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Introduction

Since Baker (1938) first described the con
trol of breeding seasons by ultim ate and 
proximate factors, it has become well 
established that the timing of the migratory 
and reproductive cycles in birds are influ
enced by environm ental conditions. Ulti
m ate factors induce the development of 
particular behaviour patterns (e.g. the cor
respondence of the breeding season with 
optimal food supply) while proximate fac
tors initiate and control physiological 
changes in a bird, so preparing it for migra
tion or reproduction at the appropriate 
time. Daylength is a highly reliable indica
tor of changes in season, so has been 
adopted by many species as the proximal 
stimulus which determines the onset of the 
migratory cycle (Lofts & M urtón 1968; 
M urtón & Westwood 1977). The photo- 
periodic response may be modified, in the 
short term , by other environm ental stimu
li, but these usually work only in concur
rence with appropriate photostimulation.

The Bewick’s Swan (Cygnus col
umbianus bewickii is a wholly migratory 
species which visits W estern Europe in 
winter and returns to the Siberian tundra 
north of the arctic circle to breed. Ultim ate 
factors thought responsible for their mov
ing to high latitudes include the emergence 
of protein-rich vegetation each spring and 
perhaps the availability of aquatic inverte
brates needed for rapid growth of the 
young (M urtón & K ear 1973). The repro
ductive and migratory cycles are closely 
linked as the swans must breed, moult, 
develop fat deposits and start their migra
tion in just three to four months, while the 
tundra is habitable. These events may be 
governed by different endogenous clocks, 
each separately controlled by external sti
muli, but daylength is the factor most likely 
to synchronize the cycles. The influence of 
photoperiod on the breeding season of 
waterfowl is clearly dem onstrated by M ur
tón & K ear (1978), who showed that a 
linear relationship exists between the mid
latitude of breeding range and onset of 
laying in many genera of Anatidae. Cap
tive Bewick’s Swans at the Wildfowl Trust, 
Slimbridge, follow this pattern in that they

breed late com pared with other species in 
the collection; some 15 hr of daylight seem 
necessary before they start to lay (Kear 
1972; M urtón & Kear 1973).

The importance of the short-term  effects 
of climatic variations in inhibiting or stimu
lating bird migrations is emphasized by 
Nisbet & D rury (1968). Evans (1979a), 
studying variables thought to be involved 
on the days that Bewick’s Swans arrive and 
depart from their wintering grounds, has 
found that large movements of swans are 
affected primarily by wind direction. Wind 
speed, rainfall, moon phase and associated 
cloud cover did not prove im portant vari
ables. Tem perature differences, although 
significant, were considered a reflection of 
the wind direction rather than having a 
direct influence on swan migration.

In a further paper Evans (1982) 
observed that Bewick’s Swans wintering at 
Slimbridge departed much earlier than 
those from sites of similar latitude and 
suggested that this might be attributed to 
supplementary feeding under floodlights. 
However, the relationship between in
creased daylength and departure dates was 
not fully explored.

The Wildfowl Trust, Slimbridge, 
G loucestershire provides unique facilities 
for a study of the effects of changes in 
photoperiod on the timing of spring migra
tion in a wild population. This paper analy
ses Bewick’s Swan departure patterns 
under different light regimes. The interac
tion between daylength, thought broadly 
to determ ine the migratory season and 
other modifying variables, thought to in
duce or inhibit departure from  day to day, 
is investigated.

Study area

Since the mid-1950s the New Grounds, 
Slimbridge, Gloucestershire has become 
established as a m ajor wintering site for 
Bewick’s Swans, second only in Britain to 
the Ouse Washes on the Cambridgeshire/ 
Norfolk border. In 1964, attracted by 
seven pinioned members of the species, 
wild Bewick’s Swans started to frequent 
the Rushy Pen, an area of about three 
hectares including a shallow lake of
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half a hectare, inside the perim eter fence 
of the Wildfowl Trust, Slimbridge (P. Scott 
1966; Evans 1978). The wintering popula
tion increased from 24 in 1963-1964 to a 
maximum count of 610 in 1978-1979, with 
some 300 swans regularly visiting the lake 
in mid-winter. Grain is provided several 
times a day and the birds are protected 
from disturbance. Two 1,500 w floodlights 
and nine 500 w floodlights illuminate one 
side of the lake at night (Figure 1).

Methods

A daily register of individual Bewick’s 
Swans observed in the Rushy Pen has been 
maintained from  the 1965-1966 winter on
wards. Each swan is identified by its char
acteristic black and yellow bill pattern 
(Rees 1981). The num ber of swans visiting 
the lake is usually calculated from the total 
of individual swans registered daily. 
Counts of the population are also made to 
augment and confirm these figures. Discre
pancies between the numbers identified 
and daily counts do occur, either when a 
large influx of swans causes recording 
problems or, towards the end of the sea
son, when the swans spread out to graze in

the surrounding fields and do not visit the 
Rushy Pen together. The highest figure is 
therefore taken as the most accurate count 
of swans in the area.

