W Durham
University

AR

Durham E-Theses

The breeding biology of the Herring gull (larus
argentatus)

Parsons, Jasper

How to cite:

Parsons, Jasper (1971) The breeding biology of the Herring gull (larus argentatus), Durham theses,
Durham University. Available at Durham E-Theses Online: http://etheses.dur.ac.uk/8680/

Use policy

The full-text may be used and/or reproduced, and given to third parties in any format or medium, without prior permission or
charge, for personal research or study, educational, or not-for-profit purposes provided that:

e a full bibliographic reference is made to the original source
e a link is made to the metadata record in Durham E-Theses
e the full-text is not changed in any way

The full-text must not be sold in any format or medium without the formal permission of the copyright holders.

Please consult the full Durham E-Theses policy for further details.

Academic Support Office, The Palatine Centre, Durham University, Stockton Road, Durham, DH1 3LE
e-mail: e-theses.admin@durham.ac.uk Tel: +44 0191 334 6107
http://etheses.dur.ac.uk


http://www.dur.ac.uk
http://etheses.dur.ac.uk/8680/
 http://etheses.dur.ac.uk/8680/ 
http://etheses.dur.ac.uk/policies/
http://etheses.dur.ac.uk

A Ul
AT e i

10 MARI97L 3
\ pfashy_~

The Breeding Biology of the Herring Gull

(Larus argentatus)

Jasper Parsons B.Sc. (Dunelm)

Grey College

The copyright of this thesis rests with the author.
No quotation from it should be published without
his prior written consent and information derived

from it should be acknowledged.

Being a thesis presented in candidature for the degree

of Doctor of Philosophy in the University of Durham 1971




ACKNOWLEDGMENTS

4 This»;gseg;ch was carried out at the University
of Durham agd was suppqrted by»a Science Research Council
Studgntship. _‘My thanks are extended to Professor D, Barker
for allgwing me to use the‘facilities of the Department of
Zoology.

I am particularly grateful to Dr. J.C. Coulson for
his supervi§ion, encpurageﬁent and assistance.,

’ ‘ The field research took place on the Isle of May,
Scptlanq! apd I yish to thapk the Isle of May Bird Obéervatory
Commit#gg and thglNatgre Cdnsergancy for their help, especially
Migs Na?cyvqordgn! Mr, A. Macdonald, Mr., I, Munro, and
Dr. W.J. Eggeiing.

.“Lifg on thg ;s;and was made particularly enjoyable
byAthe.humourz_patiggce gpd‘kindness of the Northern Lighthouse
ngpe;s, pf whqm Iwmu§t_mentiop and thank Mr, and Mrs, A.‘Dundas,
and Mr. anthrﬁf_J. Qrawford (not forgetting Glen the Cairn terrier),
I am also gratefulathMr. J. S@ith and Mr., B, Meldrum of the
uBreadwingef? for passage and communication to and from the island.

Muchl9fltpe“field-work could not have'been.carried out
withou# the pglp givep ?y M;ss Felicity Grammer, Mr, K. Laughlin,
and Mr, N, Bql%! to“yyom';ugm indebted, and I gratefully appreciate
the willing g§§istaqgg g%ven by many visitor; tp the pow Light,

. I a}f°:?§?§#,?¥ fathg; fgr r?ading, and Mrs, Ruth Ashton
photographs; and_?h?“Mini§t?y of Agricgltu;g, Northern Ireland,

for various facilities that assisted the completion of this thesis.,




CONTENTS

page

SECTION ONE, INTRODUCTION 1
SECTION TWO, GENERAL METHODS eee  see  ooe oo 8
2.1 The Study area ... ... e ses 8

2.2 General methods ... vee vee N 10

marking nests and eggs . oo eve 10

catching adults ; ..; cee  eee 10

marking chicks and adults ... oo 12

marking newly hatched chicks ; cee 13

2.3 Delaying Breeding season cee cese - 15
Introduction ;.; cee  ses  eee 15

Method cos .;. ces  ses 16

SECTION THREE; THE POPULATION ... cee cee cee 1?7
3;1 Population increase coe coe  eve 17
Introduction ;;.. cos cee  eee 17

