of DDT and/or Aldrin.

If the 1967 Protection caused the popu-
lation growth, the expected results are
those discussed by Noer & Secher (1983).
Survival rates would be expected to show
measurable increases starting in 1967 and,
at the same time, changes in monthly distri-
butions of recoveries might take place. As
shooting is expected to affect first year in-
dividuals more heavily, the largest increase
is expected for first year survival.

Newton (1986) summarised the known
effects of DDT, Aldrin and Dieldrin (Fig.

]
=]

1). Effects of DDT should include meas-
urable changes in brood-sizes and, due to
the slow turnover of DDE and the
presumably gradual decrease in use, the ef-
fects of the 1969 DDT ‘‘ban’’ should typi-
cally exhibit a delay of some years after
1969. Aldrin should affect survival but,
contrary to the effects of shooting pressure,
the expected outcome for this pesticide is
that adult survival should at least be as
heavily affected as juvenile mortality
(Newton & Hass 1984, Opdam et al. 1987).
In particular, Newton (1986) has em-
phasised that the population crash of Brit-
ish Sparrowhawks, which is ascribed to the
introduction of cyclodiene organo-chlo-
rines, could not be explained unless con-
siderable adult mortality was involved.
Thus, to the extent that the cause of the

ALDRIN/DIELDATN
4
HEOD IN PREY

4 '!7
DDE IN BIRD OF PREY HEOD IN BIRD OF PREY

i }
l EGBSHELL THINNING ‘ L EMBRYD DEATHS—I
| ol |

REDUCED PRODUCTION
OF YOUNs

=)

Fig. 1. Diagrammatic illustration of

POPULATION DECLINE

the causal links between DDT/DDE
and HEOD, respectively and popula-
tion decline. After Newton (1986).
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population growth was a result of reduc-
tions in the use of DDT and/or the Aldrin
ban, changes should be observable in
brood sizes and/or mortality, particularly
adult mortality. Typically, these changes
should be gradual and not evident until
some years after 1969, as was the case for
the British and Dutch Sparrowhawk popu-
lations (Newton 1986, Opdam et al. 1987).

Changes in population dynamics
after growth

In addition to the population growth and
its causes, the changes in survival rates in
later years are of interest too. As argued by
Noer & Secher (1983), secondary changes
in reproductive parameters and/or survival
rates are expected to take place as the popu-
lation eventually stabilises on a new and
higher level. The time at which this hap-
pens cannot be predicted, but analysis of
this phase may potentially contribute valu-
able information on the factors that limit
or regulate the new (and larger) population
sizes.

Specifically, Noer & Secher (1983) pre-
dicted that survival rates would decrease
after the period of population growth. This
prediction, which was confirmed for the
Kestrel, rested on the implicit assumption
that population sizes are regulated through
mortality rather than through reproduc-
tion. The present paper elaborates on this
point by the inclusion of information on
reproductive success. Parameters such as
percentage of successful pairs and average
brood-size are readily observed and have
been studied in Denmark since 1973 (e.g.
Jorgensen 1989), whereas both age at first
reproduction (reflecting generation time)
and non-breeding are difficult to observe
and very little information is available.

Regulation of population sizes through
reproductive rates could be mediated
through any of these parameters. As birds
of prey are territorial, it is conceivable that

limitation could take place through an in-
creased age at first reproduction and/or the
build up of a fleeting (or surplus) popula-
tion and, at least for the Sparrowhawk,
there is some evidence that increased age at
first reproduction can result from a lack of
suitable territories (Newton 1986, Newton
& Marquiss 1986). Evidence of the ex-
istence of fleeting populations is largely
circumstantial Newton 1979) and based on
case stories where losses among breeding
pairs have been observed to be followed by
rapid substitutions.

However, it is in principle possible to
predict the size of a given fleeting popula-
tion under rather simple assumptions.
Consider a population at, for example, the
time of year when the young have just left
the nest. The population will then consist
of three distinct subsets of individuals: 1)
the year’s cohort, newly recruited into the
population, 2) the territorial adults (which,
potentially at least, can be counted during
the breeding season), and 3) the total (un-
observable) ““fleeting’’ population, includ-
ing both immatures and non-territorial
adults. If the number of surplus indi-
viduals is denoted np and the number of
territorial adults np, the latter can be sub-
divided into a group that bred successfully,
Nyg, and a group that did not, Nyy. Then Ny
= Nrg + Npy. The number of yearlings is
knpg, where k is the average brood-size. If
it is assumed that the population is stable,
the number of births must balance the
number of deaths within any one year. If
survival of first year individuals is denoted
b and survival of older birds s, the follow-
ing equation must be valid

knps =(1-b)knrg + (1-s)(Nt + Np) .

All of these variables are known in prin-
ciple, either from field observations or
from estimates of survival rates from ring-
ing recoveries, except Ng.

To find Ng, the formula can be rewritten
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N =kbNpg /(1-8) - Ny, OF

Ng/Np = kbNpg/Nr/(1-8) - 1 .

This equation simply postulates that, as a
given pair of successful breeders have to
replace the loss through mortality of firstly
themselves, secondly their newly-born
young (before these reach maturity), third-
ly of the unsuccessful territorial pairs and,
finally of the fleeting population, it follows
that successful breeders can only support a
fleeting population of a certain size.

The two crucial points that emerge from
these considerations are:

I) In principle, the size of the fleeting
population is determined completely by
parameters which are either known or at
least measurable. Thus, it is theoretical-
ly possible to calculate the size of the
fleeting population from existing
knowledge, and

2) Survival rates will decrease secondarily
only to the extent corresponding to the
size of the fleeting population. Thus,
study of the extent to which survival
rates decrease during a period of popu-
lation stabilization is presently the only
possible means of indicating how large a
fleeting population is built up. In par-
ticular, an increase in the generation
time should increase the number of
“‘immature’” individuals and, as these
are counted in the surplus population in
the formulation given above, the derived
expressions can be taken to show that,
insofar as an increase in generation time
contributes to the stabilisation of the
population, survival will not decrease to
its former level.

Thus, even though no information has
been published with respect to age at first
reproduction for Danish birds of prey, an
increase in the generation time as popula-
tions become denser should theoretically
be revealed through a lesser than expected

10

decrease in survival rates. As it is generally
known that birds of prey breed earlier in
less dense populations (e.g. Newton 1979),
the expectation is that some build up of
fleeting populations - at least when imma-
ture individuals are included as in the for-
mulation given above - should take place
during and after a period of population
growth.

Treatment of recoveries

Recoveries were obtained from a number of
different sources (p. 13). Within each of the
investigated periods, recoveries from
different sources were pooled. Individuals
found as “long dead”, ‘“‘remains’’, and
“‘skeleton’’, fledglings found dead at the
nesting site, and recoveries of shot birds
have all been omitted from calculations of
survival rates. The latter omission is dis-
cussed by Noer (in press) and below. A
number of older records with no informa-
tion on cause of death probably referred to
shot individuals. All of these were excluded
as well. In all cases, a year of living has been
counted from 1 July to 30 June.

For some recoveries the exact date of
finding is unknown. Based on the dates of
the letter from the finder to the ringing cen-
trel, the age distributions of these recov-
eries were found to be identical to age dis-
tributions of recoveries with exact finding
dates, and hence the two data sets were
pooled. These recoveries were not included
in the monthly distributions.

For all species there exists a number of
recoveries of individuals ringed as fully
fledged. Brownie et al. (1985) recommend
that the problems in estimating survival
rates for birds ringed as pulli are solved by
combining results from ringing of both
pulli and adults. The validity of this ap-
proach has been questioned by Lakhani
(1987a). In the present case, a very large
proportion of the individuals ringed as ful-
ly fledged are undoubtedly in their first
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year (cp. the survival rate estimates given
for each species below), and an unknown
proportion are migrants belonging to other
Fennoscandian populations. Hence, the
use of the combinative models of Brownie
et al. (1985) might be very misleading. For
these reasons, the data sets for pulli and
fully fledged have been treated separately
throughout, and regarded as replications
rather than as data resulting from extended
ringing schemes.

Statistical analyses
Estimation of survival rates

Due to lack of information on numbers
ringed for older records, calculations are
based on the model developed by Lack
(1943 and 1951), as extended by Haldane
(1955) to cover periods of incomplete data.
When a hypothesis of a sudden change in
survival rates, e.g. caused by protection, is
to be investigated, the main problem of es-
timation concerns individuals that live
across the change and so live in both sur-
vival regimes. Noer & Secher (1983) extend-
ed Haldane’s model (1955) to cover this si-
tuation, but the analyses presented here
necessitate two further extensions of this
model: 1) to cover estimation of a separate
survival rate for first year individuals, and
2) to permit a generalised analysis of
hypotheses of more than two periods of
different survival rates. Even though the
secondary decrease in survival rates
predicted to follow the period of popula-
tion growth is expected to be gradual, the
actual observations show that, at least for
the Buzzard and the Sparrowhawk, popu-
lation growth was abruptly arrested after
the severe winter 1978/79 (Jorgensen 1989).
Accordingly, any secondary decrease in
survival rates is assumed to be abrupt, and
analysis of survival rates in relation to pro-
tection principally concerns estimation
over three consecutive time periods, one be-

fore and two after protection. Moreover,
analysis of the effects of the change in the
start of the open season in 1954 introduces
one more time boundary. Accordingly, the
analyses presented here estimate survival
rates in four different periods, with
hypothetical changes taking place in 1954,
1967 and 1978. In some cases, however, the
material is too small to permit analysis of
the effects of the 1954 Regulation and, in
these cases, only the two most recent time
limits are used. As an example, introduc-
tion of this model means that the probabili-
ty that a bird born in 1952 died in 1972 (be-
fore 1 July) is bys;(s)13(s5)4(l-s;), while
the probability that a bird born and ringed
in 1966 died in 1983 (before 1 July) is
b2(s3)10(s4)4(1-s4). Estimates are derived by
Noer (in press) for the general case of P
periods (complete data) and for three peri-
ods and incomplete data. Extension to four
periods with incomplete data is straightfor-
ward though cumbersome and is done by
extending the Likelihood function from 6
to 10 components.

The data presented below show that the
age distribution of individuals recovered as
shot differs from that of birds which died
from other causes. As the probability thata
shot individual is reported is far higher
than that of (most) other death causes,
pooling of these two data sets will lead to
underestimation of survival. Accordingly,
all calculations in the following are carried
out for non-shot individuals only. As
shown by Noer (in press), adult survival
rates are unaffected by this omission, while
estimates of first year mortalities become
slightly biased. This bias is negligible for
the data sets presented here.

Tests of significance for differences in
survival rates

Comparisons between periods are done by

means of Likelihood-ratio tests (e.g. White
1983). For each data set, a sequential test

11
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procedure as recommended by Noer (in
press) is carried out. This tests 1) the
hypothesis Hyq of four periods of survival
rates against the hypothesis Hq that all
periods have identical survival rates, and 2)
if, and only if, Hy is rejected, Hy is tested
against a series of hypotheses postulating
that two periods are identical in survival
rates: H3 A: that survival rates before 1954
were identical to those of 1954-66, H3p
postulating that survival rates of 1954-66
were identical to those of 1967-77, and
H3c that survival rates of 1967-77 were
identical to those of 1978-87. If all of these
hypotheses are rejected it is concluded that
three changes in survival took place. If not,
the two periods having the lowest cor-
responding x? test statistic are pooled, and
the analysis proceeds by investigating two
of the following hypotheses: Hoa: that
only one change in survival rates took place
-in 1967, HpR: that the only change in sur-
vival was in 1978, and Hpc: that the change

H4 Ho H3A
P . BEFORE 1954 | | i
F’2 195466
PS 1967-77
P 4 1978-87

was in 1954. The combination of these
hypotheses chosen depends on which of the
Hj3 hypotheses were accepted. A survey of
the hypotheses is given in Fig. 2. Note that
the tests only compare consecutive periods.
Though it has been argued above that com-
parisons of survival rates during periods
with stable breeding populations are poten-
tially interesting (i.e. the first and last
periods observed), such comparisons are
presently outside the scope of the statistical
testing under consideration.

Pairwise comparisons between periods
can also be done by means of z-tests (Seber
1973). By this test procedure a hypothesis
of equal survival rates in any two periods is
tested by means of the statistic

7, + z
Z:(l 2)

V2

_ (bi - bi41)
vV bi(1-b)/N; + by (I-by 1)/ Ny

where

Zy

— — — — —

Fig. 2. Structure of the set of hypotheses associated with analysis of survival rates in four different periods
(P-Py4). Foreach hypothesis is shown - in addition to its labelling - the structure of periods of different survival
rates that it postulates. Note that the sequence of tests is initiated by testing Hy (all periods have different sur-
vival rates) against Hy (all periods are identical). Ideally, the sequence of tests proceed if and only if Hy is re-

Jected.
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and
z, (i — Siv1)

- Nvar(s;) + var(s;.).

Under Hg, z is asymptotically normal dis-
tributed with parameters (0;1). This test
procedure is valid for moderately large data
sets and was used for the Kestrel by Noer &
Secher (1983). For the Kestrel and the spe-
cies presented here, the two test procedures
lead to virtually identical conclusions and
significance levels.

Computation of population
growth

Inorder to evaluate the findings, changes in
population sizes were calculated according
to the estimated survival rates. These com-
putations were done by means of Leslie ma-
trices (e.g. Pielou 1969). The age structured
population at time t is written as a vector

Niso

where the choice of three age categories (i.e.
pooling of all age classes more than two
years old) is arbitrary. In the present case,
where only first year survival has been esti-
mated separately, the structure of the cor-
responding Leslie matrix is

fl fz f>2
L= s 0 O
0 s s

where T is the fecundity measured as the
number of young surviving to the start of
the following breeding season and s the
adult mortality.

Given these two matrices, the age-struc-
tured population size in following genera-
tions can be found by matrix multiplica-
tion

N,;1 = LN,, or generally
Nk = Lth-

At the same time, the stable age distribu-
tion corresponding to a given set of juvenile
and adult survival rates and fecundities is
given as the first right eigenvector of the
matrix L (Pielou 1969). In ali the following
calculations which use this technique, the
age distribution at the start of a period af-
ter a change of survival rates has been taken
to be the stable age distribution cor-
responding to the survival rates of the
previous period. For the first period start-
ing any of these calculations, the popula-
tion has been assumed to be in its stable age
distribution.

In the structure of the matrix given
above, fecundity is calculated as the num-
ber of young surviving to the start of the
following breeding season, i.e. the product
of the first year survival b, the brood-size k,
and the probability that a breeding pair is
successful. In doing this, a slight error was
introduced as survival rates have been cal-
culated on the basis of a year counted from
Ist July to 30th June. As very few first year
individuals have been recovered in April-
June this source of error can be assumed to
be very small. Information on reproductive
success derives from Jorgensen (1989).

Materials

To investigate the above-mentioned hypo-
theses information on recoveries and
brood-sizes was compiled. The total num-
ber of recoveries available for the present
study was 731, 901 and 586 for the Buzzard,
Sparrowhawk and Goshawk respectively.
These recoveries were obtained from a
number of different sources. Sources are
shown separately for each species (Tables 2,
13, and 25). Information from the Odense
Ringing Station was taken from Larsen &
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Simonsen (1968), and some other recov-
eries derive from Pedersen (1954) and Jen-
sen (1955).

Information on numbers ringed could be
obtained only from the files at the Zoologi-
cal Museum, Copenhagen, i.e. for recover-
ies from that source. Information on
brood-sizes is therefore based exclusively
on these files. There is no information on
chicks that were not ringed, either because
they were judged too small at ringing or be-
cause they were fledged. This means that
the brood-sizes presented are underesti-
mates. This bias is considered small and
constant throughout the investigation
period.

Results
Buzzard
Material

Recoveries of Buzzards are fairly evenly
distributed throughout the investigated
periods (Table 2). Since 1945, the majority
have been ringed by the Zoological Mu-
seum, Copenhagen. The material for this
species is relatively homogeneous (cp.
materials of Sparrowhawks and Goshawks
given in Tables 13 and 25 below), with the
exception of the intensification of ringing
of fully fledged individuals since 1967.

Brood-sizes

Information on brood-sizes and reproduc-
tive success of Buzzards, including com-
parisons between recent and older records,
is given by Jorgensen (1989) and will not be
repeated here. No changes in reproductive
success have been found for this species
(Jorgensen 1989), though comparisons are
complicated and weakened by local differ-
ences in brood-sizes (see below, p. 34). In
spite of this, it is reasonable to assume that

14

Table 2. Sources of recoveries of Buzzards in three
different periods.

Recovered Recap-
tured
Ringed as:
Pulli Juv.-ad.

1916-1944:
Zoological Museum,
Copenhagen 25 1 1
P. Skovgaard,
Viborg 87 1 4
Total 112 2 5
1945-1966:
Zoological Museum,
Copenhagen 134 29 19
P. Skovgaard,
Viborg 1
Game Biology Sta-
tion, Kalg 19
Odense Ringmaerk-
ningscentral 9
Total 144 48 19
1967-1987:
Zoological Museum,
Copenhagen 196 89 29
Game Biology Sta-
tion, Kalg 1 61 25
Total 197 150 54

no changes have taken place. To our
knowledge no such differences have been
published. Furthermore, it is generally as-
sumed that species at the trophic level oc-
cupied by the Buzzard have been much less
affected than restrictively bird-eating spe-
cies (e.g. Joiris & Delbeke 1981).