The num ber of days after 1 January on 
which 20% , 30% , 40% , 50% , 60% , 70% 
and 80% of the wintering population de
parts from Slimbridge has been determined 
from 1965-1966 to 1981-1982. The popula
tion is required to  drop for three consecu
tive days for the departure to be consi
dered genuine as the swans may have been 
inadequately observed on just one day. If 
the population increases again after a 
genuine departure is recorded, the first 
departure date is used. Influxes late in the 
season are probably due either to passage 
birds migrating from farther west or to 
birds returning after meeting inclement 
w eather during the eastward journey. It is 
therefore thought that the initial decline in 
population does truly represent the onset 
of migration. In 1977-1978 the earlier of 
two departure patterns proved to be a large 
eastward movement. All the swans left 
Slimbridge by 6 February and 18 of these 
were identified in West Germany by 9 
February. W hen the weather deteriorated 
later in the m onth, 14 of the swans identi
fied in Germ any returned to Slimbridge
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Figure 1. Sketch map of the main pond in the Rushy Pen and surrounding buildings, showing the 
position of the floodlights.
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and one returned to  W elney, Norfolk 
(Evans & Rees 1978; Evans 1982). There is 
no evidence for a m ajor westward move
ment of swans leaving Slimbridge during 
the second half of the season. Records of 
swans identified in the same w inter after 
departure from Slimbridge show that only 
one out of 458 birds resighted travelled 
west instead of east after 1 January (Evans 
1982).

Floodlighting data

The floodlights were installed before Be
wick’s Swans started visiting the Rushy 
Pen. They were retained as the artificial 
illumination did not initially seem to affect 
the swans’ behaviour or welfare. A com
parison of the proportion of young among 
Bewick’s Swans wintering at Slimbridge 
with those on the Ouse W ashes showed 
that there was little difference in their 
reproductive success (Cadbury 1975; 
Evans 1979b).

Since 1965-1966 the majority of the 
Slimbridge-wintering swans have experi
enced three light regimes; natural day
length, illumination until 22.00 hr, and 
illumination until 20.00 hr.

(a) Natural daylength

From 1965-1966 to 1969-1970 the swans 
usually flew some 400 m to the Severn 
estuary to roost, departing soon after the 
feed provided at 16.00 hr. If they did re
main in the pen overnight they slept 
around the far edge of the lake, out of the 
glare of the lights (Evans 1982). In 1968— 
1969 and 1969-1970 the swans were occa
sionally given grain under the floodlights, 
when the tem peratures were low and num
bers roosting in the pen were high, other
wise they rem ained undisturbed.

(b) Illumination to 22.00 hr

In 1970-1971 the swans started to antici
pate the night-time feeds and waited for 
grain in front of the H onorary D irector’s 
house, which borders the SE end of the 
lake (see Figure 1). This area is well illu
minated, so the swans were not only wake
ful at night but were also subjected to 
floodlighting for long periods. Regular 
evening flights to the river did not occur 
until the second week in February.

In the first week of January 1972 the

remains of 12 dead swans were found in the 
surrounding fields. A lthough the cause of 
death was not determ ined all had, to some 
extent, been eaten by foxes. Evans (1972) 
suggested that high tides may have forced 
the swans off the river onto dry land, 
where they were more vulnerable. It was 
therefore decided to encourage the swans 
to roost within the fox-proof perim eter 
fence and intensive feeding under flood
lights was introduced. The regular night 
feeds reinforced the ‘begging’ behaviour 
recorded in 1970-1971, so from 1970-1971 
to  1978-1979 the swans experienced a day 
up to six hours longer than the natural 
photoperiod. The floodlights were extin
guished at 22.00 hr.

In 1971-1972 there was no floodlighting 
after 9 February due to the national fuel 
crisis. Natural daylength was taken as the 
photoperiod experienced by swans depart
ing after this date. In 1973-1974 power cuts 
caused irregular floodlighting and records 
of the duration of illumination are incom
plete. The 1973-1974 year is therefore 
excluded from these analyses.

(c) Illumination to 20.00 hr

In the preceding years it was noticeable 
that the swans were leaving on spring 
migration much earlier than they had pre
viously. Therefore, from 1979-1980 to 
1981-1982 the floodlights were faded out 
between 20.00 hr and 20.30 hr to  see 
whether the reduced photoperiod delayed 
departure.

Feeding

Since the start of the study, the swans’ 
natural diet, mainly of grass, has been 
augm ented by wheat or barley distributed 
along two sides of the lake two or three 
times a day. The am ount provided has 
greatly increased over the years, ranging 
from two barrow loads (at approximately 
37 kg per load) each day in 1965-1966 to a 
maximum of 11 loads per day during the 
second week of January 1979, when clima
tic conditions were unusually severe. Since
1968-1969 varying distributions have also 
been made under evening floodlighting. 
The frequent feeding may result in Slim
bridge swans developing fat deposits more 
rapidly than birds at an unprovisioned site, 
enabling the former to acquire suffient 
energy reserves for migration earlier. 
Some measure of physical condition and
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changes in the food supply should there
fore be considered when determining 
which variables affect the timing of swan 
migration.

