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ABSTRACT.--We used two different methods to estimate the density of nesting Peregrine 
Falcons (Falco peregrinus) across different parts of northern Eurasia. In the "territory-den- 
sity" method, we extrapolated our density estimate of 406 km 2 per territory (95% CI = 295 
to 650 km 2 per territory) in a high-density area, the Pyasina basin on the Taymyr Peninsula, 
to other similar areas across the range defined by published estimates. To estimate numbers 
in low-density areas, we used published data that suggested that Peregrine Falcon territories 
occur every 1,000 km 2. Based on the nesting association between Peregrine Falcons and Red- 
breasted Geese (Branta ruficollis), we used a second, post hoc method to provide a compar- 
ative estimate where the ranges of the two species overlap. This model was based primarily 
on the population ecology of the Red-breasted Goose and included parameters such as the 
proportion of the goose population nesting with peregrines, the proportion of peregrine 
pairs associated with geese, goose population size, and three other variables. Some of these 
variables were already known, whereas others had been estimated as part of another study. 
The territory-density and nesting-association methods led to estimates of 1,586 (95% CI = 
991 to 2,179) and 2,417 (95% CI = 1,306 to 3,528) falcon territories, respectively, across the 
common range of Peregrine Falcons and Red-breasted Geese; the first method suggested a 
population of 3,652 falcon territories (95% CI = 2,282 to 5,018) across the entire range F. p. 
calidus. Although both approaches entailed several major assumptions, together they provide 
the only quantitative estimate of this remote population of Peregrine Falcons. Received 26 
February 1999, accepted 1 October 1999. 

THE REMOTENESS of the breeding grounds of 
Peregrine Falcons (Falco peregrinus) in northern 
Eurasia means that little is known about their 

numbers in this region. Even in North America, 
where Peregrine Falcons are relatively well 
studied, the continental estimate of 7,000 to 
10,000 breeding pairs before the pesticide-in- 
duced decline in numbers was extrapolated 
from suitable information from only a few ar- 
eas (Kill 1988). Kolosov (1983) suggested that 
the Peregrine Falcon population east of the Ural 
Mountains contained several thousand pairs, 
but no firm estimate of numbers relates specif- 
ically to the range of F. p. calidus, which is the 
most widespread subspecies in the region. 

Much of the literature on Peregrine Falcon 
densities in northern Eurasia relates to a time 

when the population was severely depressed 
by pesticides (e.g. Ivanov et al. 1983, Kokorev 
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1995), but numbers have increased since then 
(Quinn et al. 2000), as they have in many other 
parts of the world (Enderson et al. 1995). A cur- 
rent population estimate is needed to help as- 
sess the influence that trapping for falconry has 
on the population as it migrates through Eur- 
asia (Eastham et al. 2000). 

Here, we estimate the size of the E p. calidus 
population by extrapolation using density es- 
timates from our study area in Taymyr and by 
classifying regions across the entire range into 
those likely to hold low or high densities. We 
also use a second method to verify the estimate 
across part of the range by applying a model 
that incorporates population parameters linked 
to the nesting association of Red-breasted 
Geese (Branta ruficollis) with Peregrine Falcons 
and other birds of prey. The geese are thought 
to depend heavily on Peregrine Falcons to 
maintain an area free of terrestrial predators, 
especially arctic foxes (Alopex lagopus), around 
goose nests (e.g. Dementiev and Gladkov 1951, 
Kretschmar and Leonovich 1967). Although 
many nesting associations have been described 
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FIG. 1. Map of the Russian Federation showing the breeding range of Falco peregrinus calidus. Numbers 
refer to subdivisions of the range named in Table 1. The Red-breasted Goose's range is limited to areas 1 
through 5. 

(e.g. Bogliani et al. 1992, Ueta 1994, Larsen and 
Grundetjern 1997), Red-breasted Geese are 
possibly unique among bird species in the ex- 
tent to which this association occurs. Of the 23 

Peregrine Falcon nests found by Kretschmar 
and Leonovich (1967), 19 had Red-breasted 
Geese nesting next to them. Kostin and Mooiji's 
(1995) data agree with these findings, as do 
ours. We suggest that the nesting-association 
model can provide a useful way to verify the 
scale of the estimate provided by the first meth- 
od. Furthermore, it describes an unusual sce- 
nario in which the population of one species 
theoretically can be estimated using parame- 
ters based entirely on the population of another 
species. We do not necessarily suggest that it 
should become a standard way to monitor the 
falcon population. In our case, it was possible 
to do so on a post hoc basis because the param- 
eter estimates were already available or could 
be easily derived. Some of the parameters can 
be estimated annually with ease, for example 
the population size of Red-breasted Geese. 
Others parameter estimates are more difficult 
to obtain, however, so the nesting-association 
method may not always be a cost-effective al- 
ternative to the standard territory-density 
method. 

