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Introduction

Observations of Whistling Swans Cygnus 
zolumbianus columbianus in N orth Amer- 
ca (W. Sladen, pers, com.) have suggested 
:hat there may be clinal variation across 
:he arctic in the am ount of yellow on the 
Dill, those in the east typically having little 
yellow and those in the west typically hav­
ing more yellow (Figure 1), with the excep­
tion of the A leutian population which 
appear to have little yellow. If this cline 
sxists, it may be associated with gene flow 
across the Bering Straits between western 
Whistling Swans and eastern Bewick’s 
Swans, the latter having significantly more 
yellow on the bill (Evans & Sladen 1980; 
Figure 2). Several instances of hybrid pairs 
and of sightings of Bewick’s Swans on the 
Pacific coast of North America have re­

cently been reported (Stallcup & W inter 
1975, 1976; W inter & Maolis 1978; Evans 
& Sladen 1980).

It seems possible that this cline might 
continue across the Soviet arctic through 
Bewick’s Swans C.c. bewickii. In the west­
ern population of Bewick’s Swans w inter­
ing in Britain, individuals with much yel­
low on the bill (yellownebs: Figure 2c) 
outnum ber those with little yellow (darkies 
and pennyfaces: Figures 2a & b) by two to 
one (Evans & Sladen 1980). However, no 
quantitative evidence is available concern­
ing the ratio of yellownebs to darkies, or 
any other measure of darkness of bill pat­
tern, among eastern Bewick’s Swans. If a 
cline exists, the eastern population of 
Bewick’s Swans (sometimes considered a 
separate race of larger, longer-necked 
swans: see Scott et al 1972) might be ex-

Figure 1. Variation in bill patterns of Whistling Swans. Individuals from the western population may 
typically have more yellow than those from the eastern population.

Figure 2. Illustration of the three main bill pattern types among Bewick’s Swans, a) ‘D arky’ =  
individual in which centreline o f upper mandible is black from feathering of forehead to  tip of bill, b) 
‘Pennyface’ =  individual in which a line o ther than the centreline can be traced on black from the 
feathering of the forehead to the tip of the bill, c) ‘Yellowneb’ =  individual in which a line on yellow 
can be traced from the yellow patch on one side of the bill, over the culmen, to the yellow patch on 
the o ther side of the bill.
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pected to contain a higher proportion of 
darkies.

During studies of Bewick's Swans in 
U.K. the rem arkable variation in bill pat­
tern has been used to identify individuals 
(P. Scott 1966; Evans 1977; D. Scott 
1978b; Rees, in press), and methods of 
defining different types of pattern have 
now been developed and refined to a point 
where it is possible for a trained observer 
to categorize an individual’s pattern as 
yellowneb or darky after only a few 
seconds of observation.

Detailed studies of the variation in bill 
pattern among Bewick’s Swans have shown 
that some aspects of the bill pattern are 
heritable: offspring resemble their parents 
more than would be expected by chance 
(Bateson et a l. 1980). In addition, the bill 
pattern appears to be related to social 
dominance (D. Scott unpub. data). There 
is also preliminary evidence that partners 
of pairs may be more dissimilar than ex­
pected in some aspects of bill pattern 
(Bateson et a l. 1980). However, these re­
sults need to  be set in a wider context by 
investigating geographical variation. For 
example, if there is any clinal variation, the 
dissimilarity of mates may perhaps be a 
result of the normal phenom enon of dis­
persion by one sex away from the natal 
area to breed, and not as initially seems 
more plausible, due to active choice of 
dissimilar partners by individuals. This 
paper reports on the bill patterns of eastern 
Bewick’s Swans in winter flocks in Japan.

