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Abstract.

We studied Osprey (Pandion haliaetus) copulation behavior in two geograph-

ically separated subpopulations with different breeding densities. In the low density area,
the nearest neighbor distance between nests was 7 km, and in the high density area 1.4 km.
The frequency of successful copulations was significantly higher in the high density area,
0.65 hr! as compared to 0.30 hr~'. Extra-pair copulations were recorded only in the high
density area, and extra-pair visits by intruding Ospreys also were more frequent there. There
was no relation between copulations and delivery of food or nest material. Our results
support the idea that copulation behavior is related to breeding density, but whether or not
this is a result of sperm competition or some other social factor remains undetermined.
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INTRODUCTION

It has long been recognized that the function of
copulation behavior in raptors is more than just
fertilization (Newton 1979). Birkhead et al.
(1987) examined possible explanations for inter-
specific differences in copulation frequency in
birds. They found that most evidence supported
the sperm competition hypothesis, which states
that high copulation frequency is a strategy for
paternity assurance in species such as raptors,
that cannot guard their mates during the fertile
period, and therefore are susceptible to extra-
pair copulations. Mgller (1987) showed that
among raptors, copulation frequencies were in
fact highest in species where the male provides
the female with all her food prior to laying,
spending much time away from her in the fertile
period.

In many socially monogamous birds, copula-
tions between non-mates, i.e., extra-pair copu-
lations (EPC), are frequent (Westneat et al. 1990,
Birkhead and Mgller 1992) and can result in ex-
tra-pair paternity (Westneat 1987, 1990, Birk-
head and Mgller 1992). Consequently, selection
should strongly favor behavior that reduces the
risk of being cuckolded. On the other hand, at
least some raptor species copulate well outside
of the fertile period (Holthuijzen 1992), a be-
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havior that can not be explained by sperm com-
petition.

The Osprey (Pandion haliaetus) is a fish-eat-
ing raptor that is found throughout the forested
parts of Fennoscandia. Males are unable to
guard their mates because they provide them
with nearly all their food during the fertile pe-
riod, ranging over large areas. While the male is
away, the female remains at the nest site (Poole
1989), leaving her susceptible to extra-pair cop-
ulations. Birkhead and Lessells (1988) report
that Ospreys copulate on average 59 times per
clutch, far more frequent than would be needed
to fertilize the clutch. The Osprey is unusual in
that it breeds in extremely varying densities in
different areas, from very dispersed to colonial,
but with little variation in density between years
within each area. Thus, it is an ideal species for
comparisons of copulation behavior between
subpopulations with different population densi-
ties. In this paper we investigate how dispersion
affects copulation behavior in the Osprey by
comparing two geographically separate subpop-
ulations, with different breeding densities.

In some bird species, males trade food for
copulations (Tasker and Mills 1981), and this
could be one function of courtship feeding found
in most raptors during the fertile period (Poole
1985, Mgller 1987). Therefore, we also investi-
gate whether copulations are related to delivery
of food or nest material.
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METHODS

This study was performed during the breeding
seasons of 1996 and 1997 in two areas where
breeding densities of Ospreys differed substan-
tially. The low density area is situated in the
boreal forest zone (Sjors 1965) of Varmland in
central Sweden (59°40'N, 12°15’E). In this area,
Ospreys nested with a mean (* SD) nearest
neighbor distance between occupied nests of 7.8
* 5.8 km (range 1.5-16.5, n = 9) in 1996, and
6.2 + 4.9 km (range 1.5-18.0, n = 10) in 1997.

The high density area was situated in Sma-
land, southern Sweden, about 350 km SSE of
the low density study area, in the boreo-nemoral
zone (Sjors 1965). In 1996, the study was per-
formed at Lake Asnen (56°35'N, 14°45’E), and
in 1997 at Lake Helgasjon (56°58'N, 14°45'E).
These, and other large lakes in the area, hold
very dense Osprey populations, about 40-50
pairs at Lake Asnen, and about 15 pairs at Lake
Helgasjon (Hallberg and Hallberg 1993). The
Osprey population at Lakes Asnen and Helgas-
jon was not censused in 1996 or 1997, but in
1993 the average nearest neighbor distance be-
tween occupied nests was 1.2 = 0.8 km (range
0.3-4.1, n = 48) at Lake Asnen (Lars-Olof Hall-
berg, pers. comm.) and 1.6 = 0.4 km (range 1.1—
2.6, n = 14) at Lake Helgasjon (estimated from
Hallberg and Hallberg, unpubl. data). The breed-
ing density does not fluctuate much between
years, and it can be assumed that the densities
were about the same when this study was per-
formed (Lars-Olof Hallberg, pers. comm.).

