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Resume 

L'observation du comportement du goeland brun 
au nid (Larus fuscus) a perm is d'observer 1'effet 
it long terme de nombreux lacteurs sur le lissage 
des plumes, le sommeil et d'autres activites non 
determinees. Le nombre des animaux observes 
augmentait en raison directe de l' avancement de 
la saison et en raison inverse des minima thermi
ques quotidiens. Les maxima thermiques quoti
diens sont en correlation positive avec la propor
tion quotidienne moyenne d'oiseaux endormis. Des 
oscillations thermiques quotidienne regissent les 
pourcentages d' animaux qui dorment, mais non 
pas la proportion de ceux qui se lissent les plumes. 
De meme les marees influent sur la proportion 
de goelands endormis et aussi, dans ce cas, sur 
la proportion de ceux qui se lissent les plumes. 
Le calcul des intercorrelations residuelles entre les 
variables du comportement indique que la propor
tion de ceux qui se lissent les plumes est cons
tante et independante de la proportion des oi
seaux endormis ou qui se comportent autrement. 
Une autre serie d'observation a montre de plus 
que des perturbations qui abaissent la proportion 
d'oiseaux endormis et qui au debut font egalement 
baisser la proportion d' oiseaux qui se lissent les 
plumes, sont suivies d' augmentations tardives mais 
prononcees des (lCtivites de lissage. 

Summary 

By sampling the behaviour of nesting Lesser 
Black-backed Gulls (Larus fuscus) the effect of 
a number of longterm factors on sleeping, pree
ning and other, non-specified, activities was in
vestigated. It was found that the number of birds 
observed increased with the advance of the sea
son and that it depended inversely on daily mini
mum temperatures. The daily maximum tempe
ratures correlated positively with the mean daily 
proportion of birds asleep. Strong symmetrical 
diurnal cycles affected the percentages of birds 
sleeping and birds engaged in other activities, 
but not the proportion of birds preening. Simi
larly, weak symmetrical tidal cycles affected the 
percentage of gulls asleep and engaged in other 
behaviour. However, the proportion of birds pree
ning is in this case also affected by a trend simi
lar to that of gulls sleeping. The residual inter
correlations between the behavioural variables in
dicated that the proportion of gulls preening is 
constant and independent of the variations in the 
proportions of birds sleeping and behaving other
wise, but its variability is increased when the 
proportion of gulls sleeping is low. An additional 
series of sampling observations showed that distur
bances which depress the proportion of birds 
sleeping and which initially also depress the per-
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centage of gulls preening, are followed by delayed 
and marked increases of preening activity. Final
ly these results are related to additional but less 
systematic observations and then discllssed in the 
light of more general considerations. 

IN1'lWDUCTION 

During GbservatiGnal and physiGIGgical 
studies Gn the behaviQur Gf Lesser Black. 
backed and Herring Gulls (Larus fuscus 
and L. argent at us by R. G. B. BrQwn 
(1967 a,b,c) and myself (Delius, 1967, 
1970, in prep) we came to' suspect that 
the Qccurrence Qf many Gf the behaviQur 
patterns which interested us were affccted 
by a number Gf IQngterm factQrs which, 
while nGt Gf direct interest to' us, clearly 
had to' be taken intO' aCCQunt as SQurces 
Qf nQn.statiGnarity interfering with the 
rigGrGus analysis Gf behaviGural sequences 
(Delius, 1968). The present pa'per is an 
attempt to' assess the effect Gf SQme Gf 
thesc factGrs Qn selected behaviQural ac· 
tivi ties in a quantitative way. 

The wGrk was suppGrted by grants frGm 
the USAF thrGugh the EurGpean Office 
Gf AerQspace Research and the Science 
Research CQuncil to' bGth PrGfessQr N. 
Tinbergen FRS, and myself. The Lan. 
cashire Naturalist Trust and the Lake 
District Naturalists Truts cG'Gperated by 
giving access to' the guU cGIGny. 