Survival rates

The Buzzard is a very long lived species;
this is clearly reflected in the age distribu-
tions of the different groups of recoveries
(Tables 3-5). The oldest recovered indi-
vidual was 26 years old, which means that
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Table 3. Age distributions of recoveries of Buzzards ringed as pulli and recovered in Den-
mark. Individuals recovered as shot are excluded (see Table 12). Age distribution of
recoveries before 1945 is pooled. Underlined entries indicate: periods of unchanged
hunting legislation (changes effected in 1954 and 1967); the year in which growth in the
population stopped (1977), and the last year investigated (1987).

Age 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 1925

Year born

Before
1945 24 3 3 5 1 1 1 1

1945 1

46 1
47
48
49
1950
51
52
53
54
1955
56
57
58
59
1960 1
61
62 2 1 1
63 1

64
1965
66
67
68
69
1970
71
72
73
74
1975
76
77
78
79
1980
81
82
83
84
1985
86
87
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|
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Table 4. As Table 3. Age distributions of Buzzards ringed as pulli and recovered outside
Denmark. Individuals recovered as shot are excluded (see Table 12).

Age

1

2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20

Year born

Before

1945

1945
46
47
48
49

1950
51
52
53
54

1955
56
57
58
59

1960
61
62
63
64

1965
66
67
68
69

1970
71
72
73
74

1975
76
77
78
79

1980
81
82
83
84

1985
86
87

N»—-—-N»—‘N'—'»—-1»~

16



Survival Rates and Status Improvements of Birds of Prey

Table 5. As Table 3. Age distributions of Buzzards ringed as fully fledged and recovered
in Denmark. Individuals recovered as shot are excluded.

|
|

Age 1 2 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20

Year born

1945
46
47
48
49

1950
51
52
530
54 1 1

1955 1
56 1
57
58
59 1

1960 4 1 1
61
62 1
63
64

1965
66
67
68
69

1970
71
72 i
735
74 e ]

1975
76
77
78
79

1980
81
82
83
84

1985
86
87

N oo

|
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data from before 1967 still have to be con-
sidered as incomplete. This is the reason
why the model presented by Noer (in press)
and the extension to four periods used in
this paper treats all data as incomplete, in
contrast to the model used for the Kestrel
by Noer & Secher (1983). The individual
recovered at 26 years old is erroneously not
shown in the table given by Noer (in press),
though it is included in the survival rate
estimates in that paper.

The old ages obtained by Buzzards are
reflected in the estimated survival rates.
Adult survival is generally about 0.80, in
reasonable agreement with other published
estimates (Newton 1979) based on the Hal-
dane method (Table 6). In the comparison
of survival rates between different periods,
results for the total material of non-shot in-
dividuals ringed as pulli reject Hg, while
both H3A and H3p are accepted (Table 7).

According to the criteria given above,
H3p is chosen, and after that all
hypotheses at level 2 are rejected. Hence,
survival 1967-77 was higher than survival
before 1967 and after 1977. It should,
however, be noted that this significance de-
pends on the pooling of data before 1967.
The estimated survival rates corresponding
to the accepted hypothesis and the total
material of birds ringed.as pulli indicate

Table 7. Results of sequential Likelihood-ratio tests
of diffences between periods in survival rates for the
total material for Buzzards ringed as pulli. Survival
rate estimates are given in Table 6.

x? df P
Hyvs. Hy 23.6676 6 0.06%
Hy - H3a 4.2410 2 12.00%
Hyg - Hsp 5.3576 2 6.86%
Hy - Hac 14.0630 2 0.09%
H3a- Hop 14.1066 2 0.09%
Hia- Hop 9.4468 2 0.89%

that first year survival increased by some
14% following the 1967 Protection, while
adult survival increased by 9% (Table 8).
The interpretation of these results is,
however, complicated by the fact that the
Danish Buzzard population is partially
migratory (Holstein 1956, Salomonsen
1972). The migratory part of the popula-
tion leaves the country in October
(Salomonsen 1972), and so should largely
have escaped shooting pressure in Den-
mark after the change in the start of the
open season to Ist November in 1954.
Therefore, a hypothesis postulating that
legislative protection in Denmark has
cauised measurable increases in survival
rates would predict that, for the migratory
part of the population, this increase should

Table 6. Survival rate estimates for Buzzards based on four periods of different survival rates. Estimates based
on 1) the total material of individuals ringed as pulli, 2) the material ringed as pulli and recovered in Denmark
(data in Table 3), 3) ringed as pulli and recovered outside Denmark (data in Table 4), and 4) ringed as fully
Sfledged (data in Table 5). Individuals recovered as shot are excluded.

) 2) 3) 4)

b, 0.3290 0.3793 0.1667
1920-53: 5, 0.7647 0.7656 0.7500

b, 0.4838 0.4265 0.5676 0.2991
1954-66: 5 0.7431 0.7444 0.7414 0.8714

bs 0.5360 0.5390 0.5367 0.5000
1967-77: S 0.8334 0.8346 0.8349 0.9136

by 0.2480 0.2684 0.2343 0.3773
1978-87: 54 0.6951 0.7664 0.5162 0.7540
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Table 8. Estimated survival rates and covariance matrix for Buzzards ringed as pulli. The estimates are for the
model resulting from the analysis, i.e. with three periods of different survival rates (before 1967, 1967-77 and

after 1977).
b, S b, Sy by S3
0.4133 0.7501 0.5360 0.8334 0.2480 0.6949

b, 0.001452 0.000000 0.000000 0.000001 0.000002 0.000005
8y 0.000902 0.000000 0.000001 0.000002 0.000006
b, 0.002075 0.000009 0.000030 0.000109
Sy 0.000462 0.000019 0.000070
by 0.004203 0.000768
53 0.002792

have taken place as early as 1954. Accord-
ingly, the data were split into recoveries
from Denmark and recoveries from abroad
(Tables 3 and 4). This splitting of data rests
on a number of assumptions, the most im-
portant of which is that all individuals are
either migratory or resident, implying, for
example, that they do not become more
resident with age. With respect to the latter,
Nielsen (1977) has shown that the fraction
of recoveries of adults from abroad is only
slightly smaller than the fraction of
juveniles (48% of juveniles vs. 43% of
adults, difference not significant). More-
over, a tendency for increased residency
with age should be discernible in the estim-
ated survival rates.

Survival rate estimates for these two
groups of recoveries are in accordance with
expectations. For the recoveries from Den-
mark, estimated survival is higher after the

Table 9. Results of sequential Likelihood-ratio tests
of differences between periods in survival rates for
Buzzards ringed as pulli and recovered in Denmark.
Survival rate estimates are given in Table 6.

1967 Protection, while recoveries from out-
side Denmark show a high first year sur-
vival for the period 1954-66 (Table 6). For
the recoveries from Denmark the null
hypothesis is accepted but, if this result is
disregarded and the analysis continued,
pooling of data until 1966 shows that the
period 1967-77 had significantly higher
survival rates than before 1967 and after
1977 (Table 9). For the recoveries from
abroad, the null hypothesis is rejected, and
a significant difference is found between
the periods before 1954 and 1954-66 (Table
10). These results suggest that survival rates
increased following the 1954 change in the
start of the open season. Further analysis
shows that there was no significant change
after 1967 but there was a highly significant
decrease in survival rates after 1977 (Table
10).

Estimated survival rates for birds ringed

Table 10. Results of sequential Likelihood-ratio tests
of differences between periods in survival rates for
Buzzards ringed as pulli and recovered outside Den-
mark. Survival rate estimates are given in Table 6.

x? df P X df P
Hy vs. Hy 11.2722 6 8.03% Hyvs. Hg 21.1854 6 0.17%
Hy - H3a 0.3442 2 84.19% Hy4 - H3zp 8.5196 2 1.41%
H4 - H3sp 4.4310 2 10.91% Hy4 - H3p 2.5196 2 28.37%
Hy4 - Hac 6.3772 2 4.12% Hy4 - H3c 11.5380 2 0.31%
H3za- Hpa 6.3836 2 4.11% H3p- Hop 9.4578 2 0.88%
H3za- Hop 6.6870 2 3.53% Hsp- Hye 10.7634 2 0.46%
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as fully fledged and recovered in Denmark
reveal a corresponding variation through
the periods under consideration, though
estimates of adult survival are somewhat
higher (Table 6). The material is, however,
sparser. The null hypothesis is rejected, but
further analysis shows that this rejection
stems from a significant decrease in sur-
vival rates after 1977 (Table 11). Changes in
survival rates after the 1967 Protection are
not significant. However, these changes are
generally in agreement with the predic-
tions, and first year survival rates 1954-66
for migrants are similar to those after 1967
for residents (Table 6). This is taken to sug-
gest that first year survival actually in-
creased by some 12% following escape
from shooting pressure in Denmark.

Distribution of monthly mortality

Monthly distributions of recoveries from

Denmark of individuals shot and recovered

from other death causes (Fig. 3) were com-

pared by Median tests (Siegel 1956). The
relevant results are:

1) Following the 1954 Government Order,
the distribution of individuals recovered
as shot changed significantly (x* =
12.54 computed with Yates’ correction),
df = 1, P < 0.0005).

2) At the same time, the distribution of
first year individuals recovered from
other death causes also changed signifi-
cantly (x> = 6.88,df = 1, P < 1.0%). In
both cases, recoveries were made later in
the years after 1954,

Table 11. Results of sequential Likelihood-ratio tests
of differences between periods in survival rates for
Buzzards ringed as fully fledged and recovered in
Denmark. Survival rate estimates are given in Table 6.

X df P
Hj vs. Hy 12.98 4 2.67%
Hj - Hppa 3.22 2 19.99%
Hj - Hzp 7.87 2 1.95%
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Fig. 3. Monthly distributions of recoveries of Com-
mon Buzzards either shot or recovered from other
death causes in four different periods. Only recover-
ies from Denmark are included. Periods extend from
Ist July of first year to 30th June of last year. For
recoveries of shot individuals, age classes are pooled
(no differences between Ist year and older were dis-
cernible).

3) Distributions of first year individuals
1954-66 and 1978-85 (the two periods of
relatively stable population size) are sig-
nificantly different (x* = 4.71, df = 1,
25% < P < 5.0%). The period of
population growth (until 1978) is inter-
mediary and not significantly different
from either.

4) There are no detectable changes in dis-
tributions of recoveries of older birds
(1954-66 vs. 1978-85: x> = 0.14; 1954-66
vs. 1967-77: x* = 0.50; and 1967-77 vs.
1978-85: x* = 1.47). As shooting pres-
sure affects individuals in their first au-
tumn to a much larger extent, the rela-
tive constancy of distributions of recov-
eries of older birds is further evidence
that the observed changes are caused by
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changes and/or reductions in shooting
pressure following changes in legislative
protection.

Discussion and comments

Recoveries from Denmark of shot in-
dividuals suggest that shooting of this spe-
cies did not cease until some years after the
1967 Protection (Table 12). In contrast to
the period 1945-66, however, individuals
that were shot in Denmark 1967-71 came
mainly from regulation carried out near
Pheasant pens. Comparison of the two
periods, moreover, shows that in the period
1945-66, 45 individuals were recovered as
shot and 65 from other causes of death
(Danish recoveries only) while, in 1967-71,
14 were recovered as shot and 65 from other
causes. This difference is significant (x* =
4.69, P < 0.05), and it is concluded that the
1967 Protection, notwithstanding the -ex-
emptions, did cause a significant reduction
in the shooting pressure imposed on the
species.

Theinterpretation of the partial analyses
of recoveries from Denmark and from
abroad is less certain. The number of recov-
eries of adults from abroad increased sig-
nificantly after the 1954 change in open
season dates, in spite of small numbers of
recoveries before 1954, which is in excellent
agreement with the predictions. Moreover,
changes in first year survival were not ob-
served for this group of birds after 1967,
while recoveries from Denmark indicate in-
creased survival after that year. The ten-
dency for adult survival to show an increase
after 1967 rather than after 1954 could be
explained if adults migrate later in the year.

In a number of cases it has been demon-
strated for partially migratory species that
there is a genetical component involved in
controlling whether or not to migrate (Ber-
thold & Querner 1981, Biebach 1983, Ber-
thold 1988). Thus, if there is a genetic com-
ponent involved for the Buzzard, the results

Table 12. Age distributions of Buzzards ringed as pul-
i and recovered as shot in either Denmark (left) or
abroad (right).

Recovered in Denmark Abroad

Age 1 2 3 4 5 6 7 8| 1 2 3

Year born

1945 2
46 1
47
48
49
1950
51
52
53
54
1955
56
57
58 1 1
59 1 ]
1960
61 3 1
62
63
64 I ]
1965 6 3
66 1
67 1
68 1
69 2 1
4
2

R — W o e W = W NN

1970
71
72
73
74 1
1975

76

77

78

79

1980 1

81
82
83 3
84
1985 1
86
87 1
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presented here strongly suggest that the
1954 change in the start of the open season
caused selection in favour of the migratory
part of the population. For a partially
migratory population of Blackcaps Sylvia
atricapilla, Berthold et al. (1990) were able
to increase the frequency of migrants from
0.8 to 1.0 in three generations and, though
this was done at considerably higher selec-
tion pressures than in the present case, it
can be taken as a demonstration that such
populations can respond very fast to
changes in selection pressures.

It should be noted that the migratory
part of the Buzzard population spends part
of the year in Denmark. Some recoveries of
migratory individuals will thus be included
in the survival rates estimated for the resi-
dent part of the population; numbers of
recoveries from those months are, however,
low (Fig. 3). Moreover, survival rates for
recoveries from Denmark and from abroad
from 1954-66 are not significantly differ-
ent, and so it remains speculative whether
or not the increase was real. The overall
trends in the material suggest that it was so
but, whether or not this argument is accept-
ed, it must be realised that the pooling of
recoveries for survival rate estimation of
partially migratory species may be difficult
to justify.

The decrease in survival rates after 1977
(Table 6) is probably overestimated. When
combined with the observed reproductive
success, the estimated survival rates predict
the population to be rapidly decreasing,
even though its size has been very constant
since that year (Jorgensen 1989). The prob-
able reason for this underestimation is that
the assumption of age independent sur-
vival after the first year only represents an
approximation for the Buzzard, and that in
fact survival is lower for second and third
year individuals, too (Noer, in press).
Although goodness-of-fit tests do not
show significant deviations between obser-

vations and the model (App. I, but note the

22

discussion given there), this may be due to
the relatively small data set. Investigation
of this effect by treating earlier data as in-
complete and comparing the estimated sur-
vival rates to those eventually observed
confirms this tendency (Noer, unpub-
lished). It should be noted that the sig-
nificance level of the decrease in survival
rates may be changed by future analyses of
this species.

Sparrowhawk
Material
Recoveries of 901 Sparrowhawks ringed in

Denmark were available. These recoveries
stem from three different sources (Table 13)

Table 13. Sources of recoveries of Sparrowhawks in
three different periods.

Recovered Recap-
tured
Ringed as:
Pulli Juv.-ad.
1916-1944:
Zoological Museum,
Copenhagen 12 6 1
P. Skovgaard,
Viborg 71
Total 83 6 1
1945-1966:
Zoological Museum,
Copenhagen 102 32 14
P. Skovgaard,
Viborg 27
Total 129 32 14
1967-1987:
Zoological Museum,
Copenhagen 451 122 54
P. Skovgaard,
Viborg 5
Game Biology Sta-
tion, Kale 3
Total 456 125 54
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but the material is rather heterogeneous.
Before 1973, most Sparrowhawks were
ringed either on Sjzelland (Holstein 1950,
Schelde 1960) or in West Jylland. In 1973
the Raptor Research Group of the Danish
Ornithological Society initiated an inten-
sive ringing scheme in Jylland, and the in-
creased numbers of recoveries after that
year originate from their work. When in-
vestigating the outcome of the 1967 Protec-
tion, the material is therefore not very
balanced, especially as a much smaller
fraction of the Sjeclland and West Jylland
population is resident (e.g. Schelde 1960).
The analyses presented in this paper were
preceded by separate treatments of the vari-
ous parts of the country mentioned above.
As far as comparisons could be made, all
trends were convincingly similar. Accord-
ingly, pooling of the total data set is consi-
dered justified.

Brood-sizes

From the beginning of the period under
analysis, brood-sizes were significantly
lower than those reported by Holstein
(1950), and 95% confidence limits for the
two first of the eight periods examined do
not overlap (Table 14). No significant
changes were found in brood-sizes between
1950 and 1979, but a significant increase

(no overlap of 95% confidence limits of
mean) has taken place since 1980. This in-
crease was also reported by Jergensen
(1989) and Brogger-Jensen et al. (1988 and
1989). The average brood-size for the years
1980-85 is significantly different from all
other periods between 1950 and 1979, but
not different from those observed before
1950. The observed change in average
brood-size was rather dramatic. The aver-
ages for 1980, 1981, and 1982 were 3.35 (n
= 110), 3.46 (n = 112) and 3.72 (n = 114)
respectively. These increases may have been
influenced by a reduced number of young-
er birds breeding after the severe winters
from 1978-79 onwards (Jergensen 1989).

Survival rates

For the Sparrowhawk, protective legisla-
tion was introduced in 1922 and the open
season prolonged by the 1931 Game Act
(Table 1). The effects of the introduction of
a closed season in 1922 cannot be evaluated
(Tables 15 and 16), but the ratio between
recoveries of shot individuals and recov-
eries from other death causes from 1922-31
is the same as is was before 1922. Thisis not
so, however, after 1931 (Table 16). Even
though the open season for the Spar-
rowhawk was prolonged, the ratio between
recoveries of shot individuals and other

Table 14. Brood-sizes of Sparrowhawks. Distributions of brood-sizes (1-6), number of broods investigated (N},
mean brood-size and 95% confidence limits of means given for 5-year periods. Periods are adjusted in relation

to the reductions in the use of DDT from 1969 onwards.

