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ABSTRACT

The attendance and behaviour of successfully breeding
kittiwake adults and their chicks at the breeding site was
monitored both by a time-lapse filming technique and spot
observations over 3 successive breeding seasons.

The orientation of adults at the site was shown to reflect
the changing requirements of protection for eggs and brood through
the cycle.

The attendance pattern similarly reflected variation accord-
ing to the reguirements of pair-bonds, egg and chick-~care and
although on average adults shared the duties, in particular cases
pairs could take unequal shares. The early stages were co-ordin-
ated and consistent but after early chick~care individual attendance
patterns lost these properties due to the avoidance of the brood so
that individual broods received individual patterns of guarding.
Throughout the rest of the cycle adults increasingly avoided their
broods as these developed. The form and amount of avoidance depended
upon the restrictions of the nest site, brood size and the 'quality'
of the adult.

While chicks were not killed by non-~breeding adults visiting
unguarded nest sites, their fledging patterns may well have been
disrupted at the time when waterproofing and independant foraging
skills were least developed. Those chicks left unatiended
relatively early were over-represented in the substantial mortality
(mainly by drowning) during the fledging stage.

Adult behaviour showed cliff-nesting adaptations and was similar

in form in all individualse. Avoidance of the attention of well=~
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grown chicks was pronounced.

Chick behaviour (itself not affected by whichever adult of the
pair attended) showed a progressive independance of the attention
of the adults, although the chicks were not freely mobile over the
ledge until after the first flight. Chicks' begging interactions,
responsible for the avoidance by the parents, were not simply
related to the amount of feeding. The possible consequences of

this are discussed.



INTRODUCTION

It is well known that many sea-bird species are long lived.
Mead & Hudson (1973) gave longevity records, from ringing to date

of recovery, for the gannet (Sula bassana) 12.11, herring gull

(Larus argentatus) 16.11, black-headed gull (Larus ridibundus)

19.11 and kittiwake (Rissa tridactyla) 15.00 - (all ages in years,

months). This high survival rate means that biards can re-mate
with partners of a previous year and in this way a pair-bond can
become established that may bestow advantages not found in short-
lived species. longevity may also give physiological advantages
agsociated with age and also advantages of previous experience in
breeding.

Coulson and White (1958a) and Coulson (1960 and 1966) showed
that both the age and the previous breeding experience of the
individuals of a pair affected the breeding biology of the kittiwake
gull. Like many other species of birds, young adult kittiwakes
breed later in the breeding season than older birds (Coulson and
White, 1958a) but this does not mean that this arises as a direct
result of the increased age or breeding experience of the birds
influencing the annual development of the gonads. Coulson (1966)
showed that the retention by a female of a mate from the previous
breeding season enabled the females to lay their eggs earlier than
comparable individuals which had taken another mate. This effect,
together with a tendency for few birds to change mate as their breeeding
experience increased, was sufficient to account for the earlier

breeding of older individuals.
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The change of mate slightly lowered the clutch size but despite
this the proportion of eggs producing fledged young was decreased.
Birds changing mates were 13% less successful than those retaining
their mates and this difference was due almost entirely to a failure
to hatch egga; there was no indication that the young were reared
less effectively. A change of mate from one year to the next had
a direct and depressive effect on the breeding biology of the pair
that was shown to last for two years after the change. Established
pairs were obviously more productive if they remained together. Pairs
that failed to hatch a clutch in one year were found to be three times
more likely to split up and form a new pair in the next breeding
season than pairs that were successful. This suggested an
incompatibility between certain individuals which made it an
advantage for them to split up in the hope of finding a more compatible
mate. It was suggested that birds of a newly formed pair were less
well adjusted to one another and did not stimulate one another to such
a high level of reproductive drive and thus did not co-ordinate their
incubation pattern as well as established pairs.

Morris and Erickson (1971) showed that in the Ring dove,

(Streptopelia risoria) individual females recognised their former mates.

Their pairing relationships were retained even when physical contact
was prevented and when the individuals were isolated for extended
periods (even though the original pairings were determined by the
experimenter. Working on the same species (Lehrmgn (1959)
determined that the synchronization of behaviour of the mated pair
was necessary for effective reproduction and that this synchronization |

was achieved by hormonal changes which were induced or facilitated by
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changes of stimuli arising in the external environment at different
stages of the breeding cycle. These changes in hormonal secretions
induced changes in behaviour that could themselves be a source of
further stimulation. The two members of a breeding pair underwent
a complicated reciprocgl relation between the effects of the presence
and behaviour of one mate on the endocrine system of the other and
the effects of the presence and behaviour of the second bird
(including those aspects of its behaviour induced by those endocrine
effects) back on the endocrine system of the first.

Later work by Coulson (1968) on the birds breeding in the centre
and edge of a kittiwake colony indicated that there was a high
selection for better (in terms of survival and breeding success)
and more vigorous males in the centre of the colony. These males
were slightly heavier than those recruited to the edge of the colony
and it was shown that subsequent survival of adults was partly related
to the body weight at the time of recruitment. Other aspects of the
breeding biology of kittiwakes in the two areas showed significant
differences. There was a larger mean clutch size, higher hatching
success and more young hatched and fledged per pair in the centre of
the colony and also fewer birds changed their mate. The difference
in the reproductive rate were ascribed to the direct or indirect results
of variations in the quality of the males (and females) recruited in
different parts of the colony, with the intense competition for nest
sites in the centre resulting in very high selection for vigorous
males with less severe selection towards the edge of the colony.

i1l and Wood-Cush (1965) showed that within an inbred strain

of Brown Leghorn fowl (Gallus domesticus) preferential mating occurred
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as measured by female solicitation of the male. Females crouched
at different rates to individual males; part of this difference was
ascribed to the more vigorous courtship of the different males.

Coulson (1972) illustrated the interaction of age, nest position
and pair status in the kittiwake and showed how the pair-bond resulted
in more successful breeding when this relationship had been established
for more than one year. He concluded that experience of the same
mate resulted in a complex pair relationship that became more N
efficient through individual experience of a mate as successful
rearing of young involved a great deal of co-operation between the
members of a pair that shared incubation and care of the young.

In these previous population studies of the kittiwake, the
mechanisms and degree of co-operation were largely inferred from
the end results of numbers of eggs, young or fledglings produced.
One of the aims of this study, therefore, was to elucidate the fine
structure of the co-operation of behaviour between the two members
of successful breeding pairs of kittiwakes in an attempt to shed :
light on the way that a pair bond could operate. It was of special
interest that established pair bonds were shown particularly to
affect facets of breeding up to the time shortly after hatching of
the eggs and that once hatched, chicks appeared to be reared
equally well by pairs of different status (Coulson 1966) such that 1
the overall fledging success is 86% (Coulson and White 195&3.
This present study also set out to investigate those features of
chick-rearing which made it less open to disruption than the
previous stages of breeding.

CoulSon (1972) using a radio-active tagging method for
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monitoring adult attendance at the nest site during incubation,
showed that the behaviour of pairs of kittiwakes was more variable
than was first believed. He believed that the variability might

be generally true amongst animals with a complex pattern of breeding.
Thus, the possibility of general variation in the organisation of
behaviour between individuals and pairs throughout successful
breeding cycles merited consideration.

Cullen (1957) and McLannahan (1973) revealed how kittiwake
adults and chicks show a great many alterations of behaviour from
those shown by typical ground-nesting gulls. These differences
were interpreted as adaptations to the cliff-nesting habit. The
former study showed that kittiwake young have a much lower mortality
than the young of ground-nesting gulls and Cullen presumed that this
difference arose from the different nesting habits that protected
them from predation and the disturbances that went with this.

Beer (1961, 1962, 1963a, %32;%) produced a detailed study of
the organisation of behaviour throughout the breeding cycle of the

black-headed gull,(Larus ridibundus) a ground-nesting species, and

this provided a comparison for a study of the organisation of behaviour
in the kittiwake. Such a comparison might indicate how the different
nesting environments may modify the behavioural organisation and

could confer an advantage during chick rearing to the cliff-nesting
species.

The studies reported above indicated that the behaviour of
individuals, and especially the co-ordination of behaviour between
individuals, had a profound effect on breeding and, further, that
the particular form of this behaviour in the kittiwake differed from

the more typical ground-nesting gull due to the cliff-nesting habit.
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The colony studied was one consisting of colour-ringed
individuals nesting on the window ledges of a riverside warehouse
in North Shields, Northumberland, described by Coulson and
White (1958b). The special features of this colony allowed
records to be collected of the activity of adults and young
during the 3 breeding seasons 1968 - 70.

It was hoped that these records would provide insight
into the behavioural strategies adopted by successful breeding

pairs and of the external factors that affected them.
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THE TIME-LAPSE METHOD

APPARATUS

Because birds of the North Shields colony nest on the window
ledges of the riverside warehouse, 16mm Bolex H16 Reflex cine-cameras,
fitted with Varioswitar 86EE Zoom lenses incorporating automatic
exposure meters, could be mounted behind the nest sites of sexed
pairs of known breeding experience. For the lens employed, the
shortest focal length was five feet and the camera was mounted as
shown in Fig. 1. The site was modified by removal of the window
and the mounting of a five foot long wooden funnel behind the nest
site. This reduced théﬁ;urbance of the breeding birds by the
observers. The wooden funnels were constructed from 7mm Marine
Plywood and Handy Angle which formed a waterproof apparatus that
was heavy enough to stop the wind moving them when in position.

The advantage of the warehouse site was that the camera
apparatus was weatherproofed and free from interference and could
be powered by the stable mains electricity supply. Earlier attempts
to use this apparatus in the field were hampered with problems of
finding a dependable and robust power supply.

The cameras were fitted with modified Mk II Pelling and Cross
Bynchrolapse Timer units that triggered Pelling and Cross Mk IV
Actuators éo that one frame was exposed for 1/30th second at pre-
determined intervals, from 10 to 320 seconds; at 320 seconds per
frame a 100 foot roll of film lasted about 14 days. The apparatus
was run continuously throughout the 24 hour cycle, (miking the

timing of filmed events easier), although only the results from




Fig. 1.

Side elevation of apparatus used for the

time~lapse photography of Kittiwake nest

sites .,
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the daylight hours, about 10 minutes after sunrise until 10
minutes before sunset, could actually be discerned. Because
of the dull light conditions a fast film was required which
had good contrast. The negative films, Kodak L4-X Type 7224
ané Ilford HPS 16mm Negative, were found to give the best

results. The film, after processing, was projected at short

range using a Spectro 16mm projector with single frame presentation.

Each frame was then coded as to time of exposure, date, presence
or bHsence and behaviour of adults and chicks and the orientation

of the parents.

PROCEDURE

In this way observations were made on four pairs of birds,
One pair was filmed from their arrival at the nest site to their
abandonment after breeding and the other three were filmed from
a time soon after the chicks had hatched until their final
abandonment., The film provided a long series of instantaneous
observations of the nest site so that the number of times an
event was recorded by the camera could be related to the amount
of time the birds were engaged in that activity. In this way
behaviour and attendance could be expressed as percentages of
available time and the sequences of changes in behaviour and
attendance, within a day and through the breeding season could
readily be illustrated.

PROBLEMS OF TIME-LAPSE METHOD - Time-lapse filmed
information suffers from the disadvantage of being discontinuous.
Its interpretation must therefore depend upon correlated field

observation. After observing the behaviour in the field and



studying the complementary time-lapse data it was found to be
relatively easy to recognise the categories of behaviour used
in this analysis. Actual descriptions of the behaviour are
not necessary for the initial purposes of this study and
appear in a further section. The efficiency of any time-
lapse method of observation, whether by camera or human
observer, will depend on the length of the lapse between
observations and the type of problem studied. Generally the
longer the lapse length and the more erratic the nature of the
behaviour studied the less accurate will be the measurements.,

In the present study six lapse times were available; 320,
160, 30, 40, 20 and 10 seconds but each successive shortening
of the time lapse represented a doubling of the resulting filmed
information with an increase both in the cost of the film required
and the time taken to analyse it. In order to decide which
was the longest available time-lapse that would accurately
measure kittiwake behaviour, film of breeding birds at the nest
site was exposed at the shortest possible lapse interval. The
whole film was then analysed as though it was film using the
longer time-lapses as shown in Table 1. Each period of nest
attendance could thus be described by several alternative
estimates, all taken from the same film. These were: one
based on 10 second time-lapses, two alternatives based on 20
second time-lapses, four on 40 second time-lapses, 8 on 80
second-lapses, 16 on 160 second-lapses and 32 on 320 second-
lapses. As all of these estimates were measuring the same
period of nest attendance then estimates based on longer time-
lapses could be directly compared for accuracy with the 10 seconds

per lapse standard. In order to indicate if a singde time-lapse

16
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interval could accurately measure the varyifig nest site events
occurring through the breeding cycle two different periods were

analysed in this way. One was early in the brood care of the

chicks and the other was later on when the fhicks could fly.



TABLE 1. METHOD OF OBTAINING 20,40,80,160 and 320 SECONDS PER
LAPSE ESTIMATES FROM ORIGINAL 10 SECOND PER LAPSE FILM

For a sequence of 32 frames exposed at 10 second intervals and
identified by number from 1 to 32 the frames making up each
estimate are as follows

a 10 sec/frame

1 All frames from 1 to 32 ) 1 possible
estimate

b 20 sec/frame

1 frame 1 and every second subsequent frame ) 2 possible
2 frame 2 " " " " n ) estimates

¢ 4O sec/frame

1 frame 1 and every fourth subsequent frame )
2 frame 2 " " " " " ) 4 possible
3 frame 3 " " " " " ) estimates
L frame 4 U 1" " 1" n )
d 80 sec/frame
1 frame 1 and every eighth subsequent frame )
2 fra_rne 2 1 1 1t 1 L )
3 frarne 3 1" 1" 1" 1A 1 ) 8 .
" " " " " possible
% frame 4 ) estimates
etc.
8 frame 8 " 1" 1" ] " )
8 160 _sec/frame
1 frame 1 and every sixteenth subsequent frame )
2 frame 2 " " 1" 1 " )
3 frame 3 M " " " " ) 16 possible
etc. estimates
16 frame 16 1 " 1 1 11"t )

£ 320 sec/frame

1 frame 1 and every thirtysecond subsequent frame )

2 frame 2 " 1 " 1" 1" )

3 frame 3 " " " " " ) 32 possible
etc. estimates

32 frame 32 " " L] 1 1"

12
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RESULTS

THE EFFECTS OF VARYING THE TIME-LAPSE INTERVAL ON THE ACCURACY OF
THE METHOD

Clearly it is extremely important that the method employed in
this study should provide an accurate timing of the start and
ending of a particular category of behaviour. The average error
of this type will be equal to the time-lapse interval, allowing
for error at the start and end of a bout. If the time-lapse is
short relative to the duration of a bout of a particular type of
behaviour then the error will be unimportant.

MEASUREMENT OF ATTENDANCE BY PARENTS -~ The problem outlined
above was first analysed using the partition of the nest attendance
duties by the two parent birds. Attendance, has a definite
duration which is variable. Fig. 2 illustrates estimates of the
periodicity of the attendance types by the two parents using 10
and 80 seconds per lapse on the same information. This shows
that the timing of the beginning and ending of all but the
shortest behaviours, e.g. both adults present, is very accurate
irrespective of which of the two time-lapses is used.

Table 2 ghows the percentage of nest attendance undertaken
by each parent for the two periods illustrated in Fig. 2 expressed
as the average values of all estimates based on 10,20,40,80, 160
and 320 seconds time-lapse intervals. These average values were
identical, allowing for the inaccuracy due to rounding up to one
decimal place. Table 1 showed that the same total amount of
information was used to produce the different numbers of estimates

within each time-lapse category. The accuracy of a particular

13
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Fig. 2.

14

Comparison between estimates of the periodicity
of nest site attendance based on 10 and 80 seconds

per time-lapse film for two stages of chick

attendance.
A = early chick attendance
B = late chick attendance
10 = 10 secs. per lapse time-lapse
80 = 80 secs. per lapse time-lapse
1to 8 = number of estimates

= male present

= female present

= strange adult present

—
2
I = both adults present
(WAVAW

= chick present
-
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TABLE 2. ESTIMATES OF THE PERCENTAGES OF NEST ATTENDANCE
UNDERTAKEN BY EACH PARENT FOR THE SAME PERIOD USING DIFFERENT
TIME LAPSE INTERVALS

Average values for the estimates of
the percentage of nest attendance by
each parent with standard deviation
(Figures in parentheses are actual
values of estimates)

Early brood care
Total duration 120 minutes

Lapse length No of estimates FEMALE MALE BOTH

10 sec/frame 1 (54.0 ho k4 3.6)
20 sec/frame 2 (53.9 k1.9 4.2)

(54.0 42.9 3.1)
Lo sec/frame L 53.9 42,5 3.6
SD of estimakes 0.46 0.99 0.96
80 sec/frame 8 53.9 bo it 3.6
s o? askuv‘qbes 0061 1.16 1.16
160 sec/frame 16 54.0 Lok 3.6
SD of estimates 1.08 3.24 2.79
320 sec/frame 32 54,0 bo L 3.6
SD of estimates 2,01 3.93 342

Late brood care with chicks present

Total duration 94 minutes

Lapse length No of PARENTS PRESENT PARENTS ABSENT »
estimates

FEMALE MALE BOTH FEMALE MALE
10 sec/frame 1 (30.8 20.3 0.2 T4 bp.2)
20 sec/frame 2 (31.0 19.9 O.h4 1.4 47.3)

(30.7 20.7 0.0 1.4 47.,1)
Lo sec/frame b4 30.8 20.3 0.2 1ol 7.2
SD of estimates 0.30 0.65 0.35 0.57 0.34
80 sec/frame 8 30.9 20.3 0.2 1.4 bo,2
SD of estimates 1.32 0.60 0.49 0.78 1.06
160 sec/frame 16 30.8 20.3 0.2 1.4 47,2
SD of estimates 2.27 1.83 0.72 1.49 1.81
320 sec/frame 32 30.8 20,3 0.2 1.4 7.3
SD of estimates 3.49 3.28 1.04 2.51 4,01

% Represenfiig o measmos the, 3ailmos an Qult 1 remain af te nest sife
unfil relieved by He male (See Fig- 1)



(TABLE 2 CONT.)

Late brood care without chicks present
Total duration 62 minutes

Lapse length No of PARENTS PRESENT PARENTS ABSENT
estimates
FEMALE MALE BOTH EMPTY SITE
10 sec/frame 1 (M4 43 k4.7 39.6)
20 sec/frame 2 (M1.2 Le3 15.0 39.6)
(1.7 4.3 144 39.6)
Lo sec/frame L k.5 4.3 14,7 39.6
SD of estimates O.41 0.0 0.49 0.23
80 sec/frame 8 M,5 L3 147 39.6
SD of estimates 1.02 0.0% 0.78 0.96
160 sec/frame 16 4.5 4.3 1h.7 39.6
8D of estimates 1.81 0.10 2.28 1.39
320 sec/frame 32 .5 L. 14,7 39.5
8D of estimates 2.61 4,48 3.83 2.95



time-lapse can be gauged by the variability of the estimates around
this average and is represented by the standard deviations given
in Table 2. Fig. 3 illustrates the relationship between standard
deviations and the time~lapse intervals and indicates that over

the range studied the variability of estimates increases as the
time~lapse increases, but the glope of the graph indicates that
doubling the time-lapse does not necessarily double the variability
of estimates.

As previously mentioned, when the length of the time-lapse
approaches that of the attendance bout only some of the estimates
based on that time-lapse will record such attendance. The
probability that an estimate will measure a short attendance bout
is shown for different time-lapse intervals in Table 3. Short
attendance bouts are defined as those accounting for less than
five percent of the total nest attendance. This Table indicates
that there is little difference in the probability of measuring
short attendance bouts for estimates based on 10, 20 or 40
seconds per lapse but with 160 and 320 seconds per lapse the
probability is greatly reduced.

It was concluded that the records with 80 second time-
lapses showed little variation between estimates (indicated by small
standard deviations) and a high probability of detecting short
attendance bouts, and for these reasons was the longest lapse

considered in the rest of this analysise.

MEASUREMENT OF THE BEHAVIOUR OF THE PARENTS AND CHICKS. Table 4
shows the percentages of time spent on different behaviours by

the parents, during different conditions at the nest site,

17
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Fig, 3.

18

Variation of the standard deviations of the
estimates of nest attendance with the time-lapse

interval on which they were based. (Information

from Table 2)

A—A = male present

*———9e = female present
»Xr—x = both adults present
(- = male absent

8- ——- 8 = female absent

e = empty site
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TABLE 3. PROBABILITIES OF ESTIMATES USING DIFFERENT TIME-LAPSE
MEASURING SHORT ATTENDANCE CATEGORIES (Those of <« 5% of total
nest attendance) .