’ Growth of the May population . eee 17
Comparison with other studies cee 19
3;2 Causes of the increase ... coe e 21
Introduction ;;. cee cee oo 21

Food of gulls ... oo cee  eee 23

Food source for the Isle of May Gulls 2k

3.3 Herring Gull - the pest ..
Wildlife conservation ..
Air strikes vee .;.
Infection ;.. ses

General pest oo ves




SECTION FOUR, THE ONSET OF LAYING soe ces vee cee
L,1 Site tenacity .;; cee cese .o ces

Return to the same territoiy see cee

Return to the colony of birth eee ese

L,2 The laying period cee .;. ceeo cee

Onset and duration of normal laying ves

Geographical variation in laying dates ..

Timing and spacing of nests . cee ese

SECTION FIVE, THE PATTERN OF LAYING ;.. ces coe coe
5.1 Normal laying ‘ '... oo .;. see

Normal interval between eggs ;.. eee

Normal interval between repeat layings ..

Ability of Herring Gulls to re-lay eee

5.2 Determina?e or indeterminate laying cee
~Introduction ces coe vee cee

-Experimental investigation of the control

of clutch and egg size ... see eoe

methOds ...l LN 4 L 2R LN )

calculation of egg volume and shape .

experiment to produce a fourth egg .

continuous egg removal experiments .

experiment to reduce clutch size....

5.3 The control of laying ... coe coe ....

Follicle developmént;.. .;. ces e
Broodiness and.incubation during the
1aying_period ..; ces ;.; .;.
The effects of broodiness on egg size ...
The effects of broodiness on the

proportions of yolk and albumen

page

46
46
47

50
55
56
56

58
60




page
SECTION SIX. THE EGG o TR £
6,1 Variation in egg size ... cee ces vee 72
Variation within the c;utch oo ces cee 72
Seasonal variation  se.  eee  ese  eee 7
Variation with re-laying ... cee eee 77
Variation within the colony .. ees  «es 80
6.2 Component parts of eggs ees  ees  ees 01
Method vee eee ee. 81
Proportions of yolk, albumen and shell ... 82
Variation within the clutch .. ;.. ees B4
Variation through the season and with
re-laying;; ;;. O -
6;3 Yolk lipid content ;; cee  eee see  eee 86
Method ;.. ..; .;. .;. eee  ees 86
ReSULES  see  see  eve  eee e ees 87
6.4 Relationships with egg 5iz€  cee  eee oo 88
| Egg size and incubation period ... ... 88
Egg size and hatching success cee  ees 90
Egg size and chick hatching weight . ees 94
6.5 Fate of the ‘l:hird chick ..‘. e ees 9L
Introduction .;.' oo oo coe cee 94
Laying sequence and post-hatching
mortality ... ces ..; cee ese 95
Egg transfer experiment ... A.... cee 97
Egg size and post-hatching survival ees 100

Egg size and chick lipid reserves . ... 10k




page

SECTION SEVEN; CLUTCH'SIZE AND HATCHING SUCCESS eoe 110
7;1 Introduction ;.; ..; oo ..; cee 110
delayed breeding ces e ces oo 110
7.2 Clutch size and seasonal variation ces 113
7.3 Hatching success eee  see  eee  ees 116
Variation with clutch size + +e0  oee 116
Seasonal variation ..  eee  eer  ees 118
control areas ces  eee  ses e 118
delayed breeding .;. ..; oo cee 122
_Addled eggs - oo see  see e 122a
7.4 Nest distribution and breeding success ... 123

SECTIOﬁ EIGHT; FLEDGING SUCCESS AND ASPECTS OF CHICK

MORTALITY oo e ese soe 128

8.1 1Introduction see  ses  sse  ase 128
General ;.} cee  see  see  ese 128
Methods 128

8;2 Age and mortality . ... ..; ces eee - 131
8;3 Brood size and fledging 5UCCESE o0 oo 133
8.4 Seasonal variation in fledging success .;. 134
8;5 Causes of chick mortality cee coe 141
Cannibalism and predation coo cee 1
Introduction cee  ese  ees  ass iy