Study site and methods

Flocks of Bewick's Swans together with 
W hooper Swans C y g n u s  C ygnus C ygnus  
were observed at five sites on the main 
island of Japan, Honshu, between 12 and 
17 February 1980. These were on lakes at 
Hyoko, Toyanogata, and Fukushimagata 
(Niigata Prefecture); Izunuma (Miyagi 
Prefecture) and on a river on the outskirts 
of the city of Fukushima. A t three of these 
sites, Hyoko, Izunum a and Fukushima, the 
swans were regularly fed by the public or a 
swankeeper, and it was possible at each 
site to observe more than 100 Bewick's 
Swans at close range (<150 m). A t Izunu­
ma, the swans were fed at several points 
around the lake and were also observed 
while feeding on natural vegetation (lotus 
roots) within 150 m of the road. A t 
Toyanogata, where the swans were not 
fed, observations of bill patterns were

ham pered by a heavy snowfall which sev 
erely reduced visibility. The only site 
where it was not possible to make observa­
tions of bill patterns was at Fukushima­
gata.

On arrival at each new flock, a rougl 
count of the num ber of adults and cygnets 
of each swan species was made and if time 
perm itted, a more detailed count made 
subsequently. Following this, the flock was 
scanned slowly and each individual Be­
wick’s Swan in which the top of the culmen 
on the bill was visible, was categorized as 
yellowneb, pennyface or darky (see Figure 
2 for definitions). It was possible during 
categorization to form a short-term  mem­
ory of each pattern and therefore to com­
pensate for some movement of individuals 
by recognizing and avoiding swans that had 
already been categorized.

During a flock scan, a proportion ol 
birds could not be categorized because 
their bill patterns were not visible (e.g. il 
they were asleep or facing away), and this 
proportion varied with activity and with 
imminence of a regular feeding time. 
Around 30% of the bill patterns in a flock 
could usually be categorized during one 
scan, but the proportion ranged from 10- 
90%. For example, 9 scans at Hyoko gave 
a mean of 34-4% categorized (s.d. 16-0) 
and 9 at Fukushima 42-2% (s.d. 21-7). For 
this reason, as many scans as possible were 
made at each site in order to observe the 
bill patterns of as many different indi­
viduals as possible.

For sites where several scans were made, 
the scan in which the largest num ber of 
faces were categorized was used in the 
analysis. However, the variance in propor­
tions of different bill pattern types 
obtained from different scans at the same 
place was relatively small. Thus the Hyoko 
scans gave a mean of 46-2% darkies +  
pennyfaces (s.d. 5-6), the Fukushima ones 
39-8% (s.d. 2-7). A  total of 31 flock scans 
were made by eye in the study and the 
maximum num ber of different individuals 
whose bill pattern was observed was 312.

Flock scans were supplem ented by 
photography. A t two sites where the swans 
were observed at close range, Hyoko and 
Fukushima, a series of photographs across 
the flock was taken in which effort was 
concentrated on minimizing overlap. 
Ratios of darkies, pennyfaces and yellow­
nebs were calculated from these photo­
graphs, and as with observations, the scan 
at each site in which the largest num ber of 
faces could be categorized was used.
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Ten flock scans were made with the 
camera and from the photographs, a maxi­
mum of 65 different individuals could be 
categorized. The proportions obtained 
from categorizing individuals from photo­
graphs were similar to those obtained from 
observational data (Table 1).

Results

General appearance o f eastern Bewick's 
Swans

Initial observations did not indicate strik­
ing differences in the appearance of east­
ern Bewick’s Swans from western Bewick’s 
Swans (Figures 3 & 4). There was no 
immediately apparent preponderance of 
birds with bill patterns interm ediate be­
tween those of Bewick’s and Whistling 
Swans (see Evans & Sladen 1980, for illus­
trations of possible intergrades). N or were 
there any obvious differences in body size 
or proportions. But conclusive evidence 
will only be forthcoming when an adequate 
sample of weights and measurem ents of 
individual eastern Bewick’s Swans is avail­
able for comparison with the data available 
on western Bewick’s Swans (Scott et al.
1972).