Lapse Length No. of No. of estimates % of estimates
estimates measuring short measuring short
attendance attendance

1 Barly brood care, attendance by both parents together

10 sec/frame 1 1 100
20 sec/frame 2 2 100
Lo sec/frame L 4 100
80 sec/frame 8 8 100
160 sec/frame 16 1 69
320 sec/frame 32 19 60
2 Late brood care, attendance by both parents together

10 sec/frame 1 1 100
20 sec/frame 2 1 50
Lo sec/frame L 1 25
80 sec/frame 8 1 13
160 sec/frame 16 1 6
320 sec/frame 32 1

3 Late brood care with chicks present female absent

10 sec/frame 1 1 100
20 sec/frame 2 2 100
Lo sec/frame L L 100
80 sec/frame 8 Vi 88
160 sec/frame 16 8 50
320 sec/frame 32 8 25
4 Late brood care with chicks absent, male present

10 sec/frame 1 1 100
20 sec/frame 2 2 100
Lo sec/frame L b 100
80 sec/frame 8 8 100
160 sec/frame 16 16 100

320 sec/frame 32 16 50
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TABLE 4., ESTIMATES OF THE PERCENTAGES OF TIME DURING SINGLE ADULT

ATTENDANCE SPENT ON EACH BEHAVIOUR FOR THE SAME PERTIOD USING DIFFERENT
TIME-LAPSE INTERVALS

Average galues for the estimates of the
percentage of nest attendance spent on
each behaviour with standard deviation
(Figures in parentheses are actual values
of estimates)

MALE ATTENDANCE

Early Brood care

Total duration 51 minutes

Lapse length No. of STAND PREEN MOVE TURN THREAT CALL
estimates CHICKS HEAD
10 sec/frame 1 (87.3 9.5 0.7 2.0 0.3 0.3)
20 sec/frame 2 (87.7 9.0 0.7 1.9 0.0 0.7)
(86.8 9.9 0.7 2.0 0.7 0.0)
""0 SeC/frame Ll‘ 87.3 905 007 2.0 003 003
SD of estimates 1423 213 0.75 1.72 0.65 0.65
80 sec/frame 8 87.3 9.5 0.7 2.0 0.3 0.3
SD of estimates 2.10 2,31 1.23 233 0.95 0.95
Late brood care with chicks present
Total duration 20 minutes
Lapse length no. of STAND SQUAT TURN CALL
estimates HEAD
10 sec/frame 1 (67.5 2.6 29.0 0.9)
20 sec/frame 2 (66.1 1.8 32.1 0.0)
(69.0 345 25.9 1.7)
Lo sec/frame b 67.6 2.6 2849 0.8
SD of estimates M4 1.76 12.71 1.65
80 sec/frame 8 67.6 2.6 28.9 0.8
SD of estimates 11.06 3.61 12.79 2.37



FEMALE ATTENDANCE

Barly brood care

Total duration 65 minutes

Lapse length No. of

estimates
10 sec/frame 1
20 sef/frame 2
4O sec/frame
SD o} esbimabes
80 sec/frame 8

SD of estimates

STAND

(80.2

(81.5
78.9
80.2

30k

80.2
3.69

Late bhrood care with chicks present

Total duration 29 minutes

Lapse length No. of STAND
estimates
10 sec/frame 1 (60.7
20 sec/frame 2 (62.1
(59.3
Lo sec/frame L 60.7
SD of estimakes 2.25
80 sec/frame 8 60.6
SD of estimates 4,69
Late brood care with chicks absent
Total duration 26 minutes
Lapse length No, of STAND
estimates
10 sec/frame 1 (63.9
20 sec/frame 2 (63.6
(641
Lo sec/frame I 63.9
SD of estimates k.39
80 sec/frame 8 63.9
8D of estimates 720

PREEN

18.3

17.4
19.1

18.3
-2

18.3
1.77

o

31.0

29.9
321

30.9
6-03

31.0
6.87

MOVE THREAT
CHICKS

0.5 0.8
0.0 1.0
1.0 0.5
0.5 0.8
0:58 10
0.5 0.8
0.95 1.55

PREEN SQUAT TURN THREAT

HEAD

9.8 26.0 0.6

3

3 8.1 26.4 1.2
2.3 11.6 25.6 0.0

3

0

9 26.0 0.6
96 3.63 1.15

9 26.1 0.6
55 4.89 1.63

SIT THREAT
1e3 2.6
1.3 2.6
1.3 2.6
1.3 2.6
1.50 2.16
1.3 2.6
2.39 2.79

CALL

0.3)

0.0)
0.5)

0.3
0:50

0.3
0.71

CALL

0.6)

0.0)
1.2)

O.6
1.15

0.6
1.63

CALL

1.3)

2.6)
0.0)

1.3
255

1.3
3.54

21
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expressed as the average values for all estimates based on 10
to 80 second time-lapse intervals. Complementary information
for chick behaviour is given in Table 5.

Estimates of the percentages of time spent on different
behaviours (Tables 4 and 5) are less uniforn than the
corresponding estimates of attendance (Table 2) as is shown
by the larger standard deviations. The reason for this is that
the behaviour within an attendance category is of the same form as
Fig. 2 but tends to be fer shorter total time intervals, so that
the errors at the beginning and end of a bhehaviour bout have a
more disruptive effect on the estimates. Like Fig. 3, a
comparison of the standard deviations 55"40 and 80 second per
lapse estimates, given in Tables 4 and 5 for the partition of
behaviour, in general indicates that doubling the time-lapse
interval does not double the variability of the estimates. The
size of the standard deviations indicates that the variation
between estimates is in most cases small so that only with
rare behaviours or very short attendance types will errors due
to using 80 seconds per lapse be an important consideration.

A working criterion for the usefulness of estimates based
on time-lapses greater than 10 seconds was that they should
partition behaviour in the same rank order of importance as the
standard. As the information for these estimates were derived
from the 10 seconds standard, then if all of the estimates within
a time-lapse showed significant agreement in their ranking this
must thus be the same as the standard ranking. As the different
estimates were not based on independent information they could not

be compared by parametric methods but the degree of agreement between
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TABLE 5. BESTIMATES OF THE PERCENTAGES OF TIME DURING THE DIFFERENT
ADULT BTTENDANCE TYPES SPENT BY CHICKS ON FACH BEHAVIOUR FOR THE
SAME PERIOD USING DIFFERENT TIME-LAPSE INTERVALS

Average values for the estimates of the
percentage of nest attendance spent on
each behaviour with standard deviation
(Figures in parentheses are actual
values of estimates)

MALE ATTENDANCE

Barly brood care

Total duration 51 minutes

Lapse length No. of STAND SIT PREEN FLY UNSUC. SUC. PECK
estimates BEG BEG
10 sec/frame 1 (9.4 57.6 3.9 0.3 21.0 543 2.6)
20 sec/frame 2 (9.9 57.4 3.2 0.6 21.5 5.1 2.2)
(8.8 57.8 k4.6 0.0 20.5 5.5 2.9)
Lo sec/frame 4 9.3 57.6 3.9 0.3 21.0 Skt 2.6
SD of estimates 142 0.90 1.10 0.38 0.64 0.81 0.53
80 sec/frame 8 9.4 57.6 3.9 0.3 21.0 St 2.6
SD of estimates 2.35 2.35 2.36 178 199 1.+ |99
O:bd &:3b
Late brood care
Total duration 20 minutes
Lapse length No. of SIT PREEN UNSUC. SUC. PECK
estimates BEG BEG

10 sec/frame 1 (21.8 0.6 69.2 5.8  2.6)
20 sec/frame 2 (21.8 1.3 66.7 7.7 2.6)

(1.8 0.0 71.8 3.9 2.6)
ko sec/frame b4 21.8 0.7 69.2 5.8 2.6
SD of estimates 1.50 1.30 4,20 4,50 0.0
80 se€/frame 8 21.8 0.6 69.3 5.7 2.6
8D of estimates 2.03 1.77 6.82 5.02 2.75



FEMALE ATTENDANCE

Early brood care

Total duration 65 minutes

Lapse length No. of STAND
estimates

10 sec/frame 1 (12.3
20 sec/frame 2 (11.8

(12.9
Lo sec/frame L 12.4
SD of estimates 1.27
80 sec/frame 8 12.4
SD of estimates 1.70

Late brood care

Total duration 29 minutes

Lapse length No. of STAND
estimates
10 sec/frame 1 (1.8
20 sec/frame 2 (2.3
(1.2
40 sec/frame L 1.8
SD of estimates 117
80 sec/frame 8 1.8
SD of estimates 2.45

SIT

70.8

14,1

14'.0
14.3

14.2
0.17

141
3.57

FLY

0.1

0.0
0.3

0.1
0.25

0.1
0.35

FLY

0.6

1.2
0.0

0.6
1.15

0.6
1.63

UNSUC
BEG

72.4

7241
72.6

724
3.47

72.’"‘
7.1k

SUC PHCK

2.1 5.1)

1.8 5.9)
2.3 L.b)

1 5.1
84 1.70

2.1 5.1
1.74 1.95

SUC PECK



ADULTS ABSENT

Late brood care

Total duration 40 minutes

Lapse length

10 sec/frame
20 sec/frame
L0 sec/frame
8D of estimates

80 sec/frame
SD of estimates

Noe. of
estimates

1

2

STAND

(42.2

(38.8
(45.6

k2,2
5.05

42,2
739

SIT

30.0

30.6
29.k

30.0
1.71

20.0
s 7

PREEN

13.7

15.7
11.8

1347
3.28

13.7
5.03

PECK

14.1

14.9
13.2

o1
2.61

14,1
3475

25
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the 8 estimates based on 80 seconds per lapse as ranked information,
could be tested by the modification of Kendal's Coefficient of
Concordance given by Moroney, (1962).

The results of such tests for both parent and chick behaviour,
under all conditions of attendance using data derived from recordings
made at 80 seconds per lapse are shown in Table 6. This table
shows that even with the most variable set of 80 seconds per
lapse estimates - male, late brood care with chicks, - there was
a significant (P < 0.01) degree of agreement of the rank orders
of the eight estimates.

Thus, as the sets of 80 seconds per lapse estimates of parent
and chick behaviour tended to show rather smell variation, indicateé
by the standard deviations in Tables 4 and 5, and sorted the
behaviours into the same rank order as the 10 seconds per lapse
standards, indicated by Table 6, all experimental results given in
the rest of this study were based on information obtained from 80

seconds per frame time-lapse film.
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TABLE 6.

WITHIN EACH OF THE DIFFERENT ATTENDANCE CLASSES

A

Attendance class F - value Greater d.f. Lesser d.f.
»*
a Early brood care
(1) Male with chicks 20.1 4,75 33.25
(2) Female with chicks 27.7 3475 26.25
b Late brood care
(1) Male with chicks 48,6 2.75 19.25
(2) Female with chicks 39.9 4,75 33.25
(3) Female alone 30.8 3.75 26.25
II CHICK BEHAVIOUR
a Early brood care
(1) Male with chicks 57.2 575 Lo,25
(2) Female with chicks 77.9 5.75 Lo,25
b Late brood care
(1) Male with chicks 1.3 3.75 26.25
9 (2) Female with chicks 22.8 5.75 Lo,25
(3) Chicks alone k1,0 2.75 19.25

ADULT BEHAVIOUR

TESTS FOR THE DEGREE OF AGREEMENT IN THE RANKING OF ADULT
AND CHICK BEHAVIOUR BY THE 8 POSSIBLE 80 SHCONDS PER LAPSE ESTIMATES

21

s ——

* A1l F-values were significant (P<0.01)
Test used was the modification of Kendall's Coefficient of Concordance,

Pe337, M.J. Moroney (1962).
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THE ORTENTATION OF THE PARENT BIRDS AT THE NEST SITE

As shown in Fig. 4, during the pre-laying period the adult birds
stand on all parts of the nest structure but after the eggs are laid
they stand only on the nest cup. With young chicks present the
outside edge of the nest is also used and later still the nest cup
is vacated for the growing brood. During chick attendance the
adults may even stand on the nest ledge at the side of the nest,
which is classified as SIDE nest attendance as opposed to ON nest
attendance when the parents stand on the nest structure itself.
Only when the chicks vacate the nest site do the parents again
stand on all parts of the nest structure.

The actual direction that parents faced was classified as
ingide, parallel or outside by reference to the hypothetical
orientation circle shown in Fig. U4t whose centre was placed at the
feet of the attending adult. The direction of facing was that
segment of the circle that contained the birds head.

The direction fgﬁgg by 4 pairs of adults in all of the
attendance at the nest site was classified into the categories,
described above, using 80 seconds per frame time-lapse film and
subdividing the results mrecording to the stage of breeding, sex
of parent, type of attendance and presence or absence of chicks.
The nest sites of pairs 1 and 2 were in the exposed centres of
window ledges whereas those of pairs 3 and k were in the more
protected corners of adjacent window ledges.

THE RANDOMNESS OF THE PARENTAL FACING.
In a first analysis the orientation of each adult, on each

day, was classified according to the direction in which the majority
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Fig. 4.

Details of the positions occupied by adults
when attending the nest through the breeding

season.

area of nest occupied by adult

v

ON attending

area of nest occupied by adult

SIDE attending
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PLAN OF NEST SITE HYPOTHETICAL ORIENTATION
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of the facing was observed. Random orientation would have given
equal numbers of days on which a preference was shown for each of
the 3 directions for each adult thus providing expected values to
compare with the observed values by Chi-squared tests. Table 7
showed that the direction of facing deviated significantly from
random, (P<£0.001), with the preferred facing directions in order,
inside > parallel > outside. The results for pair 1 indicated
that the preference for inside facing was not as strong as in the
other three pairs but this was the only pair observed for the whole

breeding cycle.

CHANGES IN THE FACING BEHAVIOUR THROUGH THE BREEDING SEASON.,

In order to compare the orientation of the parents from day
to day the raw results were converted to proportions of the total
attendance spent on inside, parallel and outside facing. Because
percentages follow a binomial rather than a normal distribution all
percentage values based on sample sizes greater than 50 frames were
transformed by means of the Arcsine square root transformation
(Snedecor and Cochran 1969). Percentages based on attendance of
less than 50 frames per day were transformed using the Table given
in Mosteller and Youtz (1961). Unless otherwise stated all
following graphs and calculations are based on arcsin transformed
percentages.(&ee Appgndix)

Figs. 5 to 8 show the different percentages of attendance
spent facing inside, parallel or outside during the breeding
cycles of the four pairs of kittiwakes. All graphs are timed from
the date of hatching of the chicks so that observations from

different pairs may be compared. Each point on the graphs is the
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TABLE 7. DIRECTION OF ADULT FACING OF FOUR PAIRS OF BREEDING

KITTIWAKES

OBSERVED DAILY ADULT ORIENTATION - (See text for details)

INSIDE PARALLEL OUTSIDE

Pair 1
Male 69 33 9
Female 66 27 10
Pair 2
Male 46 L 0
Female ‘ 4 8 1
Pair 3
Male 50 3 0
Female 56 1k 2
Pair 4
Male 60 6 2
Female 49 15 b

All XZ values are significant (P< 0.001)

49.3
481

778
5ke?7

88.9
67.0

92.5
48.5




Fig. 5. Changes in the percentages of attendance
spent facing IN, PARALLEL and OUT during the

breeding cycle of pair 1.

chicks present, parents ON

*r—e
attending

X X chicks absent, parents ON
attending

A——_A chicks present, parents SIDE
attending

limits = 1 x S.E.

(Each point is the mean of 8 consecutive

daily measures)

e = egg laying

1

7
1!

hatching
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Fig. 6. Changes in the percentages of attendance
spent facing IN, PARALLEL and OUT during the

breeding cycle of pair 2.

. chicks present, parents ON
attending
¥——X chicks absent, parents ON
attending
A . A chicks present, parents SIDE
attending

limits = 1 x S.E.

(Each point is the mean of 8 consecutive

daily measures)
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Fig. 7. Changes in the percentages of attendance
spent facing IN, PARATLEL and OUT during the
breeding cycle of pair 3.
o o chicks present, parents ON
attending
H————X chicks absent, parents ON
attending
A A chicks present, parents SIDE
attending

limits = 1 x S8.E.

(Bach point is the mean of 8 consecutive

daily measures)
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Fig. 8. Changes in the percentages of attendance
spent facing IN, PARALLEL and OUT during the

breeding cycle of pair 4.

" chicks present, parents ON
attending
s chicks absent, parents ON
) attending
A-—— A chicks present, parents SIDE
attending

limitS = 1 X SoEo

(Each point is the mean of 8 comsecutive

daily measures)
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mean of a group of 8 consecutive daily measurements of the
transformed percentages of attendance spent facing in a
particular direction. The limit¢s shown are one standard error
from those means.

Fig. 5 shows the results from pair 1 from 80 days before
batching of the chicks until their final abandonment of the nest
site. Fig. 6, 7 and 8 show the results from pairs 2, 3 and 4
respectively from shortly after hatching until the final abandon-
ment of the nest site. The information in these graphs has been
split to show the effects on the percentages of the different
facings of the presence or absence of chicks and whether the
parents are ON or SIDE nest attending.

The most complete record, for pair 1, showed that the facing
behaviour changed as the breeding cycle progressed.s Fig. 5
illustrates that during the earliest stages of nest site occupation
the orientation of the adults was mainly towards the nest ledge,
i.e. inside and parallel facing, which was interpreted as a short
period of familiarisation with the new site. This was followed
by a longer period, where more attention was focussed on outside
facing where other adults prospecting for nest sites would have
created a diverting disturbance. When the adults were nest
building at high intensity, egg laying and incubating, during the
32 days before the chicks hatched, outside facing changed to inside
facing which may have been an adaption to minimise spillage of the
eggs, particularly during egg turning. At the time of hatching adult
facing became almost exclusively inside. Unlike the earlier changes
the levels of both outside and parallel facing dropped dramatically,

particularly the former. This was seen as a further measure to
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minimise the risk of losing the mobile yet uncordinated chicks
and afford them protection from falling debris on the cliff-face
habitat as the adults stood between the brood and the precipice.
This behaviour makes observations of young chicks difficult on

a normal cliff-face colony but by filming as here from behind the
nest site, from inside the warehouse, no such difficulty arose.
Fige 5 indicated that throughout the period of attendance of the
chicks the level of inside facing was always high and this
situation was confirmed for pairs 2, 3 and 4 as is seen in

Figs. 6, 7 and 8. These graphs also showed that when the chicks
had left the nest site then the adult orientation tended to
become more random than when chicks were present.

The existence of a major pattern of facing behaviour that
varied between different breeding stages suggested that stimuli
connected with the nest and its contents had an important effect
on this behaviour.

The changes in facing behaviour could thus be interpreted
as yet another adaptation of kittiwakes to the cliff-face
nesting habitat (Cullen, 1957) that is not seen in the normal
ground-nesting gulls e.g. (Beer, 1961, for black-headed gulls)
where eggs and broods are not at risk from falling. McLannahan
(197% found that isolated, young kittiwake chicks (day 1 to 5)
did not depress their activity to the same extent as older chicks
either when close to a 'cliff' wall or when in darkness. This
suggests that the effects of the most marked change in facing
behaviour, seen at the time of hatching, could be an important

factor in the reduction of young chick mortality.



INDIVIDUAL VARIATION IN FACING BEHAVIOUR

Although during chick care, inside facing was always the most
favoured direction, a close examination of Fige 5 to 8 indicated
that thg facing behaviour of the members of a particular pair
was more similar to one another than to that of members of
other pairs.e The daily transformed percentages of inside facing
were assumed to be independent estimates of the inside facing
preference of individval adults. Hence, it was possible to test
for differences between adults of the same sex on different nest
sites by one-way analyses of variance and the differences between
adults of a pair by 4 tests (Bailey 1959): %hese tests were made
over the period from day 10 after hatching until the abandonment
of the nest site by the chicks. This was the longest period for
which inter-pair comparisons were possible. The results for
these tests (Table 8) showed that the members of a pair tended not
to differ in their percentage inside facing ( only pair 3 showed
a significant difference P< 0.05) yet adults of the same sett on
different nest sites did differ significantly in their percentage
inside facing (P<0.001). The tendency for the members ;f a
pair not to differ was taken to indicate that individual variation
wags not an important factor governing this behaviour and the
tendency for individuals to differ from site to site was taken
to indicate that the physical characteristics of the site, i.e.
the amount of protection afforded by the 'cliff' face did affect
this behaviour. The more exposed sites of pairs 1 and 2 gave higher
values for inside facing than the more sheltered sites of pairs 3

and 4,



TABLE 8. COMPARISON BETWEEN THE PERCENTAGE INSIDE FACING OF FOUR
PATRS OF ADULT KITTIWAKES ATTENDING THE NEST SITES WITH CHICKS
PRESENT ~ (DAY 10 AFTER HATCHING UNTIL CHICKS ABANDON SITE)

MEAN DATLY PERCENTAGE OF ATTENDANCE FACING
INSIDE (ARCSIN TRANSFORMED)

Sex of adult Significance

attending Pair 1 Pair 2 Pair 3 Pair 4 1level

Male (36) 72.1  (35) 68.3 (35) 60.9 (40) 57.5 P<£0.001
NeSe NeSe P<0.05 NeSe

Female (32) 75.2 (35) 63.5 (42) 53.8 (38) 57.5 P<0.001

Notes: Numbers in parenthesis are numbers of days on which

observations were made

Differences between adults of the same sex on different
sites tested by one way analyses of variance

Differences between pairs on same site tested by d test
(Bailey, 1959) nes. = not significant



b bl B

It is possible that the small scale serial fluctuations
which were seen in the pairs of graphs for each site, for each
orientation direction, may represent the effects of various changing
environmental factors such as temperature, wind-speed and wind
direction influencing in a similar way each of the two members
of a pair.

FACING DIRECTION AND SIDE NEST ATTENDANCE

The analyses which are shown above refer to the facing
orientation of adults attending on some part of the nest structure -
namely ON nest attending. This is the normal position for adults
to stana. In some pairs during late chick care, the nest ledge
adjacent to the nest itself was utilized -~ SIDE nest attendance:
see Fige 4o During SIDE nest attendance the adults were out of
close proximity to the chicks, whose movements were largely restricted
to the nest structure itself.

Records were made of the facing direction in the SIDE position
of only two of the pairs studied, as shown in Figs. 6 and 7. The
occurrence of SIDE nest attendance varied widely between individuals.
Thus, each day on which both types of attendance occurred was
classified either as SIDE or ON, depending on where the larger
percentage of inside facing was observed, for all 4 adults (Pairs
2 and 3). Similar facing orientation in the two attendance
positions would have given equal numbers of days under the two
conditions thus providing expected values to compare with the
observed values in chi~squared tests. Table 9 showed that the
number of days under the two conditions differed significantly,
(P<0.05), in all four cases so that adults that attended in

both the SIDE and ON position on the same day tended to carry
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TABLE 9. DIFFERENCES IN INSIDE FACING BEHAVIOUR WHEN PARENTS ARE 'ON'
NEST ATTENDING OR 'SIDE' NEST ATTENDING

All days that included both ON and SIDE nest attendance were scored

according to which type of nest attendance contained the greater
proportion of inside facing

Now- of days
when 1n51de
fac:.ng with
parents ON
PAIR 2
MALE 6
FEMALE 3
PAIR 3
MALE 1
FEMALE 0

No. of days

when more

ingide facing
with parents SIDE

17
25

14
14

X2

5.26
17.28

11.26

14.0

Significance
level

P<0.05

P< 0.001

P<0.001

P < 0,001



out more inside facing in the former rather than the latter
position.