Broodsize 1 2 3 4 S 6 N Mean 95% c.l.
Period:

<1950 3 6 23 27 22 3 84 3.81 3.60-4.05
1950-54 4 5 7 6 1 1 24 2.92 2.36-3.47
1955-59 7 7 10 11 7 0 42 3.10 2.68-3.51
1960-64 7 14 19 18 11 4 73 3.33 3.17-3.48
1965-69 10 12 15 16 8 4 65 3.18 2.82-3.53
1970-74 28 24 29 40 27 9 157 3.26 3.02-3.50
1975-79 57 45 98 91 63 13 367 3.26 3.19-3.33
1980-85 54 95 135 177 181 40 682 3.67 3.57-3.77
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Table 15. Age distributions of recoveries of Spar-
rowhawks ringed as pulli and recovered in Denmark
before 1945. Individuals recovered as shot are exclud-
ed. Underlined entries indicate years in which change
in protective legislation was effected (1922 and 1931).
Asterisks indicate cold (*) and severe (**) winters.

Table 16. Age distributions of recoveries of Spar-
rowhawks ringed as pulli and recovered in Denmark
before 1945. Shot individuals only.

Age 1 2 3 4 5 6 7 8 9 10

Age 1 2 3 4 5 6 7 8 9 10

Year born

1915 1 !
16%% 2
17 1
18 2 1
19 1

1920 1
20% 1
2
23**
241

1925
26
27%
28**

29

1930* _1
311
2 2 3 1
31
42

1935 1
36
37
38
39**

1940%*
a1+
42
43
44

Mo = = e
—_

Year born
1915 3 01 o
16 4 1
17 2 1 o
18 2 1 1
19 3 1 ___
1920 2 2
21 1 _—
22 o
23 o
24 o
1925 1 1 o
26 -
27 1 o
28 1 o
29 .
1930 _2
31 1
32
33 2
34
1935 1
36
37 4
38 1
39
1940 2
41 1 1
42 1
43 1
44 2

death causes decreased. Comparisons be-
tween recoveries of shot individuals and
those which died from other causes in the
periods before 1922, 1922-30 and 1931-44
show that the decrease is significant (x* =
6.87, df = 2, P < 0.05). Furthermore sur-
vival rate estimates are higher in the period
1931-35. Before 1931, estimates are b =
0.5000 and § = 0.5333, for 1931-35 esti-
mates are b = 0.6000 and § = 0.6452 (both
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periods counted as complete). Due to the
very sparse material, all of these estimates
are both tentative and insignificant.
Because of the possible changes in sur-
vival rates for the species after 1930, recov-
eries from this period were not pooled with
those from the period 1945-53. After 1967,
shooting decreased abruptly as a mortality
factor in Denmark (Tables 17 and 18).
Recoveries of non-shot individuals outside
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Table 17. Age distributions of recoveries of Spar-
rowhawks ringed as pulli and recovered in Denmark
after 1945. Individuals recovered as shot are excluded.
Underlined entries indicate: years in which change in
protective legislation was effected (1954 and 1967),
the start of population growth observed in the field
(1971), the reversal of the population trend (1978) and
the last year investigated (1987). Asterisks indicate
cold (*) and severe (**) winters.

Denmark include a single individual recov-
ered at a high age (21 years) (Table 19); this
single recovery adds about 2-3% to the sur-
vival rate estimates given in the following.
Recoveries of birds ringed as fully fledged
are given in Table 20.

Survival rate estimation based on recov-
eries from Denmark and from abroad are
in agreement with those for the Buzzard
(cp. Tables 17 and 19), although the number
of recoveries from outside Denmark is very
low. Therefore, only survival rates based on
the pooled material are presented in the fol-
lowing. Estimates are higher after both the
1954 postponement of the start of the open
season and the 1967 Protection (Table 21).
The Likelihood-ratio tests reject Hg, while
H3 A and H3 ¢ are accepted (Table 22). The
analysis is continued from H3 A, and HoaA
is rejected while Hpp is accepted. Thus, the
rejection of Hyis due to the decrease in sur-
vival after 1978, and there are no signifi-
cant effects of either the 1954 change or the
1967 Protection.

Data from a study area around Sorg,
however, indicate that the Sparrowhawk
population did not increase until after 1970
(cp. p. 36 and Fig. 7 below). Though the va-
lidity of extrapolating from this population
to the total Danish population is uncertain,
alarge fraction of the recoveries stems from
individuals ringed there. Survival of the
species was therefore reinvestigated, using
the periods: 1945-66, 1967-70, 1971-77 and
1978-1987. For these time periods, the in-
crease in survival after 1970 becomes very
pronounced (Table 21). Hy is rejected very

Age 1 2 3 4 5 6 7 8 9 1011

Year born

1945
46+* | 1
47 1 1
48
9 1 1 1
1950
51 2
52
53* 2
54% 3
1955%* 2
6 2
57+
58 1
59
1960
61
62**
63
64
1965%*
66
67
68*
69**
1970
71
72
73
74
1975
76
77
78%% 14
79% 10
1980 30
81%* 24
82 27
83 23
84%* 38
1985%* 36
86%* 22
87 13
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convincingly, H3 A is accepted, while both
Hy A and Hop are rejected (Table 23). Ac-
cordingly, it is concluded that for the Spar-
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rowhawk there were no immediate effects
resulting from the 1967 Protection, though
survival rates were high in 1971-77 (inclu-
sive). In particular, changes in first year
survival were pronounced, while changes in
adult mortality were much less so (Table
24).

Distribution of monthly mortality

Comparison of monthly distributions of
recoveries by median tests (Siegel 1956) re-
veals that the only significant difference is
achange in the distribution of recoveries of
shot individuals after 1953 (Fig. 4). The
lack of significance in the monthly distri-
butions of individuals recovered from
other death causes may be due to small
sample sizes, but inspection of Fig. 4 sug-
gests that the distributions did not change.
This is in contrast to the results for the Buz-
zard (p. 20) and for the Kestrel (Noer &
Secher 1983).

Discussion and comments

The significant decrease in numbers of
recoveries of shot individuals after 1931 is
surprising when it is considered that the
1931 Game Act actually prolonged the
open season for the Sparrowhawk.
However, this result is in accordance with
results for the Kestrel reported by Noer &
Secher (1983). The Kestrel was protected in
Denmark by the Government Orders of
1925 and 1928. This protection was enacted
in 1931. Noer & Secher (1983) showed that
the two Government Orders did not have
any effect on survival rates and that sur-
vival rates increased after 1931, coinciding
with a significant decrease in the number of
recoveries of shot individuals. Thus, results
for both the Kestrel and the Sparrowhawk
suggest that legislative measures taken at
different times do not receive equal atten-
tion, and that the 1931 Act was particularly
heeded.
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Table 18. As Table 17. Age distributions of Spar-
rowhawks ringed as pulli and recovered as shot in
Denmark.

Age 1 2 3 4 5 6 7 8 9 10

Year born

1945 1
46
47
48 1
49
1950 2
51 2
52 1
53
54
1955
56
57
58
59
1960 1
61
62
63
64
1965
66
67
68
69
1970
71
72
73
74
1975 2
76
77 1
78
79
1980 1
81 1
82
83
84
1985 2
86 1
87

(98]
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Table 19. As Table 17. Age distributions of Spar-
rowhawks ringed as pulli and recovered outside Den-
mark. Individuals recovered as shot are excluded.

Table 20. As Table 17. Age distributions of Spar-
rowhawks ringed as fully fledged and recovered in
Denmark. Individuals recovered as shot are excluded.

Age 1 2 3 4 5 6 7 8 9 10..21 Age 1 2 3 4 5 6 7 8 9 10
Year born Year born
1945 _— 1945 R
46 - 46 N
47 2 - 47 N
48 o 43 1 o
49 11 - 49 -
1950 1 - 1950 e
51 1 o 51 -
52 o 52 -
53 2 1 53 —
54 54 1
1955 31 1 1 1955 i
56 2 1 56 1
57 - 57 1 —
58 . 58 o
59 1 o 59 1 1 —_—
1960 1 o 1960 -
61 - 1 61 I I
62 1 o o 62 . - -
63 1 o . 1 63 2 o —
64 . o 64 2 o .
1965 1 _ o 1965 1 o
66 o 66 - 1 o
67 o 67 1 _—
68 o _— 68 — -
69 . . 69 2 1 -
1970 2 . 1970 1 2
71 1 . 71 1 o
72 1 o 72 o
73 1 o 73 1 2
74 1 74 3 -
1975 11 1975 1 o
76 | O 1 76 1 1 1
77 1 1 77 o
78 3 — 78 1 1 o
79 1 o 79 3 1 o
1980 1 _— 1980 3 .
81 o 81 2 2 I
82 _ 82 2 o
83 1 1 _— 83 4 1 o
84 5 1 o 84 3 .
1985 1 - 1985 4 o
86 3 86 1
87 1 87 o
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Table 21. Survival rate estimates for Sparrowhawks based on four periods of different survival rates. Estimates
based on A) the total material for pulli in periods before 1954, 1954-66, 1967-77 and 1978-87, B) before 1967,
1967-70, 1971-77 and 1978-87, and C) pulli + Sully fledged in periods before 1967, 1967-70, 1971-77 and 1978-87.

Individuals recovered as shot are excluded.

A B o
b, 0.3000 b, 0.3151 0.2824
1940-53: 5, 0.6000 1940-66: 5 0.6600 0.6087
b, 0.3208 b, 0.1905 0.2501
1954-66: 5 0.6750 1967-70: 5 0.7728 0.6667
b, 0.4493 b, 0.4870 0.4781
1967-77: 55 0.7363 1971-77 53 0.7295 0.7224
by 0.2857 by 0.2858 0.2770
1978-87: 54 0.5956 1978-87: S 0.5959 0.5860

Table 22. Results of sequential Likelihood-ratio tests
of differences between periods in survival rates of
Sparrowhawks ringed as pulli. Pooled data from
Tables 17 and 19 and survival rates from Table 21.
Periods under analysis are: before 1954, 1954-66,
1967-77 and 1978-87.

Table 23. Results of sequential Likelihood-ratio tests
of differences between periods in survival rates of
Sparrowhawks ringed as pulli. Pooled data from Ta-
bles 17 and 19 and survival rates from Table 21. Peri-
ods under analysis are: before 1967, 1967-70, 1971-77
and 1978-87.

X df P X df P
Hy vs. Hy 17.1596 6 0.87% Hyvs. Ho 22.5050 6 0.12%
Hyq - H3a 0.2260 2 89.32% Hy - H3a 0.5948 2 74.27%
Hyq - H3p 16.3188 2 0.03% Hyq - H3p 8.6934 2 1.29%
Hy - Hic 3.3480 2 18.75% Hy - H3c 19.6466 2 0.01%
H3a- Hop 16.3188 2 0.03% Hia- Hoa 19.5410 2 0.01%
Hia- HoB 4.8720 2 10.75% H3a- Hop 9.8486 2 0.73%

Table 24. Estimated survival rates and covariance matrix for Sparrowhawks ringed as pulli. The estimates are
for the model resulting from the analysis, i.e. with three periods of different survival rates (before 1970, 1971-77

and after 1977).
b; 5 b, $3 by S3
0.2873 0.6945 0.4870 0.7295 0.2858 0.5959

b, 0.002178 0.000000 0.000000 0.000000 0.000000 0.000001
Sy 0.002947 0.000000 0.000000 0.000000 0.000001
b, 0.001735 0.000003 0.000004 0.000021
Sy 0.001673 0.000003 0.000017
by 0.000770 0.000281
5 0.001443

Compared to the other three species ana-
lysed it is striking that no immediate in-
crease of survival rates can be observed for
the Sparrowhawk following the 1967 Pro-
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tection. This is hardly due to a too sparse
material as 29 individuals were recovered
from the 1967-70 cohorts (Tables 17-20).
Instead, it can be taken to indicate that for
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SHOT OTHER DEATH CAUSES
FIRST YEAR OLDER
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Fig. 4. Monthly distributions of recoveries of Spar-
rowhawk either shot or recovered from other death
causes in four different periods. Only recoveries from
Denmark are included. Periods extend from Ist July
of first year to 30th June of last year. For recoveries of
shot individuals, age classes are pooled (no differ-
ences between Ist year and older were discernible).

the Sparrowhawk factors other than the
1967 Protection caused the increased sur-
vival rates, but this is complicated by the
sensitivity of the species to winter severity
(e.g. Newton 1986, Bragger-Jensen et al.
1988). Severe winters are indicated by aster-
isks in Tables 15 and 17, and it is seen that
winters were unfavourable in the first years
after protection. The winter 1969-70 was
particularly severe, and this appears to be
reflected in the recoveries from the 1969 co-
hort, 10 out of 12 of which were recovered
during this winter.

The monthly distributions of recoveries
of first year and older individuals after
1977 are very similar to those reported for
British Sparrowhawks by Newton (1986).
For first year individuals, there is clearly a

large mortality at the time of year when
they become independent and mortality is
also high during winter, in particular in the
severe winters after 1977.

The latter is true for adults too (cp. Table
17 and App. I). The Sparrowhawk data are
well suited for an analysis of winter mortal-
ity along lines similar to those developed
for British Herons (North 1979, North &
Morgan 1979), but such an analysis is con-
sidered outside the scope of the present
treatment. Comparison of winter mortali-
ties of different species show that while
Kestrels and Buzzards are recovered in
January-February, Sparrowhawks are
recovered mainly in late February-March.
This difference is significant (Median tests,
P < 0.01) and commented in the Discus-
sion (p. 46).

Goshawk
Material

Altogether, 586 recoveries of Goshawks
were available for the present study. The
majority of these, however, were ringed af-
ter the establishment of the Raptor
Research Group of the Danish Ornitholog-
ical Society in 1973. Older records are very
sparse, the first being from 1942. With very
few exceptions all were ringed as pulli.
Thirty recoveries have been reported out-
side Denmark, mostly after 1975. All of
these stem from Schleswig-Holstein or Sca-
nia, and they have been pooled with the
recoveries from Denmark. The number of
controlled individuals is also smali (Table
25).

Brood-sizes

During the period 1950-1964 brood-sizes
were low (Table 26) but, given the low popu-
lation density of the species (see p. 36), this
may have been caused by a high frequency
of first time breeders (young/sub-adult
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Table 25. Sources of recoveries of Goshawks in three
different periods.

Recovered Recap-
tured
Ringed as:
Pulli Juv.-ad.

1917-1944:
Zoological Museum,
Copenhagen 3
P. Skovgaard,
Viborg 29
Total 32
1945-1966:
Zoological Museum,
Copenhagen 37
P. Skovgaard,
Viborg 3
Total 40
1967-1987:
Zoological Museum,
Copenhagen 469 1 44
Total 469 1 44

birds) in any breeding year. There is no
evidence to suggest that the species has
been affected by pesticides (Jorgensen
1989), though there is no data on the rela-
tive frequency of successful pairs for the
periods before 1973. However, judging
from Table 26, brood-sizes have not

changed since the mid 1960’s and, from
1965 onwards i.e. some years before the
start of the population growth, they were as
high as earlier recorded (Holstein 1942).

Survival rates

Except for three individuals, all recoveries
before 1940 were either shot during the
hunting season or resulted from human
persecution. Thus, the effects of legislative
protection in the 1920°s cannot be evaluat-
ed for this species. Due to the very small
material from the period 1940-53 (Tables 27
and 28) the effects of the 1954 change can-
not be tested either. Hence, analysis has
been carried out using the estimation
model with three periods (before 1967,
1967-77 and 1978-87) as described by Noer
(in press). As for the other species, survival
rates show increases after 1967 (Table 29).
On the basis of the Likelihood-ratio tests,
Hg is accepted (Table 30) but, as survival
rate estimates are in good agreement with
those found for the other species, this could
well be due to the smaller material. Survival
rates immediately after 1967 are identical
to those from 1973 onwards, indeed one of
the oldest Goshawks recovered in Denmark
derives from the 1967 cohort (Table 27).
The number of recoveries of shot in-
dividuals decreases after 1967 (Table 28).

Table 26. Brood-sizes of Goshawks. Distributions of brood-sizes (1-5), numbers of broods investigated (N),
mean brood-sizes and 95 % confidence limits of means given for 5-year periods. Periods are adjusted in relation
to the reductions in the use of DDT from 1969 onwards. Due to small sample sizes data from the period 1950-64

have been pooled.

Brood-size 1 2 3 4 5 N Mean 95% c.l.

Period:

1945-49 1 2 2 1 0 6 2.50

1950-54 5 2 i 0 0 8

1955-59 3 10 4 2 0 19 } 1.97 1.66-2.28
1960-64 4 5 0 1 0 10

1965-69 3 5 12 0 0 20 2.45 2.09-2.81
1970-74 10 15 18 13 0 56 2.61 2.33-2.89
1975-79 57 155 196 53 0 461 2.53 2.45-2.61
1980-85 99 227 355 88 1 770 2.56 2.50-2.63
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Table 27. Age distributions of recov-
eries of Goshawks ringed as pulli.
Recoveries from Denmark and from
outside Denmark (very few) have
been pooled. Individuals recovered as
shot are excluded. Underlined entries
indicate periods of unchanged hunt-
ing legislation (changes effected in
1954 and 1967), the year in which the
growth in the population decreased
(1978), and the last year investigated
(1987).