STUDY AREA AND METHODS 

The breeding range of F. p. calidus stretches east- 
ward from the White Sea near the border of Fenno- 

scandia and Russia (35øE) to the Lena Delta (130øE) 
and lies above 62øN (White and Boyce 1988, Stepan- 

yan 1995; Fig. 1), but the exact locations of the 
boundaries are uncertain. Peregrine Falcons in 
northern Fennoscandia generally are believed to be- 
long to the nominate race, although they may belong 
to F. p. calidus (C. J. Henny pers. comm.). The breed- 
ing range of the Red-breasted Goose occurs above 
65øN and includes the Yamal (70øE), Gydan (80øE), 
and Taymyr (100øE) peninsulas (Krivenko 1983, 
Hunter and Black 1996) and covers approximately 
40% of the entire range of F. p. calidus. Seventy per- 
cent of the Red-breasted Goose population is 
thought to occur on Taymyr (Kostin 1985), which 
stretches from 71 to 78øN and 80 to 114øE and is the 

most northerly part of the Eurasian continent. The 
data presented in this paper were collected along 823 
km of river in the Pura and Pyasina basins in the tun- 
dra zone of western Taymyr (Fig. 2) each breeding 
season from 1995 to 1998. 

Territory-density method.--Peregrine Falcons nor- 
mally nest near water (Ratcliffe 1993), and our ex- 
perience in Taymyr supports this generalization. 
Therefore, our searches for occupied territories 
(hereafter "territories") were limited to the banks of 
selected rivers and tributaries in the Pyasina and 
Pura basins. We defined a territory as any location to 
which one or more Peregrine Falcons were attached, 
irrespective of whether we found an eyrie. 

The distance along a river between territories and 
the straight-line distance between territories were 
calculated to facilitate classification of low- and high- 
density areas across the entire range of P. p. calidus. 
The territory-density estimate for the Pyasina and 
Pura basins was extrapolated to other high-density 
areas identified in the literature. Territory density 
was estimated by assuming that the mean and vari- 
ance in linear density (territories per linear 100 km) 
along rivers actually surveyed (823 km) were similar 
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Ftc. 2. Map of Taymyr showing the location of the Pura and Pyasina rivers (all other rivers not shown). 
The square inset shows the area (69,936 km •) in which all river lengths were measured and used to estimate 
the density of Peregrine Falcons by extrapolation. 

to those along unsurveyed rivers (4,900 km) over a 
wider sample area of 69,936 km • (see Fig. 2). Lengths 
of rivers were estimated from aeronautical maps 
(scale 1:1,000,000). Variance was estimated for nine 
approximately equal river stretches that we surveyed 
in 1997 (total length 823 km, each corrected to ter- 
ritories per 100 km). The average area per territory 
was then estimated by dividing the total area by the 
predicted total number of territories present (+95% 
CI). Strictly speaking, this estimate is only an indi- 
cator of density because it is expressed as an area per 
unit rather than vice versa. We took this approach 
because most of the existing literature is expressed 
in this manner. 

Peregrine densities in the shrub tundra of Yamal 
and northeastern Europe are thought to be much 
lower than those on the true tundra, and we have de- 

fined shrub-tundra sites as low-density areas for per- 
egrines (Danilov et al. 1984, Morozov 1991). Moro- 
zov (1991) found a density of 1,000 km • per territory 
in the shrub tundra of Bolshezemelskaya, which is 
the only recent published estimate for a low-density 
area. No dispersion statistics were given, so we used 
the proportionate CI that we found in the Pyasina ba- 
sin to construct a "best option" confidence interval 
around Morozov's estimate. 

Nesting-association method.--The nesting-associa- 
tion method assumes that the number of Peregrine 
Falcon territories (P) is related to the number of Red- 
breasted Goose colonies (N) associated with them. 
An explicit model can be derived as follows: 

P = N/E, (1) 

where E is the proportion of eyries associated with 

geese. The number of goose colonies in the popula- 
tion can be predicted from: 

N = BC/2K, (2) 

where B is the number of geese that breed in a given 
year, C is the proportion of B that nest with falcons, 
and K is the mean colony size converted from birds 
to pairs. The number of geese that breed in a given 
year is determined by: 

B = GDA, (3) 

where G is the size of the goose population, D is the 
proportion of G capable of breeding, and A is the 
proportion of D that attempts to breed in a year. 
Thus, the final model is: 

GDAC 
P - (4) 

2EK 

The relative contribution each parameter makes to 
the error of the falcon population estimate can be cal- 
culated from: 

[r2fDAC• • r2fGAC• • r•fGDC• • 

•[GDA• • / GDAC• • 

r2[_GDAC•q •'2 

where r is the probable error (half of the total 95% 
CI) of a given parameter Z. When rz is multiplied by 
the first derivative of the model with respect to Z, 
and the result is then squared, a relative estimate of 
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TABLE 1. Estimates of number of pairs of E p. calidus calculated with the territory-density method in different 
geographic areas that overlapped with nesting Red-breasted Geese and for the remainder of the range, 
1995 to 1998. Numbers in the left column refer to locations in Figure 1. 