Evans & K ear (1978) found that on 
average the weights of Bewick’s Swans at 
Slimbridge reach a peak in the second half 
of D ecem ber, which suggests that they 
should be physically capable of migrating 
then. However, there are insufficient data 
to com pare rates of weight gain in separate 
years or to study physical condition im
mediately before departure as only one or 
two catches of swans have been made each 
winter since 1974—1975. There is also no 
information on the rate of fat deposition in 
Bewick’s Swans whose diet is not sup
plem ented, as these birds have seldom 
been caught outside Wildfowl Trust cen
tres.

In these analyses changes in the food 
supply must therefore be taken as an inde
pendent variable. Two separate subsec
tions are used; the maximum num ber of 
daytime feeds and the maximum number 
of night-time feeds recorded each winter. 
In both cases the feeding pattern has to be 
established for at least a week before it is 
used. U nfortunately more precise data are 
not available. The weight of food issued to 
the Rushy Pen is rarely calculated and 
records of the num ber of barrows of grain 
distributed daily are incomplete. It would 
also be difficult to assess what quantity of 
grain the swans ingest and what proportion 
is eaten by the thousands of ducks present 
on the lake. However, as the food supply 
has increased so radically since 1965-1966, 
it is felt that even the generalized measure 
used may give interesting results.

Weather data

Daily records of wind direction, tem pera
ture and snowfall from 1965-1966 to 1980- 
1981 were obtained from the M eteoro
logical Office at G loucester, some 20 km 
from Slimbridge. Evans (1978) compared 
G loucester w eather data with information 
obtained from a small weather station 
established at the Wildfowl Trust in 1975- 
1976. The resultant observations proved to 
be similar and highly correlated, so justify
ing the use of G loucester records in Slim
bridge analysis.

As the G loucester W eather Station 
closed in August 1981, weather data for 
1981-1982 were obtained from Dursley, 
8 km from Slimbridge (P. D. Bailey, pers, 
comm.).

To facilitate statistical analysis, weather 
conditions are divided into four major 
groups as described by Evans (1979a)

(1) North to East, ‘H ead’ winds (340°- 
110°)

(2) South to W est, ‘Tail’ winds (160°-290°)
(3) SE and NW , ‘Side’ winds (115°-155° 

and 295°-335°)
(4) Calm

If the wind blows in more than one 
direction each day, the most prevalent 
condition is used.

Disturbance

Bewick’s Swans at Slimbridge are largely 
protected from disturbance, although noise 
or sudden movements in the buildings 
adjacent to the lake occasionally flush 
the birds. Catches of swans for ringing, 
also useful for gaining further information 
about the birds, and goose shoots in nearby 
fields, are more likely to encourage swans 
to leave the area. The effect that the 
frequency of these events has on swan 
departures was investigated.

Results

Bewick's Swan departure patterns under 
differing light regimes

The swan departure dates were divided 
into three groups according to the photo
period experienced by the swans. The 
mean num ber of days after 1 January on 
which 20% to 80% of the population had 
departed was calculated for each group 
(Table 1).

A  graph of the percentage of the popula
tion departed against departure date (Fig
ure 2) shows three distinct regression lines 
corresponding to the three different light 
regimes. These suggest that the swans 
leave earlier in the season when subjected 
to an artificially long daylength. A  Krus- 
kal-Wallis one-way analysis of variance 
shows that the depature dates of the three 
groups differ significantly ( p <  0-001).

Extrapolation of the regression lines to 
the x axis gives the num ber of days after 1 
January on which, apparently, the swans 
would first receive a daylength long 
enough to induce migration (Table 2). 
Therefore, swans illuminated until 
22.00 hr should be ready to leave on 31 
D ecem ber, 17 days earlier than those lit 
until 20.00 hr and 58 days earlier than 
those under natural conditions. Natural 
daylength (sunrise to sunset) for each date
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plus the num ber of hours of artificial illu
mination received, gives the minimum 
photoperiod at which, theoretically, each 
of the three groups of swans were prepared 
to migrate (Table 2). The initial decline in 
numbers may, of course, be due partially

to local dispersal rather than migration. 
However, Evans (1982) noted that swans 
from Slimbridge were identified in the 
same season at W elney, Norfolk, during 
the fourth quarter of Decem ber, so 31 
D ecem ber is not such an unlikely date for

Table 1. The number of days after 1 January on which 20% to 80% of the swan population had 
departed from Slimbridge under the three light regimes.