METHODS 

The study was carried Gut at a large 
breeding cGlGny cGmprIsmg apprGxima. 
tely 20,000 pairs Gf Lesser Black·backed 
Gulls and Herring Gulls, situated Gn 
Walney Island, Lancashire, England. MQst 
observatiQns, aided by the use Qf 10 X 50 
binQculars mQunted Qn a tripQd, were 
made frQm a tQwer QverlGGking a sectiQn 
Qf the cQIQny cQntaining nearly 250 nes. 
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ting Lesser Black·backed GuU pairs, duo 
ring a periGd lastin~ frQm the 31st Qf 
April to' the 15th Qf May 1967. AdditiQnal 
QbservatiQns were made at variQus times 
Qver twO' breeding seaSGns, SQme frQm 
hides placedclQse to' nesting birds. 

TwO' types, Qf observatiGn schedules 
were fQllQwed. One cQnsisted Qf sessiQns 
at hQurly intervals in everYGne Qf which 
it was attempted to' watoh SQme 120 birds 
fQr 3 to' 4 secQnds each in quick successiQn 
and recQrd whether they were preening, 
i.e. drawing feathers thrGugh their beak, 
sleeping, i.e. resting their head Gn tbe 
back with the eyes clQsed, 0'1' engaged in 
Gther behaviGur. 1 to' 8 sessiGns were 
carried Gut every day and their timing 
was staggered frGm day to' day SO' that Gver 
3 days the whGle daylight periQd had 
been sampled, and this was cGntinued 
until each full daytime hQur had been 
recGrded Qn .5 different days. 

When these observatiQns were dQne the 
gulls had just begun to' lay eggs. TO' aVGid 
that the Qn;;et Qf incubatiGn shQuld mGdify 
their activl ty patterns tQG radically to' 
allGw an assessment Gf the factGrs Qf in· 
terest, their eggs were remQved everyday. 
This caused them to' relay in a cGntinQus 
way thrGughGut the GbservatiQn periQd. 
The strQng site binding which scts in with 
t he egg laying guaran tecd that a stab:le 
number Qf resident .birds were present in 
the area during the GbservatiGn sessiGns. 

The secGnd schedule cGnsisted Gf 12 
series Gf 10 observatiQn sessiQns, each 
taken in quick successiQn every 2 minu. 
tes and Qnly invQlying recQrding the be. 
haviQur Gf SQme 50 birds. On the third 
sessiQn, fQLlQwing twO' undisturbed Qnes, 
the 'birds were frightened by the Qbserver 
stepping Qut Qf the IQGkQut and waving 
his arms until a cQnsiderable prQPQrtiQn 
Qf the gulls under QbservatiQn flew up. 
The QbservatiQns were then resumed fQr 
a further 7 sessiQns. 
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Weather records were obtained from 
the Walney Southend Lighthouse and the 
Barrow Gas Works, both situated a short 
distance away from the colony. Detail~ 

about the tides were derived from the 
Barrow Harbour tide tables. 
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the sessions showed a marked trend (Fig. 
1). These numbers of course depended 
on the effort made <by the observer but 
since a deliberate effort was made to 
record 120 birds on each occasion, the rise 
in the numbers actually recorded indica· 
tes that the number of birds present rose 
throughout the observation period. This 
in fact accords well with more casual ob • 
sellVation of the colony as a whole. 

Weather 
Although no persistent trends could be 

detected other than in the number of 
birds recorded, some day to day Huctua. 
tions did exist and it seemed likely that 
these were due to variations of weather 
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Figure 1 
lZ. le. conditions. Therefore the daily mean pro. 

Seasonal trend in the number of gulls ob
served. Each point indicates an observation 
session. 

RESULTS 

The analysis of the data obtained by 
means of the first schedule yielded the 
following results : 

Seasonal effects. 
Although an effort was made to keep 

the birds in a stable state in the breeding 
cycle, the data were examined for seaso
nal trends. None could be detected in the 
,percentages 
or engaged 
daily mean 

of birds preening, sleeping 
in other activities, only the 
number of birds recorded in 
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Figure 2 

Correlations bet
ween daily tern· 
peratures and 
the daily mean 
number of gulls 
observed and the 
daily mean per
centage of gulls 
asleep. 
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min. tt!mp. 

portion of birds sleeping, 'preening and 
doing neither, as well as the number of 
birds recorded, were related to the daily 
maximum and minimum temperatures, 
mean daily visibility scores, mean daily 
wind scores, daily barometric pressures, 
daily rainfall and also daily tidal ampli. 
tudes, the latter of course close.ly connec· 
ted with the moon cycle. Except for the 
correlations discussed below none of these 
proved to be significant. 