Estimated no. of pairs 

Geographic area Area (km 2) Density a Mean Minimum Maximum 

Red-breasted Goose range 
(1) Yamal 98,880 High 244 152 335 
(2) Gydan 133,488 High 329 205 453 
(3) South Gydan 365,856 Low 366 229 501 
(4) Central Taymyr 118,656 High 292 183 402 
(5) North and South Taymyr 355,968 Low 356 222 488 

Subtotal 1,586 991 2,179 

Rest of range 
(6) Severodvinsk to Yamal (South) 341,136 Low 341 213 467 
(7) Severodvinsk to Yamal (North) 365,836 High 901 563 1,240 
(8) Novaya Zemlaya 24,720 High 61 38 84 
(9) Severnaya Zemlaya -- None 0 0 0 

(10) Putorana Mountains -- None 0 0 0 
(11) Lower Lena 153,264 High 377 236 520 
(12) Upper Lena 385,632 Low 386 241 528 

Subtotal 2,066 1,291 2,839 
Total 2,343,436 3,652 2,282 5,018 

High = 406 km 2 per territory (95% CI = 295 to 650); low = 1,000 km 2 per territory (95% CI = 730 to 1,600). 

the contribution of each parameter Z's error to the 
overall error of P can be made (from Boas i983). The 
square root of the sum of these errors gives a 95% CI 
for P. This is a good estimate if the parameters do not 
covary, which should be the case because all of the 
variables were estimated independently. 

Estimates and errors for these parameters were 
taken from our data, the literature, and from unpub- 
lished data and are detailed in the Results. We sur- 

veyed the Pura River and several of its tributaries (to- 
tal length 250 km) in the summers of 1995 to 1998 to 
estimate C and K. Areas where Red-breasted Geese 

were seen along the rivers one to two weeks after in- 
cubation began in early July were searched for nests. 
These were usually near nests of raptors or on is- 
lands. Areas away from riverbanks were not 
searched intensively because, like Peregrine Falcons 
in the arctic, Red-breasted Geese are believed to nest 
exclusively near water. The likelihood that breeding 
pairs of geese were missed during incubation was 
tested by comparing the number of broods seen on 
the rivers in late July with the number of goose pairs 
found, accounting for nests that did not hatch. As- 
suming low mortality, as normally happens in a peak 
lemming year when predation pressure is low, the 
number of broods seen should be the same as the 

number of nests found. Predation pressure was very 
high in 1995 and 1997, when only 30% (n = 67 nests) 
and 19% (n = 18 nests) of the broods, respectively, 
that were estimated to have hatched were subse- 

quently seen on the rivers. Therefore, a comparison 
was possible only in 1996, when lemming abundance 
was high and predation pressure was very low. Bro- 

ken eggshells in a nest are a good indicator of hatch- 
ing success for Barnacle Geese (Branta leucopsis; J. 
Prop pers. comm.) and Brant (Branta bernicla; B. Eb- 
binge pers. comm.) because predators habitually 
take eggs away from the nests before consumption. 

RESULTS 

Nest spacing and territory density in the Pyasina 
basin.--The average distance between falcon 
territories was 29.2 ___ SE of 4.7 km (n = 27) 
along rivers and 23 ___ 4.2 km measured in a 
straight line. Territories were closer on the Pura 
River (œ = 20.7 + 6.3 km along the river, n = 
12) than on the lower and middle reaches of the 
Pyasina River (œ = 36.1 ___ 6.5 km, n = 15). On 
one part of the Pura, six territories were only 
7.2 ___ 2.5 km apart. The mean number of ter- 
ritories per 100 km in the nine river stretches 
was 3.01 ___ 95% CI of 1.13 based on a Poisson 

distribution (variance and mean test for a Pois- 
son distribution, X 2 = 10.1, df = 8, P > 0.25). 
This suggests that 172 territories (95% C! = 108 
to 237) occurred in the 69,936-km 2 study plot, 
leading to a density of 406 km 2 per territory 
(95% C! = 295 to 650 km • per territory). 

Classifying low- and high-density regions.--We 
split the range of F. p. calidus into 12 geographic 
areas (Table 1) that we classified as holding ei- 
ther high or low densities of falcons. Among 
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the high-density areas, Kalyakin (1983) esti- 
mated a density of 800 km 2 per territory on the 
Yamal Peninsula, although the population 
numbers were depressed at the time of the es- 
timate. Subsequently, Mechnikova and Gizza- 
tova (1991) suggested a density of 270 to 416 
km 2 per territory. No information is available 
for the neighboring Gydan Peninsula, but we 
assume that densities there are similar Only 
one detailed study has occurred in the coastal 
zone from Severodvinsk to Yamal (North). Mo- 
rozov (1991) estimated one pair of falcons ev- 
ery 592 km • in a 41,500-km 2 area. Populations 
may well have increased since then, so the cur- 
rent density there is likely to be similar to that 
on Taymyr. Peregrine Falcons are absent from 
northern Novaya Zemlaya (Snow and Perrins 
1998), but coastal populations in the south are 
also assumed to be of high density. Uspenski et 
al. (1962) reported that distances between nests 
along the lower and upper Lena River were 15 
to 20 km and 30 to 40 km, respectively. Al- 
though the Lena delta itself may hold a higher 
density than we found in the Pyasina basin, we 
assumed that densities over the larger region 
are likely to be more similar to those in central 
Taymyr. 