D eparture dates (M ean No. Days after 1 Jan .)
A B C

Illumination Illumination Natural
% of to 22.00 hr to 20.00 hr daylength

Population departed (6 years’ data) (3 years’ data) (5 years’ data)

20 9 27 63
30 17 32 64
40 19 35 67
50 22 47 68
60 27 49 69
70 36 51 73
80 38 51 75

Figure 2. The relationship between the percentage of the swan population departed from Slimbridge 
and the number of days after 1 January for each of the light regimes. A = Illumination until 22.00 hr. 
B =  Illumination until 20.00 hr. C =  Natural daylength.
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Table 2. The number of days after 1 January on which migratory activity apparently starts and the 
photoperiod received on these dates.

Daylength

No. of days after
1 Jan. on which Photoperiod at onset 

Slope of swans should be ready of migration 
regressioniine to leave (i.e. x axis (hr)

intercept)

A  Illumination to 22.00 hr 
B  Illumination to 20.00 hr 
C Natural daylength

2-1
2-0
4-9

-1
17
5S

13-73
11-87
10-75

the start of eastward migratory movement. 
Indeed one Slimbridge-wintering bird was 
sighted on the upper Elbe between West 
and East Germ any as early as 28 Decem
ber (Evans & Rees 1978; Evans 1982).

T-tests comparing the difference in slope 
of the three regression lines show that the 
rate of departure of swans exposed to a 
natural daylength is significantly greater 
than those that are floodlit both to 22.00 hr 
and to 20.00 hr ( p <  0-001 in each case). 
There was no difference in the departure 
rates of the two illuminated groups (see 
Table 2). The slower decline in population 
when the swans leave earlier in the season 
and the corresponding increase in the 
photoperiod response threshold may, 
perhaps, be attributed to inhibitory effects 
of other environm ental or physio
logical regulators.

The relative importance o f  different stimuli 
on the timing o f  the spring migration

The individual and combined effects of 
environm ental variables on the Bewick’s 
Swan departure dates were determined by 
Forward-step multiple regression analysis, 
following the m ethod described in D raper 
& Smith (1966). Photoperiod, when con
sidered alone, proved a significant influ
ence on the timing of all but the 80% 
departure level (Table 3). However, the per

centage variation in departure date which 
can be accounted for by changes in day
length declines substantially as the season 
progresses. It therefore seems that once 
the swans have received sufficient photo
stimulation to signal the start of the 
migratory season, other stimuli play an 
increasing role in regulating the timing of 
departure.

Weather data

The linear regression analyses gave dates 
on which the swans supposedly receive 
sufficient photostim ulation to start their 
migration (see Table 2). Climatic condi
tions from these ‘migration dates’ to each 
departure level were analysed. The use of 
the ‘migration date’ as the start of the 
departure phase was considered appropri
ate as it is more likely to be of relevance to 
the birds than an arbitrary date such as 1 
January.

(i) Wind direction

Variations in the proportions of the four 
wind conditions (H ead, Tail, Side and 
Calm) from the migration date to the 20%, 
50% and 80% departure dates did not have 
a significant effect on the timing of these 
departures (Table 4).

Table 3. The significance of photoperiod in regulating the onset of migration for a range of depature 
levels.

% of population 
departed

% of the variation in 
departure dates attributable 

to changes in daylength
Level of significance

20% 71-8
30% 64-6
40% 64-4
50% 44-1
60% 34-5
70% 28-3
80% 19-7

p <  0-005 
p <  0-005 
p <  0-005
p<0-01
p <  0-025 
p <  0-05
p < 0 -1 0  Not significant
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Daylength was then added to  the regres
sion so that the influence of wind direction 
might be re-examined, taking into account 
the variation in the departure dates caused

by changes in photoperiod. The results of 
these analyses are listed in Table 5. Se
quential F values cited in the table give the 
significance of each variable at the stage

Table 4. The influence of the four wind variables on departure dates.

% of population 
departed

Total % variation in 
departure dates accounted 

for by all four wind variables
Level of significance

20 23-3 p > 0 -2 5  Not significant
50 15-5 p > 0 -2 5  Not significant
80 22-7 p >  0-25 N ot significant

Table 5. The influence of the four wind variables plus daylength on departure dates.

% variation in
Variable (in order departure dates

% of population of incorporation explained by the Sequential Final
departed into the regres addition of each F value F value

sion analysis) variable (cumulative)