A positive correlation between the mean 
daily proportion of birds sleeping ant the 
daily maximum temperatures (Fig. 2) 
(rs = + 0.51, p < 0.05), suggests that 
high temperatures are soporific to guNs 
as they generally are assumed to be to 
humans. 
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There was a significantly posItIve cor
relation between the mean daily number 
of birds counted and the daily tide ampli
tude. But a partial correlation analysis 
reveals that this is a s'pllriolls association. 
arising in the following way. Only a par
tial moon cycle had been sampled so that 
tidal ampEtudes were correlated wi,th the 
date. Since the number of birds recorded 
was correlated with the date, this also re
sulted in a correlation between number 
of birds and tidal amplitude. This is ho
wever, an artefact. 

Between the :mean daily number of 
birds observed and the daily minimum 
temperature there was a negative corre
lation (Fig. 2) (rs - - 0.54, P < 0.05). 
As a partial correlation analysis showed, 
this is not due to a correlation between 
the ad.vancing dates and dai.}y minimum 
temperatures, and the rising number of 
birds with date described earlier. 

Daytime 

No diurnal trend in the number of birds 
observed was found, even when the num
ber of birds had been corrected for the 
advance of season effect described earlier. 
This is somewhat surprising in view of 
the clear cut impression gained from ex
tended but more casual observations that 
birds were present in maximal numbers 
early in the morning and left the colony 
towards mid-morning, and only begun to 
gather there again during late evening. 
That this cycling was not detected must 
be due to the eHod made to observe the 
same number 01 birds in each session. 
This, however, opens the questions of 
how the seasonal trend mentioned earEer 
could ,be detected, although according to 
im pressi ons i,t was less pronounced than 
the diurna,l one just dcscribcd. 

Thc proportion of birds slceping de
pends markedly on daytime, being low 
ll1 the early morning, increasing slowly 
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towards the afternoon and then declining 
rapidly towards the evening (Fig. 3, the 
trend is significant by the Kruskal Wallis 
test, p < 0.00l). Observations on the 
'behaviour of the guns at night supple
ment this picture. The behaviour seems 
then to depend on the illumination levels: 
on clear, moonlit nights a good proportion 
of the birds were quite active while on 
darker nights most birds could be made 
out to be sleeping. 

The percentage of gulls preening seems 
to be hardly affected by the ti:me of day, 
there being no significant trend. Conse
quently the proportion of birds engaged 
in other activities is a function of daytime, 
and is a mirror image of the proportion 
~bserved sieeping. This trend is again 
significant by the Kruskal WaLlis test, 
p < 0.001. 

Tidal Cycles 

While no relation to the tidal cycle 
could be discerned in direct plots of the 
percenta'ges of gulls sleeping and engaged 
in other activities, this was partly due to 
the consider1rhle scatter introduced hy the 
diurnal rhythms just discussed. When the 
mean values from the corresponding 
curves shown in Fig. 3 were subtracted 
from each datum and these deviations 
from the mean were plotted against the 
tide cycle, there were s.Iight trends, with 
a maximum: at hi'gh tide, and a minimum 
just before low tide in the case of the 
proportion of birds sleeping, and a mir
ror image thel'eof in the case of gulls en
gaged in other activities (Fig. 4). Both 
trends are significant according to Kruska1 
Wallis tests (p < 0.001). 

A direct plot of the proportion of gulls 
preening a'gainst the tide cycle, (and here, 
as Imentioned before, there is no problem 
with an interfering diurnal cyele), also 
shows a slight trend which ahhough si
milar to that of birds sleeping has a ma-



ximum sQmetime after IQW tide. The trend 
is alsO' significant at the p < 0.01 level 
aecQrding to' a Kruskal Wallis test. 

The number Qf hirds observed did nQt 
vary wiLh the tidal cycle and this aceQrds 
with mQre casual QhservatiQns: Qnly during 
the highest spring tides was the number 
Qf hirds Qn the nesting grQunds nQticea
hly inereased, prohahly hecanse nO' resting 
plaees were avaihhle on the heaeh. 
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Figure 3 

Diurnal trend in the proportions of gulls 
sleeping, preening and showing other beha
viouL The trend lines are sliding averages 
over three hour intervals. Each point re
presents observations of over 100 birds. The 
abscissa is in hours Greenwich Mean Time. 