Morozov's (1991) estimate of 1,000 km • per 
pair of falcons in the area from Severodvinsk to 
Yamal (South) provides the only data from any 
of the four low-density regions. Northern Tay- 
myr has an arctic desert landscape, and Pere- 
grine Falcons are thought to occur there in low 
densities (Y. Kokorev pers. obs.). Peregrine Fal- 
cons are said to be effectively absent in the Pu- 
torana Mountains (Y. Kokorev pers. obs.) and in 
Severnaya Zemlaya (Rogacheva 1988). 

Population estimate.--The 95% CI for the low- 
density areas (1,000 km • per territory) was tak- 
en to be similar to the interval found for high- 
density areas, i.e. -27% and +60%, or 730 to 
1,600 km 2 per territory. Applying this and the 
high-density values to regions outlined in Table 
1 gave an estimated population of 3,652 occu- 
pied territories (95% CI = 2,282 to 5,018), of 
which 1,586 (95% CI = 991 to 2,179) were with- 
in the range of the Red-breasted Goose. 

Defining parameter values and errors for the nest- 
ing-association method.--Parameter values used 
in the model and their errors are summarized 

in Table 2. The mean number of Red-breasted 

Goose pairs nesting with falcons (K) varied 
from 2.57 + 0.65 (n = 7) in 1997 to 4.89 ___ 1.43 

0000• 
• 000000 
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(n = 9) in 1996. The weather was highly unusu- 
al in 1997 (early snow melt in spring followed 
by the return of cold temperatures in June), and 
only 39 pairs of geese attempted to breed, com- 
pared with 93 and 105 pairs in 1995 and 1996, 
respectively. Only 49 pairs were found in 1998, 
but this was due to an incomplete survey rather 
than few pairs attempting to breed. Mean col- 
ony size did not differ among the more typical 
years of 1995, 1996, and 1998 (ANOVA, F = 
0.096, df = 2 and 20, P = 0.91), so we used the 
combined mean for these three years (K = 4.52 
+ 0.66, n = 23), which was similar to estimates 
from other areas. Dementiev and Gladkov 

(1951) stated that the mean size of goose colo- 
nies varied from 4 to 5 pairs, and Kostin and 
Mooiji (1995) found that annual mean colony 
size varied from 3.6 to 7.5, although the latter 
range almost certainly included colonies on is- 
lands without raptors (these colony sizes tend 
to be more variable). 

No published data are available on the pro- 
portion of goose pairs that nest with Peregrine 
Falcons, but Kostin and Mooiji (1995) found 
that in the middle reaches of the Pyasina, 48% 
of colonies were associated with falcons. 

Kretschmar and Leonovich (1967) found that 19 
out of 23 peregrine eyries were associated with 
Red-breasted Geese. In our study, 24% of goose 
pairs in 1995, 47% in 1996, and 46% in 1997 
nested with peregrines. The 1995 sample was 
strongly biased because few falcon eyries were 
checked, and an unusually large colony of 37 
pairs of Red-breasted Geese occurred on an is- 
land with no raptors. In 1998, 78% of 49 pairs 
were associated with falcons, but these data 
also were biased because we visited goose col- 
onies on islands (away from falcons) only after 
we suspected they had been flooded and when 
all traces of failed nests would have disap- 
peared. The number of broods that we saw in 
1996 (n = 83) exceeded the estimated number 
of pairs whose eggs hatched successfully (n = 
69), suggesting that 17% of pairs had not been 
detected during incubation. Along one small 
tributary that we observed intensive13• eight 
broods came from nests near falcons, but we 

found 10 broods in total, suggesting that 20% 
of the pairs nested away from falcons and were 
overlooked. For the model, we assumed that 
17% of the goose pairs were undetected in 1996 
and 1997, which means that on average 40% (C) 
of the pairs nested near Peregrine Falcons. The 

95% CI for a binomial sample with n = 163 is 
0.321 to 0.483, half of which was taken as the 
probable error (Steel and Torrie 1981). 

From 1960 to 1962, Kretschmar and Leono- 
vich (1967) found that 19 of 23 Peregrine Falcon 
eyries (E = 0.83) in the Pyasina basin were as- 
sociated with Red-breasted Geese, as were 11 
of 12 eyries on the Pura River in 1996 (E = 0.92). 
The association was less marked in 1995 (6 of 
11) and 1997 (6 of 10) because several eyries 
were located in atypical rocky areas where no 
suitable feeding habitat for geese existed. We 
used Krechmar and Leonovich's (1967) esti- 
mate because it was based on the largest sam- 
ple size. From the binomial confidence limits 
tables, the probable error with n = 23 is 0.158 
(Table 2). 

