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Abstract
A selected breeding population of Peregrine Falcons in the north of Spain 
were located at the classic distribution border between F. p. peregrinus and F. p. 
brookei. Thirty seven breeding pairs were monitored, resulting in the ringing 
of 442 chicks and adults with coloured rings over an eleven year period. 
During this time, fifty-seven phenotypic patterns were observed in wild 
breeding falcons, following such characteristics as the moustache, cheeks, the 
distribution and density of spots, and the colour of the middle-upper parts 
of the breast. The results show significant differences between sexes in the 
phenotypic patterns and a high rate of phenotypic combination, suggesting 
that there is insufficient evidence to classify this population as an F. p. brookei 
or F. p. peregrinus subspecies. Moreover, our results demonstrate the existence 
of an adult interchange in the population of about 357 km around the study 
area. Thus, the phenotypic variations could be extrapolated to Peregrines of 
the north of the Iberian Peninsula and even to those of south-western France. 
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Introduction
The subspecies concept has been widely used to designate geographical 
varieties (Mayr 1982). From the 1920's to the 1940's a great number of 
subspecies were described although, consequently, during the study of clines 
researchers found that there were no clear boundaries between more or less 
arbitrarily described subspecies’ distribution borders and paid little attention 
to them (Mayr 1982; White & Boyce 1988). Therefore subspecies are described 
as "a geographically defined aggregate of local populations which differ 
taxonomically from other subdivision of species" (O’Brien & Mayr 1991). 
This has profound conservational and management implications, because the 
classification of small populations as subspecies implies that large amounts of 
money must be earmarked for their conservation (see O’Brien & Mayr 1991). 

The Peregrine Falcon Falco peregrinus occupies a wide range of ecosystems 
(Ratcliffe 1993). Indeed, it has a wider geographic distribution than any other 
bird species (White et al. 1993). Depending on the environmental conditions 
(light, insolation, humidity, temperature and others) Peregrines display 
different plumages, varying in colour and morphs, but tend to be clinal 
in nature, at least on the continents (McNutt 1984; White 1987). Certain 
kinds of variation are, in some cases, discrete and sufficiently well-defined 
for subspecies (i. e. geographic races) to be recognised (White et al. 1993). 
Ferguson-Lees & Christie (2001) considered 16 subspecies of Falco peregrinus 
and established four groups depending on the colour characteristics: holartic 
white-cheeked (peregrinus, calidus, tundrius, japonensis and anatum), north Pacific 
fleck-cheeked (pealei and fruitii), Afro-Mediterranean (madens, brookei and 
minor) and southern hooded (radama, peregrinator, ernesti, nesiotes, macropus and 
cassini). Holartic Peregrines are characterised by a darker blackish head and 
bold moustaches in front of white to cream cheek-patches, white throat and 
otherwise cream to pinkish-buff below with greyer flanks and more or less 
black-flecked on chest. The North Pacific subspecies present white cheek-
patches more or less strongly dark-spotted and sometimes quite obscure. 
The Afro-Mediterranean subspecies are smaller, with variable rufous both 
on reduced cheek-patches and on nape-spots or broken collar, very pinkish 
and barred bellow. Finally, the southern hooded subspecies present the 
moustaches merging to varying extents into dark sides of the head to give  
a more or less helmeted look, emphasised by pale horizontal side-collars along 
bottom edge of cheeks. Other authors have considered the existence of even 
more subspecies, ranging in number from 19 to 22 (Dementiev 1951; Brown 
& Amadon 1968; White & Boyce 1988; Helbig et al. 1994), although more 
than 60 have been proposed (White 1987). Most populations (or subspecies) 
breeding in continental areas gradually merge morphologically into one 
another and show clines in characters, which reflect environmental pressures 
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and events in the genetic background (White et al. 1995). These authors 
explain how each different population may be given different names, such as 
happened in Europe historically, although differences were always based on 
physical characters (size, colour and marks). Recent research has attempted to 
identify correlations between phenotypic division and molecular data, finding 
little evidence in support when using mitochondrial DNA from cytochrome b 
genes in four subspecies (Seibold et al. 1993; Helbig et al. 1994) and partial 
evidence in some monomorphic subspecies using the fingerprinting technique 
(White et al. 1993). Some populations showed genetic markers which may 
not follow the geographical limits that morphometric data might suggest 
(White et al. 1995). Moreover, severe population declines in several European 
countries, as well as in North America, could originate differences in genetic 
variability, due to inbreeding factors and the introduction of Peregrines from 
other areas (Nesje et al. 2000). 