Intercorrelations 

It remains to' examine whether intereor
relatiQns between hehaviQural measures, 
after eorreetiQns have been made for the 
effect of the factQrs so far discussed, in
dicate the presence Qf further factors af
fecting them. For this purpose the per
centages of 'birds preening, sleeping and 
engaged in Qther behaviour activities were 
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12h 
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Tidal trends in the percentages of gulls 
preening. sleeping and showing other beha
viour. The trend lines are sliding averages 
over three hour intervals. Each polnt is ba
sed on observation of over 100 birds . 



corrected for the effeet of diurnal and 
tidal influenees and plotted, (as is ade
quate for such proportional measures), on 
a triangular co-ordinate system (fig. 5). 
This shows that the number of preening 
birds is virtually constant, with varying 
proportions of birds sleeping and engaged 
in other activities, these being inversely re
lated to each other. Further we observe 

Figure 5 
A correlogram of the percentages of gulls 

sleeping, preening and behaving otherwise. 
Each point indicates an observation of over 
100 birds. 

that at lower percentages of birds sleeping, 
that is at higler pereentages of birds be
having otherwise, there is an inereased 
scatter in the proportion of birds pree
ning. Some casual observations suggested 
that this might he due to transient de
creases and increases in the number of 
hirdspreening when disturbing events 
tended to arouse the birds from the ba
seline behaviour. More systematic obser
vations to test this are described in the 
next section. 

Disturbances 
During the observations which led to 

the preceding results it was repeatedly 
noticed that even short lasting disturban-
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ces caused by persons, cattle, or predatory 
mammals like weasels and stoats moving 
through the colony, or sometimes even 
violent fights between some gulls, eaused 
more than transient changes in the 'beha
viour of the birds. For this reason a series 
of observations was made, following the 
second schedule described in the methods 
section. The results are schown in Fig. 6 
were the proportion of birds sleeping, 
preening and engaged in other activities 
during each session are plotted as a func
tion of time. The proportions of birds 
sleeping drops to zero during the distur
bance and then recovers slowly to normal 
over the next 14 minutes, and this is what 
onc might expect. The delayed peak in 
the proportion of birds preening, occu
ring some 4 minutes after the disturbance, 
and its slow decay to normal not complete 
some 14 minutes later, is however stri
king. The proportion of -birds enga-ged in 
other activities shows a peak during the 
disturbance itself and decays to a normal 
level over the next 10 minutes and possi
bly then overshoots to a sub-normal level 
during the 1>2th and 14th minute after the 
upset. All the trends are significant at 
p < 0.001 according to Kruskal Wallis 
tests. 

DISCUSSION 

The results suggest that weather condi
tions do not affect the behaviour of the 
-birds in any decisive way, except for the 
findings that the proportion of sleeping 
gulls correlated positively with the daily 
maximum temperatures, and that the 
number of birds recorded correlated ne
gatively with the daily minimum tempe
rature. The first finding seems to agree 
with the general assumption that higher 
temperatures are soporific. Additional 
casual observations lend support to this 
for the case of gulls. 



The increased number of birds obser
ved at lower temperatures is less easily 
eX'plained. Under bad weather conditions 
birds in the colony were generally unwil
ling to fly even after disturbances. This 
circumstance may be responsible for the 
correlation. It is surprising that a number 
of birds did not corrclatc with such fac-
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Figure 6 

The behavioural response of gulls to a 
disturbance (indicated bv an arrow). Each 
point represents observat-ions on SO birds. 

tors as wind, visibi-lity and rain, since ge
neral observations showed these factor8 
to have the same bad-weather effect. Ho
wever, the observations did also suggest 
that only extreme weather conditions 
markedly affected the behaviour of gulls. 
Such did in fact not occur during the 
period of this study. 