Al though the function of SIDE nest attendance did not
emerge from this study, Fig. 4 and Table 4 showed that not
only did the position occupied differ from normal but also that
the facing orientation changed, so that adults tended to face

away from their broods when nest attending in the SIDE position.

DISCUSSION

In an investigation of this type where relatively few
individuals were examined closely rather than large numbers
examined in lesser detail, the results obtained can not
necessarily be regarded as representative of all kittiwakes.
However, where replicate observations were available, there
was close agreement between all of the individuals. The
study did suggest that the direction of facing of adult
kittiwakes at the nest site was adapted mainly to favour the
safety of the eggs and chicks on the dangerous cliff-face habitat.
SIDE nest attendance clearly differed from nest attendance in
the ON position as adults did not face their brood in the former
case. During chick attendance, there was tentative evidence
to suggest that the physical characteristics of the nest site,
rather than weather and individual variation was of greater
relevance to this behaviour. Cullen (1957) concluded that the
cliff-nesting habit of kittiwakes was probably an anti-predator
device and that the mortality of chicks was at least as often
caused by falling as by starvation. However Coulson and White

(19563 and Pearson (1968) could find no evidence to suggest that
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starvation was an important factor, so that death by falling
appeared to be one of the main causes of chick mortality.
This opinion was reinforced by my own observations of several
North Sea colonies of kittiwake where chicks that were in good
condition could often be found at the base of the cliffs. If
this hypothesis were confirmed then vigorous selection in favour
of an adaption of adult behaviour to minimise this source of
danger, would be expected.
If the marked change noted above in facing direction,
between incubation and chick attendance were general then this
might provide a readily observable field measure of hatching date,
and, by extrapolation, laying date, which could be used for |
inaccessible kittiwake colonies. These parameters have heen
shown by Coulson (1972) to be important in kittiwake population

studies.
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THE ATTENDANCE OF ADULT KITTIWAKES AT THE NEST SITE DURING
THE BREEDING SEASON

Coulson & White (19563 concluded that older, more experienced
kittiwakes reacted to the breeding stimulus earlier, more
intensely and with greater success than younger breeding birds.
In a later study, Coulson (1972) illustrated the advantage for
potentially good breeding birds in breeding together and
concluded that this was achieved by the best birds returning
to the colony first and hence pairing up with potentially
good mates; segregation between the centre and edge of

the colony enhanced this. In the earlier study it was
demonstrated that before breeding started birds that had bred
previously spent more of their time at the colony (and showed
greater nest site tenacity in the following year) than those
about to breed for the first time.

Not only was early occupation of the nest site important
but also, as successful rearing of young involved a great deal
of co-operation between the members of a pair (where both sexes
assisted in incubation and care of the young Coulson & White 19553
then the pattern of attendance of adults at the nest site
throughout the breeding cycle was important.

METHODS

Kittiwakes differ from their ground-nesting relatives in
their habit of breeding on very small cliff-ledges rather than
in large territories on either flat ground or on large ledges
where the actual nest site only occupies a fraction of the
defended area. This restricted area of nest site made the

recording of all adult attendance by time-lapse film much easier
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than would have been the case for a comparable ground-nesting
species. Time-lapse records for Pair 1 extended from occupation
of the nest site by the adults until abandonment by the chicks and
for Pairs 2, 3 and 4 from soon after hatching until abandonment of
the nest site by the adults sometime after the chicks had fledged.
During the filming of the breeding birds the colony was
visited at intervals of not more than two days. Each visit
consisted of recording, for all nest sites in the colony, the
presence or absence of either adults, chicks or eggs. These
records represénted a series of independent spot observations
of the attandance of individual kittiwakes at the nest site
that could be compared with the results obtained from the four
filmed pairs. During the later part of the 1969 and 1970
breeding seasons, when chicks were present in the nest, the
visits were made daily and consisted of five consecutive
hourly spot observations rather than the single observations

carried out in the earlier part of the season.

PROCEDURE
The time-lapse records were analysed by splitting attendance into
6 categories.

1 Male alone, ON nest attending. * MALE SINGLE ON

2 " " , SIDE" " = MALE SINGLE SIDE
3 Female alone, ON nest attending. = FEMALE SINGLE ON
4 " " SIDE nest attending = FEMALE SINGLE SIDE
5 Both parents together = BOTH

6 Neither parent present = LEAVE

*

See Fig. 4 for definition of 'ON' + 'SIDE' nest attendance



Each frame of the time-lapse film was classified with respect to
date, sex of adult, presence or absence of eggs oI chicks and type
of attendance. In order to compare the attendance of the parents
on a day to day basis, the raw results were converted to percentages
of the daylight hours spent on each of the six types of attendance.
As percentage follows a binomial rather than a normal distribution
all percentage walues were transformed by means of the arcsine
square root transformation. TUnless otherwise stated all

following graphs and calculations were based on arcsine transformed
percentages.(See APPe.mlfx).

Each of the time-lapse records represented & particular
example (accurately measured) of the pattern of nest site
attendance shown by successful breeding pairs.

By utilizing the spot observation information, as shown
below, it was possible to gain an indication of what form an
taverage' pattern of attendance took in successful pairs. This
was compared with the time-lapse records.

A minimum of 36 successful breeding sites were observed from
120 days before the hatching of the Ffirst egg until after the
abandonment of the nest site by the adults after the breeding
season. Each observation of a nest site was classified into
the same 6 categories of jttendance as the time-lapse data. In
order to group the results from different nest sites all
observations were converted to days before or after hatching of
the chicks, So that all observations should be independent of one
another, only the first observation, of a particular site, on a

particular day, was used when more than one had been made.

&6



CHANGES IN THE PATTERN OF ATTENDANCE BEHAVIOUR THROUGH THE BREEDING
SEASON

Figs 9 to 12 show the different percentages of the total
daylight hours spent on the six different categories of attendance
during the breeding cycles of four pairs of kittiwakes. These
are timed from the dates of hatching of the chicks. Each point
on the graphs is the mean of a group of eight consecutive daily
measurements of the transformed percentages of the different
categories of attendance.

Fig. 9 shows the results for one pair of birds from 88
days before hatching of the chicks until the final abandonment
of the nest site by the chicks. Figs 10 to 12 show the results
for three further pairs from shortly after hatching until the
final abandonment of the nest site by the adults. The spot
observation information (Fig. 13) was grouped into the same
eight day groups as Figs 9 to 12 and similarly shows the
variation with the stage of breeding, timed from the hatching
date, of the percentages of these groups of observations that
fell into each of the six possible adult attendance categories.
The observations used to construct each point of Fig 13 were
obtained from at least 36 pairs of successful birds. The spot
observation record was longer than any of the time-lapse records
yet similarities between Figs 9 to 13 were evident.

These Figs. generally showed the same major pattern of adult
attendance through the breeding season which can be summarised
as follows.

(1) The Early Pre-breeding pattern was one of approximately

equal amounts of male alone ON, female alone ON and BOTH
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Fig. 9.

Changes in the percentages of the total
daylight hours spent on different categories
of attendance during the breeding cycle of

pair 1. (arcsin transformed)

° ® male
A ——-A female
X—+ X both
R neither
limits = 1 x S.E.
e = egg laying
h = hatching
|f] = chicks flying

(Each point is the mean of 8 consecutive

daily measures)
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Fig. 10. Changes in the percentages of the total
daylight hours spent on different categories
of attendance during the breeding cycle of

pair 2. (arcsin transformed)

—— ¢ male

B O e | female
K+ = o X both
rocenenne + neither

limits = 1 x S.E.
¢———eggteying
A—=—hetehing
|f| = chicks flying

(Bach point is the mean of 8 consecutive

daily measures)
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Fig. 11. Changes in the percentages of the total
daylight hours spent on different categories
of attendance during the breeding cycle of

pair 3. (arcein transformed)

——o male
A——--A female
Yo m =X both
IR neither

limits = 1 x S.E.
-Z—=——egg—taying
-A—=hebehing-
[£]

chicks flying

(Each point is the mean of 8 consecutive

daily measures)
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Fig. 12.

Changes in the percentages of the total
daylight hours spent on different categories
of attendance during the breeding cycle of

pair 4. (arcsin transformed)

*—————o male
A-———A female
Ko — X both
b neither

limits = 1 x S.E.

|f] = chicks flying

(Each point is the mean of 8 consecutive

daily measures)
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Fig. 13.

Changes in the percentages of the total spot
observations made in consecutive 8 day periods
spent on different categories of attendance

during the breeding cycle of successful pairs.

(arcsin transformed)

———o male
A-———A female
X both
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limits = 1 x S.E.

e = egg laying
h
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53
attendance with the nest site left unattended for shorter
periods., (Female attendance was somewhat variable).
(2) The period just prior to egg-laying marked a change in
the attendance pattern such that the nest was never left
unattended and BOTH attendance was reduced to very short
changeovers which punctuated the constant adult attendance
throughout Incubation and Early Chick-care. The two adults
carried out approximately equal shares of the attendance in
the ON position.

(3) Late Chick-care saw a reduction in the amount of attendance
by each adult in the ON position that:;;rtially compensated
by each adult attending in the SIDE position. The nest site
was also left unattended.

(4) The changes in the pattern of attendance prior to the first
flight of the chicks were slowed down or reversed during the
Fledging Period with a reduction of attendance in the SIDE
position and a slight increase in BOTH attendance.

(5) After the abandonment of the nest site by the chicks, adult
attendance was very variable but attendance in the SIDE

position was never recorded. This stage was terminated

by the abandonment of the nest site by the adults.

INDIVIDUAL VARIATION IN THE TIMING OF CHANGES IN ATTENDANCE PATTERNS
THROUGH THE BREEDING SEASON.

The information contained in graphs 9 to 13 indicated that the
attendance of adult kittiwakes at the nest site changed through the
breeding season in an ordered way. However, the timing of these
changes varied between pairs. As the results in Figs 9 to 13 were

in the form of a sequence arranged in the order in which they were



obtained, they were suitable for analysis using cumulative sum
chart techniques (Woodworth and Goldsmith 1964). When each of

a sequence of results, over time, is subtracted in turn from a
constant 'reference' value, e.g. the mean of the whole sequence,
and if each of the deviations (with regard to sign) is accumulated,
then the serial accumulation can be plotted to form a 'cumulative
sum chart'. On such charts a sequence of results of approximately
equal value is represented by a straight section. The steepness
of the slope of the section is proportional to the deviation of
the average value of that section from the reference value.
Downward slopes indicate values less than the reference value,
upward slopes indicate values greater than the reference value.
The point of onset of the changes in slope mark the changes in the
average serial values.

Cumulative sum charts were constructed from the sequential
values of the transformed daily percentages of the attendance
in the ON position by each adult of Pair 1 - Fig. 14 and similarly
for Pairs 2, 3 and 4 - Fig. 15 A chart, Fig 16 was also constructed
from the spot-observation information of Fige. 13.

As « spot-observations represented the 'average'! pattern then
Fig. 16 was considered first.

On this Figure the two charts, for males and females, diverge.
This shows that the two sexes did not carry out identical attendance
behaviour.

The positions of the changes in the slope of the two charts
indicated the timing of the changes in the amounts of single ON
attendance and thus the changes in the attendance pattern. In

this way the whole record could be split into the distinct stages
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Fig, 14. Cumulative sum charts of the sequential daily
values of the transformed percentages of
SINGLE ON attendance during the breeding
cycle of pair 1. (Bee text for details)

X X XX male
e v e female

reference value = 30

e = egg laying
h = hatching
|f| = chicks flying
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Pig. 15.

20

Cumulative sum charts of the sequential daily
values of the transformed percentages of
SINGLE ON attendance during the breeding

cycle of pairs 2, 3, and 4. (See text for
details)

reference value = 40
-2—=——cgslaying-
**ﬂr%ﬂﬂﬁﬂﬁﬂﬁr
| fl = chicks flying
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Fig. 16.

9%

Cumulative sum charts of the sequential

values of the transformed percentage of the
total spot observations made in consecutive
8 day periods spent on SINGLE ON attendance

during the breeding cycle of successful pairs.

(See text for details)

reference value = 40

¢ = egg laying
h
| f1

- hatching

chicks flying
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that were recognised in the original graphs 9 to 13. The high
resolution of the cumulative sum chart method was shown in
Fig. 16 where during the late pre-breeding stage the females
were seen to exhibit an extra attendance stage, not shown by
the males, that was difficult to pick out in Fige. 13. After
this the two sexes showed parallel attendance stages for the
rest of the breeding cycle although the precise timing of the
beginning and ending of these stages differed in the two sexes.
The change from late Pre-breeding to the Main Breeding stages
(Nest building, Incubation and Early Chick-care) in the females,
occurred during the 8 day period prior to that of the males and
the change in the females from this stage to Late Chick-care
occurred during the 8 day period after the males change.

The cukulative sum charts of pairs 1 to 4, derived from
the time-lapse film, represented the diversity of patterns of
attendance among successful breeding pairs.

The changes in slope of the cumulative sum charts precisely
timed the start and finish of the different attendance stages for
both the time-lapse and spot observation information and these,
together with the lengths of the comparable attendance stages,
are given in Table 10. This table shows that only the record
from Pair 1 was available for comparison with the spot-
observation information during the Pre-breeding stage. Although
the length of this stage was shorter for Pair 1 than for the
spot-observation information there were similarities between
the 2 records. The male displayed a constant attendance

pattern and the female a variable one with 3 rather than 2
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TABLE 10 LENGTH AND TIMING OF PARALLEL ATTENDANCE STAGES THROUGH
THE BREEDING SEASON TAKEN FROM FIGS. 9 TO 16 - SEE TEXT FOR DETAILS

Timing given as days before (-) or days after (+) hatching

Spot observation resulis given as ranges in parentheses

PRE-BREEDING STAGE (DAYS)

START FINISH LENGIH
SPOT OBSERVATION
Male ~(120-113)  -(32-25) (95-81)
Female early -(120-113)  ~(72-65) (55-41)
late ~-(64=57) -(L40-33) (31-17)
TIME-LAPSE
Pair 1
Male -81 -33 b9
Female early -81 -67 15
middle -66 -45 22

late =Ly -30 15



II MAIN-BREEDING STAGE (DAYS)

START

SPOT OBSERVATION
Male -(24-17)

Female -(32-25)

TIME-LAPSE

Pair 1
Male

Female

Pair 2
Male

Female

Pair 3
Male

Female

Pair 4
Male

Female

MEAN OF TIME-LAPSE

Male

Female

-32

no record

1"

no record

FINISH

+(16-23)
+(24-31)

+26
+25

+21

+28

+17

+28

+27

+36

+22.8

+29.3

LENGTH

(34-48)
(50-64)

59
55



III LATE CHICK-CARE STAGE (DAYS)

SPOT OBSERVATION
Male

Female

TIME-LAPSE
Pair 1
Male

Female

Pair 2
Male

Female

Pair 3
Male

Female
Pair 4
Male

Female

MEAN OF TIME-LAPSE

Male

Female

START

+(24-31)
+(32-39)

+27

+26

+22

+29

+18

+29

+28

+37

+23.8
+30.3

FINISH

+(32-39)
+(32-39)

+38
+38

+37
+37

+39
+39

+42

+12

+39.0
+39.0

LENGTH

2-16

12

13

16

22

1M

15

16.3
9.8
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SPOT OBSERVATION

FLEDGING STAGE (DAYS)

Male

Fenmale

TIME-LAPSE

Pair 1

Male

Female

Pair 2

Male

Female

Pair 3
Male

Female
Pair 4
Male

Female

MEAN OF TIME-LAPSE

Male

Female

START

+(4o-47)

11

+39

"

+38

+40

"

+43

+40

L]

FINISH

+(48-55)

+48

+49

+5k

1"

+57

+52

LENGTH

2-16

1

10

12

"

15

15

13




SPOT OBSERVATION
Male

Pemale

TIME-LAPSE
Pair 1
Male

Female

Pair 2
Male

Female

Pair 3
Male

Female

Pair 4
Male

Female

MEAN OF TIME-LAPSE
Male

Female

POST FLEDGING STAGE (DAYS)

START FINISH

+(56-63) +(80-87)

" "

no record no record

+50 +58
1" 114
+55 +68
11 1]
+58 +82
" 11"
+53 +69.3

LENGTH

1832

14
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sub-patterns of attendance during Pre-breeding. Coulson &
White (195g3 gave the mean incubation period of Kittiwakes as
27.5 days so that Table 10 showed the start of the Main Breeding
stage just prior to the laying of the eggs.

All four pairs of filmed birds furnished information about
the ending of the Main Breeding stage. The four males gave a
mean of 22.8 days (range 17-27) and the females a mean of 29.3
days (range 25-36) after hatching for the termination of this
stage. This result was in agreement with the spot-observation
information, where males finished before females, but showed
that individuals were variable in the timing of this change.

The variability in the termination of the Late Chick-care stage,
by the first flight of the chicks was much less; an average 39
days after hatching, (range 37-42). The net effect of this
was that the length of the late Chick-care stage for individual
adults was highly variable: males averaged 16.3 days (range
12-22) and females 9.8 days (range 6-13). In contrast to

Late Chick~-care, the fledging period was much less variable in
length with a mean of 13 days and a range of 10-15 days, whereas
the individual records for the post-fledging stage again showed
wide variation with a mean of 16 days but a range of 9 to 25 days,
a result in agreement with the spot observation information.

Thus Table 10 indicated that the female attendance before
egg~laying, the timing of the changes in attendance by individual
adults during chick care (da'before 2?) and the final abandonment
of the nest site by the pair were highly variable whereas the

timing of changes at egg laying and the first flight of the chicks

were not.



INDIVIDUAL VARIATION IN THE FORM OF ATTENDANCE WITHIN ATTENDANCE
STAGES

The pairs of charts in Figs. 14, 15 and 16 all diverged
indicating intra-pair differences. A comparison between the
slopes of all charts showed a wide variation that denoted
highly individual patterns of single attendance in the ON
position during breeding. As the amount of attendance in the
ON position was measured as the percentage of the day spent
on this attendance category then any changes must have been
compensated by changes in the amounts of the other forms of
attendance.

As shown in Table 10 the two adults of a pair changed their
attendance stages at different times. Thus, attendance within
a stage was only considered during that period when both adults
of a pair showed comparable attendance stages (the results where
only one adult had changed stage were dropped from the analysis).
During these parts of the time-lapse records the straight
portions of the cumulative sum charts indicatéd periods of
relative stability. Within these periods, the consecutive
daily arcsine transformed percentages were considered to be a
normally distributed populations of estimates of the amounts of
each attendance category.

Inter~pair differences in attendance behaviour within the
same attendance stages were investigated by one way analysis
of variance tests and intra-pair differences by t-tests.

A gimilar procedure could not be carried out on the spot
observation information, to investigate differences between the

two sexes attendance behaviour, as the numbers of eight day
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grouped observations during the stable parts of each attendance
stage were too few for t-test comparisons. Instead, as each
individual spot observation was independent of every other,
male and female attendance was compared by a 1:1 goodness-
of-fit Chi-squared test.

The results of these tests, together with the information
on which they were based, are given in Table 11 with the time-
lapse average percentages retransformed for a more direct
comparison with the spot observation information.

The 'average' spot-observation record indicated that there
was no pronounced tendency for either sex to carry out
significantly more attendance alone in the ON position than the
other except during the Post Fledging stage where females were
over-represented significantly (P<0.001). There was also an
indication during the Late Chick-care stage that females carried
out significantly more attendance alone in the SIDE position
than males (P<0.05). This was not in agreement with Coulson
& White (19533 whose spot-observation study indicated that a
significantly greater percentage of females were present during
incubation, although at all other stages of breeding the sexes
were equally represented. The number of observations used
here was much larger than in the study by Coulson & White
(67k4 of single adult attendance during the whole incubation
period compared with 95). The discrepancy may have arisen
due to concentration of Coulson's observations around the

laying day. Fige. 13 indicates a female bias at about this

time.