Proportions o f bill pattern types

The 312 individuals whose bill patterns 
were categorized in Japan, (Table 2) gave 
proportions significantly different from 
those recorded at Slimbridge, where, over 
a ten-year period, 2,400 different adults 
were recorded. (Evans & Sladen 1980) 
(x 2 = 56-5, p <  0-001). The proportion of 
darkies in Japan is higher and of yellow­
nebs lower than at Slimbridge. This was 
also true when the proportions observed in 
Japan were com pared with those observed 
at Welney in Norfolk, U .K ., a wintering 
site with little interchange of individuals 
with Slimbridge (D. Scotf 1978a). A t Wel­
ney, over 3 years, 300 different adults were 
recorded, (x2 =  24-9, p <  0-001).

The proportion of pennyfaces was lower 
in Japan than at Slimbridge (%2 = 6-5, 
p <  0-02) or at W elney (x2 =  2-76, 
p <  0-1). However, it seems likely that 
this is due to unavoidable differences in 
study methods. In U .K ., the bill patterns 
of all swans recorded have been drawn in 
considerable detail from close range— 
where a small yellow patch in the centre of 
the culmen would be easily distinguished. 
In Japan, the bill patterns were categorized 
after only a brief look at the culmen usually 
from a greater distance.

Table 1. Proportion of different bill pattern  types, photographic results compared with those by eye, 
at Hyoko and Fukushima.

% D arky % Pennyface % Yellowneb N

Observation 30-8 11-4 57-8 185

Photographs 32-3 12-3 55-4 65

Figure 3. Eastern Bewick’s and W hooper Swans at Fukushima in Japan.
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Because of this finding, the data were 
reanalysed using only two categories: Yel­
lownebs, and darkies plus pennyfaces. 
There was still a significantly higher pro­
portion of dark types to yellownebs in 
Japan than at Slimbridge {'/} =  16-9, 
p <  0-001) or at W elney ( j 2 =  10-6,
p <  0-01).

Differences between sites within Japan

While among western Bewick’s Swans 
there is no significant difference in the 
proportions of different bill pattern cate­
gories between Slimbridge and Welney, 
there were m arked differences in propor­
tions between different sites in Japan. A t

Izunuma, there was a higher proportion of 
darkies plus pennyfaces than at either of 
the other two main sites, Hyoko or 
Fukushima and the differences were signi­
ficant. ( j2 5-6 & 6-6, p <  0-02). There was 
no apparent difference between Hyoko 
and Fukushima ( j 2 =  0-15, p <  0-01).

Whooper Swan bill patterns

Parallel to the observations of bill patterns 
of Bewick’s Swans, data were collected 
in the same way on the bill patterns of 
W hooper Swans C. C ygnus C ygnus  (Figure 
5) at five sites: Hyoko, Izunuma, Fukushi­
ma, and also at Lake U tonai and Odaito in 
Hokkaido. An estim ated 587 individual 
W hooper Swan faces were seen close

Table 2. Proportion of different bill pattern types in flocks of Bewick’s Swans in Japan and England.

Site % Darky % Pennyface % Yellowneb N

Hyoko 34-0 9-4 56-6 106
Toyanogata 40-0 20-0 40-0 5
Izunuma 43-4 15-6 41-0 122
Fukushima 26-6 13-9 59-5 79
All Japanese 35-9 13-1 51-0 312
Slimbridge 17-9 19-1 63-0 2,400
Welney 18-0 18-0 64-0 300

Figure 4. Western Bewick’s and Whooper Swans at Welney in U.K. (Philippa Scott)
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enough to be categorized. Of these, none 
were darkies, 6 were pennyfaces and the 
remaining 581 were yellownebs. A  similar 
result was obtained from analysis o f photo­
graphs.

These proportions are very different 
From those among the 312 Bewick’s Swans 
in Japan (x2 =  325 p <  0-001) and confirm 
quantitatively that W hooper Swans’ bill 
patterns show less extreme variation than 
Bewick’s Swans’ bill patterns (D. Scott, 
1978a). Comparison of the Japanese data 
with observations of W hooper Swans at 
Welney, U .K ., suggested that eastern 
Whoopers might be more consistently yel­
low on top of the culmen than western 
W hooper Swans. This has now been de­
monstrated quantitatively (Brazil 1981).