The high density area has been surveyed for
many years (Hallberg and Hallberg 1993), and
it is unlikely that there existed unknown occu-
pied nest sites. The low density area was less
well known, and nest sites may have been
missed. However, the density we found there is
typical for much of forested Fennoscandia, and
we are confident that few, if any, nests were
missed. In southwestern Sweden, Eriksson
(1985) reported an average distance to the near-
est occupied nest of 7.9 km (range 2.5-254, n
= 19), which is similar to our low density area.

Observations started when the pair had re-
turned from migration in early April, and ter-
minated when incubation started.

The nests were all built in the tops of pine
trees (Pinus sylvestris) and hence they were con-
spicuous and easily observed from a distance.

With few exceptions, all copulation activity
takes place on the nest (Poole 1989).

In 1996, we observed three nest sites in the
low density area and four in the high density
area. In 1997, we moved to other nest sites, and
observed three in the low density area and three
in the high density area. Thus, our data comes
from a total of 13 nest sites. Because the birds
were not marked, individual recognition was dif-
ficult, especially between years. However, we
assume that the different nest sites also represent
different pairs, and hence they are treated as in-
dependent samples.

Some raptors show a marked diurnal pattern
of copulation with a peak in the early morning
(Birkhead and Lessells 1988, Simmons 1990). In
order to record as many copulations as possible,
we therefore observed the nests for 6 hr day,
starting 30 min before sunrise. With a few ex-
ceptions in the low density area in 1996, only
one nest per area could be observed at a time,
and hence we moved between nest sites, observ-
ing one nest per area and day.

Observations were made from positions
where it was possible to see the nest without
disturbing the birds. Topography made it possi-
ble to choose sites with good view into the nest.
Not all copulation attempts were successful, and
a copulation was recorded as successful when
the male mounted the female who tilted forward,
and they appeared to achieve cloacal contact,
otherwise it was recorded as an unsuccessful
copulation attempt (Birkhead and Lessells
1988). Because the birds were not marked, we
could not with absolute certainty determine
when extra-pair copulations occurred. We used
behavior and individual differences in the plum-
age as cues to determine when a copulation was
in fact extra-pair.

Total observation time was 172 hr in the low
density area, and 96 hr in the high density area.
The temporal distribution of the observation
time, in relation to start of incubation, is shown
in Figure 1.

Statistical tests follow methods described in
Sokal and Rohlf (1995). Means are presented *+
SD. Statistical tests are two-tailed when possi-
ble.

RESULTS

COPULATION FREQUENCY

A total of 166 copulations was observed, 75 in
the low density and 91 in the high density area.
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FIGURE 1. Temporal distribution of duration of total

observation time of Ospreys in low and high density
areas, in relation to start of incubation (= day 0).

The proportion of copulation attempts that were
successful was about the same in the two areas;
on average 64% per pair in the low density and
69% per pair in the high density area. All cop-
ulations except four were performed on the nest.

Mean frequency of successful copulations in
the low density area was 0.25 = 0.16 hr! in
1996, and 0.35 * 0.16 hr~' in 1997, and in the
high density area 0.65 hr~' in both years, * 0.18
in 1996 and * 0.19 in 1997. There was no sig-
nificant difference between years (Mann-Whit-
ney U-test, z = 0.89 and z = 0.18, in the low
and high density areas, respectively). Average
frequency of unsuccessful copulations in the low
density area was 0.17 = 0.08 hr~' in 1996 and
0.13 = 0.04 hr ' in 1997, and in the high density
area 0.27 = 0.26 hr! in 1996 and 0.33 * 0.01
hr=" in 1997. There was no significant difference
between years (Mann-Whitney U-test, z = 0.44
and 1.07, in the low and high density areas, re-
spectively).