66
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TABLE 11. INTER- AND INTRA-PAIR DIFFERENCES IN THE FORM OF
ATTENDANCE WITHIN THE SAME ATTENDANCE STAGE

I PRE-BREEDING STAGE

SPOT OBSERVATIONS

EARLY LATE
TOTAL OBSERVATIONS 425 ko9

% of total observations in each category

MALE FEMALE MALE FEMALE
Single ON 26.4 ns 2k,5 32.8 ns 364k
Single SIDE 0 0 0 0
BOTH Lo,5 18.6
LEAVE 8.7 12.2
TIME-LAPSE
Average % of daylight hours in each category
(retransformed)
EARLY MIDDLE LATE
Pair 1
No. of days 15 22 12
MALE FEMALE MALE FEMALE MALE FEMALE
Single ON 20.5 ns 20.5 234 xxx 12.8 25.8 ns 33.9
Single SIDE 0 0] 0 0 0 0
BOTH 1.2 5.5 16.5
LEAVE 32.8 58.7 20kt

No records for Pairs 2, 3 and L4,
STATISTICAL TESTS

Spot observation

Chi-squared 1:1 Goodness of fit tests between
sexes

Time -~ Lapse
"

t tests intra-pair

One way anovar tests inter-pair

ns = not sig., x = P<0.05, xx = P£0.01 xxx = PL0.,001



IT MAIN BREEDING STAGE

SPOT OBSERVATIONS

TOTAL OBSERVATIONS 1182
% of total observations in each category
MALE FEMALE
Single ON .0 ns 5040
Single SIDE 0.1 - 0.1
BOTH 2.7
LEAVE 0
TIME~LAPSE )
Average % of daylight hours in each category
(retransformed)
MALE FEMALE INTER-PAIR
DIFFERENCE
Pair 1
No. of days 52
Single ON 50.9 ns 48. 4
Single SIDE 0 - 0
BOTH 0.1
LEAVE 0.01 Male single ON - xx
Pair 2 Female single ON - xx
No. of days 15 Male single SIDE - no test
Single ON 4,5 ns 52.9 Female M " o.on 1"
Single SIDE 0.2 1s 0.5 BOTH TR
BOTH 0.01 LEAVE - n
LEAVE 0
Pair 3
No. of days 12
Single ON 35.1  xxx 64 b
Single SIDE 0 - 0
BOTH 0.4
LEAVE 0
Pair 4
No. of days 17
Single ON 59.2  xxx 38.5
Single SIDE 0 - 0
BOTH 0.7

LEAVE 0.3
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ITI LATE CHICK-CARE STAGE

SPOT OBSERVATIONS

TOTAL OBSERVATIONS 217

% of total observations in each category

MALE FEMALE
Single ON 28.6 ns 31.3
Single SIDE 8.8 =x 16.6
BOTH Tol
LEAVE 13.4
TIME-LAPSE
Average % of daylight hours in each category
(retransformed)
MALE FEMALE INTER-PAIR
DIFFERENCE
Pair 1
No. of days 12
Single ON 2.8 ns 2.1
Single SIDE 5.2 XXX 0.6
BOTH 0
LEAVE 88.1
Pair 2 Male single ON - xxt
No. of days 9 Female " " - xx
Single ON 1.5  xxx 30.5 Male single SIDE -xx
Single SIDE 1647 x 27.6 Female " " -xxx
BOTH 1.1 BOTH -no test
LEAVE 8.2 LEAVE - Xxx
Pair 3
No. of days 10
Single ON 18.6 XX 1.9
Single SIDE 7.0 ns 342
BOTH 0.3
LEAVE 22,0
Pair 4
No. of days 6
Single ON 26.8 ns 28.3
Single SIDE 0.2 ns 1.0
BOTH 0.6

LEAVE 39.4
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IV FLEDGING STAGE

SPOT OBSERVATTIONS

TOTAL OBSERVATIONS 238

Single
Single
BOTH
LEAVE

ON
SIDE

TIME-LAPSE

Pair 1
No. of
Single
Single
BOTH
LEAVE

Pair 2
No. of
Single
Single
BOTH
LEAVE

Pair 3
No. of
Single
Single

LEAVE
Pair 4

No. of

Single

Single
BOTH
LEAVE

days
ON
SIDE

days
ON
SIDE

days
ON
SIDE

days
ON
SIDE

% of total observations in each category

MALE FEMALE
22.5 ns 26.0
3.6 ns 3.9
b1
33.9

Average % of daylight hours in each category

(retransformed)
MALE FEMALE INTER-PAIR
DIFFERENCE
8
3.3 ns 1.6
2.0 XX 0.1
0
92.1 Male single ON - XX
Female " " - XX
12 Male single SIDE - x
9.2 xx 29.0 Female " " - XX
3.0 ns 10.5 BOTH - 08
3.1 LEAVE - XXX
33.0
10
13.2 XX 38.7
0.1 XXX 245
0.3
Lo, 4
14
19.0 ns 18.9
0 - 0
2.6

53.6
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FLEDGING STAGE

SPOT OBSERVATIONS

TOTAL OBSERVATIONS 633
% of total observations in each category
MALE FEMALE
Single ON 7.6 xxx 17.4
Single SIDE 0 - 0
BOTH 2.2
LEAVE 72.8
TIME-LAPSE
Average % of daylight in each category
(retransformed)
MALE FEMALE INTER-PAIR
DIFFERENCE
Pair 1
no record
Pair 2
No. of days 7
Single ON 10.2 ns 29.1
Single SIDE 0 - 0
BOTH 7.2 Male single ON - xx
LEAVE k7,2 Female " " < ns
Pair 3 Male single SIDE - no test
No. of days 9 Female " " _ no test
Single ON 26.5 ns 309 momH - ns
Single SIDE 0] - 0 LEAVE - ns
BOTH 0.6
LEAVE 37.6
Pair 4
No. of days 15
Single ON 13.2 ns 16.9
Single SIDE 0 - 0
BOTH 6.6
LEAVE 5642
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Only Pair 1 furnished time-lapse information during the
Pre-breeding stage. This differed from the ‘'average' spot-
observation record by the inclusion of a sub-period of low
female attendance alone in the ON position and the fact that
the amount of adulis attendance was generally not as great.

This may well have indicated a lower than average reproductive
drive in the adults of Pair 1, particularly the female.

Cullen (1957) noted that after the birds returned from their
winter quarters females were attracted to the nest sites by

the males advertising their status by the 'choking' display.

She also noted how kittiwakes had to stake a claim to a nest
gite early, as the number of suitable ledges were often
restricted and therefore the competition for nest sites severe
(This must account for the small amounts of LEAVE attendance
during Barly Pre-breeding). Pair 1 occupied a site classified
by Coulson (1968) as an 'edge' rather than a 'centre' site
where the competition was less severe than for the central sites
occupied by pairs 2, 3 and 4 (and by the majority of the pairs
in the spot observation informationh  This difference may
account for the success of Pair 1 in retaining their site even
though their Pre-Breeding stage was shorter, and their attendance
less complete, than in most breeding pairs.

Table 11 shows that the attendance pattern of Pair 1 was most
similar to the 'average' pattern during the period just prior to
ege laying (Late Pre-Breeding). At this time the necessity for
co-operation of behaviour during nest building and copulation must

be greater than at any previous part of the cycle.

.,
Sl
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Results from all four time-lapse pairs were available for
comparison during the early chick-care portion of the Main
Breeding stage, as is shown in Table 11. The information from
spot observations indicated that there wa%rzverall tendency for
either of the sexes to carry out more attendance than in the
other in the ON position but two of the time-lapse intra-pair
comﬁarisons indicated a highly significant difference (P< 0.001).
As the vast majority of attendance was carried out in the ON
position during this stage these differences were largely
responsible for the significant inter-pair difference. (P<0.01),
seen in Table 11.

Thus, during the Main Breeding sage the attendance by
individuals during daylight hours (essentially all in the ON
position) was not necessarily shared equally.

The Main Breeding Stage represented the simplest attendance
pattern in the breeding cycle with single ON attendance bouts
only interrupted by short changeovers, (BOTH attendance). This
co-ordination of attendance behaviour, lasting for the whole of
the early chick stage ensured that successPul breeding adults
did not leave their young brood or eggs unattended except for
the rare occasions when they were disturbed at the nest site.
(Beer (19663, however, working with black-headed gulls, found
a significant negative correlation between the amount of time
spent by adults on the territory and the age of the chicks from
hatching. This difference may well relate to the danger from
falling in the cliff-face nesting situation of kittiwakes, which
does not influence ground-nesting gulls. This danger is

allayed by the position and facing direction of the attending

‘3
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adults (See Ghaeter ITE).

However, Beer's study showed that the amount of time spent
together by the adults of a pair. (BOTH attendance) was not
correlated with the age of the brood., Although his value
5% for percentage of observation periods when adult Black-
headed gulls attended together is somewhat larger than the
values given for kittiwakes in Table 11, the difference is
small. This meant that the requirements for the co-ordination
of attendance during thisstage (that were assumed to take
place during BOTH attendance) were similar in the two species
despite the different nest site habitats.

The adult nest attendance pattern during the Late Chick-
care stage was characterised by a reduction in attendance
alone in the ON position compensated for by the appearance of
attendance alone in the SIDE position and periods when the nest
site was left unattended (as in black-headed gulls).

This was noticed by Cullen (1957) who reported that in the
first weeks after hatching the parents guarded the nest site so
well that strange birds were seldom able to land there but
later the young were more often left alone so that adults
searching for territory could land on the nest site.

Whereas adults which were SINGLE SIDE attending could
readily be identified from the time-lapse film, it was more
difficult to decide which adult was responsible for the brood
being left unattended. Beer (1961) suggested that during
incubation in the black-headed gull an attendance bout by omne

adult was terminated by the return of the other but when on the
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time~lapse film of kittiwakes an adult was seen to leave during
Late Chick-care this may have been caused by the early leaving
of this attending bird or the late arrival of the other returning
bird. Often the chicks were alone at daybreak leaving no clue
as to the identity of the last adult to attend the chicks. For
these reasons the appearance of LEAVE attendance (when the nest
site was unattended) was related to particular pairs not to
individualse.

The spot observation information indicated that neither
sex carried out more of the single ON attendance, but that there
was an indication that females were more often observed in single
SIDE attendance than males.

Inter-pair comparisons during the Late Chick-care stage
showed that the percentage of the day devoted to all of the
attendance categories, except for BOTH attendance, differed
significantly from site to site (P <0.01). The most interesting
of these was LEAVE attendance as this meant that chicks on
different sites were left unattended for significantly different
percentages of the daylight hours and thus were differentially
open to disturbance from prospecting, strange adults. Two of
the intra-pair comparisons of single ON attendance showed a
significant difference (P <0.01) and two of the single SIDE
comparisons also showed a significant difference (P<0.05).

Thus during the Late Chick-care stage, the individuals of
a pair did not necessarily show similar amounts of attendance
alone in the ON position or in the SIDE position. This

variation was reflected in the fact that the attendance patterns
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of pairs also differed considerably.

Although there were inter-pair differences in the amounts of
the single ON attendance, during the Main Breeding stage, this was
co-ordinated in all pairs so that the chicks were not left unguarded
yet adults hardly overlapped in their attendance. During the Late
Chick-care stage, however, this did not happen, as there were
highly significant differences between the pairs, (P<0.001), in
the amount of LEAVE attendance. Firstly, this showed that the
introduction of attendance in the SIDE position did not fully
replace the reduction of attendance time in the ON position,
and secondly that different pairs achieved different, success in
replacing this reduction.

Table 11 showed that in the change from the Main Breeding
stage to the Late Chick-care stage the individuals of a pair did
not decrease their attendance in the ON position to the same
extent. For example, Pair 2 showed no intra-pair difference in
single ON attendance during the former stage but a highly
significant difference (P < 0.001) during the latter stage.
Conversely, Pair 4 showed a highly significant intra-pair
difference during the former stage (P £0.001) and a non-
significant difference during the latter stage. The Late Chick-
care section of Table 11 also showed that during this stage the
individuals of a pair did not replace the reduction in single ON
attendance by single SIDE attendance (to the same extent). Pair 1
showed a non-significant intra-pair difference in single ON
attendance but a highly significant difference in single SIDE

attendance (P < 0.001) the converse was shown by Pair 3.
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The discussion of the time-lapse results above, indicated
that attendance during the Late Chick-care stage was highly
individual. The total attendance pattern of a pair arose from
the sum of two individual patterns that did not succeed in
guarding the chicks throughout the daylight hours as in the Main
Breeding stage.

The start of the fledging stage was marked by the first
flight of the chicks and was terminated by the abandonment of
the nest site by the chicks. Table 11 showed that the same
categories of adult attendance were seen as in Late Chick-
care and that the results of inter and intra-pair comparisons
were similar, although the absolute magnitude of the cytegories
changed between stages. For this reason similar conclusions
were drawn concerning the individuality of the patterns of
attendance, as in the previous stage. The spot observation
data showed that females carried out significantly more single
ON attendance than males during the Post-Hedging stage (P<0.001).
All three time-lapse pairs showed the same tendency, but non-
significantly (P» .05). This discrepancy may well have arisen
due to the fact that the time~lapse information was based only
on those days when both adults of a pair attended the nest site
whereas the spot observation information also included those days
when only one adult was present at the nest site.

During the Post-Fledging stage inter-and intra-pair
comparisons indicated no significant differences between the
attendance patterns of individuals (with the exception of the
inter-pair male single ON comparison P<0.01). This dramatic

change from the previous two stages indicated that the presence
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of chicks had a profound effect on the attendance pattern of the
adults (particularly as single SIDE attendance was never seen

during the Post-Fledging period when chicks were never present).

Table 11 summarises information that illustrates the
patterns of attendance during the stable portions of successive
attendance stages at the nest sites of breeding kittiwakes during
daylight hours. The spot observation data in this Table
indicates in general that males and females fulfil similar
attendance roles during breeding (although afterwards females
attend more than males).

The time-lapse recorés of U pairs showed a great deal of
variation in attendance patterns both between and within pairs.
Although the information was limited during the early stages,
Pre-breeding was a non-stable period (female attendance being
particularly variable). In general adults attended alone or
together much of the time but the nest site was frequently left
empty. From just prior to the time of incubation until after
early chick-care, the pattern of attendance remained relatively
stable. Essentially in all pairs, adults only attend alone in
the ON position 85 that the site was never left unguarded yet
this was achieved without the adults of a pair overlapping their
attendance. During the later stages of chick-care and fledging
the pattern of attendance became more complex with adults
attending in the SIDE as well as the ON position and also
leaving the nest site unguarded. Again overlapping of
attendance was rarely seen but the change in the patterns of
attendance from the earlier stage was not of asimilar extent in

the 2 adults of a pair. This indicated that the individual
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changes were independant of each other. After the chicks
had left the nest site, the individual variation was greatly
reduced and single SIDE attendance was never recorded although
This
attendance together wasméndicated the importance of the presence

of chicks on the organisation of attendance patteras.



DISCUSSION

The information contained in Tables 10 and 11, illustrated in
Figs. 9 to 13, showed that the interval between the arrival of the
adults at the nest sites and the laying of the first egg was up to
24months (which agreed with the estimate of Coulson, 1955% and that
this period was split into two parts.

The earliest part, where Cullen (1957) noted intense
competition for nest sites amongst pairs, was characterised by
low levels of LEAVE attendance and high levels of attendance
together. This presumably allowed the two adults of a pair to
synchronise their reproductive physiologies and develop their
pair-bond while it simuldaneously prevented competing adults from
usurping the nest site. At the later stage attendance together
decreased, which allowed individual adults more time for
seeking nest material and for feeding (in preparation for egg-
laying). Increased food demands affected both sexes, females
directly, males by courtship feeding.

Fig. 13 showed that during the 16 days prior to egg laying
significantly more females than males were observed single ON
attending, (P< 0.05). This disparity might have arisen due
to the clustering of obserfations around the period just prior
to egg laying but it also may have represented males showing
increasing courtship feeding. Kittiwakes lay rather large eggs
whose production must place a burden on the resources of the
females. As the sharing of nest attendance duties by the two
sexds was equal after egglaying then any strategy to reduce the
difference in the demands on the two sexes might be expected to

function prior to egg laying.
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Table 11 showed that the total amount of attendance by an
adult at the nest site was male, 66.8%; female, 64.9% during
the early stage, and male 51.3%; female, 55.0% during the late
stage, figures that agreed with Coulson's, (1958?, of 60%
obtained by a similar spot observation method.

It was concluded from the pattern of attendance shown by
Pair 1 during pre-breeding (which was more variable, shorter in
duration and contained much less actual attendance at the nest
site than the 'average' pattern) that the reproductive drive of
this pair was lower than average. Unlike the majority of the
spot observation sites, which were 'centre' sites (Coulson 1968) ami
keenly sought after pair 1 occupied an 'edge' site which was
retained even when the pair left it unattended for much of the
day. The pattern of attendance shown by Pair 1 was most
similar to the spot observation pattern just prior to breeding
when there must have been the greatest premium on co-ordination
of attendance to ensure successful egg-laying.

Thus, perhaps there are two more essential features of the
pre-breeding stage. Firstly there is then the necessity for high
levels of attendance at the nest site to prevent other pairs taking
the site, (although this would vary depending upon the position of
the nest site in the colony). Secondly the pairs need to spend
about 20% of the day together at the site for the month prior
to egg laying, in order to synchronise their behaviour and
physiology. Although the record for Pair 1 was the only time-
lapse information that covered the incubation period, records
from all four pairs were available for comparison during the

early chick care portion of the Main Breeding stage.



Throughout the daylight hours of this stage the nest site was
attended by each adult of a pair, turn and turn about with very
short interruptions of attendance when both were present together
at the changeover. Table 11 showed that the adults of Pairs 1
and 2 shared the attendance equally but the results from Pairs 3
and 4 showed that this was not always the case; male less than
female (Pair 3), male more than female (Pair 4). This disagreement,
responsible for the inter-pair differences shown in Table 11, may
have arisen as a consequence of the film record covering the daylight
hours only and thus not accounting for the possibility that one
adult might carry out the majority of the night-time attendance,
which could redress the balance.

These results, which suggested that the Main Breeding stage
was a time of co-ordinated attendance at the nest site, were in
accordance with those of Coulson (1972). They show that the eggs
and young chicks were never left unattended, and were thus never
at risk from chilling in the former case, or falling in the latter
case. Coulson's record of the incubation patterns of two pairs,
one successful and one unsuccessful, (obtained by a completely
different technique in which the birds were radio-actively
labelled) showed how, in successful incubation, a pair soon
established a clear rhythm of attendance where both birds took
an equal share with little attendance together. The unsuccessful
pair also initiated a rhythm but the male failed to return and
relieve the mate who finally left the eggs unattended after
several successful attempts to fill the gap.

This pattern of attendance in the cliff-nesting kittiwake was
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continued during early chick-care wag—nei seen in the ground-

nesting black-headed gull (Beer, 1965? where the time spent by
the adults on the territory was negatively cerrelated with the
age of the chicks from hatching. This was understood to reflect
the differences in the danger from falling between the two types
of nest site, which, coupled with the position and orientation
towards the brood of attending kittiwakes (shown earlier) ensured
the greatest degree of protection and represented another
adaption of the 'typical' gull behaviour to the cliff nest
habitat (Cullen 1957). The co-ordination of the chicks
improved as they grew (McLannahan, 1973) yet the presence of
the adults at the nest site was still required. Unguarded nest
sites were attended by non-breeding adults whose direct attacks
on young chicks could be dangerous. Also, if the resident adult
returned to an occupied site and vigorously engaged in a 'bill-
twisting' fight (Cullen 1957) with the stranger, then there could
have been a serious risk of young chicks accidentally falling.
The information from all four time-lapse pairs in Table 11
showed that during the Late Chick-care stage of breeding,
individual adults and pairs differed greatly in their attendance
patterns. Some individuals partially compensated for a decrease
in their single ON attendance by attending in the SIDE position
but all pairs were seen at times to leave their broods unattended.

Inter and intra-pair comparisons in Table 11 indicated that there

was wide variation between individuals in the size of the reduction

in single ON attendance and the amount of singhe SIDE attendance

which was carried out.

9
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Despite these modifications of attendance, the pairs differéd
significantly in the amount of time that the broods were left
unattended (P<0.001). Thus the change from the Main Breeding
stage to the Late Chick-care stage was a change from a simple
pattern of constant attendance to a complex pattern of sporadic
attendance that arose from the addition of two individual
attendance patterns. The time-lapse and spot observation data
of Table 10 showed that the males tended to make this change
before the Ffemales.

Cullen (1957) noted that after the first few weeks post-
hatching, the nest sites that were previously under continuous
attendance by the gdults were more often left unattended. This
allowed strange adults searching for territory to land on them.
The results given above suggest that during Late Chick-care
different sites were open to different degrees of disturbance
by strange adults.

The attendance patterns of gdults during the Fledging
stage (which extended from the day of the first flight of the
chicks until their final departure from the site) was shown,
by the time-lapse results, to be similar to that during the
Late Chick~care stage. Although sites were more commonly left
unattended during the later stage the individual differences in
attendance, seen either inter or intra-pair, were generally
maintained throughout. This indicated that during both stages
the total pattern of daily attendance arose basically from the
addition of two individual patterns.

The attendance pattern of adults during the Post-Fledging

stage was simpler than it was previously as no SINGLE SIDE

64
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attendance was recorded, although there was a small increase
in attendance together. In contrast to all previous breeding
stages, however, both adults of a pair did not attend on all
days. The spot observation information showed that signific-
antly more females than males were present during this stage
(P<0.001). The time-lapse information (based only on those
days when both individuals of a pair attended) showed that most
of the former inter and intra-pair differences in attendance
were no longer apparent ( only male SINGLE ON attendance
varied significantly between pairs, P<0.01).

Thus adults only attended in complex individual attendance
patterns when chicks were present and females attended the nest
site more regularly than males during the Post-Fledging stage.

These observations can be considered with regard to the
notion of co-ordination of attendance. TFor a pair of
kittiwakes, that are very similar in appearance and size,
attendance at the nest site (that was occupied by strange adults
if unguarded) could only be considered fully co-ordinated if the
following criteria were fulfilled.

(1) Nest attendance must be complete (i.e. nest site never

unguarded).

(2), Nest attendance by the pair should be identical at the
same stage of breeding (unless a particular sex-based
difference was required, for example egg-laying).

(3) Nest attendance should be by one adult at a time (no

duplication of effort).

At no part of the Pre-breeding stage ware all of these

criteria met. Attendance was never complete but as individuals



spent long periods together at the nest site, as well as
periods alone, then this could be the time of the greatest
amount of daily attendance in the whole breeding cycle, for
most individuals. This strain on adults, that were required
to build up their hody reserves for breeding, may be reflected
in the short periods when the nest site was unguarded (Fig. 13).
As previously suggested similar nest attendance was not expected
when females prepared to lay eggs and males courtship fed.

For the early part of the stage attendance was similar in the
pair. Attendance together was required at this time to
synchronise the pair's breeding cycles and for adults to learn
to recognise and tolerate each others presence on the confined
nest ledge.

Thus, during Pre-breeding, pairs were generally co-
ordinated considering the special problems of this stage, but
the degree of co-ordination probably varied between pairs
(compare Fig. 9 with Fig. 13).

During the Main Breeding stage attendance was most perfectly
co~ordinated with all criteria met in all pairs.