Daylength 71-8 35-69** 40-01**
% Calm 77-0 2-95 2-48

20% % Side 78-7 0-93 0-96
% H ead 80-9 1-28 3-54
% Tail 84-7 2-47 2-47

Daylength 64-6 25-58** 12-58**
% H ead 66-6 0-75 0-76

30% % Tail 67-0 0-16 0-21
%  Calm 67-6 0-22 0-18
% Side 67-6 0-01 0-01

Daylength 64-4 25-30** 27-57**
% Side 68-3 1-60 1-06

40% % Calm 71-6 1-47 2-22
% Tail 73-6 0-78 2-22
% Head 77-0 1-50 1-50

Daylength 44-1 11-03** 23-36**
% Calm 54-4 2-93 8-11*

50% % Tail 62-2 2-47 6-85*
% Head 74-7 5-44* 4-45
% Side 74-7 0-01 0-01

Daylength 34-5 7-36* 9-93*
% Head 47-0 3-08 4-23

60% % Tail 53-3 1-60 2-42
% Calm 57-1 0-97 1-02
%  Side 59-0 0-48 0-48
Daylength 28-3 5-52* 15-14**
% H ead 48-2 5-00* 8-61*

70% % Tail 61-7 4-22 4-94
% Calm 67-1 1-81 1-70
%  Side 67-4 0-10 0-10
Daylength 19-7 3-43 13-21**
% Calm 44-9 5-95* 4-74

80% % H ead 52-6 1-96 5-58*
% Tail 66-7 4-64 3-74
% Side 66-7 0-01 0-01

D.F. for the Sequential F tests =  (1,14) for the 1st variable, (1,13) for the 2nd, (1,12) for the 3rd.
(1,11) for the 4th, (1,10) for the 5th.

D .F. for the Final F tests =  (1,10) throughout.
* =  significant at the 5%  level. ** =  significant at the 1% level.
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that it is incorporated into the regression 
analysis; the final F values give the signifi
cance of each variable at the end of the 
procedure, allowing for the contribution 
made by all the other variables included. 
Differences between the sequential F and 
final F values show that in general the 
inclusion of the wind variables improves 
the overall significance of daylength (and 
vice versa) by their accounting for diverse 
features of the departure data. Indeed the 
significance of daylength is raised from 
P <  0-05 to P <  0-01 for 70% departed and 
p < 0 - l  to p < 0 -0 1  for 80% departed.

Photoperiod remains the most important 
influence on the timing of swan departures 
but the proportion of head winds, acting in 
concurrence with changing daylength, has 
a significant, inhibitory effect as the spring 
migration proceeds (Table 5). The percen
tage of days with no wind is taken as the 
best (i.e. most significant) single variable 
to succeed daylength in the regression 
analysis at the 80% departure level, but 
ultimately it proves less significant than the 
proportion of head winds. The head wind 
variable, though more highly correlated 
with departure dates, was not included 
earlier due to its relationship with other 
variables in the regression.

(ii) Tem perature

Two measures of variation in tem perature 
were used:
(a) The percentage of days with air frost 

from the migration date to the 20%, 
50% and 90% departure levels and

(b) The mean daily minimum tem perature

recorded from the migration date to all 
eight departure levels.

The percentage of days of air frost, even 
when analysed with daylength and wind 
conditions, did not have a significant effect 
on the Bewick’s Swan departure dates 
(p > 0 -0 5 ). Only the two most influential 
wind conditions were used in each case as 
the others had proved of little importance.

The results obtained when the mean 
minimum tem perature was analysed with 
daylength and the two most influential 
wind conditions are summarized in Table 
6. Tem perature had a significant effect 
on the 50% and 60% departures. The 
significant correlations found between 
changes in tem perature and wind direction 
reflects the association between low 
tem peratures and NE winds and between 
higher tem peratures and south westerlies. 
These correlations could reduce the statis
tical significance of tem perature as wind 
conditions might account for variations in 
the departure data which could be attri
buted to tem perature. However, the low 
correlation between the mean daily mini
mum tem perature and departure dates 
throughout the range indicates that 
tem perature is not a prime long-term reg
ulator (i.e. acting over several days or 
weeks) of Bewick’s Swan departures from 
Slimbridge.

(iii) Snowfall and snowcover

It might be expected that both snowfall and 
snowcover would inhibit movement away 
from Slimbridge as the swans would be 
m ore dependent on the provision of grain

Table 6. The interaction between mean minimum temperature, % head winds, % tail winds and 
departure dates.

% of population 
departed

Correlation between 
% head winds

mean minimum 
%  tail winds

tem perature and: 
departure dates

Sequential and 
final F values 

for MMT

20 -0-60* _ 0-07 NS 0-15 NS
30 -0-59* 0-72** -0-01  NS 0-52 NS
40 — 0-67** -0 -0 7  NS 3-34 NS
50 — 0.71** -0 -2 0  NS 11-91**
60 -0-60* 0-74** -0 -2 9  NS 5-64*
70 -0-63** 0-71** -0 -17  NS 1-77 NS
80 -0-53* — -0 -0 9  NS 0-39 NS

D F =  1,10 for the F  tests and 1,14 for the correlations. 
* =  F value significant at 5% level.
** = F  value significant at 1% level.
NS =  Not significant.
—  =  Shows that the wind condition has been omitted.
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under these conditions. However, neither 
variable had a significant long-term effect 
on the regulation of departure dates, prob
ably because snow did not persist for more 
than eight consecutive days between 1965- 
1966 and 1981-1982. W hen the percentage 
of days with snowfall was analysed in rela
tion to  daylength and the two most signifi
cant wind conditions, its F values were 2-52 
(p >  0-05) at the 20% departure level, 0-21 
(p >  0-05) at the 50% departure level and
0-31 (p >  0-05) at the 80% departure level. 
The percentage of days on which snow lay 
to a depth of more than 0-5 cm were 
similarly analysed and its F values were
0-30 (p > 0 -0 5 ), 3-91 (p >  0-05) and 0-37 
(p > 0 -0 5 ) respectively.