To compare copulation frequency, we pooled
the results of 1996 and 1997. Mean frequency
of successful copulations per pair was signifi-
cantly higher in the high density area, 0.65 *
0.17 hr~!, than in the low density area, 0.30 =
0.15 hr! (z = 2.80, P < 0.01, two-tailed). Un-
successful copulations were also more frequent
in the high density area, 0.30 * 0.19 hr-! versus
0.15 = 0.06 hr!, although not statistically sig-
nificant (z = 1.72, two-tailed).

Temporal variation in copulation frequency is
shown in Figure 2. It is difficult to discern any
clear pattern.

TIMING OF COPULATIONS
Of all successful copulations in the low density
area (1996 and 1997 pooled), 13 (27.1%) oc-

curred within 30 sec of male arrival at the nest,
and 20 (41.6%) within 30 sec of when he left.
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FIGURE 2. Temporal pattern of successful and un-
successful copulations of Ospreys, relative to start of
incubation (= day 0). In the high density area, obser-
vations started on day —11, and no observations were
made on days —7 and 0. In the low density area, ob-
servations started on day —14, and no observations
were made on day —13.

This difference was not significantly different
from an expected equal distribution of copula-
tions after arrival—before departure (x?, = 2.0,
P > 0.10). Corresponding figures for unsuccess-
ful copulations were 7 (26.9%) after arrival and
10 (38.5%) before departure (x?, = 0.5).

In the high density area, 30 (49.2%) of the
successful copulations occurred after arrival, and
23 (37.7%) before departure (x%, = 0.9). Cor-
responding figures for unsuccessful copulations
were 16 (53.3%) after arrival and 11 (36.7%)
before departure (x?, = 0.9).

COPULATIONS IN RELATION TO DELIVERY OF
PREY AND NEST MATERIAL
We found no evidence that a male’s return with
fish or nest material was immediately associated
with copulation. In the low density area, males
were observed arriving with fish on 21 occa-
sions, and in none of these cases did he copulate
immediately after arrival. We recorded one suc-
cessful and one unsuccessful copulation before
departure, during the same visit as when a fish
was delivered. On 137 occasions, males were
observed arriving with nest material, and in
none of these cases did he copulate immediately
at arrival, but on one occasion before departure.
In the high density area, males were observed
arriving with fish on 16 occasions, and in none
of these cases did he copulate immediately after
arrival. One unsuccessful copulation occurred
during the same nest visit after a fish delivery,
before the male’s departure. On 97 occasions, a
male was observed arriving with nest material,
and in none of these cases did he copulate im-
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mediately after arrival. However, nine successful
and three unsuccessful copulations occurred be-
fore departure, after delivering nest material.

EPCs AND EXTRA-PAIR VISITS

Copulations that were judged to be EPC were
recorded only in the high density area; two suc-
cessful in 1996 at two different nest sites, and
one successful and one unsuccessful at one nest
site in 1997, and one unsuccessful at a different
nest site. The difference in occurrence of EPCs
between low- and high-density areas was not
statistically significant (Mann-Whitney U-test, z
= 2.10).

The successful EPCs all occurred in the same
way; while the regular male was away an in-
truding male rapidly approached the nest, landed
directly on the female’s back, copulated, and
flew straight away. The female cooperated, and
the whole incident passed in a few seconds. One
of the EPC attempts was unsuccessful because
the female actively resisted the male. The EPCs
were not associated with delivery of food or nest
material.

Two of the successful EPCs occurred 5 days
before, and one 2 days before, incubation start-
ed. The unsuccessful EPCs occurred at 8 and 3
days before incubation, respectively. Other Os-
preys sometimes came close to the nest site
while the resident pair was there. In the low den-
sity area this was observed four times; once a
visiting male circled low over the nest while the
resident pair was there, once the resident male
and female both engaged in chasing the intruder
away, and on two occasions the resident male
engaged in a short aerial fight with a male in-
truder. In the high density area, intruding Os-
preys were observed 35 times. Usually when an
intruding Osprey appeared close to the nest, the
female laid down flat in the nest, while the res-
ident male watched the intruder. Sometimes the
intruder was chased off, mostly by the resident
male alone, sometimes assisted by the female.
On four occasions an intruder actually landed in
the nest, and stayed there for a short time to-
gether with the resident pair; on three of these
occasions the intruder brought a fish. No ag-
gression was observed in these cases. In one
case when the resident pair was sitting in the
nest, an intruding male tried to land on the back
of the female, but she did not cooperate.