During Late Chick-care and fledging this position deter-
iorated so that (1) and (2) were rarely seen although there
was little indication that (3) did not occur. These two periods
could not be thought of as well co-ordinated.

During the post-fledging stage the attendance changed to
become somewhat similar to the Pre-breeding stage although at a
lower intensity. Criterion (2) was met and a resurgence of

courtship took place requiring attendance together. This indicated
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a generally more co-ordinated pattern taking into

consideration the requirements of this stage.

&7



CHANGES IN THE ORGANISATION OF ADULT ATTENDANCE AFTER EARLY
CHICK-CARE

The information in the previous section indicated that the
timing of the change from the Main Breeding stage to the Late Chick-
care stage was highly variable, both between and within pairs, but
that females tended to change after males (Table 10). It was also
found that during the former stage, attendance was simple and co-
ordinated but that the pattern during the latter stage became
more complex and individualistic, with less indication of co-
ordination.

The pairs of cumulative sum charts of Fig. 14, 15 and 16 in no
way indicated that at the time when the first member of a pair
decreased its single ON attendance, (the change from the Main
Breeding stage to Late chick-care) the other member of the
pair increased its ON attendance, as one chart decreased in slope
while the other remained unchanged. This was in contrast to the
findings of Coulson (1972) where in a continuous record of
kittiwake incubation attendance by a radioactive tagging technigue,
the shortcomings of one adults' single ON attendance was made up
by that of the other member of the pair.

The increase in complexity was due to the inclusion of
periods where the adults attended their broods in the SIDE
position or left them unattended. In order to examine the
development of these two forms of attendance more closely the
information about the pairs for which time-lapse records were
made was carefully re-examined.

In previous sections all attendance was expressed as the

percentage of the total daylight hours spent by adults on a
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particular category, but after the change from the Main Breeding
stage to the Late Chick-care stage there was a tendency for the
nest site to remain unoccupied by adults for the whole day. So
that this effect should not obscure the measure of the relative
amounts of attendance in the SIDE position by individuals the
daily time-lapse resulis were expressed as the percentage of
an individual's total attendance alone spent in the SIDE
position. Fig. 17 shows, for each adult of Pairs 1, 2 and 3
(which showed this attendance) the changes in the relative
amount of attendance in the SIDE position, from initiation
of the phenomenon to the start of the Fledging stage. Fig.

18 shows the change in the daily percentage of the daylight
hours that all four pairs spent away from their nest sites
(LEAVE attendance) from initiation to the start of the
Fledging stage.

These graphs indicated that all the pairs which were
studied sometimes left their chicks unattended and that most
individuals (6 out of 8) showed some attendance alone in the
SIDE position during the Late Chick-care stage. The timing of
the dinitiation of these attendance categories was highly
variable. A close examination of Figs. 17 and 18 shows that,
at the time of the individual changes from attendance
characteristic of the Main Breeding stage t9 that of Late
Chick~care (marked by arrows) there wasizgﬁ;ensation for )
the decrease in attendance in the ON position byfboth or
either of]attendance alone in the SIDE position, and LEAVE
attendancel The form of this compensation varied individually.

[y

At the time of this change, the female of Pair 1 LEAVE attended,



Fig. 17.

Changes in the percentage of the total daily
individual attendance spent in the SIDE
position of each adult of pairs 1, 2 and 3

from initiation to the first flight of the

chicks.
*——9 male
P X female
hﬂJ, = decrease in male ON attendance

(See text for details)

decrease in female ON attendance
(See text for details)
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Fig. 18. Changes in the percentage of the daylight
hours, up to the first flight of the chicks,
that adults left sites unattended.
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decrease in male ON attendance
(See text for details)
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decrease in female ON attendance
(See text for details)
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the male of Pair 1 attended in the SIDE position and possib%y LEAVE

attended whereas the male of Pair 2 attended only in the SIDE position.

The shape of the two sets of graphs in Figs. 17 and 18 suggest
that attendance in the SIDE position becomes increasingly important
to the individual adults and also that broods are left unattended
for increasing portions of the day. In order to test these
suggestions, linear regression analyses were carried out on the
arcsin transformed values of Fig 17 and 18 (Snedecor & Cochran
1957, P 148). The resulting regression coefficients for
LEAVE attendance were then compared between pairs and those for
single SIDE attendance between and within pairs (Bailey 1959).

The results of these comparisons are given in Table 12 and show
that, after the initiation of LEAVE attendance, up to the end

of the Late Chick-care stage there was in all four pairs a
significant (P<0.05) positive association between the percentage
of the daylight hours spent on this attendance type and the
increasing age of the brood. The position was not quite so clear
with single SIDE attendance over the same period (Table 12 II).
After the initiation of this category of behaviour five out of

gix individuals showed a positive association between the percentage
of the total attendance alone spent in the SIDE position, and the
age of the brood - four of these relationships were significant

(P £0.01)s The inter-pair comparisons of the regression
coefficients for LEAVE attendance indicatbd that the rate of
increase in this type of attendance with time was significantly
greater (P<L0,01) in Pair 1 than in Pairs 2, 3 and 4. None of

the other differences were significant. With SINGLE SIDE attendance,

none of the intra-pair differences were significant and only one



53

TABLE 12 COMPARISON BETWEEN AND WITHIN PAIRS OF THE REGRESSION
COEFFICIENTS FOR THE PERCENTAGE OF THE DAYLIGHT HOURS SPENT LEAVE
ATTENDING AND FOR THE PERCENTAGE OF THE '[OTAL ATTENDANCE ALONE IN
THE SIDE POSITION, WITH AGE OF THE BROOD

1t 18
(Pairs 1, 2, 3 and 4 - Information from Figs. 8 & & arosin transformed)

* dof. refers to degrees of freedom associated with deviations from
regression

- degree of freedom associated with regression is 1, in all cases
(Snedecor & Cochran 1957 p. 148)

I LEAVE ATTENDANCE (% of total daylight hours brood attended)

No. of Regression Significance
days Variance coefficient- P-ratio d.f* level

Pair 1 19 180.91 + h.23 56440 17 0.001

Pair 2 12 k.15 + 1.60 8.93 10  0.05

Pair 3 21 130.29 + 0.92 5.05 19 0.05

Pair 4 18 121.00 + 2.01 16.14 16 0.001

Comparison between pairs (Bailey 1959)

Pair 1 Pair 2 Pair 3 Pair &4
Pair 1 - 0.01 0. 001 0.01
Pair 2 - ns ns

Pair 3 - ns



II SIDE ATTENDANCE (% of total individual attendance in
SIDE position)

No. of Regression Significance
days Variance Coefficient F-ratio d.f. level
Pair 1
Male 15 251.17 + 3.66 14,90 13 0.01
Female 9 283.38 - 0.97 0.20 7 ns
Pair 2 ~
Male 18 183.47 + 1.85 9.00 16 0.01
Female 18 67.66 + 2.05 30.00 16 0.001
Pair 3
Male 20 k29.25 + 1.03 1.64 18 ns
Female 20 46,72 + 1.28 23.27 18 0.001
Comparison within pairs (male and female)
Pair 1 Pair 2 Pair 3
ns ns ns
Comparison between pairs (Individuals of same sex)
Pair 1 Pair 2 Pair 3
MELES
Pair 1 - ns ns
Pair 2 - ns
FEMALES
Pair 1 - ns ns

Pair 2 - 0.05



——_— b et T

e —— L=

A

e

e — —— A Er b A M e o

inter-pair difference between the female of Pair 3 and the
female of Pair 2 was significant (P< 0.05).

Fig. 18 shows that after the initiation of LEAVE attendance
by the adults of Pair 1, the increase in this form of attendance
was particularly pronounced so that within 4 days chicks were
being left unattended for approximately 80% of the daylight
hours. This degree of abandonment was much higher than any
of the other pairs (as shown by the anomalous result in the
comparison between Pairs in Table 13) and may reflect a lower
than average reproductive drive. In the previous section where
the Pre-Breeding attendance stage of this pair was shown to be
more variable in pattern, shorter and where the nest site was

left unattended more frequently than in average pairs, a reduced

)

drive was also postulated.

The regression coefficients of Table 12 indicated a
more pronouaced positive relationship between the incidence
of LEAVE attendance and the age of the brood, than between
attendance in the SIDE position and age of the brood. This may
suggest that the organisation of the two attendance types were
open to disturbance by different external variables. Thus,
although there was a great deal of daily variation (as indicated
by the size of the variances of the regression coefficients in
Table 12) the results showed that after the initiation of LEAVE
attendance, broods were left unattended for increasing percentages
of the daylight hours. After the initiation of SINGLE SIDE
attendance, individual adults tended to spend an increasing
percentage of their attendance alone in the SIDE position, as

the brood aged.



cr—n ———

The inter and intra-pair comparisons between regression coefficients
showed generally that the rates of increase in the two forms of
attendance were independent of individual or pair variation among
successful breeding pairs, although Pair 1 was an exception to this
generalisation,.

It was previously stated that with time-lapse information it
was often impossible to identify which adult of the pair was
responsible for leaving the chicks unattended. This meant
that it was difficult to decide if the two members of a pair
initiated LEAVE attendance on the same day or independently (as
is the case with SIDE attendance). The records for Pairs 3 and
4 in Fig. 18 however, showed that LEAVE attendance was initiated
(i.e. the chicks were left unattended) before both members of the
pair had changed from the Main Breeding stage to the Late Chick-
care stage, marked by arrows. As adults maintained daily levels
of attendance in the ON position during the Main Breeding stage,
it appears that the earliest abahdonment of the broods of Pairs
3 and 4 was due to the males. In both cases, those males had
changed by this time to the Late Chick-care stage, with a
concomitant reduction in attendance in the ON position. These
results indicated that, as with the initiation of attendance in
the SIDE position, individual adults initiated their periodic
abandonments of the brood independent ucgn the activity of their
mate.

The picture that emerges of the organisation of attendance
patterns at the nest site duriné chick care, is one of complexity,
as shown below.

(1) During early chick-care attendance is essentially all in

56
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the ON position and may or may not be equally shared
during the daylight hours.

(2) At a later stage each adult, independent of its mate,
decreases its daily share of attendance in the ON position.
At this point there are two possible attendance categories
that can be initiated which may replace it.
A. attendance in the SIDE position,
B, temporary absences from the nest site.

The strategies seen were:-
initiation of,

i A, that was probably followed at a later stage by B e.g.
male Pair 2.

ii B only, e.g. male (?) and female (?) Pair 4
iii A and B, e.g. male (?) Pair 1.

on fie. Total patiern o cdult alferdance o aparficlar nest <fe.
The influence of these strategies,was modified by the extent
to which thefe had been sharing of attendance in (1). Fig. 17
showed an unusual case where the female of Pair 2 initiated
attendance in the SIDE position before any marked decrease in
attendance in the ON position. This may have represented an
atypical attempt at compensation by the female for the male's
shortcomings, usually seen only during earlier stages (see
Coulson 1972).
(3) After the initiation of these attendance types the

regression analyses showed:-

i that the amounts of time an adult left the brood tended

to increase,

ii  that adults tended to spend an increasing percentage
of their attendance alone in the SIDE position,

and iii that the rates of these increases tended to be similar
in all individuals.

3

¥
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In the previous section it was concluded that the total
pattern of attendance at a particular site during Late Chick-

care arose from the addition of two individual patterns. The

results above accord with that conclusion by showing that the adults

tended to initiate the two new forms of em attendance in an
individual way, independent of their mates. Once initiated,
whilst the chicks developed, each of the two new categories

of attendance became increasingly important components of the
total individual attendance pattern. These individual differences
were responsible for the wide inter - and intra-pair variations

shown in Table 11 during Late Chick-care.

TIMING OF THE CHANGES IN THE PATTERN OF ATTENDANCE DURING CHICK-CARE

(Spot observation information)

The timing of the initiation of SINGLE SIDE and LEAVE
attendance was investigated in a larger population by taking
five consecutive spot observations per day at hourly intervals
of all successful nest sites. In this way the age of the chicks
at the time a particular adult was first seen in SINGLE SIDE
nest attendance and the age when a brood was first left unattended,
could be determined. In all 53 nests were observed in 1969 and
52 in 1970, and it was found that although all 105 broods were
left unattended at some stage before fledging, 71 (34%) of the
210 adults on whom observations were made, never carkied out

SINGLE SIDE attendance at any stage. (Compare Pair 4 with

Pairs 1, 2 and 3). '



THE EFFECTOF THE AGE OF THE BROOD -~ The table below (from
spot observation data) gives the age of the broods when they were
first left unattended and when individual adults first initiated
SINGLE SIDE attendance.
TABLE 13
Age of the brood in days
10-14 15-19 20-24 25-29 30-34 35-39 40-Uk 45+ Total Mean
Initiation of SINGLE SIDE attendance by individuals
1969 0 1 12 (L 14 20 6 1 60 31.6

1970 1 &4 11 16 12 20 5 2 71 30.6

Total 1 5 23 30 26 L 11 3 139 31.1

Initiation of LEAVE attendance by pairs
1969 0 1 3 1% 18 11 6 0 53 32.2
1970 0 1 L 10 15 13 5 4 52 34,0

Total O 2 7 24 33 2k 11 bk 105  33.1

This table shows that the mean age of chicks at the initiation
of SINGLE SIDE attendance by individuals was very similar to the
mean age of chicks at the initiation of LEAVE attendance by pairs
(irrespective of the season), It also showed that there was an
increasing probability that adults would initiate hoth forms of

attendance as the chicks developed.

THE EFFECTS OF BROOD SIZE AND SEX OF ADULT - Of the 194 adults

that were sexed, it was found that 65 started SINGLE SIDE

attendance before their broods were 32 days old, 65 after this
and

time 64 never showed this type of attendance. Using this
A

division of the chick~care period as a measure of the tendency of
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adults to SINGLE SIDE attend it was possible to draw up contingency
tables to show the effects of the sex of the adults and the brood
size on this behaviour, as shown in Table 14. The results of the
chi-gquared tests on these tables showed that th;re was no
significant difference between the sexes in this behaviour but

that adults with two chick broods showed a significantly greater
tendency (P<0.01), to SINGLE SIDE attend than adults with single
chick broods.

As the spot observation information could not reveal the
sex of an adult that had left the brood unattended, differences
between the sexes is the timing of the initiation of this behaviour
could not be investigated directly. Observations of 100 broods
over two breeding seasons showed that broods of two chicks were
first left unattended when the chicks had a mean age of 32.3 +
0.63(s.e) days and that the comparable value for one chick broods
was 35.1 + 1.25(s.e) days. This difference was just significant
(P €0.05).

These results thus showed that adults with two-chick broods
tended to leave their broods unattended at a younger age than
adults with single-chick broods. They also showed that, although
the sexes did not differ, pairs with the darger brood size showed
a greater tendency to attend in the SIDE position than pairs with
the smaller brood size.

THE EFFECTS OF NEST SITE CONDITIONS - The occurrence of single
SIDE attendance required space to one side of the nest structure
and thus its appearance seemed likely to depend, to a large
extent, on the particular conditions at individual nest sites.
As there was little difference in size between male and female

kittiwakes any factor of this type was likely to affect both

1
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TABLE 14. THE EFFECT OF BROOD SIZE AND SEX OF ADULT ON THE TENDENCY
FOR ADULTS TO ATTEND IN THE SIDE POSITION (SPOT OBSERVATIONS)

TENDENCY TO SIDE ATTEND

FARLY SIDE IATE SIDE NEVER SIDE Y3  SIGNIFICANCE
ATTEND ATTEND ATTEND LEVEL

(Chicks 16~ (Chicks 32-
31 Days) L7 days) (None)

2 CHICK BROOD

MALES 25 18 11
0.8k ns
FEMALES 22 17 15
1 CHICK BROOD
MALES 10 15 18
0.33 nsg
FEMALES 8 15 20
POOLED DATA
2 CHICK BROOD iy 35 26
13.25 P<£L0,01
1 CHICK BROOD 18 30 38
TOTALS 65 65 64

N.B Day 1 = HATCHING DAY OF FIRST CHICK OF BROOD

o Bl
2 AUG 1974

Seorion
LIBRARY
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adults of a pair in a similar way. This would have been reflected
in an association between the measures of the initiation (or lack
of initiation) of SINGLE SIDE attendance in the two members of a
pair. In order to test for such an association a Spearmahs

Rank Correlation Coefficient test (Siegel, 1956) was carried out
on the pairs of scores for all nest sites, which took brood size
into consideration. (Correlation coefficients were not suitable
as the scores, including no SIDE attendance, formed an ordinal
scale). The Spearman r for 54 two-chick broods was 0.5782
(P<0.001) and for 43 one-chick broods r was 0.7194 (P< 0.001)
indicating a highly significant degree of association between

the tendencies of the two adults of a pair to show SINGLE SIDE
attendance. Thus, the particular conditions at the individual
nest sites had a very important effect on the tendency for adults
to attend in the SIDE position. The conditions that varied inter-
pair but not intra-pair were weather, space at the nest site and
chick numbers and the interactions of these. There was no reason
to expect that weather conditions (wind speed, direction, rainfall,
sunlight) were similar in the two seasons 1969 and 1970.

Coulson & White (1956) reported that winds of over 7.8 knots
markedly depressed the number of kittiwakes at the colony during
the pre-~breeding stage. The mean wind speed in knots for the months

June, July and August were respectively 6.5, 8.3 and 5.5 in 1969
and 7.2, 7.7, and 6.5 in 1970 (data from South Shields Weather
Centre). This showed that wind conditions during the 1969 breeding
season were more variable than those of the 1970 season. As Table
13 showed very little difference between breeding seasons in the

mean age of chicks at the initiation of both SINGLE SIDE and LEAVE
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attendance it was concluded that wind speed had a relatively
unimportant effect on these phenomena.

Coulson (1966) showed that about 64% of kittiwskes retained
their mate from the previous breeding season and that many of
these also retained the same nest sites. Included in the spot
observation results were the two measures of (a) initiation or
failure to initiate SINGLE SIDE attendance and (b) initiation
of LEAVE attendance for the adults of 11 pairs that retained their
mate and nest site and raised similar sized broods in both years
of the study. Spearman rank correlation coefficient tests showed
a significant association between the scores for the initiation of
LEAVE attendance by the 11 pairs over the two years (r= 0.7793,
P 0.01) and of the scores for the initiation or failure to
initiate SINGLE SIDE attendance by the 22 individual adults
(r= 0.3726, P< 0.05). Thus it appears that conditions external
to the nest site itself had rather a small effect on both the
timing of the initiation of absences from the nest site by the
pair or on the tendency for adults to attend in the SIDE position.

As all nests on the North Shields colony were on window
ledges that were capable of holding two nests, each successful
site that was observed could be classified either as Nest Alone,

Nest with Non-breeding Pair or Nest with Breeding Pair. All of

the data obtained by spot observation about the initiation of
absences from the nest site by the pairs, and the initiation
(or failure to initiate) attendance in the SIDE position by
individuals, was split into these three nest site categories.
When the distributions of these resulis were plotted as

frequency histograms they were found not to be normally distributed
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therefore unsuitable for parametric methods of analyses. The
effects of nest site conditions (taking brood size and sex of
the adult, where appropriate, into consideration) on the measures
of these two forms of attendance was investigated using non-
parametric Mann-Whitney U tests (Siegel, 1956), as shown in
Table 15 and 16.

Table 15 showed that neither the nest site conditions or
brood size had a marked effect on the timing of the initiation
of absences from the nest site. Only on isolated nest sites
were broods of one left unattended at a later stage than broods
of two (PL0.02). In contrast, Table 16 showed that both brood
size and nest site conditions had an effect on the tendency for
adults to SINGLE SIDE attend. The following conclusions are

possible.

1« The sexes did not differ in their tendency to SINGLE SIDE
attend.

2. On nest sites with broods of two the tendency for adults
to show SINGLE SIDE attendance significantly decreased
from nest alone to nest + non-breed (P<0.008), and
from nest + non-breed to nest and breed (P <0.046).

3. On nest sites with broods of one those adults occupying
sites with adjacent breeding pairs showed a significantly
reduced tendency (P<0.004) to attend in the SIDE position

compared with the other categories of sites.

Lk, On isolated nests and nests with adjacent breeding pairs,
individuals showed a significantly greater tendency to
attend in the SIDE position (P< 0.006) with broods of

two rather than broods of one.
These data not only indicated that an increased brood size

was associated with an increase in the tendency for individuals

ey
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TABLE 15, THE EFFECTS OF ADJACENT NEST SITE CONDITIONS AND SIZE OF
THE BROOD ON THE INITIATION OF ABSENCES FROM THE NEST SITE

Mean age of chicks at initiation of LEAVE attendance (with ranges)

2 CHICK BROOD

Range

Mean age in
days

1 CHICK BROOD

Range

Mean age in
days

EFFECT OF BROOD

SIZE

A1l comparisons tested

Numbers in parenthesis are sizes of samples

Nest Alone Nest + Non~breed Nest + Breed
25-45 26-39 16-39
33.69(16) 31.63(16) 32.63(27)

T y=100 r T 2=l —T
ns ns
T Z=O.39 T
ns

334k 2143 165k

38.89(9) 32.50(12) 34,83(23)
T U=27 T T 2=0.52
ns ns
t Z=1 - 6"1' 1\
ns
U=31 U=92.5 z=0,28
P=0.02 ns ns

by Mann-Whitney U tests (Siegel 1959)
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TABLE 16, THE EFFECTS OF ADJACENT NEST SITE CONDITIONS AND SIZE OF
THE BROOD ON THE TENDENCY FOR ADULTS TO ATTEND IN THE SIDE POSITION

The table shows the Mean age of those broods where adults
initiated SIDE attendance and the number of instances where
this type of attendance was not observed

Nest Alone Nest + Non-breed Nest + Breed
Male Female Male Female Male Female
2 Chick Brood
Range 17-39 18-36 2h-42 22-k0  20-1 20-4k
Mean age in
days 27.63(16) 27.36(18)31.36(18) 31.08(19)31.78(36) 32.00(36)
None shown 0] 2 2 3 9 9
T g=114-T T y=122.53 L 2=0.02-3
ns ns ns
L Z=2.42—J L- z=1o69 _J
P=0,008 P=0.046
t Z=3.80 o)
P=0.0001
1 Chick Brood
Range 23-38 22-36 14141 24-38 2h-46 29-46
Mean age in
days 29.33(12) 31.17(12) 30.10(14) 29.88(16)35.50(36) 39.11(37)
. None shown 3 3 2 L 13 14
t—y=36—7 T y=62—F T 220,732
ns ns ns
T z=0e 40 r ot 7=%.57 £
ns P= 0-0003
? 2=2.89 )
Effect of brood 20 1C 2 1C 2C 1C
size
Range 17-39 22-38 22-b2 1441 20-4l 2h.lyy
Mean age in
days 27.50(34) 30.25(2h4) 31.22(37) 30.00(30)31.89(72) 37.21(73)
None shown 2 6 5 6 18 27
T Z=2o ""9—J T Z'-=-'o.35-—-j L Z=3. "{"‘"-J
P =0.006 ns P =0.0003

Key as for Table 15

Numbers in parentheses are the sizes of the samples.