The Red-breasted Goose population (G) in 
winter was estimated to be about 70,000 indi- 
viduals (Hunter and Black 1996). Surveys on 
staging sites in Kazakhstan in autumn 1997 
suggest that the population could have been as 
high as 88,000 (Aarvak et al. 1997). We set the 
population at the mid-point of these two esti- 
mates (79,000) and suggest a conservative 
probable error of +_ 9,000 individuals (Table 2). 

Estimates of the proportion of geese nesting 
in lemming-poor years (6% in 1995, n = 3,765; 
9% in 1997, n = 1,008) do not represent the pro- 
portion of potential breeders in the entire pop- 
ulation because many geese fail early or do not 
attempt to breed. Conditions on the Pura River 
in 1996 were ideal, and 76% of all adults pre- 
sent attempted to breed (n = 306). Cramp and 
Simmons (1977) stated that, based on more ex- 
tensive surveys undertaken in 1972 and 1973, 
60% of 25,000 Red-breasted Geese counted 

were thought to be breeding adults. Similarly, 
70% of the intensively studied Svalbard popu- 
lation of Barnacle Geese (Branta leucopsis) were 
potential breeders in any one year (D = 0.7, 
range 63 to 77%; J. M. Black unpubl. data), and 
82% of these attempted to breed (A = 0.82, 
range 74 to 89%; Prop et al. 1984). We used the 
latter data because they refer to an entire inten- 
sively studied population of a closely related 
goose species. 

Population estimate and error from the nesting- 
association method.--Using the above parame- 
ters in the model gave an estimated Peregrine 
Falcon population across the Red-breasted 
Goose's range of 2,417 _+ 95% CI of 1,111 ter- 
ritories, compared with 1,586 territories from 
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the territory-density method. Fifty-eight per- 
cent of the total error was accounted for by two 
of the parameters: mean colony size of geese 
and the proportion of geese nesting with fal- 
cons (Table 2). 

DISCUSSION 

Territory-density method.--The bias toward 
surveying major rivers could be an important 
source of error in our estimate of 406 km 2 per 
falcon territory. Tributaries were difficult to 
survey because they remained frozen longer 
and often became unnavigable soon after water 
levels dropped following the snow melt. In Fin- 
land, Peregrine Falcons nest primarily on the 
ground near lakes and boggy pools (Wikman 
1990), a habit that also may occur in some parts 
of Siberia, although we found no evidence for 
this on the numerous lakes we visited in the 

Pyasina basin. Peregrine Falcons from recov- 
ering populations in arctic and subarctic North 
America sometimes nest 5 to 10 km from rivers 

at sites that previously were thought to be sub- 
optimal (C. White pers. comm.). Current evi- 
dence from Taymyr indicates that the popula- 
tion has increased substantially since the late 
1970s (Quinn et al. 2000). The population is still 
thought to be below carrying capacity, howev- 
er, so these peregrines probably are not nesting 
in suboptimal habitats. 

The actual variation in density is likely to be 
more complex than assumed here. One terri- 
tory every 17 km 2 has been found in some 
North American coastal areas (Court et al. 
1988), although 2 to 300 km 2 per territory is 
more usual (Bromley and Matthews 1988, Falk 
and Moller 1988). Use of the value 1,000 km 2 per 
territory for low-density areas is based entirely 
on Morozov's (1991) assertion that this is a typ- 
ical value for the shrub tundra where most of 

the low-density areas are likely to be. At low- 
density areas on the Kolmya peninsula, which 
is outside the range of F. p. calidus but at a sim- 
ilar latitude, the typical density is between 800 
and 1,600 km 2 per territory (E. Potapov pers. 
comm.), supporting Morozov's estimate and 
our assumption. We found no published data 
for similar habitats in North America, although 
in boreal regions Peregrine Falcons occur in 
densities as low as 5,000 km 2 per pair (Ratcliffe 
1993). More data on falcon densities across a 
wider range of habitat types in Siberia are 
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F•c. 3. Simulated population estimates for Pere- 
grine Falcons from the nesting-association model rel- 
ative to (A) percentage changes in a single numerator 
(solid circles) or denominator variable (open circles). 
For some parameters, the maximum percentage 
change does not reach +50% because the proportion 
1 cannot be exceeded. (B) Simulated population es- 
timates for Peregrine Falcons when C = 0.4 and K = 
4.52 (outer set of arrows) compared with a +20% 
change in K at the same time as a -20% change in C 
(inner set of arrows). To the left of 0 on the x-axis, 
values of C are lower than 0.4, and values of K are 
higher than 4.52 pairs. 

needed to improve the accuracy of the popu- 
lation estimate for E p. calidus. 