Age 1 2 3 4 5 6 7 8 9 10 11 12 13
Year born
Before
1945 7 3 1
1945 R
46 1 o
47 1 L
48 _—
49 3 o
1950 2 1
51 1 o
52 o
3
54 .
1955 .
56 1 o
57 1 1 o
58 1 o
59 1 o
1960 o
61 o
62 o
63 1 1 1
64 o
1965 1 o
66 —
67 1 1 1
68 1 —
69 1 o
1970 2 3 o
71 2 1
72 3 o
73 1 1
74 2 3 1 1 1 1
1975 7 6 1 2 1 1
76 2 1 1 o
77 18 1 5 31 1 2 -
78 15 7 1 1 1 | O
79 17 8 7 1 1 1
1980 20 4 1 b
81 20 3 2 1 2
82 21 3 1 2 1 ___
83 8§ 5 1 2 _1
84 10 3 7 _2
1985 16 3 _
86 21 _5
87 23
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Table 28. As Table 27. Age distributions of recoveries
of Goshawks ringed as pulli and recovered as shot.

Age i 23 4 5 6 7 8 9 1011

Year born

Before
1945 18 2 1°

1945 1
46 1
47
48
49

1950
51
52
53
54

1955
56
57
58
59

1960
61 11
62 2
63
64

1965
66
67
68
69

1970 11
71
72
73
74

1975 1
76
71
78
79

1980
81
82
83
84

1985
86
87
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Table 29. Survival rate estimates for Goshawks based
on three periods of different survival rates (before
1967, 1967-77 and 1978-87).

Other
causes Shot Total

b, 03793

1940-66: Sl 0.5000
b, 04818 0.4988
1967-77: 5 0.6388 0.6458
b, 04118 04435  0.4137
1978-87: o 06837 07274  0.6932

However, it is seen that since the late 1970’s
the number of recoveries of shot Goshawks
has again increased dramatically, this time
caused by regulation of individuals under
dispensation.

In order to improve estimation of sur-
vival rates after 1980, the two sets of recov-
eries were pooled (Table 29), but the
decrease after 1980 is still insignificant.
First year survival after 1967 is comparable
to that of the Buzzard and the Spar-
rowhawk (Table 31).

Distribution of monthly mortality

Data sets for older records are too sparse to
permit meaningful comparisons (Fig. 5).
For the period 1978-85, control of the spe-
cies was concentrated in July-September,
coinciding with peak activity at Pheasant
pens. Mortality from other death causes
peaks in August-October for first year
birds, while it is distributed evenly through-
out the year for older birds.

Discussion and comments

Comparisons between numbers of shot in-
dividuals recovered in the different periods
(Tables 27 and 28) reveal highly significant
changes (x* = 39.68, df = 2, P < 0.01).
Detailed comparison between the periods
1945-66 and 1967-77 (Tables 27 and 28)
shows that after 1967 the number of shot
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Table 30. Results of sequential Likehood-ratio tests of
differences between periods in survival rates of
Goshawks ringed as pulli.

x? df p
Hj vs. Hy 4.4306 4 64.90%
H3 - Hppa 2.1632 2 33.91%
Hy - Hpp 1.8184 2 40.28%

individuals decreased significantly (x* =
4457, df = 1, P < 0.01). Comparison
between the periods 1967-77 and 1978-87
likewise shows a significant increase in
numbers of individuals recovered as shot
after 1977 (32 = 10.27,df = 1, P < 0.01).

The recoveries of shot Goshawks (Table
28) confirm a tendency already noted by
Noer (in press) for the Buzzard (cp. Table
12). Amongst the recoveries of these two
species and those of the Sparrowhawk
(Table 18), the oldest recovery of a shot in-
dividual from the pre-1967 cohorts is 5
years. Initially, this might appear to con-
firm the general assumption that shooting
pressure affects first year individuals more
heavily than older ones. Calculations of
survival rates based on recoveries of shot
individuals, however, show that estimates
for adult survival are far more heavily af-
fected than estimates for first year survival.
For the Buzzard, estimates based on shot
individuals are b = 0.3043 and § = 0.3913,
for the Sparrowhawk b = 0.3111 and § =

SHOT OTHER DEATH CAUSES
FIRST YEAR OLDER
N=35 N=110 N=57
20
1978-85
el 1]
N=2 N=12 N=16
10 1967-717
- B I, T = ﬂ I
N=7 N=6
© 195466
N=12 N=7
10 1945-53
.—H‘H |t ot M
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Fig. 5. Monthly distributions of recoveries of
Goshawks either shot or recovered from other death
causes in four different periods. Only recoveries from
Denmark are included. Periods extend from Ist July
of first year to 30th June of last year. For recoveries of
shot individuals, age classes are pooled (no differ-
ences between Ist year and older were discernible).

0.3913, and for the Goshawk b = 0.2727
and § = 0.2500 (data in all calculations
treated as complete). If it is assumed that
learning is involved, then, as demonstrated

Table 31. Estimated survival rates and covariance matrix for Goshawks ringed as pulli. The estimates are for

the model with three periods of different survival rates

(before 1967, 1967-77 and after 1977). Note that this is

the estimate used in the calculations of expected population growth, but not the model resulting from the

statistical analysis.
b; 8 b, Sy by S5
0.3793 0.5000 0.4818 0.6388 0.4118 0.6837

b, 0.008118 0.000000 0.000000 0.000000 0.000000 0.000000
s 0.012500 0.000000 0.000000 0.000000 0.000000
b, 0.002661 0.000016 0.000024 0.000075
Sy 0.003510 0.000019 0.000059
by 0.001329 0.000520
53 0.001647
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by Noer (in press), the fact that it is the
estimates of adult survival that are by far
the most biased implies that for these
species more than one hunting season is
needed before the necessary experience has
been gained. Note that for the Goshawk,
the age distribution of shot indivuals after

Discussion

1977 is identical to that for individuals
recovered from other death causes (Tables
27 and 28, and cp. survival estimates in
Table 29). This suggests that after a decade
of protection the older individuals did not
have the necessary experience to avoid
shooting.

Causes underlying the status improvements

Interpretation of the resuits

Summing up the evidence presented, no
changes in reproductive success have been
found that can explain the observed popu-
lation growth. The secondary increases in
brood-size for the Sparrowhawk occurred
after 1980, i.e. after the population growth
had ceased, and moreover these may have
been partly due to a reduced fraction of
first year individuals breeding (Jorgensen
1989) rather than to any increases in brood-
size per se. Apart from the reduced brood-
sizes for the Sparrowhawk in 1950-79,
which influenced or possibly even caused
the population decline, and the indications
that brood-sizes of the Goshawk were low
from 1950-64, there is no evidence that
reduced reproductive success was the cause
of the poor status of these species from
. 1960-70.

In contrast, there is much evidence that
survival rates were high during the periods
of population growth. For the Buzzard and
probably the Goshawk, abrupt increases in
survival followed the 1967 Protection.
These results correspond to those found for
the Kestrel by Noer & Secher (1983). For the
Sparrowhawk, no increase was observed
until after 1970, which is in good agreement
with population trends. Even if these in-
creases suggest that the improved survival
rates were an important component of the
population growth, it remains to be seen
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whether they are indeed the sole explana-
tion.

This question has been evaluated by
means of computations of growth in age
structured populations (by means of the
Leslie matrix technique described on p. 13).
Detailed information on reproductive suc-
cess is given by Jergensen (1989). However,
almost no information has been published
for one of the most important parameters
in the population dynamics, namely, age at
first reproduction. For this, it has been
necessary to use figures published from
other study areas.

Buzzard
Information on the status of the Buzzard
before 1973 is sparse. Holstein (1956) esti-
mated the total population at 1,500 pairs by
1955. Jorgensen (1989) accepted this esti-
mate and judged that in 1965 the popula-
tion size was 2,000 pairs. Although it is not
stated on what evidence this figure is based,
a slight increase in the population between
1955 and 1965 would be in agreement with
the observed increase in survival after 1954
for the migratory part of the population.
Accepting these figures, extrapolation
from the 1955 and 1965 population sizes
would imply that 2,118 pairs bred in 1967.
Recent population estimates are 4,500-
5,500 pairs by 1980 and 4,950 pairs by 1988
(Jorgensen 1989).

For the Buzzard, average brood-sizes
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have been stable throughout the period
1945-88, but significant differences exist
between brood-sizes in Jylland and the re-
mainder of the country, 1.63 and 2.00
respectively (Jorgensen 1989). Population
development has therefore been calculated
separately for these two brood-sizes. Ac-
cording to Glutz von Blotzheim et al.
(1971), some individuals breed at the age of
two years. Therefore, population develop-
ment has also been calculated separately
for 0, 25 and 50% of the two-year old in-
dividuals attempting to breed. Results are
given in Fig. 6. For a brood-size of 2.00, the
population could by 1978 have reached a
level of more than 4,000 pairs even if no se-
cond years bred. For a brood-size of 1.63,
however, growth rates would be very much
reduced, and the population level by 1978

would number only 2,500-3,000 pairs de-
pending on the percentage of second year
breeders. Note that, given the survival
rates, the differences caused by brood-sizes
of 1.63 and 2.00 are larger than those
caused by 0 and 50% of two year olds
breeding. Both populations have been
stable over the past 10 years (Jorgensen
1989). How this is possible in spite of the
very large brood-size difference is presently
one of the most important unsolved
problems in the population dynamics of
Danish Buzzards.

The results presented in Fig. 6 show that
the increase in survival rates can only ex-
plain the population growth for a brood-
size of 2.00 (i.e. outside Jylland). This as-
sumes, however, that the population size
was 2,118 pairs by 1967. Dybbro (1976) esti-
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Fig. 6. Expected population growth of Common Buzzard 1967-78 based on the estimated survival rates. Data
on reproduction and population development have been derived from Jorgensen (1989). Starting point is a
population size of 2000 pairs in 1965. Since the population was estimated to be 1500 pairs in 1955 this cor-
responds to 2118 pairs in 1967. Percentage of successful pairs is 70.8 in all cases. Brood-sizes are 2.00 (1, 2 and
3)and 1.63 (4, 5 and 6) corresponding to populations on Sjeelland and in Jylland, respectively (Jargensen 1989).
Inall cases, it is assumed that no birds breed at the age of one year, and 100% breed at the age of 3 years. Differ-
ent growth curves correspond to: 0% (1 and 4), 25% (2 and 5), and 50% (3 and 6) breeding at the age of 2 years.
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mated the population size 1971-74 at
2,100-2,400 pairs, but Bombholt (1983) ar-
gued that this estimate was t00 low. Thus,
the starting number used in the calculation
is possibly too conservative. Bombholt
(1983) judged the population to have grown
by one third between 1970 and 1980. As this
estimate was based on investigations in J yl-
Jand, the growth rate is in good accordance
with the results for a brood size of 1.63 in
Fig. 6.

As there are indications that the starting
population size may have been too low and
that the growth rate in Jylland is in accord-
ance with expectations, it is concluded that
the known facts about the growth of the
Buzzard population could be explained by
the observed survival rates 1967-77.

Population development after 1977 is
not presented. With the survival rate esti-
mates for this period the population would
decline rapidly, in contradiction with the
observed stability (see discussion on p. 22).

Sparrowhawk

There is no reliable information on the size
of the total Sparrowhawk population be-
fore 1970-75. However, reliable informa-
tion exists for a population at Sorg which
was investigated in 1953-82 (Schelde 1960,
Dyck 1983 and Jargensen 1989). Although
this population is rather small to be taken
as representative of the overall develop-
ment in Denmark, a large part of the recov-
eries concern birds ringed there. Accord-
ingly, a simulation of the development of
this population is considered relevant.
Predicted and observed values are com-
pared in Fig. 7. Although the increase in
this population did not start until 1970, the
evidence leaves open the possibility that
growth actually did start in 1967 but was in-
terrupted by the severe winters 1968/69 and
1969/70. The expected development is deri-
ved on the assumption that 50% of in-
dividuals aged one year breed, which can-
not be too unrealistic in a low density popu-
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lation such as existed in 1967 (with the cor-
responding stable age distribution, this
would mean that about 17% of the breed-
ing females were in their first year). The
only figures on generation time that could
be found in literature are those given by
Newton (1986). In sharp contrast to the as-
sumptions given above, he found that only
18% of the first year individuals bred, 45%
of second years and 83% of the third years.
These values would result in a population
decline, even with the high survival rates of
1971-77, as with the (very similar) survival
rates found by Newton (1986). However,
Newton’s ages at first breeding were found
for a population that declined due to
habitat reduction (Newton & Marquiss
1986) and are thus not representative for
the situation in Denmark before 1980. Note
that the implications here are that habitat
reduction may affect population size
through increased generation time, which
is measurable within the sizes of the data
sets under analysis.

The predicted population development
fits the observed one convincingly, and it is
concluded that the increase of at least this
population can be fully explained by the in-
creases in survival rates.

Goshawk

The Danish Goshawk population was €s-
timated at 95-100 pairs in 1967 (Leppen-
thin 1967). During the years of the Atlas
study the size of the population was esti-
mated at 150-200 pairs (Dybbro 1976). No
accurate counts, however, have been pub-
lished before 1973, when the investigations
by the Raptor Research Group of the Dan-
ish Ornithological Society were initiated
(Dyck et al. 1981, Storgard & Birkholm-
Clausen 1983a and b, Bomholt 1983). Ac-
cordingly, the comparisons only involve the
period 1973-85.

Accurate numbers of breeding pairs for
the southern parts of Jylland (10,700 km?)
were given by Storgard & Birkholm-Claus-
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Fig. 7. Observed and expected population development of a Sparrowhawk population at Sore, Sjeelland,
1953-82. Expected growth has been calculated on the basis of estimated survival rates. Percentage of successful
pairs is 62.4 (Jorgensen 1989), brood-size is 3.45 before 1980 and 3.80 after that year (both figures based on
broods ringed in this area), and 50% of 1 year old females have been assumed to attempt breeding throughout

the period.

en (1986) and Jorgensen (1989). These
numbers are compared to expected num-
bersin Fig. 8. Data on reproductive success
are derived from Joergensen (1989), and the
survival rate estimates used are those given
in Table 26. With respect to age at first
breeding, Jargensen (1987 and 1989) stated
that 10% of the breeding females in South
Jylland were first years, while Nielsen
(1986) stated that 25% of the (growing)
population in North Jylland from 1977-86
were first year females.

Due to the gradually declining popula-
tion growth in 1978-81 for the Goshawk in

South Jylland the expected population
trends have been calculated separately for
the periods of growth and decline. For
South Jylland, it has been assumed that
25% of breeding females were in their first
year in the period of population growth.
With the corresponding age distribution
this means that about 55% of the females
breed at the age of 1 year and, as 25% of the
breeding females were actually in their first
year in North Jylland, this figure is as-
sumed to be realistic. The population de-
velopment in South Jylland after 1980 has
been simulated using survival rate esti-
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Fig. 8 Observed and expected population development of the Goshawk population is South Jylland, 1973-85.
Expected growth has been calculated on the basis of estimated survival rates. Percentage of successful pairs is
77.10 and brood-size 2.60 (Jorgensen 1989). During the population growth period (starting 1973), 55% of 1 year
old females have been assumed to attempt breeding; for the period of population decline (after 1980) 10%. The
expected growth curve has been adjusted to the observed in 1980 in order to facilitate comparison of the nega-

tive growth rates.

mates from that period, even though they
were not significantly different from those
for 1973-70 and 10% of the breeding fe-
males were first year. For the population
decline after 1980, observed and expected
(negative) growth rates are in good agree-
ment although for the period of population
growth the predicted increase is somewhat
lower than the observed (Fig. 8), even
though the assumption that 55% of first
year females breed may be too optimistic
for this population. With the excellent
reproductive data, this suggests that the es-
timated survival rates are too low. In par-
ticular, this could concern first year sur-
vival.

Further insight can be obtained for
North Jylland, particularly because figures
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for age-dependent reproductive success
have been published by Nielsen (1986).
Comparison between observed and expect-
ed population developments once again
reveals that the predicted growth rate is too
low (Fig. 9). There could, however, be more
than one explanation for this result:

1) Survival rate estimates may be biased, -
in particular, b may be too low (cp. Hau-
kioja & Haukioja 1970),

2) the input survival rates are only esti-
mates and thus they are not necessarily
the true ones. Calculation of growth
based on b and s, respectively + and -
one standard deviation (roughly cor-
responding to 95% confidence limits),
illustrates how large actual deviations
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Fig. 9. Observed and expected population development of the Goshawk population in North Jylland. Expected
growth has been calculated on the basis of estimated survival rates. Percentage of successful pairs is 54.7 for first
year females and 75.7 for older individuals; brood-sizes are 2.17 and 2.63, respectively (Nielsen 1986). Of the I
year old females 55% is assumed to breed. With the corresponding stable age distribution this is equivalent to
25% of breeding females being in their first year. Upper and lower expected curves are derived on the basis of
survival rates + and - 1 standard deviation, respectively.

might be explained by random varia-
tion,

3) the population is not closed and im-
migration may take place. In particular,
the high frequency of first year females
in the breeding population and the pos-
sible emigration from South Jylland
(see discussion on pp. 47-48) could sup-
port this, and

4) confidence limits for predicted popula-
tion growth would be even wider if un-
certainty in reproductive parameters
was also considered.