Fig. 19.

Regression of date of hatching and age of

brood when first left unattended.
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result of a smaller than average spread of hatching date during
1969 that was caused by the nesting attempts of a pair of kestrels

(Falco tinnunculus) during the early part of the season.

An idea of the biological significance of these coefficients
can be gained by taking average values over the two years of study.
On average adults with two chick broods initiated LEAVE attendance
1 day earlier for every 3.5 days delay in breeding through the
season. For one chick broods the initiation was 1 day earlier
for every 1.5 days delay in breeding.

Thus Coulson showed pairs that bred‘eaﬁly in the season
tended to be birds of high gquality. Ta:;; 19 showed that these
pairs left their broods for the first time when they were at a
more advanced stage of development than those of lower quality
that bred later in the season.

The difference between the regression coefficients in Fig.

19 suggested that either adults reacted to the two brood sijes
differently andf/or that the effects of quality were more clearly
demonstrated with broods of 1 rather than broods of 2 chicks.
Table 15 indicated that although it was not generally possible

to demonstrate a brood size effect on the initiation of LEAVE
attendance when pairs occupied isolated nest sites, this was
shown earlier in 2 chick rather than 1 thick broods. Also it
has already been reported that breeding success is related to

the quality of adults. This implies that the graphs for 2 chick
broods were based on the behaviour of mainly high quality pairs.
In contrast the graphs for 1 chick brood would have been based on
the behaviour of (a) a few high quality birds that had accidentally

lost an egg or chick, that bred early (b) mainly lower quality pairs
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that bred later and (¢) a few of the lowest quality of pair capable of
rearing a chick, that bred latest of all. Thus it is suggested that the
larger regression coefficients for 1 rather than 2 chick broods in Fig.
19 arose due to (a) adults showing a tendency to intiate LEAVE attend-
ance earlier with 2 rather than 1 chick broods which restricted the
possible range of expression in the former case, and (b) the biased
sampling of pairs of adults with hetereogeneous quality, with 1 chick
broods.

The association between the age of the brood at the initiation of
SINGLE SIDE attendance (or the lack of any SIDE attendance) by each
adult of a pair, and the date of hatching of the brood (expressed as
days after the first chicks of the colony hatched for that year) was
assessed by a Spearman Rank test on the ordinal scores, taking into
account brood size and breeding season.

The results of these calculations are given in Table 17 which
shows that seven of the eight correlations were negative, two of them
significantly so (P< 0.05). Thus, pairs that bred late in the season
tended to be low quality birds that left their broods unattended at a
less advanced stage of development than the higher quality birds that
retained their mates and bred earlier. A similar relationship was seen
to a lesser extent for the tendancy to SINGLE SIDE attend by the
individuals of a pair.

INTER-RELATIONSHIP BEIWEEN THE INITIATION OF SINGLE SIDE AND LEAVE
ATTENDANCE

The factors affecting the tendency for individuals to attend
in the SIDE position and the timing of the initiation of absences
from the nest site by the pair have been shown to differ, in the
previous sections. These differences made any association between

the organisation of the two forms of attendance very difficult to

demonstrate. However, when the information from only those pairs
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TABLE 17. THE ASSOCTIATION BETWEEN THE TENDENCY OF ADULTS TO ATTEND IN
THE SIDE POSITION AND THE DATE OF MATCHING OF THE BROOD (EXPRESSED AS
DAYS AFTER THE FIRST CHICKS OF THE COLONY HATCHED FOR THAT YEAR) AS
MEASURED BY SPEARMANS RANK CORRELATION COEFFICIENT (SIEGEL, 1956)

SPEARMAN 'r' FOR ASSOCIATION BEILWEEN INITIATION OR
LACK OF INITIATION OF ADULTS' SINGLE SIDE ATTENDANCE
AND DATE OF BREEDING

1969 2 CHICK BROOD (P) 1 CHICK BROOD (P)
MALE (28) - 0.2240 ns (23) - 0.1953 ns
FEMALES (28) - 0.1997 ns (23) - 0.3039 =ns

1970
MALE (25) - 0.0572 ns (20) - 0.4966 0.05
FEMALES (25) + 0.2404  =ns (20) - 0.4966 0.05

Numbers in Parenthesis = Sample Size

Sienifs Leveler—(R)—asTab]



that carried out both forms of attendance was considered, and when
the initiation of SINGLE SIDE attendance was assumed to have
occurred on the first day that it was observed at a particular
site (like LEAVE attendance), then the ages of the chicks at

the initiation of these attendance categories could be compared.
Table 18 shows the results of these comparisons (analysed by
Mann-Whitney U tests). This analysis takes adjacent nest
conditions and brood size into consideration.

The Table showed that only when the adjacent nest site was
not occupied did pairs start attending in the SIDE position
significantly before starting to LEAVE the chicks unattended (P< 0.02
for both brood sizes).

Of the three conditions 'nest alone' was the simplest as
disturbance of a pair's attendance pattern by other adults was
then minimal. Tables 15, 16 and 18 indicate that, in this simple
situation, individual adults initiated SINGLE SIDE attendance during
late chick—~care. This was followed, at a later stage by the
initiation of temporary abandonments of the brood. Further, this
pattern was seen earlier in pairs with two chicks rather than in
those with one-chick broods. Fig. 19 and Table 17 indicate that
the actual timing of these changes in attendance by individuals
was related to the date of breeding, and thus to the quality of
the adults. This meant that, in general, broods of high quality
birds were attended in the ON position for longer than broods of
low guality birds.

As the tendency for adults to SINGLE SIDE attend their sites
appeared to be reduced by the presence of adults on adjacent sites,
and as these adjacent sites themselves would have been occupied with

some pattern of attendance, then the lack of similarity between the
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TABLE 18, THE RELATIONSHIP BETWEEN THE TIMING OF THE INITIATION
OF SINGLE SIDE AND OF LEAVE ATTENDANCE BY THE SAME PAIRS (TAKING
ACCOUNT OF BROOD SIZE AND ADJACENT NEST SITE CONDITIONS)

Mean age of chicks at initiation of attendance types (with ranges)

Nest alone Nest + Non-breed Nest + Breed
SIDE LEAVE SIDE LEAVE SIDE LEAVE
2 Chick Brood
Range 17-39 25=45 22-42 26-39 20-40 21-39
Mean age in
days 26.06(16) 33.69(16)30.13(15)  31.80(15) 30.33(21)32.86(21)
Y y- 512 T—y= 87— T— 2=1.38-7
P=0.02 ns ns
1 Chick Brood
Range 22-38 3342 1439 21=43 2446 27-52
Mean age in
days 29.86(7) 38.29(7) 28.40(10) 32.50(10) 35.62(13)34.00(13)
T v= 4,52 1 — p=36.5—7 1 y=59.5—7
P=0.006 ns

ns

All comparisons tested by Mann-WhitaBy U tests (Siegel 1956)

Numbers in parentheses are sizes of samples
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timing of changes in adult attendance on different categories of
nest site was only to be expected. A further complication,
indicated by Table 18, is that there is the possibility that
pairs on sites occupied also by adjacent pairs may compensate

for decreased tendencies to SINGLE SIDE attend by initiating their
temporary absences from the nest site earlier than if no adjacent

pair were present.

THE TIMING OF THE INITTATION OF LEAVE ATTENDANCE BY THE TWO
SEXES, - In Section &, Table 10 and Fig. 16 indicated that males
generally changed from the Main Breeding to the Late Chick-care
attendance patterns before females. As Table 16 showed that
this could not be attributed to a tendency on the part of the
males to initiate attendance in the SIDE position before females,
then this implies that there exists:difference between the sexes
in their respective initiations of LEAVE attendance. Although
this could not be measured directly it could be investigated by
an indirect method using data derived from spot observations.

The day when the chicks were first abandoned was identified
from the spot observation record for each pair. Using information
from all pairs, the ratio of the sexes attending on the day hefore
this event was compared with the ratio of the sexes attending on
the day after this event. A chi-squared significance test was used
as is shown in Table 19. From the table, it appears that the ratios
changed, there being a significant excess of females present during
the later stage (P£0.05). These results could only be adequately
explained by supposing that the initiation of LEAVE attendance at
nest sites was generally attributable to males rather than to
females, so that the latter sex tended to be over represented after

this event.
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TABLE 19 COMPARISON OF THE SEX RATIO OF ADULTS ATTENDING THE NEST SITE
ON THE DAY BEFORE INITTATION OF LEAVE ATTENDANCE WITH THE RATIO ON THE

DAY AFTERWARDS @POT OBSERVATION INFORMATION)

PRESENT

ADULT
MALE
Day before initiation of
LEAVE attendance L8
Day after initiation of
LEAVE attendance 32

FEMALE

62

X2 = 4.90 (P< 0.05)
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DISCUSSION

Successful adults showed simple, co-ordinated and stable
attendance patterns at the nest site throughout incubation and
early chick-care. During late chick-care, however, these features
were absent (as is shown in Table 11).

In the previous section, cumulative sum charts based on the
consecutive daily percentages of the day spent on SIngle ON attend-
ance by particular individual birds (Figs. 14 and 15) allowed the
chick-care part of the breeding cycle to be split into 2 stages
(see Table 10). The change from the early to the late stage was
seen as a decrease in the slope in the charts denoting a decrease
in the daily amounés of this form of attendance. The charts from
breeding pairs showed changes in slope at this time that were
independent of one another (a decrease in one followed later by
a decrease in the other) rather than co-ordinated (a decrease in
one with an increase in the other) or synchronised (a decrease in
both at the same time). Thus the two adulis of a pair decreased
their daily attendance in the ON position at different stages of
chick development. In contrast, Coulson (1972) showed that during
incubation when one adult of the pair did not relieve its mate at the
nest site then the attendance of the sitting bird was prolonged,
i.e. that co~ordination of attendance took place.

There was replacement corresponding to the decrease in SINGLE
ON attendance during Late Chick-care by the individuals attending
in the SIDE position or by the adults leaving the chicks unattended -
see Figs. 9 - 13. A consideration of the precise timing of (a) the
individual decrease in SINGLE ON attendance (b) the individual
initiation of SINGLE SIDE attendance and (c) the initiation

of LEAVE attendance by the pair indicated



that the timing of the initiation of the 2 new forms of attendance
varied according to the individual and were independant of the
mates' attendance pattern. Afte} the initiation of chicks left
unattended until the first flight, broods were left for an
increasing percentage of the daylight hours (P<0.05). After the
initiation of attendances in the SIDE position by individual
adults there was a tendency for them to spend an increasing
percentage of their attendance at the nest site in this position.
In general the rates of these increases were independent of
individual or pair variation. The time-lapse records (Figs.

17 and 18) showed that the pronounced changes in adult attendances
patterns between early and late chick-care (See Table 11) arose
from the highly individual variation in the timing and form of
attendance by the individual of a pair. During chick-care,
independent of the attendance pattern of the mate, an individual
w;s found to decrease its daily amount of attendance in the ON
position. This decrease was replaced by attendance in the SIDE
position or by leaving the brood unattended or by both. In some
cases the latter attendance category was initiated some time
after the former. The analysis sug:ested that, after the
initiation of LEAVE attendance, broods were left for an increasing
portion of an adults share of nest attendance. After initiation
of SINGLE SIDE attendance, it tended to form an increasing portion
of the total SINGLE attendance (and so OH attendance continued to
decrease). The effect of these changes on the total adult
attendance pattern at a nest site (as experienced by the brood)

was modified by the sharing of the days' attendance between the
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two members of the pair.

During the Main Breeding stage the total daily attendance was
shared between the adults of a pair (not necessarily equally) in
a shift system with one adult relieving the other at intervals.
During Late Chick~care there was no indication that compensation
for any shortcomings in attendance by one adult was made by the
other or that adults 'overlapped' their attendance i.e. BOTH
attended. For these reasons it was concluded that the former
basic pattern of sharing was retained during the later stages
but that each adult modified its own forms of attendance within
this basic pattern.

The evidence given above indicates that the highly variable
timing of the initiation of SINGLE SIDE and LEAVE attendance by
individuals profoundly affected the total pattern of adult attend-
ance experienced by individual broods. In an effort to discover
why adults changed their attendance patterns, the timing of the
initiation of the former category (by individuals) and the datter
category (by pairs) was measured for 105 successful breeding pairs
by spot observation methods. As with that for the time-lapse
pairs, this information showed that although all nest sites were
left unattended at some stage only some of the adults (66%) were
seen to attend in the SIDE position. So that information should
not be discarded, most of the analyses concerning SINGLE SIDE
attendance were based on the tendency for adults to attend in

this position.
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The factors that were found to affect these two forms of

attendance are summarised below.

SINGLE SIDE attendance

1 Probability of individual adults
initiating increased with age of
the brood,

2 Neither sex showed a greater

tendency,

3 Greater tendency with 2 chick
broods than 1 chick broods
(P <0.01)

L Significant association between
tendencies of pairs (P<0.001).

5 In pairs that retained nest site

LEAVE attendance

Probability of pairs initiating

increased with age of the brood.

More females than males were
present on the day following
initiation (P< 0.05) indicated
males initiated before females.
Mean age of chicks in days at
initiation.

2 chick broods = 32

(P<0.05)
1 chick broods = 35

Not possible to measure.

mate and brood size over two year,

Significant association between

tendencies of individuals (P<0.05)
6 Presence of adjacent pairs

decreased the tendency (breeders

more so than non-breeders),

7 Some evidence for a greater
tendency in late breeding,
Mow quality" birds compared
with early breeding, ''high
quality!birds.

Significant association between

timing of initiation by pairs (R0.01)

Little effect of adjacent pairs.

Significant association such that
late breeding, "low quality" pairs
leave chicks earlier than early
breeding, '"high quality" pairs

(P <0.05).

This list of factors may be broadly classified into 2 categories:-

a Those related to obvious external conditions (1,3,4,5 and 6)

b Those with a strong individual component (2 and 7).

Of the first type conclusions 1,

3 and 5(?) imply that the presence

of the chicks has an important influence on the initiation of both
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attendance types. Brood size and age of the chicks both affected
these measures. Factor 5 implied that food or weather stimuli,
variable from year to year, did not significantly affeft the time
at which adults first changed their attendance pattern. Factors
I and 6 highlighted a difference in that SINGLE SIDE attendance
required sufficient room, free from interference, at the side of
the nest structure, whereas LEAVE attendance was hardly affected
by these constraints.

In the second category Factor 2 reveals that related to the
sex of the adults there is a difference in the timing of the
initiation of LEAVE attendance but not of SINGLE SIDE attendance.

It is suggested that any tendency for such a difference between
sexes in the case of SINGLE SIDE attendance would be small and
would probably be swamped by the crowding effect, Factor 6. (0f
pairs nesting on isolated sites, 13 males initiated SINGLE SIDE
attendance before their mates yet only 5 females initiated it
before their mates. However, the difference was not significant).
Factor 7 implies that the quality of adults affected when and how
adults changed their attendance patterns.

From this review it would appear that the crucial factor
differentially affecting the occurrence of the two forms of
attendance was related to the presence of pairs on adjacent nest
sites. When this variable was removed, by only considering pairs
on isolated nest sites, it was found that pairs initiated attendance
in the SIDE position significantly earlier than LEAVE attendance
(Table 18, P £0.02). It appeared that the actual stimuli which the
adults reacted to (in both forms of attendance) were associated with

the presence of the chicks. If it were assumed that the changes in



the drive to attend in the ON position did not change with
internal changes in the adult,then the stimuli from the chicks
must have increased in intensity with the age of the brood and
must have been to some extent related to the number of chicks
that were present. When conditions at the nest site did not
preclude attendance in the SIDE position, the threshold for
evoking this attendance type was reached before that for LEAVE
attendances Assuming equyl stimuli from all chicks, the
thresholds for the former category of attendance was higher in
early breeding high quality than in late breeding low gquality
birds. The thresholds for the latter category of attendance
were also higher in high quality pairs (and possibly in these
birds as individuals) than in low quality pairs (and, maybe,
individuals). It is also probablg that they were higher for

females than for males.

AN
S
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THE EFFECTS OF THE FLEDBING OF THE CHICKS ON THE ATTENDANCE OF THE ADULTS

Table 20 shows that kittiwake chicks make their first flight a
mean 40.8 (st. dev. 2.4) days after hatching. After this they return
at intervals to the nest site, where they are fed, but spend much of
the day away from the site. Chicks finally abandon the nest a mean
51.8 (st. dev. 3.7) days after hatching. The brood size has little
effect on these measures.

Coulson and White (1958b) noted that any estimate of the period
between hatching and first flight would involve many days of
uninterrupted observation. In the present study all pairs were
obsebved at least 5 times per day at hourly intervals during that
period when chicks were fledging in the colony (see also Table 10
for time-lapse results). These authors further reported that the
young kittiwake does not necessarily desert the nest site after its
first flight but may return after an interval of as little as a few
minutes and remain there for several days. T_able 20 shows that
in kittiwakes, there is typically a period of about 11 days between
the first flight of chicks and their abandonment of the site.

The more detailed observations used in this study to construct
T_able 20 reveal a discrepancy between these results and those of
Coulson and White (19583 who gave a mean of L42.7(st. dev. 4.4) days
between hatching and the final vacation of the nest site by the
chicks. The value given was, however, close to that given in Maunder
and Threlfall (1972) for the time of the first flight (4.6 days
8D = 3.1 which was also based on many daily observations.

The fledging period was an appropriate time for an investigation

to be made of the effects of chick presence on the attendance of adults,
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TABLE 20 THE FLEDGING PERIOD OF THE KITTIWAKE
Hatching to first flight (days)
32-34 35.37 38-40 41-43 Lh-46 47-49 Total Mean

Broods of

2 chicks O 5 23 32 3 0 63 40.6

Broods of

1 chick 1 b 13 19 8 1 e 41,1

Grand Mean 40.8 (ST. DEV +
2.4 days)
Hatching to abandonment of the site (days)
W1-l3 bhlib U47-49 50-52 5355 56-58 59-61 Total Mean

Broods of

2 chicks 0 2 7 23 17 9 1 59 52.3
Broods of

1 chick 1 6 9 %6 6 8 1 k. 51,2

Grand Mean 51.8 (ST.DEV
+ 3-7
days)
Hatching day of chicks is Day 1
Maximum error on each hatching date was + 1 day
" " " fledging " " + 1 day(SHOURLY OBSERVATIONS PER DAY)

Total maximum error on each observation of the fledging period is

+ 2 days
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which would not have been possible during earlier stages. This
was carried out by re-examining the time-lapse and spot observation
data, taking the number of chicks present into consideration. The
latter information was based on observations of 59 two-chick and

48 one~chick broods where only one observation per day per site

was considered so tha£ all observations were independent of one

another.
CHANGES IN THE PATTERN OF ATTENDANCE THROUGH THE FLEDGING STAGE

The first essential was to gain some indication of the
stability of the pattern of adult attendance during the fledging
period (taking brood size into consideration). Previously it was
shown that during Late Chick-care, the chicks were left unattended
for an increasing percentage of the daylight hours and that there
was a tendency for adults to spend an increasing percentage of
their attendance with chicks in the SIDE position (Fig;1;£?. In
order to establish whether this process was maintained during the
fledging stage, under all conditions of brood size, the daily
changes in these two forms of attendance (of both time-lapse pairs
and spot observation information) was subjected to regression
analysis.

The results of these analyses are given in Tables 20 and 22.
The spot observation results on LEAVE attendance showed that in all
but one case (no chick present of a one chick brood) therd was a
significant positive association between the percentage of the
observed nest sites that were left unattended, and the age of the
brood (P <0.05). With the time-lapse pairs, although 10 of the 11

regression coefficients were positive (and hence significant P< 0.01)
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TABLE 21 CHANGES WITH THE AGE OF THE BROOD, DURING THE FLEDGING
STAGE, IN THE PERCENTAGE OF THE TIME THAT PATRS LEFT DIFFERENT
CHICK NUMBERS UNATTENDED (ARCSIN TRANSFORMID)

* dof. refers to degrees of freedom associated with 'deviations
from regression’

-~ degrees of freedom associated with regression is 1, in all cases
(Snedecor and Cochran, 1957. p 148)

I LEAVE ATTENDANCE (% of total daylight hours brood unattended)

No. of Regression Significance
days Variance Coefficient F-ratio d.f. level

(a) Two chicks

present
Spot observation
(2 chick) 13 81.73 +1.68 7.63 11 P<0.05
Pair 1 9 7.26 +0.36 1.07 7 ns
Pair 2 6 74.00 +2.15 1.09 4 ns
Pair 4 9 66.07 +2.22 L 48 7 ns
(b) One chick
present
Spot observation
(2 chick) 16 30.60 +1.18 15.55 14 P< 0,01
(1 chick) 13 43,30 +1.40 8.21 1M P<0.05
Pair 1 10 52.65 +0.48 0.37 8 ns
Pair 2 12 13}.36 +3.95 16.74 10 P <0.01
Pair 3 14 107.00 +1.18 2.98 12 ns
Pair 4 14 156495 +3.42 16.98 12 P<£0.01

(¢) No chick

present

Spot observation

(2 chick) 16 48.97 +1.23 10.53 14 P<0.01

(1 chick) 13 57.81 +0.14 0.06 11 ns
Pair 1 9 227.75 +2.16 1,23 7 ns
Pair 2 9 207.15 ~-1.35 0.5% 7 ns
Pair 3 13 46.61 +0.57 1.55 11 ns
Pair 4 12 178.64 +0.99 0.92 10 ns

@ Spot observation information was based on either nests with two

chick broods (2 chick) or one chick broods (1 chick)e.
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TABLE 22 CHANGES WITH THE AGE OF THE BROCD DURING THE FLEDGING STAGE
IN THE PERCENTAGE OF ADULT INDIVIDUAL ATTENDANCE SPENT IN THE SIDE
POSITION TAKING CHICK NUMBER INTO CONSIDERATION (ARCSIN TRANSFORMED)

* d.f. refers to degrees of freedom associated with 'deviations from

regression!