Nesting-association method.--Two different 
methods gave similar estimates for the popu- 
lation of F. p. calidus across part of its range. The 
disparity could be explained by the parameter 
values not being applicable across the entire 
range of Red-breasted Geese. The effect on the 
population estimate of varying individual pa- 
rameters is simulated in Figure 3A. Fixed var- 
iations had the same effect on the population 
estimate for all numerator and denominator pa- 
rameters. Varying any one parameter by +20% 
resulted in a 16 to 25% change in the predicted 
population size. 

The proportion of geese that nested with Per- 
egrine Falcons (C) and mean colony size (K) 
were the two most important sources of error 
in the model. Intuitively, C is unlikely to be 
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FIG. 4. Counts of the Red-breasted Goose popu- 
lation and trends in Peregrine Falcon density (terri- 
tories per 100 km) on the Pura and Pyasina rivers in 
Taymyr (Hunter and Black 1996, Quinn et al. 2000). 
Lines of best fit were added using a regression-based 
"trendline" function on a spreadsheet package. 

higher than 0.4 at the population level but could 
be lower. For example, in the Pura basin in 1996, 
32% of the Red-breasted Goose pairs that we 
found (J. Quinn unpubl. data) were associated 
with Snowy Owls (Nyctea scandiaca), a species 
that may be more important to the geese across 
their entire range than our data suggest. K also 
may be higher than our data suggest because 
most colonies were visited one to two weeks af- 

ter egg laying began, so we probably missed 
some early failures. Figure 3B shows the sim- 
ulated effect on the population estimate of a 
positive change in K at the same time as a neg- 
ative change in C. For example, if the true value 
of C was 0.32 (-20%) and that of K was 5.42 
(+20%), this would give a population estimate 
of 1,612 ___ 740 (95% CI using the same probable 
errors). The proportion of eyries associated 
with geese (E) contributed the third largest er- 
ror to re (Table 2). Some falcons are likely to 
nest on the coast where there are few reports of 
nesting Red-breasted Geese. This is probably 
the only parameter that currently might lead to 
an underestimate of the Peregrine Falcon pop- 
ulation. 

The assumptions that our estimates of the 
proportion of eyries associated with geese and 
the proportion of geese that nested with falcons 
are unbiased can be confirmed only by data col- 
lected from other areas. Further evidence sup- 
porting the latter assumption is provided by 
the long-term trends of both species (Fig. 4). 
Hunter and Black (1996) have summarized data 
on numbers of Red-breasted Geese, and Quinn 
et al. (2000) provided information on long-term 
trends in Peregrine Falcon densities in Siberia. 

Despite large fluctuations in counts of Red- 
breasted Geese, their numbers consistently 
were almost 50% lower in the 1970s and 1980s 

when the Peregrine Falcon population was de- 
pressed. Counts increased in the late 1980s 
when the falcon population was recovering. Al- 
though other factors also may have influenced 
goose numbers, we believe that our model pro- 
vides a convincing reason for those interested 
in monitoring populations of Peregrine Falcons 
to take note of population trends in Red-breast- 
ed Geese and vice versa. 

We suggest that future use of the nesting-as- 
sociation method include new estimates for all 

of the parameters, ideally with information 
from several parts of the range of the Peregrine 
Falcon. Admittedly, to do so may require the 
same effort that would be needed to replicate 
density estimates across the falcon's range. The 
population size of Red-breasted Geese, how- 
ever, is relatively easy to estimate because the 
geese use a small number of key sites in the 
nonbreeding season (Hunter and Black 1996, 
Aarvak et al. 1997). As biologists in the home 
countries of the Red-breasted Goose begin to 
study the geese more intensively, it may not be 
long before a better understanding of the pop- 
ulation dynamics of the geese can aid in future 
attempts to estimate breeding densities of Per- 
egrine Falcons. 

Although neither of the two methods provide 
a statistically rigorous population estimate, the 
similarity between the results derived from 
these different approaches strengthens their 
credibility. Our results suggest that the popu- 
lation of E p. calidus within the range of the Red- 
breasted Goose is on the order of 1,500 to 2,000 
territories and that the entire population con- 
tains about 3,580 territories. Referring to the 
period before the pesticide crash, Kolosov 
(1983) suggested that a population of several 
thousand pairs occurred east of the Ural Moun- 
tains. Given that most of Russia's Peregrine Fal- 
cons occur in the arctic, our estimate of the cur- 
rent population size of F. p. calidus supports Ko- 
losov's claim. 