Three subspecies of Peregrine Falcon can be found in the north of 
the Iberian Peninsula, F. p. brookei, F. p. peregrinus and F. p. calidus. The first 
is the described breeding subspecies, while individuals from the other two 
subspecies are only observed in winter (Ratcliffe 1993; Zuberogoitia et al. 
2002). However, Zuberogoitia et al. (2002) and Zuberogoitia (2005) suggested 
that brookei and peregrinus could hybridise in the north of Spain as seen from 
the high rate of peregrinus phenotypes detected in the study area, and as seen 
in other species with similar subspecies distributions, such as the Barn Owl 
Tyto alba (White & Boyce 1988; Martínez et al. 2002). As a result, a mixed 
phenotype between both races would be expected. Our aim, therefore, was to 
test for phenotypic tendencies in a geographical boundary between subspecies 
by studying whether 1) the phenotypes of breeding animals fell in the range 
of F. p. brookei as all odds would suggest, 2) the phenotypes fell in the range 
of F. p. peregrinus, 3) a mixture of phenotypes (brookei and peregrinus) 4) or two 
subspecies living together without hybridisation. 

Study area
The study area (2384 km2) was in the province of Biscay (North of Spain). 
Man-made forests, pastures, small villages and densely populated cities make 
up the bulk of the province. The terrain is rugged, and elevation ranges from 
sea level to 1500 m in the Basque Mountains. The weather is temperate, 
with annual rainfall of 1000-1300 mm and mean annual temperatures of  
11-12oC. The study area was 100 km from the south-western boundary 
between peregrinus and brookei (Cramp 1985).
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Figure 1. Male a brookei phenotype ringed in the nest and recaptured two  years later - 
biometrics, pictures, moult sequence and notes about phenotype were taken 

Methods
The Peregrine Falcon population in Biscay was systematically monitored 
between 1997 and 2007 (Zuberogoitia 1997; Zuberogoitia et al. 2002). 
There were 52 breeding territories, although we followed 37 of them (evenly 
distributed over the study area) every year. Each year, the search for falcons 
started 30 days before the earliest local laying date recorded for the population 
(20th February, Zuberogoitia et al. 2002). Breeding pairs can be located easily 
at this time of year because they frequently engage in courtship displays. 
Nests can then be located by observing displaying individuals near the crags 
and sea cliffs where they will eventually breed. We identified Peregrines 
from their alphanumeric rings and individual markings. During the study 
period we ringed 442 Peregrines, chicks (426) and adults (16) with official 
rings (San Sebastian Ringing Scheme) and colour rings (Mekaniska) with an 
alphanumeric code for long distance observation. 

Fifty-seven colour patterns were obtained in the wild breeding falcons 
during the breeding seasons. We could not obtain the phenotypes of every 
breeding adult due to the difficulties of monitoring some individuals. Thirty-
one colour patterns were recorded photographically: 1) 16 patterns were 
recorded for trapped Peregrines which were also measured and ringed. 
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Trapping was conducted at the nest sites when nestlings could thermo-
regulate, and only in favourable weather conditions (not rainy, windy or hot 
days), using a mist net 20 m long x 3 m high with a 7 or 9 cm mesh. As a 
lure, we used man-imprinted Eurasian Eagle Owls Bubo bubo from the local 
rehabilitation centre (Zuberogoitia et al. 2008); 2) 10 patterns were obtained 
using a 600 mm Nikkor tele-objective lens and a Nikon dF70 or Nikon F90, 
from a hidden site located more than 100 m from the nest. 3) Six patterns 
were obtained using the digiscoping technique (20 x 60 Swarosky ATS 80 and 
Coolpix E4500) more than 100 m away from the cliff. In 25 cases, detailed 
sketches of the birds were made where it was impossible to take photographs. 