Feeding

The effect that increased day feeds, night 
feeds and daylength have on the timing of 
Bewick’s Swan departures was investigated 
at the 20% , 50% and 80% departure 
levels. Daylength proved the most statisti
cally significant variable at the 20% level, 
but was superseded by the num ber of night 
feeds at the 50% and 80% levels, with

sequential F values of 13-20 (p < 0 -0 1 ) and 
14-88 (p < 0 -0 1 ) respectively. However a 
very high correlation exists between night 
feeds and photoperiod (Table 7) as it was 
the introduction of regular night feeding 
that encouraged the swans to  loiter under 
the floodlights. It is therefore difficult to 
establish the relative im portance of the two 
variables, particularly as the maximum 
num ber of night feeds is a very rough 
measure of the quantity of food distri
buted.

However, when day and night feeds 
are consolidated the total increase in food 
supplied proved less significant than photo
period in determining the onset of swan 
migration (Table 8). Feeds appeared more 
significant only at the 80% departure level. 
M oreover, the high but spurious correla
tions between feeds and daylength mean 
that a substantial correlation would be 
expected between feeds and departure 
dates ( -0 -4 1  at the 50% departure level) 
irrespective of any interaction between 
these variables (Table 8, column D). The 
low residual correlation (column E) sug
gests that feeding has little effect on swan 
departures. Fisher Z-tests reinforce this 
view by dem onstrating that there is no

Table 7. The interaction between the number of day feeds, the number of night feeds, daylength and 
departure dates.

% o f population 
departed

Correlation Correlation Correlation 
between between between day 

night feeds and night feeds and feeds and 
daylength departure date departure date

Correlation 
between 

daylength and 
departure date

20 0-58* -0-74** -0-63** -0-85**
50 0-76** -0-70** -0-51* -0-66**
80 0-66** -0-72** -0 -4 6  NS -0 -4 4  NS

* =  significant at the 5%  level. ** =  significant at the 1% level. N S := N ot significant.

Table 8. The interaction between the total number of feeds, daylength and departure dates.

A  Correlation B  Correlation C Correlation D  Product of E  Residual
between betw een total between correlation correlation

%  of popula daylength and no. of feeds daylength and between betw een feeds
tion departed departure and departure total no. of A  & C and departure

dates dates feeds dates

20 -0-85** -0-69** 0-53* -0-45 -0 -4 0
30 -0-80** -0-60* 0-56* -0-45 -0 -4 0
40 -0-80** -0-60* 0-55* -0 -44 -0 -3 6
50 -0-66** -0-58* 0-62* -0-41 -0-25
60 -0-59* -0-51* 0-67** -0 -40 -0 -19
70 -0-53* -0-54* 0-64** -0 -34 -0 -19
80 -0 -4 4  NS -0-55* 0-61* -0-27 -0 -17

* =  significant at the 5% level. ** =  significant at the 1% level. NS =  not significant.
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significant difference ( p > 0 0 5 )  between 
the calculated correlation of feeds with 
departure dates (column B) and their anti
cipated correlation (column D).

It might be argued that the num ber of 
feeds is the influential variable rather than 
daylength. However, several papers show 
that the weights of migrant waders and 
waterfowl peak shortly after arrival at the 
wintering grounds (Elder 1946; Matthews 
& Campbell 1969; Owen & Cook 1977; 
Pienkowski et al. 1979; Owen 1981), which 
suggests that some variable other than 
condition must regulate departure. Food 
shortage may, of course, inhibit departure 
under exceptional circumstances, but these 
are not considered here.

It is interesting to note that the increase 
in the total num ber of feeds is less highly 
correlated with swan departures than the 
num ber of night feeds, particularly as 
the range of the former is 2 to 13 while the 
range of the latter is only 0 to 2. This 
strongly suggests that the effect that night 
feeding has in persuading the swans to stay 
under the lights is the im portant factor, 
rather than the extra quantity of food 
provided.

Disturbances

The small num ber of goose shoots and 
swan catches held from the theoretical 
migration date to the day on which 50% of 
the population departed did not prove a 
significant influence on the timing of 50% 
departures from Slimbridge. When analy
sed with daylength, F =  1-06 (p >  0-05) for 
shoots and F =  1-83 (p >  0-05) for catches. 
The combined effect of the two disturb
ances was also insignificant, F =  2-60 
(p >  0-05).