These difficulties in the interpretation
show that the comparison of observed and
expected population growth in order to
check the reliability of survival rate esti-

mates as suggested by Lakhani & Newton
(1983) is not necessarily efficient. It would
be easy to demonstrate that estimated sur-
vival rates cannot be true, but it might be
extremely difficult to show that this is
caused by systematic errors in the statistical
model and not by random variation in the
estimates or other sources of error.

For the Buzzard and the Sparrowhawk it
is therefore concluded that when the ob-
served figures of reproductive success are
combined with the estimated survival rates
the population trends are described ade-
quately. For the Goshawk, indications are
that the estimated survival rates may be bi-
ased but, as shown, this bias is neither large
nor grossly misleading. Hence, these
results are interpreted to mean that the
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changes in population sizes are explained
by the observed changes in survival.

Cuauses of the increased survival rates

Restrictions on the use of DDT from 1969
onwards provide a very poor explanation of
the findings. The secondary improvements
of Sparrowhawk brood-sizes, which might
be due to effects of these restrictions, came
too late to be of any influence on the rapid
recovery of the population which, at least
on Sjzlland, started abruptly in 1971 (Fig.
7). For the other species, no improvements
in brood-sizes were found except possibly
for the Goshawk in 1965-69 (Table 24). For
the Sparrowhawk, moreover, eggshell in-
dices were still low and DDE levels in
addled eggs were still high by 1980 (Dyck
1983), in accordance with the long reten-
tion times of DDE in the environment (esti-
mates of the half-life of DDE in soil vary
between 12 and 57 years (Newton 1986) and
measurements from West Germany indi-
catethat DDE in Goshawk eggs declined by
50% in the four years following a DDT ban
in 1971 (Conrad 1981)). Furthermore, the
start of the Sparrowhawk population
recovery is far too abrupt and early (start-
ing the year after DDT was withdrawn from
sale) to suggest any major influence (Fig.
7). Accordingly, it is concluded that reduc-
tions in DDT levels are unlikely to have in-
fluenced the population recovery even of
the Sparrowhawk. This conclusion merely
reiterates what has been found for Spar-
rowhawks in Holland (Opdam et al. 1987)
and Great Britain (Newton 1979, 1981 and
1986, Newton & Hass 1984).

The fact that the status improvements
were mediated through survival leaves open
the possibility that either Aldrin (Fig. 1) or
the 1967 Protection or both were causal
factors. In principle, HEOD should affect
survival of all age classes equally, in con-
trast to hunting which should mostly affect
first year survival. The estimates are that
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first year survival increased by 12% and
adult survival by 8% for Buzzardsringed as
pulli (Tables 6 and 8) and by 20% and 4%
respectively for Buzzards ringed as fully
fledged (Table 6). For Sparrowhawks, these
increases were 20% and 4% for birds
ringed as pulli (Tables 21 and 24), while no
estimate could be given for birds ringed as
fully fledged due to a too sparse material.
For Goshawks, the increases were 8% and
14% (Tables 29 and 31), while for Kestrels
ringed as pulli increases were 13% and 15%
(recalculated from Noer & Secher 1983).
Apart from the Sparrowhawk, therefore,
these results leave open the possibility that
age classes were equally affected and hence
that reductions in the use of Aldrin could
have contributed to the improved survival.

A number of other points, however, con-
tradict this possibility. For the Buzzard, the
Goshawk and the Kestrel (Noer & Secher
1983) the indications are that survival in-
creased as early as 1967, since long-lived in-
dividuals appeared in that cohort for all
three species. Thus, even though survival of
the Sparrowhawk apparently did not in-
crease until 1970, the increases were gener-
ally too early and abrupt in relation to the
assumed gradual decrease in use of Aldrin
(HEOD half-life in soil is reported to be 2.5
years by Newton (1986)). Neither were there
observable effects when sale of this pesti-
cide for spraying purposes was stopped in
1962/63 nor any indications that for ex-
ample the Danish Sparrowhawk popula-
tion decreased as rapidly as the British
(Schelde 1960, Newton 1986, Newton &
Hass 1984, and Fig. 7). No instances of
mass death of birds of prey have been
reported from Denmark, in contrast to for
example Holland (Opdam et al. 1987), and
reductions in the use of Aldrin cannot ex-
plain the changes in the distributions of
monthly mortalities or the fact that no such
changes were found for the Sparrowhawk,
a species which is assumed to be sensitive to
HEOD (Newton 1986, Opdam et al. 1987).
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On the other hand, it is certain that the
1967 Protection removed a cause of mortal-
ity, and hence that at least some of the im-
provements in survival rates are due to this
factor. Assuming breeding populations of
the four species in question of 2,000 pairs
(Buzzard), 1,500 pairs (Sparrowhawk), 100
pairs (Goshawk) and 1,500 pairs (Kestrel)
by 1965, an increase in survival of 10-15%
would roughly correspond to 700-1,000
Buzzards, 600-900 Sparrowhawks, 30-40
Goshawks and 700-1,000 Kestrels (these
numbers being calculated on the basis of
the corresponding autumn population
sizes). This indicates that the total bag of
birds of prey belonging to the Danish popu-
lations would be some 2,000-3,000 in-
dividuals. According to the Danish bag
records, 10,000 birds of prey were bagged in
1965/66 and 7,0001in 1966/67 (Strandgaard
& Asferg 1980). Although Strandgaard &
Asferg (1980) argued that these figures were
biased and possibly should be reduced by
as much as 50%, even corrected figures are
still in reasonable accordance with the
numbers corresponding to the increases in
survival, in particular when it is considered
that the open seasons 1954-66 started on 1st
November, when the bulk of the autumn
migration of birds of prey has passed Den-
mark. Moreover, if it is assumed that the
part of Danish populations that is migra-
tory should be left out, the figures cor-
responding to the improvements of sur-
vival could be as low as 350-500 Buzzards,
400-600 Sparrowhawks, 30-40 Goshawks
and 400-700 Kestrels.

Therefore, the numbers of individuals
corresponding to the survival rate improve-
ments could be accounted for by the 1967
Protection in itself. Although Aldrin was
heavily related to the decline and subse-
quent recovery of the Dutch and British
Sparrowhawk populations (Opdam et al.
1987, Newton & Hass 1984, Newton 1986),
it does not seem to have played a measur-
able role for the Danish populations.

Reductions in numbers shot, moreover, can
explain the changes in monthly distribu-
tions found for the Kestrel (Noer & Secher
1983) and the Buzzard (Fig. 3), though the
fact that no such changes were found for
the Accipiter species (Figs. 4 and 5) is more
difficult to explain. Perhaps, this is caused
by smaller numbers of recoveries or by
different biological characteristics of the
species. The fact that some of the estimates
indicate similar increases in survival for all
age classes could be explained if the learn-
ing processes involved also affect older in-
dividuals (Noer (in press), and see p. 33).

Accordingly, it is concluded that the to-
tal results presented here and by Noer &
Secher (1983) are in general support of the
hypothesis that for the Danish populations
of birds of prey the 1967 Protection was the
major cause underlying the recent status
improvements. The reductions in the use of
DDT and Aldrin only provide very inade-
quate explanations of the improvements.
The mild winters 1972-76 have undoubted-
ly contributed, but in all cases survival in-
creased some years before this period and,
with the possible exception of the Spar-
rowhawk, there is no evidence that survival
was enhanced after 1972.

It is emphasised that this conclusion
does not state that pesticides have not been
influencing populations of birds of prey in
Denmark. Indeed, the presented materials
would provide no background for such
statements. It is merely concluded that
withdrawal from sale of DDT and Aldrinis
probably not the cause of the population
growth, as this possibility is not supported
by the presented data.

The strength of the conclusions

Since 1970, survival rate estimates based on
recoveries of ringed birds reported by the
public have been subject to increasing theo-
retical criticism (Cormack 1970, Brownie et
al. 1985, Lakhani & Newton 1983, Lakhani
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1985, 19874, b, ¢, and in press). Essentially,
this criticism states that estimates of sur-
vival rates may be subject to bias, in par-
ticular when based on older records where
there is no information on numbers ringed,
and on ringed pulli only. Because survival
rates have been estimated in exactly this
way in the present paper it is necessary to
assess the strength of the conclusions very
carefully.

The problems associated with the con-
clusions of the present work and that of
Noer & Secher (1983) arise at two different
levels (Noer, in press). At a general level,
statements are made on causes of events
where control and replication experiments
cannot be made in a strictly scientific sense.
At a more detailed level, the potential bias
in the estimates means that both the sur-
vival estimates and the statistical testing,
which is based on these estimates, could be
misleading.

At the general level, the results presented
here and in Noer & Secher (1983) represent
a total of four cases where significant
reductions of numbers of recoveries of shot
individuals coincide with significant in-
creases in survival rate estimates (Buzzards
ringed as pulli: 1967; Kestrels ringed as
pulli: 1931 and 1967; and, Sparrowhawks
ringed as pulli: 1970). Of these, the increase
in survival for the Sparrowhawk was
delayed for 3 years. Corresponding results
have been observed for five more data sets
(Goshawks ringed as pulli: 1967; Buzzards,
Sparrowhawks and Kestrels ringed as fully
fledged: 1967; and, Sparrowhawks ringed
as pulli: 1931). As all estimates for these
two groups correspond closely, the lack of
significance in the latter is taken to be
caused by smaller sample sizes. Not count-
ing the migratory part of the Danish Buz-
zard population which showed tendencies
for increased survival after the postpone-
ment of the start of the. open season in
1954, there is a total of 9 instances where
reductions in numbers of recoveries of shot
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individuals coincide with increases in es-
timates of survival rates. At the same time
there are no instances before 1978 where
one of these variates change without cor-
responding changes in the other. This is
taken to be a very good indication of
repeatability.

With respect to control experiments, it is
possible to derive a partial test of the
hypothesis that the 1967 Protection was the
underlying cause of the status improve-
ments. Jorgensen (1989) gives the known
facts of population development of all spe-
cies of birds of prey breeding in Denmark.
The five species that have increased signifi-
cantly in numbers since 1967 are the three
species protected, the Kestrel, and the
Marsh Harrier Circus aeruginosus (Table
32). Of these, the Kestrel was affected by
shooting before the 1967 Protection (Noer
& Secher 1983). For the Marsh Harrier,
which leaves Denmark before the start of
the open season, Jorgensen (1985) con-
cluded that the major cause of the popula-
tion increase was legislative protection in
the winter quarters in France and Spain.
For this species, coincidence between a sig-
nificant reduction in number of recoveries
of shot individuals and a corresponding
significant increase in recoveries of indi-
viduals aged 2 years or more by 1970 (start
of population increase) has been demon-
strated by Jergensen (1989). In conclusion,
the species for which status changes have
been observed are those, and only those, af-
fected by shooting pressure. Though not
the ideal experiment, this constitutes at
least a partial control.

At the level of survival rate estimation,
Lakhani & Newton (1983) argued that such
estimates can gain in credibility if aug-
mented with results from field investiga-
tions. Such results are presented in Figs. 6,
7 and 8, and the correspondance between
expected and observed population sizes is
considered to verify that the estimated
changes in survival rates cannot be grossly
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misleading. The only possibility that can-
not be checked this way is that estimates of
first year and adult survival are biased in
opposite directions, resulting in no net bias
in the calculations of population trends.
However, the fact that estimates of first
year and adult survival rates are positively
intercorrelated (Noer in press, and Tables 8,
24, and 29) contradicts this possibility.
The considerations detailed above pro-
bably constitute all that can be done to
check these results and conclusions. No
cases have been found where checks indi-
cate that the results and conclusions were

unlikely or liable to be wrong. Judging the
strength of the total evidence, support for
the 1967 Protection being the major factor
underlying the status improvements is
fairly strong, though it remains to be seen
whether other hypotheses could explain
these findings as completely and consi-
stently.

Influence of shooting pressure on
population sizes

If the 1967 Protection caused the popula-
tion increases, the implication is that

Table 32. Changes in status of birds of prey breeding or having bred regularly in Denmark before and after the

critical years 1967-70. After Jorgensen (1989).

Species with no or minor changes:
Osprey

Pandion haliaétus
Honey Buzzard
Pernis apivorus
Hobby

Fualco subbuteo
Peregrine

Falco peregrinus
Montague’s Harrier
Circus pygargus
Red Kite

Milvus milvus

White-tailed Eagle
Haliaétus albicilla

Species with major changes:
Kestrel
Falco tinnunculus

Marsh Harrier
Circus aeruginosus

Sparrowhawk
Accipiter nisus

Goshawk
Accipiter gentilis

in 1987

Buzzard

Buteo buteo 4900 pairs 1988

10 pairs before and after 1967

Irregular before and after 1967

600-700 pairs for “‘a long period”’

1 pair in 1967, extinct as a breeding bird since 1972

35 pairs in 1968 (350-400 in 1940), 40-50 pairs in 1984

extinct before 1967, 6-8 pairs after 1980 (due to immigration)

very irregular before and after 1967

“low densities’’ before 1967, 2000-2500 pairs early 1970’s, 1350 pairs 1987

80 pairs before 1967, 610 pairs in 1987

Assumed 50-70% reduction before 1967, 3500-5000 pairs by 1980, 3000-3400 pairs

95-100 pairs before 1967, 650 pairs 1987

1500 pairs in 1956 (2000 in 19657?), 4500-5500 pairs 1980,
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shooting pressure has had limiting effects
on population sizes. The results presented
are therefore of relevance in relation to dis-
cussions of the influence of shooting on
population sizes. This necessitates some
general comments.

Among Game Biologists, it is widely
considered that shooting pressure does not
affect population sizes of most hunted spe-
cies. Even if shooting pressure is totally re-
moved by legislative protection popula-
tions are not expected to grow because of
the so-called ‘‘compensatory mortality’’.
According to this theory, shooting removes
a surplus of individuals that would other-
wise die from other causes (e.g. Anderson &
Burnham 1976). Evidence supporting the
existence of compensatory mortality has
for example been presented for North
American Mallards Anas platyrhynchos by
Anderson & Burnham (1976) and Nichols
et al. (1984).

Fully compensatory mortality can only
be expected for populations whose sizes are
limited by other factors than shooting, e.g.
resources (food, space) or predators. For
birds of prey, therefore, the fact that the po-
pulations grew considerably in numbers in
the years following the legislative measures
implies that there has been no fully com-
pensatory mortality. Indeed, the observed
growth rates strongly suggest that compen-
satory mortality has been completely lack-
ing after 1967. Alternatively, it would be
necessary to assume that the limiting ef-
fects of other factors were relaxed simul-
taneously with the introduction of protec-
tion, but this argument would then have to
be applied to all the three species treated
here, the Kestrel (Noer & Secher 1983) and
the Marsh Harrier (Jorgensen 1985 and
1989) and, accordingly, is considered un-
tenable. Hence, it is argued that the popula-
tion increases are in themselves very strong
evidence that the 1967 Protection had posi-
tive effects, even for the Sparrowhawk, for
which the effects were delayed 2-3 years.
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This argument can be applied to several
other species which were protected and
subsequently increased in numbers, e.g. the
Cormorant Phalacrocorax carbo (Greger-
sen 1982) and several goose species winter-
ing in Western Europe (Madsen 1987).

Essentially, the results and conclusions
presented in this paper merely serve to lend
empirical support to these arguments. The
most substantial result is, therefore, the de-
monstration that improvements in survival
rates after 1967 were sufficiently large to
explain the total population growth, and
that the numbers of individuals involved
could correspond to numbers bagged, with
the implication that the 1967 Protection
could have been the sole cause.

Even if these populations did increase as
aresult of the 1967 Protection, this result is
of limited relevance to the discussion of
whether hunting in general affects popula-
tion sizes negatively. The presence of com-
pensatory mortality depends on a situation
where the population is limited by factors
other than shooting, and hence an evalua-
tion of its importance to natural popula-
tions depends on how often this condition
is fulfilled. The presented results show that
this was not the case for the Danish birds of
prey and, accordingly, it is only a small
contribution towards a final understand-
ing.

Factors presently limiting/
regulating population sizes

Even if shooting pressure affects the size of
a population, protection can only be ex-
pected to cause increased survival for a
limited period (Noer & Secher 1983). It has
been shown above (pp. 9-10) how the ex-
tent of the secondary decrease of survival
depends on whether the regulation of the
size of a closed population is mediated
through mortality or through reproduc-
tion. For territorial species such as birds of
prey, it is argued that regulation through
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reproduction might conceivably be mediat-
ed through increases in age at first
reproduction (generation time) and/or the
build up of fleeting populations. It has
been shown (pp. 9-10) how this theoreti-
cally is reflected in the extent of the secon-
dary decrease of survival rates as well. In
this sense, therefore, the study of any
secondary decrease in survival can poten-
tially give information on the eventual limi-
tation or regulation of the size of a popula-
tion.

In practice, however, problems arise be-
cause survival rates estimated from ringing
recoveries may be biased (Lakhani & New-
ton 1983, Lakhani 1985, 1987 a, b, ¢, and in
press) and so the conclusions may be mis-
leading. In particular, the criticism that has
been levelled against survival rate estimates
concerns incomplete data sets (Lakhani &
Newton 1983), as in the present case.
Moreover, there could be reasons to expect
that survival is higher among individuals
that hold territories than among indivi-
duals belonging to the fleeting population.
Ringing recoveries are presumably made of
individuals belonging to both of these
groups, and so survival rate estimates
represent an average taken over the total
population. For these reasons, the follow-
ing discussion should be considered as ten-
tative, and the data sets eventually reana-
lysed.