In order to establish the morph type of the control population, we 
distinguished four plumage characteristics following Ferguson-Lees and 
Christie (2001) and Wheeler (2003): 

1)	 Head. The size and width of the moustache and the white cheek: 
1.1.	 Large and narrow moustache and a wide white cheek. Narrow 

type (Wheeler 2003), Holartic white cheeked (Ferguson-
Lees & Christie 2001). Similar to F. p. calidus or tundrius; 

1.2.	 Large, wide moustache and a wide white cheek. Moderately 
wide type (Wheeler 2003), Holartic white cheeked (Ferguson-
Lees & Christie 2001). Similar to F. p. peregrinus; 

1.3.	 Short and broad moustache and a small cheek-patch. Wide 
type (Wheeler 2003), Afro-Mediterranean (Ferguson-Lees 
& Christie 2001). Similar to F. p. brookei; 

1.4.	 Completely black hooded. Very narrow type (Wheeler 2003), 
Southern hooted (Ferguson-Lees & Christie 2001). 

2)	 Spots on the upper middle part of the breast: 
2. 1. Unmarked; 
2. 2. Partially marked on the lower half; 
2. 3. Fully marked. 

3) Density of the breast spots: 
3. 1. Normal density;
3. 2. High density. Heavily spotted. 

4) Colour of the breast: 
4. 1. White; 
4. 2. Cream or pinky;
4. 3. Rufous. 
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Figure 2. Female showing the typical phenotype in the study area (peregrinus): moustache – 
moderately wide type, breast – fully marked, normal density of spots and cream

Dispersion
During the study period we looked for ringed Peregrine Falcons in the study 
area, establishing a monitoring program in 37 out of the 52 territories, and 
we received data from other, less intensively monitored areas, where some 
tagged Peregrines were observed. 

Statistical analysis
A Principal Components Analysis (PCA) was performed with the Varimax-
Kaiser rotation as an exploratory tool (Kelt et al. 1994; Morrison et al. 
1998). The independent variables were those used to describe differences in 
the plumage pattern (see above) and rank between 1 (narrow moustache, 
unmarked, low density and white breast), 2 (moderately wide moustache, 
partially marked, high density and cream breast), 3 (wide moustache, totally 
marked and rufous breast) and 4 (hooded). The PCA identified variables that 
helped to distinguish the plots and summarise information (Morrison et al. 
1998). 
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Table 1. Phenotypes found in monitored Peregrine Falcons in Northern Spain.  
Moustache: narrow type – 1, moderately wide type – 2, wide type – 3, hooded type – 4. Spot distribution 

in the upper breast: unmarked – 1, partially marked – 2, fully marked – 3. Spot density in the upper 
breast: normal – 1, high – 2. Colour presented in the upper breast (white, cream, rufous or orange)

Moustache
Spot 

distribution
Spot 

density
Colour

Males
 (n) 

Females
 (n) 

2 2 1 Cream 1 1
3 3 1 White 0 1
2 3 1 Cream 1 6
2 2 1 White 2 1
3 3 2 Cream 0 2
2 1 1 White 3 1
3 2 1 Rufous 2 0
2 3 2 White 0 3
4 3 1 Cream 1 2
2 1 1 Cream 0 1
3 2 1 Cream 1 3
2 3 2 Cream 0 2
4 1 1 White 3 0
3 3 1 Rufous 1 0
4 3 2 Cream 0 1
4 1 1 Cream 1 1
1 1 1 White 0 1
3 1 1 White 4 0
3 1 1 Cream 1 1
4 2 1 White 3 0
2 1 1 Orange 1 0
2 3 1 White 1 2
4 2 1 Cream 1 0
3 3 1 Cream 1 0