The increase of the number of birds 
observed with the advance of the season 
fits well with observations that the site 
tenacity and attendance of guUs increases 
markedly during the cgg laying period, 
probably due to hormonal factors func
tionally adapted to insure a prompt be
ginning of incubation. It is somewhat sur
prising though, that the advance of season 
did not affect the other behaviour mea
sures, since Brown (1967) has de.scribed 
a number of changes in behaviour occur
ring with the advance of the season. Ho
wever, the behaviours he dealt with were 
aLl closely related with reproductive func
tions, whereas those I am concerned with 
here are not. 

A strong effect of daytime on the pro
portion or birds sleeping and engaged in 
other activities a·grees well with general ex
perience. The fact that the percentage of 
gulls preening is not affected is, by the 
same criterion, somewhat uneX'pected . 
Whether the diurna,l cycles are endoge
nously or exogenously determined can of 
course not be decided from these results, 
but it seems likely that they are the com
pound action of both. In any case it is 
clear that the various behaviours of gulls 
are differentia}.ly affected by diurnal 
rhythms and this is in accordance with 
findings on a number of other species 
(Aschoff 1965, Delius 1963, 1968). 

The relatively small influence of the 
tide cycle on the Lesser Black-backed 
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Gulls's behaviour recorded here, is so
mewhat surprising in view of the fact that 
these gulls have a relatively marine habi
tat in comparison with Herring Gulls, for 
which Drent (1967) has described a mar
ked influence of tidacl cycles on behaviour. 
On the other hand they are not coastal 
but rather open sea feeders and this may 
make them less tide dependent. It must 
be remembered though that none of the 
measures taken were related to feeding 
(compare Boecker, 1968). Even so, all 
three behaviour measures were affected, 
if only in a sHght way, by the tidal cycle 
and this opens the question of whether 
these rhythms are determined 'by external 
or internal factors. The fact that the cy
cles were detected in gulls observed away 
from any immediate tida<l inf.luences is 
suggestive that internal rhythms play a 
role. 

A more general question is whether 
these observations made at the bird's nes
ting sites are representative for the colo
ny population as a whole, since during 
the egg laying period, an average of one 
third of the gulls were estimated to he 
away from their nests at anyone time : 
some of them foraging, some resting, 
usuaUy on the mud flats close to the colo
ny. Extensive but unsystematic observa
tions of these latter guLls suggcst that 
while the proportion of birds sleeping and 
preening was on average higher there than 
at the nesting site, the diurnal and tidal 
variations were similar at and away from 
nesting site. 

It must also be horne in mind that some 
of the effects described might be subject 
to seasonal changes, the present observa
tions having been obtained during a res
tricted period of the annual cycle. Season 
changes in diurnal rhythms have in fact 
been repeatedly demonstrated in other 
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species (Aschoff and Wever, 1965, Deiius 
1963) . 

The persistence with which disturbances 
alter the behaviour of the gulls merits 
underlining, the more so as it is my defini
te impression that the behavioural chan
ges are more complex than those indicated 
here. It was obvious for example, that 
immediately after the disturbances and 
hefore the onset of the peak in preening 
activity there is a considerable increase in 
aggressive hehaviour. Following the peak 
there is, in turn a quite consistent rise in 
courtship and sexual activities, the most 
striking component of this being a 'burst 
of copulatory mounting some 10 minutes 
after the disturbance. Even though this is 
not reflected in the measures taken here, 
there could be little doubt that the gulls 
did not return to baseline behaviour until 
some 30 minutes after the disturbance. 

I earlier suggested (Delius, 1967) that 
the preening of gulls is a characteristic 
behaviour of a specific dynamic stage in 
the s'leep-wake continuum, corresponding 
to the transition froll a high level to a 
low level of arousaL The results just re
ported accord with this view. It should 
he added that similar results were obtai
ned in two further experiments in which 
less drastically arousing stimuli were pre
sented to incubating gulls in one case, and 
caged juvenile gulls in the other. A sta
tisticaHy significant delayed peak in the 
occurence of preening behaviour and other 
comfort behaviour was present in both 
cases (Delius, in prep.). This response 
pattern occurs in other species (voles: 
Fentress, 1968; rats: Bindra and Spin
ner, 1958) and in fact is probably wides
,pread among vertebrates if our unsyste
matic ohservations on a variety of species 
can he relied upon. Why this should be so 
I have attempted to explain elsewhere 
(Delius, 1970). 
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