Even if this part of the analysis is
presently premature, the study of popula-
tions that increase and eventually stabilise
as aresult of for example conservation poli-
cies offers excellent opportunities to gain
insight into the factors that regulate popu-
lation sizes. The analysis of ringing recov-
eries may reveal not only to what extent
regulation is mediated through mortality,
but also the changes in both monthly distri-
butions of recoveries and causes of death.
Thus, it may be helpful in the formulation
of hypotheses of the regulatory mechan-
isms. Accordingly, the following discussion

analyses the changes that can be observed
in the ringing material, though it should be
noted that ringing recoveries are likely to
give information about key factors rather
than about the often less conspicuous com-
ponents of mortality that in the final ana-
lysis turn out to be the regulating factors.
For this reason, more detailed follow-up
studies should be planned in connection
with legislative policies in the future.

Two important components of the
habitat of birds of prey are foraging habitat
and nesting places (e.g. Newton 1986, New-
ton & Marquiss 1986). In relation to the dis-
cussion of fleeting populations it should be
noted that the build up of fleeting popula-
tions should only be expected if the latter of
these factors is limiting the numbers of
breeding pairs. Potentially, analyses of the
possible existence of surplus individuals
may also be indicative of the relative im-
portance of these two environmental com-
ponents.

Buzzard

Since 1978-80 the Danish Buzzard popula-
tion has been very constant, totalling
4,500-5,000 territorial pairs. This constan-
cy in itself indicates that the population
size of the species is being regulated. There
are no indications that reproductive suc-
cess has been involved, as no changes in
breeding performance have been observed
(Jorgensen 1989). In contrast, the survival
rate estimates after 1977 (Table 8) indicate
that significant decreases took place.
Therefore, the changes in population
trends were in all probability mediated
through survival. Although the estimated
survival rates are too low to be realistic,
probably due to age dependency of survival
in combination with incomplete data (see
notes on page 22), they can still be taken to
suggest that there has been no increase in
generation time or corresponding build up
of a fleeting population. The decrease in
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mortality in combination with the increase
in the number of recoveries during winter
(Fig. 3) indicates that winter mortality is
presently limiting the population size. On
the other hand, at present 5,000 breeding
pairs share some 4,000 km? of woodland,
and this indicates that territorial space is a
limiting factor. How these factors operate
in combination will have to await further
studies, but inspection of Tables 3 and 4
suggests that the relative number of recov-
eries outside Denmark has been decreasing
since the late 1970’s. Perhaps, the increas-
ing winter mortality since 1978 should be
viewed in relation to an increased tendency
for residency in connection with increased
competition for territories. The increased
frequency of recoveries of third year in-
dividuals after 1967 (Table 3) suggests that
such competition could be a factor.

Kestrel

Although the Kestrel was not included in
this study, it will be briefly commented.
Results from this species give an excellent
fit to the Haldane model (Noer & Secher
1983) and hence are likely to give the most
reliable estimates for incomplete data. Esti-
mates of survival rates after 1977 based on
the model used in this paper (and data up-
dated to 1987) are b = 0.3161 and § =
0.5979. Average brood-size since 1980 has
been 4.4, and 83% of the breeding pairs
were  successful (Jergensen  1989).
Throughout the 1980’s, the population has
remained stable after a drastic reduction in
the winter of 1978/79 (Jergensen 1989).
Substituting these values into the formula
derived for the surplus population on p. 10
gives an estimate of a fleeting population at
43.6% of the territorial population or
30.3% of the total population.. With an
adult mortality of 40.2% and a stable
population this means that 24.6% of the
one year old individuals should breed. The
species is sexually mature at the age of one
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year (Glutz von Blotzheim et al. 1971), and
recoveries confirm breeding at this age
(Noer & Secher unpublished).

Status of the Danish Kestrel population
is currently poor, with a total number of
breeding pairs of 1,350 (Jorgensen 1989). It
has been suggested that a reduction in
foraging habitat and lack of nesting places
are the underlying causes (Brogger-Jensen
et al. 1988, Jorgensen 1989). For a low den-
sity population of a species that potentially
can breed at the age of one year, the expect-
ed frequency of 24.6% of the individuals
breeding at this age is a low figure. Based on
the discussion given for the Sparrowhawk
above (p. 36), the results for the Kestrel
therefore support the hypothesis that lack
of suitable nesting places rather than lack
of habitat presently limits growth of the
Danish Kestrel population.

Sparrowhawk

The population size has been declining
since the severe winter 1978-79. Jergensen
(1989) suggested that this decrease is due to
the high frequency of severe winters from
1978-87, to which this species is sensitive
(Newton 1986). The age distributions
(Table 17, severe winters indicated), the cor-
responding survival rate estimates (Table
20) and the monthly distributions of recov-
eries (Fig. 5) support this explaration.
Moreover, the temporal distribution of
winter mortality differs between the Buz-
zard and the Kestrel on one side (most
recoveries in January and the first half of
February) and the Sparrowhawk (late
February and March) on the other. This
strongly suggests that scarcity of food is the
ultimate cause. In Denmark, severe winters
typically start in late December with heavy
snow cover which generally thins during
February while temperatures may remain
low. Snow cover would mean that rodents
are relatively inaccessible while passerines,
which tend to flock in certain places, would
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be accessible. Accordingly, the Buzzard
and the Kestrel might be most severely
stressed at the beginning of a severe winter
while the Sparrowhawk might experience
scarcity of food in the later parts. In sup-
port of this interpretation is the fact that
birds of prey delivered for veterinary exam-
ination during winters generally have been
very lean (B. Clausen, pers. comm.).

Given the sensitivity of the Spar-
rowhawk to severe winters and the declin-
ing (and therefore not stable) population,
theindication is that the species is presently
limited but probably not regulated. More
detailed analyses of survival in relation to
winter climate should be done for this spe-
cies following methods used in the analyses
of British Herons (Mead et al. 1979, North
1979, North & Morgan 1979, and Freeman
& North (in press)) in order to unravel the
details.

Goshawk

With the increased shooting of Goshawks
in Denmark after 1977 (Table 26) this spe-
cies has once more become controversial
(Mikkelsen 1986, Jorgensen 1987, Brogger-
Jensen et al. 1988 and 1989 and Jergensen
1989). It has been suggested that recent
declines in certain regions are causally
linked to increased shooting of the species
(Jorgensen 1987, Brogger-Jensen et al.
1988). This species will therefore be dis-
cussed at length.

As a result of the work of the Raptor
Research Group of the Danish Ornitholo-
gical Society the populations in Jylland - in
particular those in the southern parts - are
by far the most thoroughly investigated.
Regional population trends have differed
since 1980, populations in the southern
parts having declined while those in the
northern and north-eastern parts have
been increasing (Fig. 10). Outside Jylland,
estimates are: Fyn 50 pairs in 1980 (Bom-
holt 1983) and 51 pairs in 1987 (Jorgensen
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Fig. 10. Population developments for the Goshawk as
observed after 1977 in four different parts of Jylland.
A: South Jylland, B: Mid/West Jylland, C: East Jyl-
land, and D: North Jylland. After Storgaard & Birk-
holm-Clausen (1986), Nielsen (1986) and Laursen
(1987).

1989); Storstrgms County (South Sjel-
land) 35-50 pairs in 1980 (Bomholt 1983)
and 60 pairs in 1987 (Jorgensen 1989); and
North Sjeelland 25 pairs in 1980 (Bomholt
1983) and 39 pairs in 1987 (Jorgensen
1989). The total Danish population was es-
timated at 500 pairs in 1980 (Bomholt 1983)
and 650-680 pairs in 1987 (Jergensen 1989).
Although these figures vary in reliability,
there is no published evidence that the total
Danish Goshawk population has been
decreasing since 1980. Rather, the evidence
suggests that the increase has continued
though at a lower rate.

Substantial decreases have only been
documented for the southern half of Jyl-
land (Figs. 8-10). Two hypotheses are of in-
terest in relation to the decrease in this
region. First, it may be due to the increased
shooting of the species (cp. Table 28).
However, given the lack of significant
decreases in survival rates (Table 29) and
the continuing increase of the population
in the northern parts of Jylland, it is also
possible that emigration from southern to
mid and northern Jylland has taken place
following the initial population growth in
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the south (Laursen 1987). Summing up the

evidence in favour of the first of these

hypotheses, it is

1) present population densities are below 2
pairs/100 km?, i.e. less than half of those
in Holland, where 1,300-1,700 pairs bred
in 1986 (Bijlsma 1988) and about two-
thirds of those in West Germany (Ar-
beitsgruppe Greifvogel der Gro und
Wog, 1989),

2) a significantly higher proportion of
recoveries of shot individuals is found
for birds ringed in southern Jylland,
and

3) most recoveries of shot individuals are
found in mid and western Jylland (Noer
& Secher unpublished).

Directly in contradiction to this hypothesis

are the following points:

1) While the age distribution of recoveries
of shot individuals show that shooting
affects all age categories, the (insignifi-
cant) decrease of survival rates only af-
fects first year survival (Table 29),

2) ringing recoveries indicate that shooting
is less intensive in South Jylland, where
the population decline started earliest
(Noer & Secher unpublished),

3) south Jylland is an area with many State
forests and the density of Pheasant pens
is much less there than for example on
Fyn and in eastern Jylland. This is the
reason why South Jylland was the main
refuge area in Denmark before 1967
(Leppenthin 1967). Accordingly, if the
decrease in numbers was due to control,
the fact that the species declined in this
part of the country and not in others
would be paradoxical.

For the second of the two hypotheses, the

following points are in favour:

1) Data presented by Jorgensen (1989) sug-
gest that densities are at present rather
homogeneous throughout the country.
This is in accordance with the popula-
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tion development in West Germany
(though densities are 5 pairs/100 km?
there) but in contradiction to the expect-
ed uneven distribution of regulation by
shooting.

2) Since 1980, there has been a surplus of
breeding females aged one year in the
(growing) North Jylland population
and low frequency (10%) in Mid and
South Jylland. This is in agreement with
the expectations if emigration was the
cause,

3) movements of Goshawks ringed in
South Jylland show a northward trend
(Storgaard & Birkholm-Clausen 1983a),

4) after 1980, the trend in East Jylland sug-
gests immigration (Laursen 1987), and

5) The Mid Jylland population increased
for two years longer than South Jylland
(Fig. 10).

Two points contradict this explanation:

1) The densities were only about 2
pairs/100 km? when the decline started,
and

2) Emigration rate should not only in-
crease during the period of population
growth, but decrease correspondingly
when the population declined. It is
therefore difficult to envisage how
emigration could lead to a decline in the
population size.

In contradiction to both of these models is
development of the population in South
Schleswig and Holstein, just south of the
Danish border. This population has
declined by 30% since 1978, corresponding
closely to the decline on the Danish side of
the border. In Schleswig-Holstein, the
decline came after a period of constant
population size (Looft 1984).

Taking these pro et contras into consider-
ation, the evidence suggests that emigra-
tion from South to Mid, East and North
Jylland has taken place and that part of the
changed trend in population growth in
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South Jylland could be explained this way.
The hypothesis that declines are due to
shooting is less convincing and does not fit
the facts so well, even though shooting may
have had local influence in Mid and West
Jylland. The Danish Goshawk population,
therefore, reveals a complicated pattern
where no single cause can convincingly ex-
plain the patterns of developments of sub-
populations; exactly as for the populations
in Rheinland-Westfalen (Arbeitsgruppe
Greifvogel der Gro und Wog, 1989).

Discussion and conclusions

Summing up the evidence, the growth of
the Buzzard and Sparrowhawk popula-
tions ceased following the severe winter in
1978/79. Evidence of the population size
of the Kestrel is sparse but indications are
that the population only increased for a few
vears after 1967 (Noer & Secher 1983) and
that the population was considerably
reduced in the winter 1978-79. The growth
of the Goshawk population has apparently
continued after 1980, though at a much
reduced rate and with secondary declinesin
large areas. Thus, compared to the predic-
tions three species have shown limited
growth, but only for the Buzzard and (pos-
sibly) the Kestrel does the evidence suggest
that population sizes are presently regulat-
ed. It is noteworthy that the results for the
three analysed species and the Kestrel are
much more heterogeneous with respect to
times of changes and magnitude of
decreases in survival rates than were the
results for the period 1967-77. This sup-
ports the notion that one common factor
caused the population increases.

The analyses of the ringing material
strongly suggest that for the Buzzard, the
Sparrowhawk and the Goshawk the
changes in population trends have been
caused by increases in mortality rates and
not through decreased reproductive suc-
cess. In particular, for these three species

no evidence has been found to suggest that
increased generation time (i.e. the build up
of substantial fleeting populations) has
been involved in the decrease of the growth
rates. For the Buzzard, there is evidence
suggesting increased mortality at the age of
sexual maturity (age class 3 in Table 4). For
the Goshawk, the evidence suggests that
emigration has taken place to less densely
populated areas. Thus, build up of fleeting
populations has not played a measurable
role in the Danish populations. Only for
the Kestrel has evidence suggesting an in-
creased generation time been found, but
this should be viewed in relation to habitat
reduction or availability of suitable nesting
places (Brogger-Jensen et al. 1988, Jorgen-
sen 1989). Since the build-up of fleeting
populations is only expected when nesting
places and not fouraging habitats are limit-
ing, the latter of these two possibilities is
the most likely. This is supported by the
rapid build up of local populations when
nest-boxes are established (Bang 1986).
Increased mortality resulting from the
severe winters 1978-87 has affected the Buz-
zard, the Sparrowhawk and the Kestrel
strongly, for the Buzzard possibly because
of an increased tendency for residency.
Only for the Sparrowhawk, however, does
the evidence actually suggest that this in-
crease in winter mortality has been the ulti-
mate cause affecting the population trends.
Reproductive success of Danish birds of
prey has been studied in detail since 1973
(e.g. Brogger-Jensen et al. 1988 and 1989,
Jorgensen 1989). In this paper, results have
been presented that very strongly indicate
that the major part of the status changes of
these species has been caused by changes in
mortality rather than by changes in
reproductive success. The implication is
that such population trends cannot be
understood in depth unless studies of mor-
tality rates are included in future evalua-
tions. As the validity of estimating survival
rates from incomplete data sets is uncer-
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tain, the inevitable corollary is that
detailed, causal analyses will probably only
be possible in retrospect. Studies of the age
structure of breeding populations by col-
lection of moulted feathers present a useful
alternative that has hitherto been paid too
little attention, but at present the interpre-
tation of such results would probably re-
quire more insight into population dy-
namics than for example has been provided
by the present study.

Since 1980, debate has arisen concerning
the control of birds of prey by dispensation
as allowed for in the 1983 Game Act (Mik-
kelsen 1986, Jorgensen 1987 and 1989,
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Brogger-Jensen et al. 1988 and 1989). The
number of dispensations has been moder-
ate throughout the 1980’s (Noer, unpub-
lished), and the evidence presented indi-
cates that this control has not affected the
populations measurably. The extent of ille-
gal shooting of Goshawks is presently to-
tally unknown and may have influenced
Goshawk populations in some regions.
However, restrictions in the opportunities
for legal control would hardly change this
situation for the better. There is no evi-
dence either that illegal shooting has af-
fected population sizes amongst other spe-
cies of birds of prey.
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Dansk resumé

Jagtlovseendringers indflydelse pé overlevelse og statusforbedringer af

danske rovfuglearter

Som felge af bestandstilbagegang blev de sidste
tre jagtbare rovfuglearter - Musvage Buteo bu-
teo, Spurvehag Accipiter nisus og Duehog A.
gentilis fredet i Danmark i 1967. Kort tid efter
gennemfortes reduktioner i anvendelsen af visse
pesticider, der var under mistanke for bl.a. at pa-
virke rovfugle negativt. Anvendelsen af DDT til
landbrugsmeessige formal blev indskraenket fra
1969/70, og anvendelsen af Aldrin til seedbejds-
ning fra 1968/69. I begge tilfeelde skete disse
indskreenkninger i producentleddet og ikke ved
direkte forbud mod anvendelse.

1lobet af 1970’erne viste flere arter af rovfugle
markante fremgange i Danmark. Selvom denne
fremgang for Musvagens og Spurvehggens ved-
kommende kun varede til den harde vinter
1978/79, er bestandsstorrelserne for de tre
neevnte arter i dag mere end det dobbelte af,
hvad de var i slutningen af 1960’erne.

Ud fra populationsdynamiske analyser af be-
standsvaeksten er det i princippet muligt at un-
dersoge, hvor meget de forskellige lovmaessige
og administrative tiltag har bidraget. Hvis fred-
ningen var den vigtigste faktor, matte det for-
ventes, at arsagen til vacksten var en forbedret
overlevelse, - forst og fremmest af unge fugle,
fordi der nedlasgges flest af disse. Hvis derimod
indskreenkninger i DDT-anvendelsen var den
veesentligste faktor, skulle bestandsveaeksten
veere forarsaget af et forgget antal flyvedygtige
unger pr. par, - fordi DDT ferst og fremmest har
vist sig at pavirke fugles reproduktionsevne.
Disse muligheder kan belyses ud fra resultater af
ringmeerkning af rovfugle, dels fordi der gen-
nem alderen af genmeldte fugle fis oplysning
om overlevelse, dels fordi der ved ringmeaerkning
af flyvefeerdige unger fas oplysning om kuld-
storrelser.