Discussion

The higher proportion of darkies among 
eastern Bewick’s Swans is consistent with 
the likelihood of significant gene flow 
across the Bering Straits between Bewick’s 
and Whistling Swans, as previously sus­
pected from reports of hybrid pairs and of 
individuals of both sub-species outside 
their normal range (Evans & Sladen 1980). 
Quantitative analysis may reveal similar 
geographical variation in the am ount of 
yellow on the bills of Whistling Swans, 
those in the west having typically more 
yellow than those in the east.

The results indicated a m arked differ­
ence in the proportions of different bill 
pattern types between one site, Izunuma, 
and the others. A t Izunuma, the flock 
contained relatively more darkies than at

Hyoko or Fukushima. One casual observer 
also thought it possible that the proportion 
of darkies at Izunuma changed throughout 
the w inter (M. Kosugi-Otsu, pers. com.). 
While these differences are difficult to 
explain, it is possible that the difference 
between sites is a result of the traditional 
habits of the birds, com bined with the 
heritability of the bill pattern. In Britain 
individual Bewick’s Swans tend to return 
to the same wintering grounds in successive 
years (P. Scott 1966; Evans 1979) and are 
accompanied by their mates and cygnets. It 
is therefore possible for particular families 
where the parents have high breeding suc­
cess and where the offspring return in 
successive winters, eventually to  represent 
a substantial proportion of the flock. Since 
offspring resemble their parents (Bateson 
et al. 1980), it might require only a few 
particularly successful families where the 
parents were darkies to account for the 
situation at Izunuma. While at Slimbridge 
and W elney, U .K ., calculations suggest 
that the average degree of relatedness 
among flock members is not high (D. 
Scott, unpub.) due to the relatively low 
return rate of individuals in successive win­
ters (Evans 1979), it remains possible that 
the situation differs in Japan where the 
number of suitable wintering sites is more 
restricted.

In contrast to Bewick’s Swans, W hooper 
Swans show remarkably little variation in 
bill pattern, the proportion of yellownebs 
far exceeding those of darkies or penny­
faces. This is despite the longer interface 
between black and yellow on the bills of 
W hooper Swans. While this becam e appa­
rent at W elney in 1976 (D. Scott 1978a), 
quantitative inform ation has not previously

C ra c k le 13row Albirio

Figure 5. Illustration of extremes of variation in bill patterns of W hooper Swans identified at Welney, 
1976.
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been available for a large sample of 
W hooper Swans. The reasons for this dif­
ference in variability of bill pattern be­
tween Bewick’s and W hooper Seans, and 
also among the other northern swans, re­
main obscure (see Bateson et al. 1980), 
although one possibility is that the more 
northerly forms, breeding in more unpre­
dictable environm ents, show greater 
variability in many characteristics than the 
more southerly forms.
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Summary

Individual Bewick’s Swans Cygnus columbianus 
bewickii differ markedly in the pattern  of black 
and yellow on the bill, and can be categorized 
into different types according to whether the top 
of the culmen is predom inantly black (darky), 
interm ediate (pennyface), o r yellow (yellow­
neb). The proportion of darkies in Japan was 
significantly higher and of yellownebs lower 
than among western Bewick’s Swans wintering 
in England. This is consistent with the likelihood 
of substantial gene flow across the Bering Straits 
between eastern Bewick’s Swans and the con­
specific Whistling Swan C. c. columbianus (the 
latter having considerably less yellow on the 
bill). O ther differences betw een eastern and 
western Bewick's Swans and W hooper Swans C. 
Cygnus are discussed and a possible reason pro­
posed for the differing proportions of bill types 
among Bewick’s Swans at various sites in Japan.
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