The difference in occurrence of extra-pair vis-

its between the areas was significantly different
from an even distribution (x?, = 49, P < 0.001).

DISCUSSION
COPULATION FREQUENCY AND EPCs

Our main finding was that Ospreys copulated
more than twice as frequently in a very high
density population, as compared to a low density
population. Furthermore, extra-pair copulations
were recorded only in the high density area, and
the occurrence of intruding Ospreys was signif-
icantly higher there. This is consistent with the
idea that the higher the density, the greater the
risk of EPC.

Simmons (1990) studied copulation behavior
in a colony of the African Marsh Harrier (Circus
ranivorus), comparing copulation frequency in
one colony in different years. He found that cop-
ulation frequency was higher in years when
pairs in the colony bred closer together. Our
populations were stable, and as expected we did
not find any difference in copulation frequency
between years. Korpimiki et al. (1996) studied
a population of European Kestrel (Falco tinnun-
culus) over a 3-year vole cycle when both food
abundance and breeding density fluctuated
strongly. They found that pair copulation fre-
quency was highest in the year of maximum
breeding density, and only then was extra-pair
fertilization recorded.

Birkhead and Lessells (1988) reported that
Osprey copulation frequency followed a tem-
poral pattern, peaking 4—7 days before laying.
Our results (Fig. 2) show no such pattern, al-
though this might be due to limited data. If there
was in fact such a temporal variation in copu-
lation frequency in our Osprey populations, a
difference between areas might appear if there
was a systematic difference in the distribution of
observation times between the areas, biasing the
results. However, the observation times did in
fact cover the whole period from arrival until
incubation started (Fig. 1). Thus, the observed
difference in copulation frequency between the
areas can not be explained by any difference in
observation pattern.

Birkhead and Lessells (1988) recorded an av-
erage of 59 successful copulations per Osprey
clutch, in an area in Scotland where average dis-
tance between nests was 8 km. Their density
was similar to our low density area, but the cop-
ulation frequencies can not be immediately com-



pared, because we did not measure the total
number of copulations. However, total number
of copulations can be approximately estimated,
using the average frequency of successful cop-
ulations in our low density area, 0.30 hr~', mul-
tiplied by the average daylength, 15 hours, and
the duration of the study, 14 days, which gives
63 copulations per clutch. This is an over-esti-
mate, as our data come only from the morning-
hour observations, when copulation frequency is
highest. Nevertheless, it appears that the copu-
lation frequency found in our low density area
was similar to that found by Birkhead and Les-
sells (1988).

The proportion of successful copulations was
higher in our study than reported by Birkhead
and Lessells (1988), who found that only 39%
of copulations were successful. They showed
that newly established pairs had a higher pro-
portion of unsuccessful copulation attempts than
old pairs. It is possible that the difference is due
to our pairs being older, especially given that the
population in Scotland was increasing at the
time of study, whereas our populations were sta-
ble. Simmons (1990) reported that the propor-
tion of successful copulations in the African
Marsh Harrier was 73%, which is similar to our
results.

TIMING OF COPULATIONS

If last sperm precedence is an important factor,
as suggested by Birkhead and Mgller (1992),
males could counteract the risk of being cuck-
olded during their absence by immediate copu-
lation when they return. However, we found no
preference for copulating immediately after ar-
rival, nor for copulation immediately before de-
parture. This is in accordance with recent studies
of the mechanisms of sperm competition, indi-
cating that number and quality of sperm may be
more important than last sperm precedence
(Birkhead et al. 1995a, 1995b).