Overlevelsesberegningerne er foretaget ud fra
en udvidet version af den sakaldte Haldane-mo-
del. For de tre undersogte arter kan markante
stigninger i overlevelsen konstateres - isar af
forste ars individer - efter 1967. For Musvégen
bliver denne stigning tydeligere, nar der tages
hensyn til en éendring af jagtseesonens start fra

15.9. til 1.11 ved ministeriel bekendtgorelse i
1954. En del af den danske Musvagebestand
traekker mod sydvest og forlader landet i sep-
tember-oktober, og denne del ma séledes for-
ventes at have undgéet jagttryk i Danmark mel-
lem 1954 og 1966. Deles genmeldingerne op i
hhv. danske og udenlandske, sker stigningen i
forstearsoverlevelse for genmeldinger fra udlan-
det allerede i 1954, mens den for fugle genmeldt
i Danmark skeri 1967 (Tabel 3-12). Spurvehegen
viser forst overlevelsesstigninger efter 1970 (Ta-
bel 17-24), muligvis pga. harde vintre i 1968/69"
ogisaeri1969/70. Denne art viser de samme ten-
denser som Musvagen efter zendringen af jagt-
saesonens start i 1954, men disse tendenser er
ikke statistisk signifikante, og effekterne af
1954-bekendtgerelsen er derfor diskutable. For
Duehegen (Tabel 27-31) er stigningen i overle-
velse efter 1967 ikke statistisk signifikant, men
da tendensen er identisk med den, der galder
for de andre arter, mé dette tilskrives et mindre
genmeldingsmateriale. Effekter af 1954-be-
kendtgorelsen kan ikke vurderes for denne art,
ligeledes pga. et for lille materiale, men da Due-
hegen er standfugl i Danmark, har der nappe
veeret tale om veesentlige eendringer.

Der er ikke konstateret zendringer i Musva-
gens kuldsterrelser. Spurvehegen havde ned-
satte kuldsterrelser mellem 1950 og 1980 (Tabel
14), og Duehegen havde muligvis en forringet
reproduktion i begyndelsen af 1960’erne (Tabel
26). Disse sendringer falder dog ikke tidsmees-
sigt sammen med @ndringerne i bestandsster-
relserne (f.eks. er Spurvehegens kuldsterrelser
forst steget efter 1980, hvor bestanden atter var
i tilbagegang), og de kan saledes ikke forklare
disse.

Resultaterne betyder, at rovfuglenes be-
standsforbedringer ma tilskrives forbedret over-
levelse og ikke forbedret reproduktion. Det in-
debaerer, at indskreenkninger i anvendelsen af
DDT neeppe har veeret arsag til bestandsvaek-
sten. Indskraenkninger i anvendelsen af Aldrin
er heller ikke en sandsynlig arsag, dels fordi
dette pesticid ikke har veeret bredt anvendt i
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Danmark, dels fordi forstedrsoverlevelsen i en
reekke tilfzelde steg mere end voksenoverlevel-
sen. Fredningen i 1967 kan til gengeeld forklare
bestandsvaeksten langt bedre. De beregnede
overlevelsesstigninger skennes at svare til hajst
2.000-3.000 individer pr. ar, og hvis aendringen
af jagtseesonens starttidspunkt i 1954 tages med
i beregningsgrundlaget, reduceres dette tal yder-
ligere til 1.000-2.000 individer pr. &r. Det mé an-
ses for sikkert, at en dedsarsag forsvandt med
fredningen, og antallet af individer, der svarer til
overlevelsesstigningerne, er ikke sterre, end at
det kan veere fremkommet udelukkende som re-
sultat af denne.

Det kan saledes konkluderes, at fredningen i
1967 med stor sandsynlighed var arsagen til den
forbedrede status af visse rovfuglebestande.

Naturvidenskabelig metodik kreever, at resul-
tater skal kunne gentages og at der udferes kon-
troleksperimenter, hvilket i bred almindelighed
skaber vanskeligheder, nar effekter af lovmees-
sige tiltag skal vurderes. Samtidig har de senere
ars forskning vist, at overlevelsesberegninger pa
materialer som de anvendte er behzeftet med en
raekke potentielle fejlkilder. En ngje vurdering
af konklusionerne er derfor pakreevet. Ved ana-
lyser af genmeldinger af danske rovfuglearter
kan der i alt pavises 9 tilfzelde, hvor signifikante
reduktioner i antallet af genmeldinger af skudte
fugle (som folge af jagtlovseendringer) falder
sammen med beregnede overlevelsesstigninger.
Der er ingen tilfzlde for 1978, hvor den ene af
disse to variable @ndres uden tilsvarende &n-
dringer i den anden. Dette kan tages som evi-
dens for gentagelser. Samtidig kan det vises, at
kun fem rovfuglearter har haft veesentlige be-
standsforbedringer siden 1967 (Tabel 32). Dette
er netop de fem, der har veeret pavirket af jagt-
tryk (for Rerhogens vedkommende i vinter-
kvarteret), hvilket kan opfattes som et kontrol-
eksperiment. Modellering af observerede be-
standsudviklinger ud fra den fundne reproduk-
tion og overlevelse beskriver eendringerne ret
preecist (Fig. 6-9), hvilket indebeerer, at de be-
regnede overlevelser ma veere rimeligt nojagtige.
Endelig kan der teoretisk argumenteres for, at
selve vaeksten i bestandene viser, at der ikke har
veeret kompensatorisk mortalitet, hvilket mé
betyde, at fredningen har haft indflydelse. Det
kan derfor konkluderes, at en teori om at
1967-fredningen har veeret af afgerende betyd-
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ning for bestandsvaeksten er steerkt understattet
af de foreliggende kendsgerninger. Der er i gje-
blikket ingen alternative hypoteser, der kan for-
klare disse resultater sa fuldsteendigt og sam-
menhzngende. Det skal preeciseres, at denne
konklusion ikke betyder, at de rovfuglebe-
stande, der yngler i Danmark ikke har veeret pa-
virket af pesticider, - blot at reduktioner i be-
lastningen ikke har veeret arsag til bestandsveek-
sten.

Veeksten i de undersggte rovfuglebestande
opherte for Spurvehagens og Musvagens ved-
kommende i den hérde vinter 1978/79, mens
Duehgagebestanden pa landsplan tilsyneladende
er fortsat med at vokse gennem 1980°erne. Un-
derspgelser af denne periode er af stor betyd-
ning for forstéelsen af, hvilke faktorer der be-
graenser/regulerer disse bestandes sterrelse. Selv
om de indkomne data er ukomplette, drages der
alligevel en reekke forelgbige konklusioner.

For Musvagens vedkommende kan der pavi-
ses en voksende dedelighed efter 1978 (Tabel
6-11) sammenfaldende med, at vaeksten i bestan-
den herte op. Samtidig sendredes den tidsmaes-
sige fordeling af dedfundne fugle signifikant i
retning af foreget vinterdedelighed (Fig. 3). Der
er saledes naeppe tvivl om, at en forgget mortali-
tetide 6 harde vintre i perioden 1978-87 har haft
betydning. P4 den anden side har der gennem
1980°’erne veeret ca. 5.000 ynglende par Musva-
ger i Danmark, hvilket antyder, at plads (territo-
rier) kan have spillet en veesentlig rolle. Resulta-
terne antyder relativt feerre genmeldinger fra
udlandet i 1980’erne, og det er teenkeligt, at den
forogede vinterdedelighed skal ses pa baggrund
af en oget tendens til at overvintre pa yngleterri-
toriet, hvilket kan veere forarsaget af forgget in-
traspecifik konkurrence om territorier.

Resultater, der viser, at Tarnfalken Falco tin-
nunculus har vaeret pavirket af jagttryk i Dan-
mark mellem 1945 og 1967, er tidligere offent-
liggjort af Noer & Secher (1983). Den langsig-
tede udvikling i denne arts overlevelse er be-
handlet pa samme méde som for de tre andre ar-
ter. Resultaterne antyder, at kun ca. 26% af de
1-arige Tarnfalke har ynglet i perioden 1979-87.
Dette tal méa anses for lavt og kan understette
formodninger om, at mangel pa egnede rede-
pladser udger en begreensende faktor for denne
arts populationsstorrelse.

Spurvehggen har vist tilbagegang, efter at be-
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standens storrelse kulminerede i slutningen af
1970’erne. Denne tilbagegang skal sandsynlig-
vis ses 1 sammenheeng med en raeekke harde
vintre (Tabel 17-24).

Duehegen har tilsyneladende haft en svagt
voksende landsbestand i 1980’erne. Tenden-
serne er dog meget uens fra landsdel til landsdel.

Arten er gaet tilbage i Senderjylland og frem i
dele af @st- og Nordjylland (Fig. 10), mens der
ikke er dokumenteret veesentlige eendringer for
Jerne. Bekaempelse af arten kan have virket be-
greensende lokalt, men ser ikke ud til at have
haft vaesentlig indflydelse p4 landsplan.
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Peszwme Ha PYCCKOM HASBHKE!:

BruaHue u3MeHeHu# OXOTHUUBETO ycraBsa Ha NepexvBaH¥e U ynyudleHue 61aToCOCTORHMA

H8TCKUX BUIOB XUMHHX IITHL.

BenencTBYE NOHM¥EHUA MX UYMCIASHHOCTH, HO-
cnepHue TDYU BUI& XUIEHHX HTUH, HA KOTODPHX
5 Hadmu Ownz paspemeHa oxXoTa - capHy Bu-
teo buteo, nepemenaTHuxk Accipiter nisus

n sictpe6-TeTepeBATHMK A. gentilis - ¢
I967 r. Ouay 3amumeHH. CKODPO IHOCJe 3TOro
OnNny BBENEHH OTDAHMUEHUS NPUMEHEHUS HeKo-
TOpPHX NEeCTHUMNOB, MONO3PEBABHNM CH BO
BpenHOM BRUSHME Ha xumuHnx nTtun. C 1969/70
r. 6Hno orpasuueHo nprumeHeHue JIT nns
semnenenbueckux ueneit, u ¢ I968/69 r.
npuMeHeHue anbApuHa B KauecTBe dyHrucuma
ang o6palGoTKU cCeMeH;M. B o0ouX Cayuasax
OrpaHUYEHUT MNPUMEHANMCH K IOPUIBOACTBY
STHX CDENCTB, & He 3ampemanyt UX IpUMeHe-

HUuEe.

B Teuenue I1970-X TONOB HEECKOJNbBKO BU~
0OB XMEHHX mTuu B JlaHMM BHKA3any 3Hayu~
TenpHEA poOCT MX umcnerHocTH. XOTH 3TO No-
BHWEHWE y caphuell u nepenensTHUKOB NNu—
10CH TONBKO HO cypoBo#t suMm I978/79 r.,
YMCNeHHOCTH TNONYNAUMI BCeX Tpex BUIOB
Teneps Conple YeM BABOE UKHCJIEHHOCTM B
koHue I960-x ronos.

ficxons M8 NONYNAUMOHHO-~IWHAMUUECKNX
aHa3u30B POCTA INONYyASUMM, B NPUHUHUNE
BOBMOXHO WMCCRENOBATH, CKOJBKO 3TOMY CHO-
COGCTBOBANM BAKOHHHE ¥ RAMUHMCTTATUBHHE
MeponpuATHA. Ecnu 3anpemeHue OXOTH Cuiao
BaxHelwnM PaKTOPOM, TO CIEHOBANO-GH OXM—
nars, YTo NpUuUMHOE pocTa OHAO NOBHUEHUE
epexnBAHUA ~ NPEXNe BCEero MOJOANX NTHI,
TaK Kak u38 HUX OONble BCero yOUBAWTCHA.
Fenu~xe Haubonee 3HAUYUTENBHHM HaxTOopoM
Guny orpanuuenus npuMmedHedus JIOT, To pocT
NONYAAUUY Opl—-On HDON%XEH OCBACHATBHCA yBe-
NMUEHUEM uuCna AETHHX NTeHHOB 3a napy,
T8K KaK BHACHEHO, uTo HIT rnasdHuM oGpasoM
MOHURXAET CHOCOCHOCTH NTHIL K DPASMHOXEHUN.
3TH BO3MOXHOCTU MOXHO BHACHUTH DPEIYNbTa-
TaM¥ KONBUEBAHWA XMHHMX HTHL, OTUYACTH
NOTOMY, YTO ¥3 BO3dpacTa NTHL, O KOTODHX
NONYUEHH BO3BPATH, MOJYYAWTCH CBENEHUS O
UX NePexUBaHUM, & OTYACTM NOTOMY, 4TO IO—
METKa JETHHX NTEHUOB KONBUAMKM AaeT yKa-
3aHKE O YKCJEHHOCTAX BHBOIKOB,
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BHUKMC/IEHUA NEPEeXMBAHMS NPOMBBEHNEHH IO
PACHMPEHHOMY BAPUAHTY TaK HasusaeMmolf Mo-
nenu Xanmoua (Haldane). ¥ TpeX UCCHeno—
BaHHHX BHOOB BHACHUIMCH De3Kue NOBHEEHUS
rnepexuBaHUs, OCOGEHHO ONHONETHUX ocobeil,
nocne I967 r. ¥ caphua 89TO NOBHEEHME Bh-—
paxaerca 06ojee 4eTKO, KOTHRA [PUHUMAETCH
B yueT OTCpOYKa Hayana cez3oHa OXoTH ¢ I9
ceHTAlpA Ha I HOAGDH IO MUHHUCTEDCKOMY IO-
cTanosneHuw or I954 r. YacTrk naTcKOW mo-
nyafguuyu capuue#f mepeneraer Ha wrosanan u
oCcTaBnAeT CTPAHY B CeHTAOpe-oKTHOpe, U
MOXHO NpPennoNoXUTh, YTO B8Ta 4YacTh ¢ 1954
no I966 r. mafexana oxoTH B JaHuu. Ipu
nogpas3feseHUy BO3BPATOB Ha HATCKUe ¥ 3a-
pyCexHbe, NOBHHEHUE NEPEXUBAHMA I1E€PBOrO
rona fmo 3apyCexHhM BO3IBpaTaM yXe HauMHa-
erca B I954 r., a y nTHI, O KOTODHX NONy-~
yeHH BodBpars us Hawum, B IS67 r. (Tabn.
3~I2). ¥ nepenenATHMKa NOBHUWEHNE MEpEXU—
BaHUA [IOKA3HBAETCHA TONbKO nocne 1970 r.
(Ta6n., I7-24), BOBMOXHO BCIENCTBHE CYPO-
BHX suM 1968/69 m oco6enno I969/70 r.
Tlocne OTCPOYKNM Hauana Ce30HA OXOTH B
I95% r. 3TOT BME BHKA3HBAET Te—-Xe TeH~-
LeHUUM, KakK CcapHy, HO 2TH TEHHEHLUUKH CTa-
THCTUYECKN HESHAUMTENbHH, U 2DDEeKTH ro-—
CTAHOBJIGHMS NO3TOMY COMHMTENBHH. J ACTpe-
Ga~reTepeBaATHNKA (Tatn., 27-3I) noBHmeHue
nepexuBarua nocnae I967 r. cTaTUCTUUECKH
HE3HAYUTENbHO, HO T8K KaK TEeHNeHUUA CO-
OTBETCTByeT HaCAWZaeMoif y OCTaJbHHX BH-—
LOB, 3TO MOXeT OCBRCHATHCHA MeHee OOHMD-
HHM MATepuasjoM BO3BpaTos. JPderrth nocra-
HoBnerua ISS4 r. nAf 2TOTO BUZA HEBO3-
MOXHO OLEeHMTH BCJENCTBUE HENOCTATOYHOTrO
Marepuana, HO TaK Kak ACTpeb-TeTepeBaT-—
H¥K B Jauuw sBadercs ocemnodl nruueid, en-—
Ba-AM NPOMBOWIY 3HAUUTENbHHE MBMEeHEeHUA.

Veuenennl uMcIEHHOCTH BHBOZKOB CapHua
He ofHapyxeHo. J nepenenaTHuka ¢ 1950 mo
I980 r. uMCJNEHHOCTHL BHBOIOKOB OHNa MOHMU-—
#ena (Ta6n. I4)}, a y Acrpefa~TeTepeBAT—
HUKZ BOBMOXHO, YTO BOCHDPOMBBOACTBO OHIO
noHuxeHo B Hauane 1960-x romoB (Tatn.
26). OnHaxko, 2TH WIMEHEHUS HEe COBNANANT
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Mo BpEeMEeHM ¢ MIMEeHeHUAMM uucjeHHOCTel
nonynauuit (Hanp. UMCJIEHHOCTY BHBOIKOB
nepenensiTHUKA BO3POCHM TOABKO nocye I980
rona, KOTUa UYMCIEHHOCTH NOMYJIALMU CHOBA
MOHuXanach), ¥ OHM, CIELNOBATEJNbHO, He

MOTYT OTUM 06BACHATHCH.