It seems likely that efforts made to keep 
both shoots and swan catches to a mini
mum has limited the effect of these events.

Population size

Annual fluctuations in the size of the 
population, represented by the maximum 
count recorded each winter, and yearly 
changes in the proportion of young re
corded at Slimbridge were not significantly 
related to variations in departure dates 
(F =  0-07, p >  0-05 for size of population 
and F =  0-75, p > 0 -0 5  for percentage 
young when each variable was analysed 
with daylength at the 50% departure 
level).

A  comparison o f  Slimbridge departure 
patterns with those at Welney, Norfolk, and 
Wexford, Eire

The effect that floodlighting has on the 
timing of Bewick’s Swan migration may 
also be investigated by comparing the de
parture patterns of Slimbridge birds with 
those wintering under more nature condi
tions. Two suitable sites, which hold simi
lar num bers of swans to Slimbridge and are 
regularly observed, are the Wexford Wild
fowl reserve in Eire and W elney Wildfowl 
refuge, Norfolk.

The establishment of the Wexford Wild
fowl reserve in 1969, combined with the 
discovery by the swans that root crops are 
palatable, resulted in a m arked increase in 
the Bewick’s Swan population at this site. 
Numbers on the North and South Slobs 
rose from 43 in 1968-1969 to 154 in 1969- 
1970 and 439 in 1970-1971. In 1978 the 
growing of root crops was discontinued so 
swans that arrived in the autumn quickly 
dispersed (O. J. M erne, pers. com .). Only 
data from 1969-1970 to 1977-1978 was 
therefore used. Little movement was noted 
between the two slobs so their counts were 
combined to give the total num ber present 
in the area.

In 1971-1972 the Wildfowl Trust started 
distributing grain two or three times a day 
in front o f the observatory at W elney, 
Norfolk, which attracted substantial num
bers of swans from the rest of the Washes 
(D. K. Scott 1978). The lagoon there has 
been floodlit until 19.30 hr each evening 
since 1970-1971 and the last feed takes 
place under the lights at around 18.30 hr. 
A  daily register of up to 450 individual 
Bewick’s Swans frequenting the lagoon 
was m ade in 1974-1975, 1975-1976 and 
1980-1981. Fluctuations in the num ber of 
swans recorded is thought to reflect 
changes in the total num ber of swans in the 
Welney area (D. K. Scott, pers. com.). 
Swans visiting W elney after wintering at 
Slimbridge were not included in the W el
ney counts as they were considered to be 
already on migration.

The num ber of days after 1 January on 
which counts at Wexford and numbers 
identified at W elney first dropped below a 
range of percentages of the season’s maxi
mum was calculated. The mean date for 
each departure level was obtained for each 
site and com pared with departures from 
Slimbridge under the 22.00 hr and 20.00 hr 
light regimes (Table 9 and Figure 3).

M ann-W hitney U-tests show that there 
is no significant difference between depar-
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tures from W elney and W exford or be
tween the departures from W elney and 
Slimbridge when lit until 20.00 hr
(p > 0 -0 5 ). Both the Wexford and Welney 
populations departed significantly later 
than Slimbridge swans when the last were 
illuminated until 22.00 hr ( p <  0-001).

W exford swans also departed later than 
Slimbridge birds lit until 20.00 hr 
(p C0-05).

It might be expected that Bewick’s 
Swans wintering in Ireland would start 
their eastward migration before, or at least 
at the same time as those wintering at

Figure 3. Departure patterns of Bewick’s Swans at different sites. A = Slimbridge (floodlit until 22.00 
hr). B =  W elney. C =  W exford.

Table 9. The number of days after 1 January on which 20% to 80% of the swan population had 
departed from Slimbridge, Welney and Wexford.

D eparture dates (M ean no. of days after 1 January)
Slimbridge Slimbridge Welney W exford

% of popula floodlit till floodlit till
tion departed 22.00 hr 20.00 hr

(6 years’ data) (3 years’ data) (3 years’ data) (9 years’ data)

20 9 27 43 46
30 17 32 48 54
40 19 35 50 56
50 22 47 56 61
60 27 49 56 62
70 36 51 56 64
80 38 51 65 65



130 E. C. Rees

Slimbridge. However, these results re
inforce the findings of Evans (1982), who 
observed that the average 50% departure 
from W exford was significantly later than 
50% departure from Slimbridge between
1969-1970 and 1977-1978. This could be 
attributed to the floodlighting at Slim
bridge, although there has been no control 
for other variables.