A relation between copulation and courtship
feeding has been suggested (Poole 1985, Mgller
1987), but was not supported by our data. Nei-
ther in Goshawk (Accipiter gentilis) (Mgller
1987), Osprey (Birkhead and Lessells 1988), or
the African Marsh Harrier (Simmons 1990) has
any relation between prey delivery and copula-
tion been found. However, in Montagu’s Harrier
(Circus pygargus), copulation rates were related
to food presentation in the early pre-laying pe-
riod (Arroyo 1999), and in Hen Harrier (C. cy-
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aneus, Picozzi 1984, Simmons 1988) and
Swamp Harrier (C. approximans, Baker-Gabb
1981), the females solicited copulations more
frequently after males had presented food.

EXPLANATIONS OF COPULATORY PATTERN
IN RAPTORS

Birkhead et al. (1987) examined possible expla-
nations for interspecific differences in copulation
frequency in birds, and in addition to sperm
competition they discussed three other main hy-
potheses: the fertilization hypothesis states that
copulation occurs only as often as necessary to
fertilize the eggs; the social bond hypothesis
states that frequent copulation is associated with
the formation and maintenance of pair bonds;
and the predation hypothesis states that copula-
tion frequency and form is related to the risk of
predation.

The fertilization and the predation hypotheses
cannot explain the differences in copulation fre-
quency between the high and low density Os-
prey populations. The social bond hypothesis is
difficult to test because it makes no clear pre-
dictions (Birkhead et al. 1987). However, as
pointed out by Westneat et al. (1997), density is
likely to affect behavior because as spatial prox-
imity increases, so does the likelihood of direct
interaction. Thus, a higher copulation frequency
in an area with higher density, as we found, may
be consistent with both the sperm competition
and the social bond hypothesis.

We did not continue our observations after in-
cubation started, but Birkhead and Lessells
(1988) studied Osprey copulation behavior
throughout the entire breeding season, and found
that copulation frequency dropped to zero within
a couple of days after the first egg was laid.
There are raptor species that copulate outside the
presumed fertile period. Brown (1966) reported
that Crowned Eagle (Stephanoaetus coronatus)
started copulating more than three months be-
fore egg-laying, and on one occasion copulated
almost a year before egg-laying (the Crowned
Eagles bred only every second year). Cape Vul-
tures (Gyps coprotheres) copulate long after
egg-laying, and in fact over the whole year
(Robertson 1986). Similarly, Merlins (Falco col-
umbarius) copulate well after the fertile period
(Sodhi 1991). Holthuijzen (1992) reported that
the Prairie Falcon (Falco mexicanus) copulated
at least 51 days before clutch completion, and
continued copulating well into the brood-rearing
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period, about 60 days after incubation started. In
Montagu’s Harrier, 12% of the observed copu-
lations occurred after laying (Arroyo 1999). Nei-
ther the sperm competition hypothesis, the fer-
tilization hypothesis, or the predation hypothesis
can explain copulations outside the fertile peri-
od. The only possible explanation is that such
copulations have some kind of social function,
e.g., to maintain social bonds.

ACKNOWLEDGMENTS

This study was initiated by Per Widén, who also was
responsible for the field work in Varmland. Malena
Richardson was responsible for the field work in Sma-
land. We are grateful to Lars-Olof Hallberg for infor-
mation about the Osprey population in Smaland, and
to Torbjorn Andersson and Torbjorn Westerberg for in-
formation about the Osprey population in Vidrmland.
We thank Ingela Tabbert, Magnus Gelang, and Lasse
Pettersson for assistance with the field work. We thank
Bjorn Arvidsson and Larry Greenberg for helpful com-
ments on the manuscript. The study was funded by
Karlstad University.

LITERATURE CITED

ARROYO, B. E. 1999. Copulatory behavior of semi-
colonial Montagu’s Harriers. Condor 101:340—
346.

Baker-Gass, D. J. 1981. Breeding behavior and ecol-
ogy of the Australasian Harrier (Circus approxi-
mans) in the Manawatu-Rangitikei Sand Country,
New Zealand. Notornis 28:103-119.

BIRKHEAD, T. R., L. ATKIN, AND A. P. M@LLER. 1987,
Copulation behaviour of birds. Behaviour 101:
101-138.