PesynbTaTh O3HAYAKWT, UYTO yBENUUEHUSA
NONyNAUUHA XUEHHX NTHL LOJNKHH OGBACHATBCH
YAYUYHEHHHMN YCAOBUAMM NEpEeXUMBaHUA, a He
MOBHEEHHHM BOCIPOUIBOINCTBOM. Ji3 3TOrO
cnenyeTr, YTO NPUUMHOK pocTa MONYNIAUKUK
emBa-n¥ OwWI¥ OTpaHMuyeHus npuMeHeHnus JIIT.
OrpanuvyeHyus IDUMEHEeHNS anbpipUHA TBKXe He
ABAANTCH BEPOATHOW npuumMHOf, OTYACTH NO-
TOMY, UTO 3TOT HecTULuI B HaHuM WHPOKO
He NPUMEHANCH, & OTYaCTM NMOTOMY, UTO
NMepBOrOJHOe IepexuBaHue B PANY Ciydaes
NOBHCHMJIOCH CHibHEE, UeM MNEepexuBaHue
B3pOCAHX. 3& TO POCT NONYNAHUM TOPasno
Ayulle MOKXHO OGBACHMTH BaNpemeHueMm OXOTH
B I967 r. BuuuclieHHbEe MNOBHUEHWUA MepEeXU—
BaHUA NPHOAMBUTENBHO COOTBETCTBYWT He
Gonbume 2 - 3.000 ocobsamM 3a rom, U e€cnm B
OCHOB&HMM BHUMCIEHUS NPUHMMAETCA B yueT
oTcpouKka Hauana cesoHa oxoTH B IOS4 r.,
TO ITO UMCHO elle MOHMxaercA mno I — 2.000
oco6eit 3a rom. CnemyeT cuMTaTh IOCTOBED—
HHM, UTO Glaropapd BalpemeHyuic OXOTH UG-
yessa ONHA U3 MNPUUYMH CMEPTHOCTH, & UUCHO
ocoGell, cooTBeTCTBYWBUEe NOBHLEHU Nepe-
HWBaHUA, He GOonblle, YeM OHO MOTNO OHTH
B DPe3YALTATE MCKIKYUTENBHO 3TOrC. Cneno-
BATENbHO, IampeneHune oxork B 1967 r. ¢
Gonboli BEpPOATHOCTBI MOXET OHTb NPUUMHOM
ynyuywenua GNATOCOCTOAHMA HEKOTODHX BUIOB
XUMHHX OTHM.

EcTecTBeHHO-HAyuYHAs MeTouMKa TpedyerT,
4TOCH pPEe3ynbTaTh MOTJY NOBTOPATLCH, M
YTOGH NPOMBBOMMIIMCH KOHTPOJNBHBE ONHTH ,
yTO B O6WEeM CcOo3naeT B3aTpyNHeHUA, KOTHa
OueHKe nomnexar 3PHEeKTH IAKOHHHX MEeponpu-—
ATUR. B To-Xe BpeMs UCCIENOBAHUA MOCHeN-
HUX 7IeT NOoKasank, UTO BHUMCIEHUS Nepexy-
BaHUs 10 TAKUM MaTepuanam, Kakue npuMme-
HANMCH B JTOM Clyuae, OCDEeMEHEHH pAIOM
MOTEHUMANBHHX MCTOUHMKOB OWMGOK. [103TOMY
Heo6XoIOuMa TuWaTeJbHad OLEeHKA BHBOLOB.
AHanuX3OM BO3BPATOB O HATCKUX BHUIEX XUll-
HHX NTHU MOXHO HaliTu Bcero ¢ cnyuaes,
rne 3HAUMTENbHHE MOHUKEHMUS UMUCna BO3IBpan
TOB O yOMTHX NTHLAX (BCneACTBUE K3MEHEe-

Hu# OXOTHMUBErO yCTaBa) COBAAJAKT C BhH-—
YUCAEHHNMY NOBHEHMSAMM NepexuBaHus. Her
cnyuaes, B KOTOPHX OXHa M3 3TUX OBYX Ne-
PEeMEeHHHX BeJMuuH ¥3MeHHeTCAa 6e3 COOTBEeT—

CTBYWWMX M3MeHeHuH npyroif. 3TO MOXHO cuM-—
TaTh yKazaHueM NOBTOPMMOCTM. B To-xe Bpe-
MfA MOXHO YKa8aTh, UTO TONBKO HATH BUIOB
XUEHHBX TITHH ¢ L1967 r'. BHKa3anyM 3HAUNTEnb-
Hhe uameHenus umcnensocru (Tadn. 32), a
MMEHHO Te NATH BUIOB, KOTOpHE Ohay NoA-
BepkeHH OXOTe (B cnyuyae KaMuiWeBOTO JIYHHA —
B GUMHEM MONYrOIMM), YTO MOKXHO CUMTATH
KOHTDONBHEM ONHTOM. MOHEeNUDOBAHWEM YCTa-
HOBJIEHHHX HAGNNOEHMAMM DBIBUTHUR MONyNA-
uuit Ha OCHOBAHUM BHUMCIEHHOTO BOCNPOU3~—
BOLCTBE ¥ NEPeXUBAHUR NONYYEETCA HOBONb-
HO TOUHOE omucanue usmexenuil (dur. 6-9),
“3 4ero cmenyeT, UTO BHUNUCIEHHHE HEDPeXU-—
BaHWA ROJXHH OHTL CHOCHO TOUHHMM. A Ha~
KOHell, TeOPeTHUECKU MOXKHO NPUBECTHM HOBO~
AH B WONB3Yy TOTO, YTO POCT monynsauunii cam
no cefe ykashBaeT, YTO HE OHJIO KOMIEHCU-—
pywmell cMeprHOoCTHM, M3 Uero ClenyeTr, 4ToO
3anpeneHue OXOTH NOBAUANC HA Hero. Cie-
[OBATENnEHO, MOXHO BHBECTM 3aKIbLuYeHue,

YTO TEODHMA O DENNTEAFHOM 3HAUEHWUM 3Ianpe-
weHuss oxorw B I967 r. mnsa pocTra NONynfd-
Ui CHJIBHO NOLNEDXUBAETCH HaNUUHHMYU $aK-
TaM. B HacTosmuuii MOMEHT HeT HMKaKUX
AOPYIMX TUNOTES, TAK K& COBEDPWEHHO M
CBABHO MOTYHUX OCBACHWUTL 3TH DE3YJBTATH.
Cnenyer yTOYHWTHL, YTO 3TUM HE CKAa3aHO,
yTO rHe3nywmue B HaHuu BUEN XULHHX NTUI
He Ounu NoinBepXeHH Bo3gefiCTBUK MecTUnU-
HOB, a TOABKO, UTO [OHUXEHHEe 3TOTO BOS—
neifcTsua He OHno npuunHolf pocra nomyns-
unit,

PocT MCCAENOBAHHMXY NONYAALME XUUHHX
OTHL NPEeKPaTHICH Yy NepenesnsTHUKOB U ca-—
pHue## B cypoBoi sume I978/79 r., a ka-
KeTCH, UTO POCT NONYNALMM ACTPelOB—TEeTEe-
PEeBATHUKOB OOGWMM UMCIIOM Inf Bcell cTpahs
npomonxasncA B TeueHue I980-x romos.
MccrenoBaHs 3TOTO NEPUONa OUEeHDb BAKHH
L8 NMOHUMaHUA TOro, KaKKe OGCTOATEeNnbCTRAa
OrPAHMUMBAKT/PETYNUPYHT UUCIEHHOCTH ITHUX
nonynauui. XoTa colpaHHHE HAHHHE HEIOJHH,
BCE-TaKy BOBMOXEH DAL MNPeNBAPUTENBHHX Bh-—
BOIOB.

Y caphHua MOXHO YCTAHOBUTH BO3DPACTEN-
uy® cMepTHocTs mocne I978 r. (Ta6n. 6 - II)
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COBNAmapmy® ¢ NDeKpaleHueM pOCTa nonynfa-
uuMu. B TO ®e BpeMs paclpenelieHue N0 Bpe-
MeHy HallleHHHX MepPTBHMM ITHIL 38MEeTHO Mu3-
MEHUTOCH B HANDPABIEHMM K NOBHEEHHO! 3um-
Helt cmeprHocTH (@ur. 3). losromy enBa-nu
MOXHO COMHEBATHCH B TOM, UTO HMENa 3HAUE-
Hue MOBHUEHHAH# CMePTHOCTEL BO BpeMa & cy-
posux 3uM B mepuome ¢ I978 mo I987 r. C
npyro# cropoHm, B TeueHue I980-x ronos B
Hauuu 6uno oxono 5.000 map rHE3OYREMX
capsiueif, u4TO SBNAETCHA HNPUBHAKOM TOTrO, YTO
MecTs {TepPUTODUH) MOIYyT MUIDPATEH BAXKHYWL
ponsk. Pe3ynbTaTi YKA3HBAWT HA CPABHUTENb-
HO TNOHWXEHHOE UYICJIO BOBBPATOB M3 3&rpa=-
Huun B I1980-x romax, u MOXHO IpPennopo-
KUTH, UTO HOBHUEHHAR BUMHAS CMEDTHOCTH
Obsia CBA3aHa C NOBHUEHHOW CKIOHHOCTBI K
3¥MOBKE HA TEPPUTOPUYM THE3NOBAHMA, UTO
MO%eT OHTL BHBBAHO GONee OCTPOH KOHKY-
peruuel 0 TepPHTODHHX.

PesynbpTaTH, NOK33HBAWOKKE, UYTO OGHKHO—
BeHHas nycrensra Falco tinnunculus B la-

HUM nogBepranack oxore, B 1983 r. omy-
6nukosann Hosp u Cexep (Noer & Secher).
LoAroCpOYHOE DPAlBUTHE TIEPEXUBAHMA ITOTO
Buna OHJIO UCCHENOBAHO TeM~%ke O0pasoM, Kak
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IlA YHOMAHYTHX TPEeX BUAOB. PesynpTart
yKasuBAWT HA TO, YTO TONBKO OKONO 26 %
onHoneTHe# OCHKHOBEHHO! NYCTENBIM DPa3MHO-
xanuch B nepuome ¢ 1979 mo I987 r. 3ro
YUCNO HYXHO CUATATH HUSKUM, ¥ OHO MOXET
NONNEepPXaTh NPEANONO¥eHus O TOM, YTO He-
NOCTATOK yILOGHMX MeCT HAA FHE3N0BaHMA
SBNSeTCH OrDAHNMUAWNKM yCIOBMEM IJIA uu-—
CNeHHOCTM NONYJNALMM 3ITOrO BUIAA.

¥ nepenensTHMKA BHKA3aJ0Ch NMOHMXEHUE
nocjie TOTO, K&K UYMCIAEeHHOCTH 3TOFO BUIA B
koHue I1970-X rONOB KYNBMHHUDOBana. JTO
MoHUKEHUE BEPOATHO CBFBAHO C PHANOM CYPO-
Bux sum (Ta6n. I7-24).

UKCNeHHOCTDh AcCTpela-TeTepeBATHMKA B
o6meM To Bcell cTpaHe OueBMIHO CJHETKA 10~
BHCHNach B I1980-x romax. OnHako, TEHIEH-
LUMA B DPA3HHX YACTHAX CTPAHH OUYEHbL HEOINNHa—
koBa., B Kxuolf Wrnavmouyu uMCAEHHOCTH 3TOro
BUJa NOHUBUNACH, B UACTAX BocTouHoit u Ce-
BepHO#t Wrnanpum moBscunaces (Pur. I0), a
Ha OCTPOBAX He JIOKYMEHTHMDPOBAHO 3HAUUTENb—
HHX usMenenuli. MecrtHo, Cophr6a C BTMM BH-
OOM MOTJia MMeTh OrpaHMuUMBaKnmee BIMUAHUE,
HO xaxeTcs, 4YTo B ofmem o Bcell cTpaHe eé

BIUAHVE OHJIO HESHAUMTEJBHO.
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Appendix
Goodness-of-fit tests

In principle, a total x? goodness-of-fit test
can be carried out by calculating expected

values for each cohort and age class (condi-

tional on numbers of recoveries within each
cohort). Summing of the terms (Ojj -
Ejj)?/Ejjisdone in the usual way (cells with
expected values less than 2.0 are pooled
with other cells) and, under the null
hypothesis, the sum is distributed as x* with
N(N-1)/2 - 2P degrees of freedom (where N
is the number of investigated years, P the
number of periods with different survival
rates, and one additional degree of freedom
is lost whenever a cell is pooled with
another).

For the data sets presented, this test re-
jects the model for all three species, highly
significantly for the Sparrowhawk and the
Goshawk. This is not surprising, as it is
generally agreed that survival rates are both
age- and time dependent (e.g. Burnham &
Anderson 1979, Anderson et al. 1981,
Brownie et al. 1985). Since 1978, in particu-
lar, severe and mild winters have alternated
and, when there is sufficient material, as in
the cases of the Sparrowhawk and the
Goshawk materials after 1973, this annual
variaton will be statistically significant.

The existence of this variation does not,
however, answer the questions critical in
the evalutation of the presented analyses.
Comparing survival rates between periods
- for example before and after protection -
depends on comparing some average
measure of survival within each period
and, even if it can be shown that survival
rates vary annually, the question of

. whether the survival rate estimates derived

from the extended Haldane model are de-
cisively biased still remains. Thus, total
goodness-of-fit tests cannot be used to de-
cide whether or not survival rate estimates

based on the Haldane model can be used
for such comparisons. Instead, evaluation
of this problem can be done by means of
comparisons between predicted and ob-
served trends in population size, as has
been done above (pp. 34-40).

As the total goodness-of-fit test does not
answer the question of whether survival
rates estimated from the Haldane model
represents a sensible measure of average
survival within periods, partial goodness-
of-fit tests have been done by pooling age
classes within each period. In this way, in-
dividuals that have survived from one
period into the next are treated as being
recovered as adults at a younger age than
they actually have obtained. Rather few in-
dividuals have been affected by this (cf.
Tables 4, 6, 17, 19, 25 and 26). In the first set
of tests presented, recoveries of individuals
in their first year have been pooled over
years within periods. This means that the
number of degrees of freedom is the num-
ber of terms in the x2-sum minus 1 minus 6
(the number of estimated parameters).
Note that two additional degrees of free-
dom are gained this way because the num-
ber of expected recoveries of adults within
a period can vary.

For the Buzzard and the Sparrowhawk,
expected distributions have been calculated
from survival rates corresponding to the
hypotheses accepted. For these species the
distributions presented were pooled from
the tables giving recoveries of birds ringed
as pulli from, respectively, Denmark and
abroad. For the Goshawk, it was assumed
that the acceptance of the null hypothesis
was caused by the small numbers of recov-
eries before 1967, and the expected dis-
tributions were calculated from the same
model as for the Buzzard. Moreover, in-
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dividuals recovered as shot were pooled
with those which had died from other
causes. This was done because the age dis-
tributions of shot individuals and those
recovered from other death causes were
identical after 1970. Though the age distri-
bution before 1967 is distorted by this pool-
ing, the bulk of recoveries are from after
1970, hence this pooling improves the effi-
ciency of the test.

It should be noted that throughout the
tests entries with an expected number of
recoveries less than 2.0 have been pooled, in
accordance with the recommendations of
White (1983) and Brownie et al. (1985).
Goodness-of-fit tests are often weak and,
even though Burnham (in press) has recent-

ly shown that the asymptotic power of such
tests is only slightly reduced if numbers
ringed are unknown (as in the present case),
they should only be taken to demonstrate
that the fit obtained by the models present-
ed is satisfactory, — and not to prove that
these models are necessarily correct.

The results of these tests have been taken
by Noer (in press) to indicate that within
each period the assumption of a constant,
age-independent survival rate after the first
year is reasonable. The assumption that
survival rates are time-independent over
years within each period is not checked by
these tests, and they should thus be viewed
as partial.

Appendix Table I. Buzzard. Underlined entries indicate pooled results for all older age classes. Test of observed
and expected distributions with age classes pooled within period accepts the null hypothesis: x* = 11.33, df =

15, P = 29.94%.

1944-66 1967-77 1978-87
Age Obs. Exp. Obs. Exp. Obs. Exp.
1 98 98.0000 56 56.0000 47 47.0000
2 21 16.9399 14 11.7424 14 12.9292
3 11 11.5439 16 9.1838 10 8.7934
4 10 8.3687 6 7.1528 7 5.8196
5 2 6.1904 3 5.6486 4 3.8222
6 3 4.4474 4 4.2738 2 2.4874
7 0 3.2380 3 3.3091 4 4.2782
8 1 2.3553 3 2.5775
9 4 5.2681 2 3.6311

Appendix Table II. Sparrowhawk. Underlined entries indicate pooled age classes. Test of observed and expect-
ed distributions with age classes pooled within periods accepts the null hypothesis: x* =6.8705,df = 9,P =

65.06%.
1945-70 1971-77 1978-87

Age Obs. Exp. Obs. Exp. Obs. Exp.

1 67 67.0000 74 74.0000 253 253.0000
2 10 7.8114 18 14.3487 60 56.2531
3 5 4.8761 7 8.8305 29 3L1172
4 2 3.2593 3 4.6166 12 16.7634
5 2 2.1459 3.6439 10 8.3510
6 3 4.1331 4 4.3873
7 2 2.2331
8 4 2.2294
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Appendix Table III. Goshawk. Underlined entries indicate pooled age classes. Test of observed and expected
distributions with age classes pooled within periods accepts the null hypothesis: x¥*=6.1241, df = 8 , P =

63.33%.
1944-66 1967-77 1978-87

Age Obs. Exp. Obs. Exp. Obs. Exp.

1 52 52.0000 52 52.0000 219 219.0000
2 13 11.8750 17 12.3131 56 50.0633
3 3 4.7572 4 5.9957 25 31.2480
4 3 3.1750 2 2.4644 17 19.6048
5 2 2.0810 12 12.2165
6 9 7.7553
7 5 4.5273
8 2 2.5331
9 3 2.3906

It should be noted that other assump-
tions of the model, in particular the as-
sumption of constant recovery probabili-
ties, cannot be tested due to the lack of
numbers ringed for older records. In prin-
ciple it is therefore possible that the estim-
ates have been influenced by this source of

error, though it is unlikely that the consis-
tent association between reduction in num-
bers of recoveries of shot birds and in-
creased survival rates - as well as the
decreases of survival coinciding with the
end of the population growth - could be ex-
plained this way.
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