28 29

Medians of the loading factors obtained automatically in the analysis from 
the components with eigenvalues greater than 1.0 were then compared 
between sexes, using the t-Student test. The Chi square test was used to 
analyse relations between morph types and sexes. Normality was tested using 
the Kolmogorov-Smirnov test.
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Figure 3. Male showing the typical brookei phenotype: moustache – wide type, breast – partially 

marked on the lower half and rufous 

Figure 4. Male showing a moderately wide type moustache with white patches in the nape and 
the breast unmarked and white 
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Figure 5. Female showing a wide type moustache and a fully marked heavily spotted cream 
breast

Figure 6. Male showing a completely black hooded type, with the breast fully marked in a 
normal density and white



304

I. Zuberogoitia et al. Phenotypic variations of Peregrine Falcon in subspecies distribution border

Peregrine Falcon populations - status and perspectives in the 21st century, 
J. Sielicki & T. Mizera (eds.) 2009

Results
There were twenty four possible combinations of the four plumage 
characteristics (Tab. 1). Two factors were obtained in the PCA (Tab. 2), the 
first describing Peregrines with moderately wide moustaches and densely 
spotted breasts, and the other factor describing hooded patterns with strong 
colours (cream and mainly rufous). Statistically significant differences existed 
between sexes in the first loading factor (Student test, t = -4.809, P < 0.001), 
the females showing a tendency to follow the pattern described in this factor. 
In fact, 44.8% of females and only 7.2% of males followed this pattern. 

Despite the high frequency of females showing the F. p. peregrinus pattern, 
the male morph-types were regularly shared between three moustache classes 
and almost every type of spot pattern and colour (Tab. 3). Nevertheless, no 
males showed heavily spotted breasts, while 27.6% of females presented this 
type of spot pattern (Tab. 1). Moreover, there were significant differences in 
the spot distribution between sexes (χ2= 13.37, P< 0.01). For example, 46.4% 
of males did not have any spot on the upper-breast but only 17.2% of females 
presented this pattern; only 17.9% of males presented a fully marked breast, 
while and 65.5% of females showed the same characteristic.

 Table 2. Principal component analysis. Varimax rotation 

Factor 1 Factor 2
Eigenvalue 1,535 1,109
Variance 38,38 27,73
Accumulated Variance 38,38 66,11
Moustache type -0,413 0,61
Spot distribution 0,84
Spot density 0,77
Colour 0,83

With regards to the moustache types, no predominant pattern emerged 
when moustache type and sex were considered (χ2= 5.43, P = 0.06). Although 
in females, 62.1% presented the moderately wide type, 24.1% the wide type 
and only 13.8% the hooded pattern, all three types of moustaches in males 
appeared in the same proportion. 

Finally, the colour pattern of the upper breast was statistically different 
between sexes (χ2= 11.1, P = 0.004). There were no rufous females and only 
three rufous and one orange male. Males were predominantly white (57.1%), 
while females were mainly coloured cream (68.9%). 

In recent years we observed 22 (11 males and 11 females) of the 
Peregrines ringed by us breeding in places different from those where they 
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were reared. The distance between birth site and breeding site was 64.45 km 
(S.D. = 100.34, range 3 – 284 km) for males and 108.45 km (S.D. = 107.03,  
Range 17 – 357 km) for females. All these controlled Peregrines were 
born in coastal sites, although they were observed breeding 91 km inland  
(S.D. = 112.1, Range 3 – 238 km) in the case of males and 49.1 km  
(S.D. = 49.1, min. Range 0 – 173 km) in the case of females. 