- degrees of freedom associated with regression is 1 in all cases
(Snedecor & Cochran, 1957. p 148)

II SIDE ATTENDANCE (% of total individual attendance in SIDE position)

No. of
days
(a) Two chicks
present
Pair 1
Male 10
Female 6
Pair 2
Male 6
Female 6
(b) One chick
present
Pair 1
Male 10
Pair 2
Male 12
Female 12
Pair 3%
Male 8
Female 13

170477
381.97

313.29
203,34

423,27

361.71
100.62

124.39
211.64

Regression
Variance coefficient F.ratio d.f* level

-2.31
+3.47

-6.77
-l.62

-1.73

-1.31
-2.68

-0,72
+0,05

2.58
0.88

2.56
1.84

0.59

0.68
10.22

0.17
0.01

10
10

1

Significance

ns

ns

ns

ns

ns

ns
P <0.01

ns

ns
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only two of these were individually significant (P<0.01).
This shows that, irrespective of chick numbers present, there
was a general tendency for pairs to leave their nest sites
unattended for an increasing percentage of the available time
through the fledging stage. In individual cases, however, this
was masked by a great deal of day-to-day variation (shown by
large variances in Table 21).

The time-lapse information about the changes in the
percentage of the total individual attendance spent in the SIDE
position during this time (with different chick nukbers present)
gave a rather different picture from the one above. Table 22
showed seven of the nine regression coefficients for individuals
to be negative, of which one was individually significant (P< 0.01).
Thus, in contrast to LEAVE attendance, there was a slight general
tendency for adults to spend a decreasing amount of their total
individual attendance in the SIDE position throughout the fledging
stage (irrespective of whether 1 or 2 chicks were present). In a
similar way to LEAVE attendance this tendency was masked by large
day-to-day variation (shown by large variances).

Thus, as is seen in Tables 12 and 21, within these limits
of variation, pairs generally tended to increase the amount of
time for which they would leave the nest sites unattended as the
brood increased in age. This tendency continued throughout
Late-Chick-care and the fledging stage, and was not dependent
upon the number of chicks that were present. In contrast Tables
12 and 22 also showed that individuals tended to increase the

amounts of their attendance in the SIDE position with age of the



brood during Late Chick-care, yet to halt or reverse this trend
during the fledging stage (irrespective of numbers of chicks
present). Adults did not attend in the SIDE position with chicks

absent.

THE EFFECTS OF THE PRESENCE OF CHICKS UPON THE ATTENDANCE OF
ADULTS. Each of the spot observations of chick and adult
attendance at the nest site, during the fledging stage, could be
categorised in a contingency table with respect to the number of
chicks present (as all observations were independent). When this
was carried out, for both two-and one-chick brood classes, (Table 23)
then the distribution of categories of chick attendance could be
compared by chi-squared tests with the distribution of adult
attendance (under these different conditions of numbers of chicks
present). If chick and adult attendance did not interact then
these two distributions would have been expected to be similar but
Table 23 showed that this was not the case with either brood class

when
(P <0.05). The distributions were even differen?Aonly considering

1 or 2 chicks present of a 2 chick brood (E’<0.01l:;dults were
considerably more proficient at flying to and from the site than
the chicks it was concluded that this difference arose from the
behaviour of the adults. It appeared that the presence of the
chicks significantly discouraged the adults from attending the
nest site and that two chicks provided a stronger stimulus than
one (P <0.05).

In an effort to investigate the development of the avoidance
of the chicks by the adults through the fledging stage the timing

of all of the spot observations was converted to days after the

first flight of the chicks and, was displayed in Fig. 20 (which
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TABLE 23 INTERACTION OF THE ATTENDANCE OF ADULTS AND CHICKS AT THE
NEST SITE DURING THE FLEDGING STAGE (SPOT OBSERVATION INFORMATION)

I TWO CHICK BROODS (59 nests)

Chick number present at site Chi-squared Significance

level
2 CHICKS 1 CHICK O CHICKS
Chick attendance 116 248 162
20,54 P<£ 0,001
Adult attendance 35 138 132 (2a.f)
\X=7.29/
P<£0.01

IT ONE CHICK BROODS (48 nests)

Chick number present at site Chi-squared Significance
level

1 CHICK 0 CHICK

Chick attendance 171 177

L 48 PL0.05
Adult attendance 95 141 @a.f)
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Fig. 20. Comparison between

(a) the percentage of daily spot

fogethier witli (b)

observations different chick

numbers occupied the nest through

the fledging stage, +———r

the percentage of total daily spot
observations of adult attendance that
took place under these different
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takes account of brood size). Chick attendance was measured as
the percentage of the total observations on a particular day in
the period, for which each chick number was present. Adult
attendance was measured as the percentage of all nests with
adults which were observed on a particular day in the period

to be with two chicks, one chick or no chicks present. These
two measures were plotted on the same axes for comparison.

Fig. 20 shows thaﬁfzoth brood 'classes; thet as the
fledging stage progressed so chick attendance decreased. In
other w&rds, there was a decreaset in the percentage of the day
for which the largest chick number was present and an increase in
the percentage of the day for which no chicks were present. This
seems to indicate progressive development of independence of
the nest site in the chicks.

In Fige 20, if chick and adult attendance at the nest site
had not interacted then, on a particular day, ¢f 80% of the
nests had been occupied by two chicks it would have been expected
that approximately 80% of the adults seen on that day would have
accompanied two chicks. Allowing for random variation in these
two measures, the pairs of graphs in Fig. 20 would have been
expected to be generally superimposed. Evidence of significant
deviation from this expectation indicated avoidance of chicks by
adults.

The pairs of curves for the simplest case, that of one-chick
broods clearly showed that, although they were very similar in
shape, the adult attendance curve was always below the chick

attendance curve with the chick present (the converse would



have been true with the chick absent). This difference tended to
increase as the fledging stage progressed. Thus, adults with
one chick broods increasingly attended their chick less intensely
than their empty sites through the fledging stage. This same
process was also seen in the more complex situation af broods with
two-chicks. When both chicks were absent the adult attendance
curve was consistently higher than that for the chick and the
position was reversed when both chicks were prement. With one
chick present, of a two~chick brood, the differences between

the graphs were less emtreme than either of the previous two
conditions. For the first 7 days of this stage (when either

one of* two chicks occupied the site for the majority of the

day), the pair of curves were approximately coincident, denoting
no avoidance of single chicks. For the remaining 9 days, (when
either one or no chicks occupied the site for the majority of the
day), the adult attendance curve was consistantly below the chick
attendance curve, denoting avoidance of single chicks.

Thus,&hroughout the fledging stage), the adults consistently
carried out relatively more of their daily attendance during
those times for which the fewest chicks were present. There was
also an indication that this avoidance of chicks increased with the
age of the brood.

The fact that the pairs of curves were so similar in shape,
throughout the fledging stage, could only have arisen if the
adults had sampled the nest site and its brood-size status at
fairly regular intervals during their periods of absence. If
the chicks' presence had caused the attending adult to leave for
long periods then the adults could not have reacted accurately to

changes in the chick attendance.



=
LAy

If an adult makes regular visits to the nest site during its
periods of abandonment (LEAVE attendance) then it would be difficult
for it to travel far from the colony. As all breeding birds were
individually colour-ringed then any appearing in the 'club' area
could readily be identified through binoculars. The club area
consisted of adjacent roofs of buildings, a little distance from the
breeding ledges, where space was not contested in any territorial
sense yet birds of all groups (including breeders, non-breeders
and chicks) rested and preened without disturbance. During the
fledging period 5 consecutive hourly observations were made per
day on each nest site, noting, for each site with chicks, the
presence or absence of adults. As soon as the circuit of the
colony was finished (approximately 20 minutes) the presence of
all breeding adults in the club area was also noted. These
last observations were cabtegorised with respect to the adults
present (or absent) from the appropriate nest site e.g.

ADULT PRESENT

NEST SITE (Time n) CLUB (Time n+20mins) CATEGORY
zof club

adult)
1
Observation 1* A present None
Observation 2 A present B present RELIEF
2
Observation 1 A present None
Observation 2 B present A present RELIEVED
1]
3
Observation 1 A present None
Observation 2 none or A present A present LEAVE

* 1 hour between observations 1 and 2.

Fig. 21 showed the change in the number of each of these categories
of breeding adults seen on the 'club' area as a function of the age

of their broods. RELIEF and RELIEVED birds were represented about



Fig. 21. 'Status' of breeding birds observed in the
club area at different stages of chick

development. (See text for details)

e parents LEAVE
relieved parents

relief parents

f = first flight of chicks
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equally throughout the time that chicks were at the nest. The
lowest numbers were seen during the early part of chick care
(day 1 to 16) and just after fledging of the chicks (day 52
onward). The number of adults LEAVE attending showed very great
changes, being negligible prior to day 24 (the early chick care
stage) but building up to a maximum between days 40 to 47 (the '
early fledging stage) and then dropping steeply as the chicks left
the breeding sites.

Thus, Fig. 21 showbd that breeding adults could be present
in the club area for the whole period that chicks were present
at the nest. This suggested that the task of obtaining sufficient
food for the growing brood presented no great problem to the pair
(Coulson and White 1958? Pearson, 1968). The shape of the LEAVE
attendance graph mirrored the results from the observations on
nest sites (Figs. 9-13 and 18) in that, as more adults were known
to LEAVE attend their broods, so more were observed in the club
area. From this evidence it was concluded that adults observed
in the club were representative of LEAVE attending adults which
therefore had the opportunity to pay short visits to their nest

sites to sample the brood size and modify their attendance

appropriatelyy as shown in Fig. 20,

The range in pair variation, for the effects of brood size
on adult attendance, was indicated by the time-lapse records of
Pairs 1 to 4 in Fig. 22. These were organised in a comparable
way to Fig. 21. All records showed how the average number of
chicks which were present at the nest site decreased through the
fledging periods but that there was considerable variation in the

way that this occurred. The nest site was rarely free of chicks



- .~ -

138

Fig. 22. Comparison between
(a) the percentage of the day that

different chick numbers occupied
the nest site through the fledging
stage,

bosﬂﬁa"uﬁ“ﬂ (B) the percentage of the total adult
attendance that took place under
these different brood conditions,

for pairs 1 - 4.

4 chicks

X=--- X adults
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during the fledging stage of Pair 1 and two chicks were commonly
together. In contrast, the nest site of Pair 2 was often free
of chicks and two young were rarely recorded together.

The graphs of Pair 3 were very similar ég form to the
generalised brood situation with a single-chick (as is shown in
Fig. 20), as were the graphs relating to Pair L4 form the two-chick
brood situation. Of the other breed pairs with two chicks the
record for Pair 2 showed a less extreme reaction of the adults to
the presence of the chicks, but was of the same form as Pair 4,
whereas Pair 1 showed no discernable reaction. The time-lapse
information showed that the size of the effect of chicks on adult
attendance varied widely from pair to pair. The curves for Pairs
2 and 4,where one chick was present of a two-chick brood, showed
as in the spot observation information how it was possible to
split the fledging period into two parts. There was an early
part (where the adult and chick curves often coincided) and a
late part (where the adult curve was always below that of the
chickl This change in the relationship accounted for the

Sorone c\mck?resen‘\' .
significant positive associations shown in Table 21A In the
conditions of presence of two, or no chicks, the time-lapse

such

graphs did not show,an obvious change in the relationship with
Bnded 1B be
time and so the associations in Table 21 wexe not,significant.
With the exception of Pair 1, the time-lapse information
produced pairs of adult and chick graphs (under the different
conditions of chick number) which were quite similar in shape.
This was in agreement with the spot observation information. It

thus appeared that the members of a pair, in general visited their

sites at intervals during LEAVE attendance to sample chick numbers.

&



The relationships between the adult attendance and brood
number, (for a particular brood condition) appeared in Figs 20
and 22 to be largely independant of the fluctuating brood size
status encountered by the adults of a pair during successive
days of the fledging period. This meant that the variation in
chick attendance from nest site to nest site did not preclude
comparisons between the pairs in their reaction to the different
brood sizes. The arcsin transformed percentage of each
successive day for which pairs left the brood unattended (under
the different conditions of brood size) gave a measure of the
individual pairs' reaction to brood size that could be smed for
inter-pair comparisons. As there was an indication in Table
21 of a positive association between this measure of LEAVE
attendance and the age of the brood then comparisons were only
carried out between serial records of the same length. Also as
the daily values were unlikely to be normally distributed then
non-parametric Mann Whitney U, and Kruskal Wallis one way analysis
of variance (Siegel 1958) were used for the tests between pairs
Table 24, The relevant spot observation values are also
included in Table 24 for comparison. These showed that, irres-
pective of whether single chicks at a nest site originated from
single or double chick broods, on average, adults left them
unattended for similar percentages of the available time. This
meant that the resulte from the 1 chick brood (Pair 3)could be
included with the single chick present of a doubl® chick brood
results, as shown in Table 2k.

A striking feature of this Table was the anomolous record

for Pair 1 which showed very high values for LEAVE attendance
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TABLE 24 INTER-PAIR COMPARISONS OF THE REACTION TO DIFFERENT BROOD
SIZES OVER THE SAME PART OF THE FLEDGING PERIOD AS MEASURED BY THE
DAILY ARCSIN TRANSFORMED PERCENTAGE OF SUCCESSIVE DAYS THAT PAIRS
LEFT THE BROOD UNATTENDED UNDER THE DIFFERENT CONDITIONS OF BROCD

141

SIZE. (SPOT OBSERVATION INFORMATION,AS TRANSFORMED% INCLUDED FOR

COMPARISON)

AVERAGE DAILY ARCSIN TRANSFORMED % LEAVE ATTEND

1. TWO CHICKS PRESENT

No. of days Spot observation

6 53.45

2. ONE CHICK PRESENT

No. of Spot Obs. Spot Obs.
days (w chick (1 chick
brood) brood)
10 39.61 42,27
U=39.5
ns
3. NO CHICK PRESENT
No. of Spot Obs. Spot Obs.
days (2 chick (1 chick
brood) brood)
9 20.26 27.0k4

U=22
ns

N.B U

Mann-Whitney U Value

Pair 1 Pair 2 Pair 4

74.15 h2,23 59,17

T g=3 —

, P<0.008

T X%12.012—2
P < 0.01

PAIR1 Pair 2 Pair 4 Pair 3

( | ducke )
brosd

72.56  35.48 49.82  56.55
- U=21 1
P<0.05,
L X2.9.306—1
P £0.01
»

L — XZ%a21.600— 1
P 0,001

Pair 1 Pair 2 Pair 4 Pair 3
(1 chick

brood)

77.09 23.62 24,37 21.51
- U=38 1
ns
L— X 2:0.%8 '_"—i

ns

(R, PPV SR
P <0.001

X2 Kruskal Wallis One-way Analysis of Variance Value

i1

ns = not significant

Probability

)
it
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that were unaffected by the number of chicks present. It was
concluded that the attendance at the nest site by the adults of
this pair was so infrequent that they did not sample the brood
size often enough to react to the changed brood size caused by
chick attendance, and so this record was dropped from part of
the analysise.

The most rigorous comparison of the LEAVE attendance of
pairs was between the records of Pairs 2 and 4 as both these
reared broods of two. With two chicks present there was a
significant difference, such that Pair U4 tended to LEAVE their
chicks unattended for a greater percentage of the available time
than Pair 2 (P <0.008). With one chick present the difference
was again significant. (P<0.05) and in the same direction, but
with no chick present the difference was not significant. When
the results from Pair 3, (that reared a brood of 1) were included,
the difference was significant between the three pairs in the
amounts of available time that the chick was left unattended
(P<0.01) but not significant when chicks were absent. The
inclusion of the anomolous Pair 1 record made the differences
significant (P<0.01) between all pairs under all conditions
of brood size (including the no chick present condition). The
differences in the extent of the avoidance reaction seen between
pairs in Fig. 22 was not caused by differences in the attractiveness
of the empty nest site, as all pairs attended empty sites in a
similar way, but rather by differences in the strength of the
inhihition of nest attendance caused by similar sized broods, as

is seen from Table 24. Larger broods caused greater aversion.
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The lack of inter-pair difference in the attendance of empty sites
during the Fledging stage was in accordance with the information in
Table 11 on all forms of attendance during the Post Fledging stage,
vhere inter-pair differences were at a minimum for the first time

in the breeding sequence.
THE SHARING OF NEST SITE ATTENDANCE BY THE PAIR

In the previous section there was a lack of evidence that
one adult increased its attendance to compensate for the short-
comings of the mate during Late chick-care, or that adults
overlapped their attendance by BOTH attending. This was taken
to indicate that the basic pattern of attendance sharing (seen
during the Main Breeding stage) was retained during Late chick-
care but that individuals modified their own forms of attendance
within this basic pattern. If the fledging attendance of the chicks
did not affect this basic pattern and if chicks did not react %o
the two adults of a pair with different attendance then the
difference in the sharing of adult attendance during fledging
(taking brood size into account) would be eqected to reflect the
differences shown in the preceeding Late Chick-care stages (as
shown in Table 11). Table 25 gives the intra-pair comparisons,
for the time-lapse pairs, of the sharing of adult attendance
during the same parts of the Fledging stage with different brood
sizes. This was measured by using the successive daily arcsin
transformed percentages of the total single attendance undertaken
by each adult. The table showed that this sharing reflected the
situation in the Late Chick care stage when chicks were present
(see Table 11) i.e. male > female (P< 0.007) Pair 1; female >

male (P<0.002) Pairs 2 and 3; male = female, Pair 4. With no
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TABLE 25 INTRA-PAIR COMPARISONS OF THE SHARING OF ADULT ATTENDANCE
DURING THE SAME PART OF THE FLEDGING PERIODS OF PAIRS 1 TO 4 WITH
DIFFERENT BROOD SIZES, AS MEASURED BY THE SUCCESSIVE DAILY ARCSIN

TRANSFORMED PERCENTAGES OF THE TOTAL SINGLE ATTENDANCE UNDERTAKEN
BY EACH ADULT

AVERAGE DAILY ARCSIN TRANSFORMED % OF TOTAL SINGLE ATTENDANCE

PAIR 1

PAIR 2

PAIR 3

PAIR 4

=]
H

ns

g
i

()

2 CHICKS PRESENT
Male Female
62.32(8) 27.68

U=9
P< 0.007

23.61 (6) 66.39

U=0
P <0,001

57.76 (9) 32.2h

U=19-5
ns

Mann Whitney U Value
Not significant
Probability

No. of days

ONE CHICK' PRESENT
Male Female
61.52 (8) 28.48

U=0
P <0.0001

29.8 (12) 60.20

U=6
P <€0.002

26.38 (8) 63.62

U=7
P<0.003%

48.29 (M).7

U=75
ns

NO CHICKS PRESENT
Male Female
59.31(3) 30.69
' U=2

ns
35.32 (9) 54.68

U=21
ns

34,26 (10) 55.74

=3205
ns

35.42 (13) 54.58
U=47

ns



chicks present, however, no intra-pair differences were significant.
This is in accordance with the information for the Post Fledging
stage of Table 11, where pairs of adults did notdiffer in the
sharing of single attendance after the chicks had abandoned the
nest site. Thus, it appeared that for each pair there was an
individual basic pattern of attendance sharing which was initiated
just prior to egg laying and was continued throughout incubation
and all of chick care. During at least the later stages the
maintenance of this pattern depended on the presence of the
chickse.
CHANGES IN THE FORM OF ATTENDANCE BY ADULTS WHEN BROOD SIZE
VARIED - As brood size affected the pattern of presence and
absence at the nest site by adults, it was important to discover
if this variable also affected the form of that attendance.

The weighting of SINGLE SIDE attendance in each individual
studied by the time-lapse method,during the successive days of
the fledging stage (taking chick number present into consideration)
was estimated,from the arcsin transformed percentage of the total
attendance by that individual, in the SIDE position. As Table 22
showed a slight negative association between this measure and
the age of the brood then records from the same days only could
be compared by Mann-Whitney U tests. Using this informatiom,
comparisons were carried out to investigate the effects of brood
size on individuals' reliance on SINGLE SIDE attendance. It was
also possible to analyse the spot observation information with
respect to the effect of brood size on the frequency of adults

attending in the SIDE position. The incidence of adults attending

14
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in the SIDE position was compared, under the various conditions

of the numbers of chicks that were present, in a contingency table,
using Chi-squared tests. The results of both of these analyses
are given in Table 26.