It is not altogether surprising that there 
is no significant difference in the mean 
departure dates of W elney swans and those 
at Slimbridge under the 20.00 hr light reg
ime, as the Slimbridge birds receive just 
30 min extra floodlighting each night. 
However, when the Slimbridge swans were 
exposed to an extra 2-i hours photostimula
tion, they left significantly earlier. It is not 
known whether Bewick’s Swans frequent
ing the lagoon at W elney leave earlier 
than, or at the same time as, swans on the 
rest of the washes. If they leave earlier, it 
would suggest that, although the area is 
more open than at Slimbridge, the swans 
there still receive sufficient photostim ula
tion to advance their migration. Figure 3 
indicates that this may occur as Welney 
swans start leaving slightly earlier than 
W exford birds, despite being some 350 
miles farther east. However, if there is no 
difference between the departure pattern 
of swans at W elney and those on the 
surrounding fens, it suggests that late 
February may be the natural time for 50% 
of most of the British wintering population 
to start on migration as there was no 
significant difference in the timing of de
partures from Wexford and Welney.

Discussion

Changes in the duration of artificial flood
lighting experienced by the Bewick’s Swan 
population at Slimbridge had a significant 
effect on the timing of their departures. 
This complies with the classical view that 
photoperiod is one of the main factors 
regulating physiological and behavioural 
cycles, including migration. There is no 
evidence to suggest that the swans are 
affected by a return to a natural photo
period on leaving Slimbridge. It seems 
likely that, once triggered, the migratory 
activity persists unless the migrants en
counter adverse weather conditions (as in 
Evans & Rees 1978).

It is also dem onstrated that increases in 
daylength become progressively less im
portant in inducing migration while the 
relative significance of wind direction (par

ticularly North to East ‘head’ winds) in 
regulating departure dates increases. 
Therefore, once the swans have received 
sufficient photostimulation to determine 
the onset o f the migratory season, the final 
departure date is modified by wind condi
tions.

Since 1978-1979 a small group of up to 
15 swans have chosen to winter in a sepa
rate pen within the enclosures at the Wild
fowl Trust, Slimbridge, where they were 
fed twice a day but were not exposed to 
floodlighting. While firm conclusions 
should not be drawn from the activities of a 
self-selected population, the late departure 
of these birds each season does further 
suggest the involvement of daylength in 
controlling migration. From 1978-1979 to 
1980-1981 inclusive they left during the 
first week of March (60 to 67 days after 1 
January) and in 1981-1982 they left on 28 
February (day 59), average departure 
dates for birds receiving a natural photo
period (Table 2).

This study has described the proximate 
factors responsible for the timing of depar
ture of the Bewick’s Swan population as a 
whole, but has not explored those factors 
which may influence the movements of 
individual birds. Baker (1978) gives several 
examples of variations in the migration 
threshold of migrants and non-migrants of 
the same species. The variations are ex
plained by geographical, sexual and 
ontogenetic differences. Differences in in
dividual migration thresholds may also 
occur within the Bewick’s Swan popu
lation, which would explain the swans’ 
failure all to leave on the same day. Vari
ables which might influence the threshold 
level from  year to year include sex, age, 
the num ber of days spent at Slimbridge, 
experience of the site, reproductive his
tory, social class and social status. Indeed 
Evans (1980) has already shown that ex
perienced birds tend to stay longer than 
birds new to Slimbridge. However, a gene
tic com ponent, which fixes the migration 
threshold, may also be involved. An inves
tigation of the departure patterns of indi
vidual swans in successive years would 
show whether certain birds tend always 
to leave late and whether an innate re
sponse threshold is modified by other vari
ables.

Prolonged photostim ulation has been 
shown to precipitate early migration but, 
as yet, there is no evidence to suggest that 
prem ature departure is damaging to the 
swans. The migration and reproductive 
cycles are closely linked, though not neces
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sarily regulated by the same control 
mechanisms, yet when Slimbridge birds 
reversed their spring migration in February 
1978 (Evans & Rees 1978) their sub
sequent breeding season proved no less 
successful than that of the rest of the 
population. Nine of the 18 swans identified 
on the continent by the end of the first 
week in February were resighted in 1978-
1979. One pair returned with a cygnet (i.e. 
11-1% young among the returnees) after a 
generally poor breeding season (8-7% 
juveniles registered at Slimbridge and 
8-0% counted on the Ouse Washes, D. 
Salmon pers. com .). It must still be open to 
debate, however, w hether interference 
with the swans’ natural cycles is more 
generally detrim ental to their wellbeing, 
particularly in view of the unnecessary 
flight and energy expenditure involved in a 
reversed migration.
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Summary

Bewick's Swans Cygnus columbianus bewickii 
floodlit from duck until 22.00 hr started their 
spring m igration significantly earlier than birds 
illuminated until 20.00 hr; these latter, in turn, 
left before those receiving a natural photo
period. The effects of variations in wind condi
tions and tem perature and of snowfall, snowcov
er and disturbances, were also considered, but 
only the proportion of days with North to East 
( 'h ead ’) winds had a significant influence on the 
departure pattern. In the case of food supplied 
to the birds the relevant factor was thought to be 
timing ra ther than the quantity of grain pro
vided.
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