Table 3. Occurrence of different phenotypes in the studied Peregrine Falcons 

male female

Moderately wide type
large spotted

white 1 (3.6%) 5 (17.2%) 
cream-rufous 1 (3.6%) 8 (27.6%) 

few spotted
white 5 (17.8%) 3 (10.3%) 

cream-rufous 2 (7.1%) 2 (6.9%) 

Wide type
large spotted

white 0 1 (3.4%) 
cream-rufous 2 (7.1%) 2 (6.9%) 

few spotted
white 4 (14.3%) 0

cream-rufous 4 (14.3%) 4 (13.8%) 

Hooded
large spotted

white 0 0
cream-rufous 1 (3.6%) 3 (10.3%) 

few spotted
white 6 (21.4%) 0

cream-rufous 2 (7.1%) 1 (3.4%) 

Discussion
The results pointed to no predominant morph-type in the north Spanish 
Peregrines (the third hypothesis), although the highest frequency (42.86%) 
was observed in females showing a typical F. p. peregrinus pattern (the second 
hypothesis). Amadon (1949, in White & Boyce 1988) suggested that, on 
average, one subspecies should be distinguishable from another (usually an 
adjacent one) in at least 75% of cases. Thus, we could not assign a subspecies 
pattern considering our results. Instead, the observed tendency is typical of 
subspecies hybridisation areas, where the resulting phenotype is close to the 
nearest subspecies distribution area (Matics & Hoffman 2002). 

The wide phenotype variation detected in north Spanish Peregrines is 
similar to that described by Wheeler (2003) for the F. p. anatum in North 
America. The last described phenotype of this subspecies was a consequence 
of different hybridisations during recent decades with peregrinus, brookei, 
macropus and cassini (White & Boyce 1988). In fact, it would be very difficult 
to distinguish between American anatum and our Peregrines by considering 
plumage characteristics (Ferguson-Lees & Christie 2001; Wheeler 2003). 
Nevertheless, north Spanish Peregrines, like other Peregrines located in hot 
climates, have a larger tarsus and tail than subspecies of similar size in colder 
climates (Johansson et al. 1998; Zuberogoitia et al. 2002). 
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The Peregrine Falcons presented reversed sexual dimorphism (Ratcliffe 
1993; White & Boyce 1988). However, in according with Wheeler (2003), our 
Peregrines also presented an evident colour dimorphism. The black malar 
mark of males tended to be wider than in females, males were more often 
unmarked and few presented heavily spotted breasts, whereas the pattern 
in females was the opposite and only females presented a heavily spotted 
pattern. Finally, although both sexes showed white or cream feathers in the 
breast, only males developed rufous or orange patterns. These phenotypic 
variations due to sexual differences should be taken into consideration when 
describing possible subspecies. In our case, the differences observed between 
sexes were as pronounced as those described between the two subspecies 
involved. 

Moreover, our results demonstrate the existence of the interchange of 
adults in the population existing within a radius of about 357 km around the 
study area. Even the coastal Peregrines produced descendants which bred 
far away from the sea. According to White et al. (1995), this behaviour has a 
great influence, both genetically and morphologically, on at least one breeding 
area and some influence on another. Thus, the phenotypic variations could 
be extrapolated to Peregrines from the north of the Iberian Peninsula and 
even to those in south-western France, which would explain why some of the 
falcons present in the typical brookei area seem to be peregrinus (Zuberogoitia 
et al. 2002). 

In conclusion, our results indicate hybridisation between the described 
subspecies of Peregrines (brookei and peregrinus) in the north of the Iberian 
Peninsula. However, we suggest that there may be a gradual gradient 
between peregrinus and brookei subspecies in the Western European area, where 
a North south gradient of morph-types and biometrics exists. In this case, the 
northern Peregrines (Great Britain) would show the classical F. p. peregrinus 
pattern and the greatest size and the southern Peregrines (south Iberian 
Peninsula) would show the F. p. brookei pattern and the lowest size. Between 
both types, these would be a gradual transition in phenotypes and evidently in 
biometrics, following Bergmann’s rule, as has been demonstrated with other 
subspecies of Peregrine (McNutt 1984). Since most Peregrine subspecies are 
based on phenotype and biometric characteristics, we suggest the possibility 
of contrasting our hypothesis using genetic and/or biochemical analysis. 
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