BIRKHEAD, T. R., aND C. M. LEesseLLs. 1988. Copula-
tion behaviour of the Osprey Pandion haliaetus.
Anim. Behav. 36:1672-1682.

BIRKHEAD, T. R., AND A. P. MgLLER. 1992. Sperm com-
petition in birds. Academic Press, Cambridge.
BirkHEAD, T. R., G. J. WISHART, AND J. D. BIGGINS.
1995a. Ejaculate quality and the success of extra-
pair copulations in the Zebra Finch. Nature 377:

422-423.

BIRKHEAD, T. R., G. J. WISHART, aND J. D. BIGGINS.
1995b. Sperm precedence in the domestic fowl.
Proc. R. Soc. Lond. B 261:285-292.

BrowN, L. 1966. Observations on some Kenya eagles.
Ibis 108:531-572.

ERIkssON, M. O. G. 1985. Fish delivery, production of
young, and nest density of Osprey (Pandion hal-
iaetus) in southwest Sweden. Can. J. Zool. 64:
1961-1965.

HALLBERG, L. O., AND P. S. HALLBERG. 1993. Inven-
tering av fiskgjuse, p. 9-14. In J. Sondell [ED.],
Féglar i Kvismarens Fagelstation. Orebro, Stock-
holm.

HoLTHUUZEN, A. 1992. Frequency and timing of cop-
ulations in the Prairie Falcon. Wilson Bull. 104:
333--338.

KorpiMAKI, E., K. LaHTI, C. A. MAY, D. T. PARKIN, G.
B. PoweLL, P. TOLONEN, AND J. H. WETTON. 1996.
Copulatory behaviour and paternity determined
by DNA fingerprinting in Kestrels: effects of cy-
clic food abundance. Anim. Behav. 51:945-955.

MgLLER, A. P. 1987. Copulation behaviour in the Gos-
hawk, Accipiter gentilis. Anim. Behav. 35:755—
763.

NEWTON, 1. 1979. Population ecology of raptors. T. and
A. D. Poyser, Berkhamsted, UK.

Picozzi, N. 1984. Breeding biology of polygynous Hen
Harriers Circus c. cyaneus in Orkney. Ornis Scand.
15:1-10.

PooLE, A. 1985. Courtship feeding and Osprey repro-
duction. Auk 102:479-492.

PoOLE, A. 1989. Ospreys—a natural and unnatural his-
tory. Cambridge Univ. Press, Cambridge.

ROBERTSON, A. 1986. Copulation throughout breeding
in a colonial Accipitrid vulture. Condor 88:535-
539.

Simmons, R. E. 1988. Food and the deceptive acqui-
sition of mates by polygynous male harriers. Be-
hav. Ecol. Sociobiol. 23:83-92.

SiMMoNs, R. 1990. Copulation patterns of African
Marsh Harriers: evaluating the paternity assurance
hypothesis. Anim. Behav. 40:1151-1157.

Siors, H. 1965. Forest regions. The plant cover of
Sweden. Acta Phytogeographica Suecica 50:48—
63.

SopHi, N. S. 1991. Pair copulations, extra-pair copu-
lations, and intraspecific nest intrusions in Merlin.
Condor 93:433-437.

SokaL, R. R., anp E J. RoHLF. 1995. Biometry. 3rd
ed. W. H. Freeman, New York. :
TASKER, C. R., aND J. A. MiLLs. 1981. A functional
analysis of courtship-feeding in the red-billed gull
(Larus novaehollandiae). Behaviour 77:222-241.

WESTNEAT, D. E 1987. Extra-pair fertilizations in a
predominantly monogamous bird: genetic evi-
dence. Anim. Behav. 35:877-886.

WESTNEAT, D. E 1990. Genetic parentage in the indigo
bunting: a study using DNA fingerprinting. Behav.
Ecol. Sociobiol. 27:67-76.

WESTNEAT, D. E, AND P. W. SHERMAN. 1997. Density
and extra-pair fertilizations in birds: a comparative
analysis. Behav. Ecol. Sociobiol. 41:205-215.

WESTNEAT, D. E, P. W. SHERMAN, AND M. L. MORTON.
1990. The ecology and evolution of extra-pair
copulations in birds. Current Ornithol. 7:331-369.