The spot observation information in this table showed that
the incidence of attendance in the SIDE position was significantly
related to the chick number present (2 chicks > 1 chick> no chick =
0, P <0.01). The information from all individuals of the time-
lapse pairs also showed that adults did not SINGLE SIDE attend
when chicks were absent. Although the females of Pairs 1 and 2
tended to spend significantly less of their single attendance in
the SIDE position when 1 rather than 2 chicks were present (P<0.03)
this relationship was not seen in the males. This could not
necessarily be taken to indicate a sex based difference. Using
time-lapse information in the same form as Table 2b it was possible
to make intra-pair comparisons of the importance of SINGLE SIDE
attendance to individual adults (taking brood size into consideration).
These comparisons, tested by Mann-Whitney U tests, are given in Table
2§. The intra-pair differences were not significant when two chicks
were present but 2 of the 3 differences were significant when one
chick was present (P <0.03). These results indicate that intra-
pair differences in the ;mportance of SINGLE SIDE attendance to
individuals (seen also in Fig. 17 during the Late Chick-care stage)
did not necessarily cease during the fledging stage.

Thus, during the fledging stage adults attend in the SIDE
position, in response to the presence of chicks. Although this
attendance was more commonly seen in the presence of two rather than

one chick, individual adults varied in the amounts of their single
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TABLE 26 THE EFFECTS OF CHICK NUMBER PRESENT ON ADULT ATTENDANCE

IN THE SIDE POSITION (FLEDGING STAGE)

SPOT OBSERVATION

a 2 chick broods

NUMBER OF CHICKS AT NEST

2 chick 1 chick O chick

Adult not SINGLE SIDE attending 19 105 132
Adult SINGLE SIDE attending 16 29 0
(P<0.01)
(P<0.001)
b 1 chick brood
1 chick 0 chick
Adults not SINGLE SIDE attending 70 141
Adults SINGLE SIDE attending 25 0
EX2-37.19—
(P<0.001)
TIME-LAPSE
Mean daily arcsin-transformed % of single attendance in SIDE
position on successive days
PAIR 1
2 chicks 1 chick No. of days
Male 3239 48.80 10
bty
ns
Female 26.11 9.38 4
[ S— U=1 — 1
P <=0.03%
PAIR 2
Male 46,79 38.80 6
T y=15—21
ns
Female 66.56 L6.55 6
> U=3
P <¢=0.008

N.B. No SINGLE SIDE attendance when chicks absent ( record for Pair
3 with single chick brood not included)

U = Mann-Whitney

P = probability ns

not significant



TABLE 2 T INTRA-PAIR COMPARISONS OF THE IMPORTANCE OF SINGLE SIDE
ATTENDANCE TO INDIVIDUALS DURING THE SAME PART OF THE FLEDGING STAGE
(TAKING BROOD SIZE INTO CONSIDERATION)

Mean daily arcsin transformed % of single attendance in
SIDE position on successive days

PAIR 1 PAIR 2 PAIR 3
male female male female male female
2 CHICKS
PRESENT 31.93 (6) 31.98 46.79 (6) 66.56 - -
U=1605 U = 8
ns ns
1 CHICK
PRESENT 52.09 (6) 11.85 35,91 (12) 38.60 14.63 (8) 28.68
U=1 U= 67 U =13
P= 00002 ns P = 0003

N.B No SINGLE SIDE attendance when chicks absente.

NBS 1In parenthesis = number of successive days
U = Manmn-Whitney U
P = Probability

ns = not significant
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attendance spent in the SIDE position under the same conditions
of brood size (as was the case for the Late chick~care period).
Attendance at the nest site by both adults together was the rarest
category seen during the fledging stage. Because of this rarity
daily measures were not calculated for the time-lapse pairs. Instead
it was egdtpressed as a percentage of the total overall attendance
under each condition of brood size (as shown in Table 28).

The information from spot observations, for both brood 'classes’,
was cast into contingency tables of chicks present or absent against
adults attending alone or together (as seen in Table 28). The chi-
squared tests on these tables showed that adults attended together
significantly more often with chicks absgent tyan with chicks present
(P< 0.01). This same tendency was seen in each of the time~lapse
pairs where the percentage of the total attendance spent together
was greater when chicks were absent than when chicks were present.

Thus the presence of chicks at the nest site did deter the
adults from attending together.

ATTENDANCE AFTER THE DEPARTURE OF THE CHICKS

After the abandonment of the nest site by the chicks,
attendance by the adults was somewhat similar to that during the
Fledging stage with no chicks present. No SINGLE SIDE attendance
was recorded and, at least during the first part of this period
(as shown in Table 11) both adults of a pair attended together for
appreciable amounts of time. The cumulative sum charts of Pairs
2, 3 and 4 (Fig 15) for this period showed by their fluctuations
a great deal of day to day variation in the amounts of single
attendance by individuals as well as days on which individuals did

not attend at all (which had only previously been recorded during
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TABLE 28 THE EFFECT OF THE PRESENCE OF CHICKS ON THE INCIDENCE OF
ATTENDANCE BY BOTH ADULTS OF THE PAIR TOGETHER DURING THE TOTAL

FLEDGING PERIOD

SPOT OBSERVATION

a 2 chick brood

Adult alone

Adults together
b 1 chick brood

Adult alone

Adults together

BIME-LAPSE

PAIR 2
PAIR 3

PAIR &4

Number of chicks at nest

2 or 1 chick
present

173

93

No chick
present

120

12

120

21

Chi-~squared
1 d.f.

12.36

9.15

Probability

0.001

0.01

Overall % of adult attendance pair together

2 chicks
0.71

0.6

1 chick

2.k
0.1

0.5

0 chick
1.6
Te2

15.1

[




the Pre-Breeding stage). To test for any progressive change in adult
attendance during this period the serial arcsin transformed percentage

of the day taken up by each of the categories of attendance were

subjected to regression analyses, as shown in Table 28. Only the

" results from Pairs 2, 3 and 4 were included as the adults of Pair 1

did not attend the nest site after the chicks had deft. The table
showed that there was a significant positive association between the
amounts of the day that the nest site was left unattended and the
length of time since the chicks were last seen, for all pairs (P<0.01).
Thus, pairs of successful birds tended progressively to abandon their
breeding sites after the chicks had left. Table 2§ showed that the
length of the post-chick period varied from pair to pair, (range

0 to 27 days). Also attendance by hoth adults together was only
recorded during the first half of each of these periods and the
amounts seen were not associated with the length of time since the
chicks left. However, the amounts of SINGLE ON attendance by all
females was significantly and negatively correlated with this
measure, (P<0.05), whereas that of the males was not, (the male of
pair 3 gave a significant positive correlation, P<0.02) as this
adult did not attend for the first 2 days of the periodl The spot
observation information for this period shown in Table 11 revealed
that significantly more female than males were present in SINGLE

ON attendance, which must have reflected the difference in the
organisation of this attendance category between the sexes.

After the chicks deft the nest site, adults were seen
progressively less often. Adults were only observed attending
together during the first half of the period, which between pairs
varied widely in length. Female SINGLE ON attendance decreased

through the period but male attendance remained relatively constant

and then ceased abruptly.



—— i U A AR AL & m - A b LA s o i b b b

TABLE 28 CHANGES WITH THE AGE OF THE BROOD DURING THE POST-CHICK STAGE
IN THE PERCENTAGE OF TIME SPENT ON ALL CATEGORIES OF ATTENDANCE BY PAIRS
2y 3 and &

(ARCSIN TRANSFORMID)
*d.f refers to degrees of freedom associated with 'deviations from

regression'

degrees of freedom associated with regression is 1, in all cases
(Snedecor & Cochran, 1957. P, 148)

I LEAVE ATTENDANCE (% of total daylight hours brood unattended)

No. of Regression Significance
days Variance Coefficient F-ratio d.f.* level
Pair 2 11 111.49 +4,97 24,16 7 P €0.01
Pair 3 2k 208.32 +1.71 16.12 22 P< 0,001
Pair L4 27 105.63 +1.62 4,60 25 . P<0.001

II MALE SINGLE ON ATTENDANCE (% of total daylight hours male alone)

Pair 2 11 53.82 -0.96 1.87 Vi ns
Pair 3 11 120,65 +3.10 8.76 9 P <0,05
Pair 4 27 123.65 -0.14 0.25 25 ns

III FEMALE SINGLE ON ATTENDANCE (% of total daylight hours female alone)

Pair 2 11 105.66 -4,08 17.18 Vi P <0.01
Pair 3 2k 258.10 -1.00 bouh 22 P<0.05
Pair L 27 196.53 -1.50 20.86 25 P< 0.001

IV ATTENDANCE TOGETHER (% of total daylight hours pair together)

Pair 2 5 5k, 54 +0.31 0.02 3 ns
Pair 3 11 19.07 +0.64 2.33 9 ns
Pair 4 16 174,99 +0,22 0.09 14 ns

1

<o

D3
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DISCUSSION

Kittiwake chicks make their maiden flight an average 40.8 days
after hatching. There then follows a period, when they return at
intervals to the nest site for feeding, which is terminated an
average 51.8 days after hatching by their final abandonment of
the nest site. The periodic absence during this stage allowed
an investigation of the effects of this variable on adult
attendance.

During the fledging stage, allowing for different chick
numbers there were slight general tendencies for adults both
to decrease the time they spent in SINGLE SIDE attendance, and
to increase the amount of time for which they left the site
unattended (Table 21 and 22) as their brood aged.

Although there were differences between nest sites all
chicks became more and more independent of the nest site during
the fledging period. Throughout this time the adultis of a
pair typically carried out consistently less of their daily
attendance with the largest number of chicks present and consist-
ently more when the nest site was empty. This consistency
demanded a frequent sampling of the nest site conditions, by
an adult away from the nest site, so that there fould be a
reaction to changed chick numbers (caused by the chicks periodic
absences) by changed adult attendance. Field observations
indicated that breeding birds were present in the club areas
during the whole of the breeding sequence but that the greatest
numbers were seen LEAVE attending at the time when their broods
were in the Late Chick-care and Fledging stages. This indisated

that typically, adults LEAVE attending remained in the vicinity



of the breeding colony, where frequent returns to the nest could
be made, and did not embark on prolonged trips to the distant
fishing grounds, (Pearson 1968). Thus, the presence of chicks
at the nest site inhibited the attendance of the adults. A
close examination of the time-lapse pairs showed further that
intra and inter-pair differences in the pattern of attendance
and leaving arose from individual differences in the reactions
of adults to the chicks’presence, as differences were not found
when the chicks were absent. With chicks present it appeared
that the basic pattern of attendance-sharing by individuals
of a pair (initiated before the eggs were laid) was maintained
during the fledging period. The presence and absence of chicks
modified individual patterns of attendance within this basic
framework. When chicks were absent there was much less
evidence for the existence of this basic framework of attendance
sharing which indicated that its existence depended on the
presence of chicks.

The actual categories of gttendance shown by individuals
at the nest site were also affected by the chicks' presence.
Unlike the Late Chick-care stage, with chicks present, the amounts
of single attendance spent in the SIDE position did not increase
significantly with the age of the chicks but rather showed a
slight decrease. SINGLE SIDE attendance was only seen when
chicks were present and although there was considerable intra
and inter-pair variation in the amounts, adults generally
carried out more when two rather than one chick was present.
In a similar way attendance by both adults of a pair together

was only observed when chicks were absent.

c-rﬁ
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After éhe chicks finall& had abandoned the nest site, & inter-
and intra-pair differences in attendance by adults diminished. This
indicated that the preséﬁce of chicks is important for maintenance
of the former diversity of behaviour. As SINGLE SIDE attendance was
never recorded during this stage, then the remaining attendance
categories (SINGLE ON by each adult and attendance together) formed
a pattern that was reminiscent of the pre-breeding stage, although
less extensive. Throughout this late stage the nest-site was
progressively abandoned by the pair although there was an indication
that males abandoned the sites more abruptly than females.

As the post-chick stage represented the first opportunity for
pairs extensively to attend the nest site together since the pre-
breeding stage then this period might be expected to represent a
time of resurgence of sexual activity that could met to ‘cement!
the pair bond for the following years' breeding season. The wide
variation in the length of this period may well reflect the success
in the co-~ordination 6f effort over the present breeding season.
(Pair 1 appeared to be least well-adjusted pair of those studied
by time-lapse and this pair showed no post-chick attendance). A
resurgence of territorial activity after breeding was noted by

Nelson (1966§'in the gannet (Sula bassana). Coombs (1960) working

with rooks (Corvus frugilegus) found that sexual activity was as

intense and frequent in the Autumn as in the Spring.

In the previous section it was concluded that certain stimuli
from the chicks increased with age and were related to the number
present. Adults reacted to these stimuli, in the simplest instances,
by first initiating SINGLE SIDE attendance and later LEAVE attendance.

Both of these attendance categories removed adults from the close



proximity of the chicks. After initiation these two forms of
attendance became increasingly important fractions of an individuals!'
attendance pattern. The threshold for reaction was higher in birds
of high 'quality' (the pairs with the greatest potential breeding
capacity) than with birds of low 'quality' and may have been higher
in females than males.

The present section showed that during the fledging stage the
individual and pair organisation of attendance pattemns also depended
on the presence of the chicks. Individual pairs of adults avoided
the chicks to a greater or lesser extent (2 chicks more than 1 chick)
yet showed similar amounts of attendance at sites devoid of chicks.
This latter point indicated that even during the latest part of the
chick care cycle the levels of motivation to attend the nest site
did not vary substantially hetween pairs.

Over the whole fledging period adults tended increasingly to
avoid chicks, agg is shown in Figs. 20 & 22, which may indicate
increased stimulation from the chicks. However, SINGLE SIDE
attendance was observed with decreasing frequency over the same
period. This may have been due to a difference in stimuli for the
two behaviours or that the SINGLE SIDE ATTENDANCE become less
effective in allowing the adults to avoid the chicks as they developed.

Three possible changes in chick behaviour with age could be
transmitted to the attending adults on the restricted nest ledges,
which were also related to chick number.

1. Increased food requirements of the growing brood.

2. Increased space necessary for successful development.

3. Increased strength and frequency of interactions with
the adults.

156
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Field observations showed that adults LEAVE attemding were in fact
'attending' the colony in the club area and were not away from the
site and engaged in fishing (Fig. 21). Thus, like SINGLE SIDE
attendance, this strategy did not increase the amount of food
available to the growing chicks.

As adults which were SINGLE SIDE attending removed themselves
from the nest structure completely and stood on the adjacent nest
ledge (Fig. 4) then this form of attendance, like LEAVE attendance,
increased the amount of space available to the developing brood.
Unlike LEAVE attendance, SINGLE SIDE attendance reached a peak
at about the start of the Fledging stage and then decreasd. There
was no reason to suppose that adults attending on the nest ledge
in any way restricted the activity of older chicks any more than
they did when the chicks were iounger. (Chicks on sites with -
adjacent breeding pairs rarely strayed from the nest structure itself
as they could be attacked by neighbouring adults). Also the chicks
reached an asymptotic maximum weight at day 28 (Coulson & White
19583 before 58% of individuals had initiated SINGLE SIDE
attendance + 69% of pairs had initiated LEAVE attendance (data
from Table 13).

One feature that did change at the start of the fledging period
was that chicks, which had largely been restricted in their move-
ments to the nest structure itself prior to this event were now
freely mobile over the nest ledge. This meant that the capacity
for chicks to interact with adults changed after fledging. The
increased frequency and strength of interactions between adults and
chicks as the brood aged was considered to be the most important

stimulus set potentially able to cause adults to LEAVE and SINGLE SIDE



attend well-grown chicks. In the situation where pairs of birds
occupied sites that were unrestricted by the presence of adjacent
pairs SINGLE SIDE attendance was initiated before LEAVE attendance
and so appeared to be the less extreme form of chick-avoidance
behaviour.

Thus, as the chicks developed on the restricted nest sites
it was supposed that adults became less able to withstand their
cloge attention. Where gpace was available adults first avoided
close contact by removing themselves to the side of the nest
structure but later at all sites eventually adults avoided contact
by removing themselves completely. The success of the former
strategy decreased with'the increasing mobility of the chicks on

the nest site.
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THE ATTENDANCE BY NON-BREEDING ADULTS AT THE NEST SITES OF BREEDING
PAIRS

Cullen (1957) noted that strange birds rarely landed on the
occupied ledges from the time that the eggs were laid until the
adults first left the nest site unattended (the Main Breeding
stage) as they could easily be repulsed by the resident adults.

At a later stage when the young were more often left alone (the
Late Chick~care stage) adults searching for territory could land
on the ledges which already carried chicks, Over the three years
of study it was found that the majority of broods were left
unattended during July and August. These months coincided with
the influx of non-breeders arriving at the colony for the first
time (Coulson & Whitef(1958a).

The attendance of strange adults at unattended breeding sites
was investigated, using both the time-lapse and spot-observation
information. Particular attention was given to the interaction
of these adults with resident chicks.

As the attendance by strange adults was sporadic, daily values
for the amounts of time these adults and resident chicks spent
together (called interference) were not used for time-lapse broods.
Instead, for each time-lapse site, the percentage was calculated of
the total time that the nest site was unguarded for which strange adults
were present. Due allowance was made for brood size during the
fledging period (as shown in Table 30), the comparable spot
observations for the two stages are also given in Table 30 in the
form of contingency tables of number of chicks present against
presence or absence of strange adults.

As the time-~lapse data in Table 30 was based on percentage

measurements this showed that the relative degree of interference
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TABLE 30. THE RELATIONSHIP BETWEEN CHICK NUMBERS AND THE INCIDENCE
OF STRANGE ADULTS ATTENDING NEST SITES UNGUARDED BY RESIDENT ADULTS

(a) SPOT OBSERVATION

I LATE CHICK CARE

2 Chick Brood

Number of Chicks at Nest

1 Chick Brood

No adult present

Strange adult
present

104

14

I1 FLEDGING PERIOD

2 Chicks

54

(a) 2 Chick Brood

No adult present

Strange adult
present

(b) 1 Chick Brood

No adult present

Stranger present

72

(v) TIME-LAPSE INFORMATION

1 Chick No chick

86 17
2k 13
70 22
6 13

0.18

13.92

12.46

NeS

0.001

0.001

Overall % of Total Time Nest Site unguarded Strange adults

present

I LATE CHICK CARE

IT FLEDGING PERIOD

FULL BROOD PRESENT 2 CHICKS 1CHICK OCHICK

Pair 1 5.5
Pair 2 1.3
Pair 3 3.0
Pair 4 6.8
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varied from site to site, during their Late Chick-care stages,
irrespective of the different total amounts of time for which nest
sites were left unguarded (as indicated by Table 11 & Fig.18 ).
However, sites differed in a number of ways that might affect
this interference.

(1) The calendar dates for Late Chick-care by different pairs
varied so that the number of strange adults searching for nest
sites might also have varied with the date. This was not
considered to be an important variable, especially bearing in
mind the results of Coulson & White (1958a) who indicated that
large numbers of non-breeding adults were present throughout the
later part of the breeding season.

(2) Interferénce might generally be expected to be greatest on
those sites with adjacent breeding pairs (for example Pairs 3 and
) where a strange adult was generally nearby when a site was left
unguarded, 11.4% (32/281) of all instances of strange adults
attending chicks on the nest site involved adults from adjacent
nest sites.

(3) Individual adults may well have differed in the periodicity of
their visits to sites when LEAVE attending (see previous section
on the sampling of chicks numbers by adults). The length of a
strange adults' stay must to some extent have depended on the
periodicity of attendance by the resident adult.

(4) Some sites may well have been inherently more attractive to
strange adults than others. Coulson (1968) showed that 'centre'
sites in the colony were strongly contested by potential breeding
birds at the beginning of the season of which time completely empty

'edgge' sites were ignored. In a 4 day period (18-21st August 1969)



just after the majority of chicks in the colony had deserted
their nest sites, spot observations showed that strange adults

were present in 13.7% (128/935) of the cases of unguarded breeding

sites yet only 1.7% (14/832) of the cases of empty non~breeding sites.

The variation in the relative degree of interference at each of
the time-lapse sites (Table 30) could be interpreted in the light
of these variables. Pair 1 differed from the other 3 pairs in
occupying an 'edge' site which had probably been less keenly
sought after than the 'central' sites ~ see (4) above. This pair
was also Zatypical (see Fig. 22) in that there was little indication
that adult attendance was sufficiently frequent to be affected by
brood size. The infrequent attendance by the resident adultéi%gée
had little effect on the length of the occasional visits of
strange adults on this site (See (3) above). The combination of
these two factors would have produced an atypically variable record
of interference through Late Chick-care and Fledging - as shown in
Table 30. There was no reason to suppose that the nest sites of
Pairs 2, 3 and 4 differed with respect to (3) and (4) above.
However, Pair 2 occupied an isolated nest site while Pairs 3
and 4 occupied sites with adjacent br;eding pairs. Whenever adults
LEAVE attended the latter type of site the adjacent adult could
move over (from the close attention of its own brood) and attend
a site where the chicks elaborately hid from the 'strange' adult
(see below). In the former case prospecting adults had to 'find®
the unguarded site. Table 30 shows that throughout Late Chick-
care and fledging the broods of Pairs 3 and 4 received similar

high intensities of interference compared with the brood of Pair 2.
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The spot observation data showed that during Late~Chick-care
(when chicks were always present at unguarded nest sites) there
was no difference in the attraction of strange adults to unguarded
sites with either 1 or 2 chicks present.

During the fledging stage Table 30 showed that the percentage
of the total time for which unguarded individual nest sites were
attended by strange adults, was generally associated with the number
of chicks present. (The strange adult attendance at the nest site
of Pair 1 was thought to be atypical, for the reasons given above).
The smaller the number of chicks that were present the greater the
occupation of the site by strange adults. The spot observation
data on both2 and 1 chick broods showed a similar relationship.
The frequency of attendance at unguarded nest sites differed
significantly according to the different chick numbers present
(P € 0.001). This may hove arisen fromstrange adults selecting
those nest sites where fewest chicks were present, but this seems
unlikely for the following reasons.

1 The spot observation results of the Late Chick-care, when
chicks could not fly, indicated that there was no difference
in the attraction of strange adults to unguarded nest sites
where two or one chicks were present.

2 Chicks did not behave aggressively towards strange adults.

Cullen (1957) noted that when a strange adult l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>