ACKNOWLEDGMENTS 

This work was carried out while J. Quinn was 
reading for a Ph.D. at the University of Oxford and 
was funded primarily by the National Avian Re- 
search Center (NARC), Abu Dhabi. Additional sup- 
port was provided by the Peter Scott Trust for Edu- 



April 2000] Peregrines in Northern Eurasia 463 

cation and Research in Conservation and the Euro- 

pean Union INTAS fund. Thanks to the hunters and 
fishermen of Taymyr, whose logistical support was 
essential to the success of this project and to the fol- 
lowing who helped with data collection: Seth Lay- 
man, Janet Hunter, Nick Fox, Chris Eastham 
(NARC), and Sonya Rosenfield. Thanks also to Nick 
Fox, Jouke Prop, Jeff Black, Paul Donald, and Chris 
Perrins for commenting on the manuscript and to 
Lady Scott for her encouragement. Clayton White, 
James Nicholls, and another anonymous referee 
made very useful suggestions. Robert Payne and 
Mario Cortina-Borjia provided advice on analysis of 
parameter errors. Thanks to Eugene Potapov for 
helpful discussion, Mike Wilson for help with trans- 
lations of papers, and Helen Macdonald for logistical 
support away from the field. 

LITERATURE CITED 

AARVAK, T., I. J. OiEN, E. E. SYROECHKOVSKi, JR., AND 
I. KOSTADINOVA. 1997. The Lesser White-front- 

ed Goose monitoring program. Annual report 
1997. Norwegian Ornithological Society, NOF 
Rapportserie, Report No. 5-1997. 

BOAS, M. L. 1983. Mathematical methods in the phys- 
ical sciences, 2nd ed. John Wiley and Sons, New 
York. 

BOGLIANA, G., E. TISO, AND E BARBIERi. 1992. Nesting 
association between the Woodpigeon (Colurnba 
palurnbus) and the Hobby (Falco subbuteo). Jour- 
nal of Raptor Research 26:263-265. 

BROMLEY, R. G., AND S. B. MATTHEWS. 1988. Status of 
the Peregrine Falcon in the MacKenzie River Val- 
ley, Northwest Territories, 1969-1985. Pages 59- 
63 in Peregrine Falcon populations: Their man- 
agement and recovery (T. J. Cade, J. H. Enderson, 
C. G. Thelander, and C. M. White, Eds.). The Per- 
egrine Fund, Boise, Idaho. 

COURT, G. S., D. M. BRADLEY, C. C. GATES, AND D. A. 

BOAG. 1988. The population biology of Peregrine 
Falcons in the Keewatin District of the North- 

west Territories, Canada. Pages 729-739 in Per- 
egrine Falcon populations: Their management 
and recovery (T. J. Cade, J. H. Enderson, C. G. 
Thelander, and C. M. White, Eds.). The Pere- 
grine Fund, Boise, Idaho. 

CRAMP, S., AND K. E. L. SIMMONS, (Eds.). 1977. The 
birds of the western Palearctic, vol. 1. Oxford 

University Press, Oxford. 
DANILOV, N. N., V. N. RYZHANOVSKIY, AND V. K. RY- 

ABITSEV. 1984. Birds of Yamal. Nauka, Novosi- 
birsk, Russia. 

DEMENTIEV, G. P., AND N. A. GLADKOV. 1951. The 
birds of the Soviet Union, vol. 1. Soviet Science, 
Moscow. 

EASTHAM, C., N. FOx, AND J. L. QUINN. 2000. Saker 
(Falco chefrug) and Peregrine Falcons (Falco per- 
egrinus) in Asia: Determining migration routes 

and trapping pressure. In press in Proceedings 
of the V World Conference on Birds of Prey and 
Owls (B.-U. Meyburg and R. D. Chancellor, Eds). 
Hancock House, Blaine, Washington. 

ENDERSON, J. H., W. HEiNRiCH, L. KIFF, AND C. M. 
WHITE. 1995. Population changes in North 
American Peregrines. Transactions of the North 
American Wildlife and Natural Resources Con- 

ference 60:142-161. 

FALK, K., AND S. MOLLER. 1988. Status of the Pere- 
grine Falcon in south Greenland: Population 
density and reproduction. Pages 37-43 in Pere- 
grine Falcon populations: Their management 
and recovery (T. J. Cade, J. H. Enderson, C. G. 
Thelander, and C. M. White, Eds.). The Pere- 
grine Fund, Boise, Idaho. 

HUNTER, J. M., AND J. M. BLACK. 1996. International 
action plan for the Red-breasted Goose (Branta 
ruficollis). Pages 79-98 in Globally threatened 
birds in Europe (B. Heredia, L. Rose, and M. 
Painter (Eds.). Council of Europe Publishing, 
Strasbourg, France. 

IVANOV, G. K., V. G. KRiVENKO, AND I. Oo KOSTIN. 

1983. The Peregrine Falcon in Taymyr. Rare, en- 
dangered and little studied birds of the USSR. 
Oka Nature Reserve, issue 2. (In Russian). 

KALYAKIN, V. N. 1983. Fauna of birds of prey and sta- 
tus of rare species populations in the Southern 
Yamal. Pages 120-124 in Ecology of birds of 
prey: Materials of the 1st meeting on ecology 
and conservation of birds of prey. Nauka, No- 
vosibirsk, Russia. 

KiFF, L. E 1988. Changes in the status of the Pere- 
grine in North America: An overview. Pages 
123-139 in Peregrine Falcon populations: Their 
management and recovery (T. J. Cade, J. H. En- 
derson, C. G. Thelander, and C. M. White, Eds.). 
The Peregrine Fund, Boise, Idaho. 

KOKOREV, J. I. 1995. Zur Bestandssituation des Wan- 
derfalken (Falco peregrinus), der Rothalgans 
(Branta ruficollis) und des Zwergschwanes (Cyg- 
nus bewickii) auf Taimyr. Corax 16:98-107. 

KOLOSOV, A.M. (Ed.). 1983. Krasnaya Kniga RSFSR. 
Rossyelkhozizdat, Moscow. 

KOSTIN, I. O. 1985. Biology of Rubifrenta ruficollis and 
problems of its conservation. Ph.D. dissertation, 
University of Moscow, Moscow. 

KOSTIN, I. O., AND J. H. MooIJI. 1995. Influence of 
weather conditions and other factors on the re- 

productive cycle of Red-breasted Geese (Branta 
ruficollis) on the Taymyr Peninsula. Wildfowl 46: 
45-54. 

KRETSCHMAR, A. V., AND V. V. LEONOViCH. 1967. Dis- 

tribution and biology of the Red-breasted Goose 
during the nesting period. Problems of the 
North 11:229-234. 

KRiVENKO, V. G. 1983. Red-breasted Goose. Pages 
177-180 in The Red Data book of the USSR. An- 



464 QUINN AND KOKOREV [Auk, Vol. 117 

imals (A.M. Kolusov, Ed.). Rossyelkhozizdat, 
Moscow. 

LARSEN, t., AND S. GRUNDETJERN. 1997. Optimal 
choice of neighbour: Predator protection among 
tundra birds. Journal of Avian Biology 28:303- 
308. 

MECHNIKOVA, S. A., AND g. g. GIZZATOVA. 1991. 
Some data on numbers and distribution of birds 

of prey in the southern Yamal. Pages 72-74 in 
Materials of the 10th All-Union Ornithological 
Conference. Navuka i tekhnika, Part 2, Book 2. 
Minsk, Belarus. 

MOROZOV, V. V. 1991. The Peregrine Falcon and Gyr- 
falcon in the far north east of Europe. Bulletin of 
Moscow Naturalist's Society 96:57-65. 

PROP, J., M. R. VAN EERDEN, AND R. H. DRENT. 1984. 
Reproductive success of the Barnacle Goose 
(Branta leucopsis) in relation to food exploitation 
on the breeding grounds, western Spitsbergen. 
Norsk Polarinstitutt Skrifter 181:87-118. 

QUINN, J. L., Y. KOKOREV, J. PROP, N. Fox, AND J. M. 
BLACK. 2000. Are Peregrine Falcons in Northern 
Siberia still affected by organochlorines? In 
press in Proceedings of the V World Conference 
on Birds of Prey and Owls (B.-U. Meyburg and 
R. D. Chancellor, Eds). Hancock House, Blaine, 
Washington. 

RATCLIFFE, D. A. 1993. The Peregrine Falcon, 2nd ed. 
T and A D Poyser, London. 

ROGACHEVA, E. V. 1988. Birds of Middle Siberia. 
Nauka, Novosibirsk, Russia. 

SNOW, D. W., AND C. g. PERRINS. (Eds.). 1998. The 
birds of the western Palearctic, concise edition. 
Oxford University Press, Oxford. 

STEEL, R. G. D., AND J. H. TORRIE. 1981. Principles and 
procedures of Statistics: A biometrical approach, 
2nd ed. McGraw-Hill, Hamburg, Germany. 

STEPANYAN, L. S. 1995. A review of taxonomic con- 

cepts for the Peregrine Falcon Falco peregrinus 
subspecies in the western Palearctic. Acta Or- 
nithologica 30:27-29. 

UETA, M. 1994. Azure-winged Magpies, (Cyanopica 
cyana), "parasitize" nest defence provided by 
Japanese Lesser Sparrowhawks, (Accipter gular~ 
is). Animal Behaviour 48:871-874. 

USPENSKI, S. g., g. L. BOEHME, S. G. PRIKLONSKIY, 
AND V. N. VEKHOV. 1962. Birds of northeast Yak- 

utia. Moscow University Press, Moscow. 
WHITE, C. g., AND D. A. BOYCE, JR. 1988. An over- 

view of Peregrine Falcon subspecies. Pages 789- 
810 in Peregrine Falcon populations: Their man- 
agement and recovery (T. J. Cade, J. H. Enderson, 
C. G. Thelander, and C. M. White, Eds.). The Per- 
egrine Fund, Boise, Idaho. 

WIKMAN, M. 1990. The Peregrine Falcon in Finland 
1980-89. Lintumnies 25:54-58. 

Associate Editor: K. L. Bildstein 