Kronism and fratricide ... ;.. cee 145
Cannibalism cee  ees  ses  eee 148
Cannibals as predators ;;. ..; .;. 154
Humap_distﬁrbanqe ;.. cee cee cee 157
Weather, food shortage and disease cos 158

8.6 Summary of breeding success ee¢ oes  ese 161




SECTION NINE.,
9.1
9,2
9.3
9.4
9.5

SECTION TEN,
10.1
10.2

10.3

SUMMARY vee
APPENDICES

REFERENCES

POSTfFLEDGING SURVIVAL AND DISPERSION ...
Gengral survival estimates cee cee oee
Monthly &ariation in recoveries ves eoe
Post-fledging mortality and hatching date ..

Survival and productivity

Dispersion eee oo see oos coe coe

DISCUSSION LN ) L N ] L N ] LN ] .... L ]

Seasonal variations in breeding success ...
L N ] L N ]

Aspects of chick mortality cee

Control of the Herring Gull population ces

page
165
165
166
169
173
179

181
181

185

187




(38T,
mnmen’uz Al

10 MAR1971 °
LiERRRy -7

The Breeding Biology of the Herring Gull

(Larus argentatus)

Abstract

The Herring Gull (Larus argentatus) breeding population

on the Isle of May, Scotland, has been increasing at an annual
rate of 13.3 per cent since 1907 when the first pair to nest
were recorded; The breeding biology was studied from 1966-1969
to ascertain the relationship between nesting success and the
timing of the breeding season in a species with an apparently
favourable food supply;-

It was possible to extend the breeding season by
widespread egg removal in various sub-colonies causing re-=laying
until mid-July; Clutch-size and egg-size -'in the control areas
decreased through the season, and continued to do so in the
delayed areas; . However, hatching succeés and pre-fledging
mortality were correlated with nesting synchronisation rather

than the time of hatching, Predation, and particularly
cannibalism, were the primary cause of this relationship since
cannibals killed a ﬁ;gher proportion of early and late hatched
chicks., This creates a selective advantage for laying in the
middle of a well defined breeding season. There was little
evidence to suggest that late breeding was a disadvantage
providing that this delay applied to the group as a whole,

~ Various aspects of chick mortality indicate a possible

difference in the reproductive drive of the adults rather than




an -effect of food shortage. The third chick to hatch in a
brood suffers a much higher post-hatching mortality than
either of its §iblings. An egg transfer experiment showed
that both the hatching sequence and the cdmparative smallness
of the c-egg contributed to this differential mortality, as
egg size and chick mortality are closely correlated. The
period between incubation and parenthood involves behavioural
changes that some adults find difficulty in executing, and
the mortality differences and the incidence of kronism may

be examples of this inability of adults to adjust to a

complete brood.




SECTION ONE

INTRODUCTION

Most animals in temperate regions breed at a regular
time of the year;‘and indeed this seasonal activity has long
been the subject of authors and poets alike; The occurrence
of breeding seasons presupposes both a selective advantage of
restricting reproduction to a limited time of the year
(ultimate factor), amd also a timing mechanism which ensures
that breeding takes place at that time (préximate factor);

Rowan (192&, 1938) pioneered the research showing
that variations in daj length and other features of the
environment affect the time and rate of gonad development;
The seasonal supply of food ultimately regulates this time
of'breeding (Baker 1938), whilst the response to these
external stimuli are adaptations so that the young are reared
at a time when food is generally abundant (Lack 1954); The
proximate factor (e;g; day length) may therefore be quite
separate from the ultimate factor of food requirements.

For example; it is necess;ry for some bird species to lay
eggs at a time when food is not so plentiful in order that
their young hatch during thg peak of food availability;

| Perrins (1970) has recently summarised the evidence
for the advantages of early breeding in birds; namely, that
more young are raised; but has alsovshown that the onset of
laying in some gpecies is restricted by the physiological
state of the female; In othgr‘words; the breeding season

may be postponed until the female can find enough food to




form eggs. However, it is also possible that some species could
breed even earlier thamn they do, and no evidence was forthcoming
to suggest that the young of very early Sreeders do not survive,
Therefore Perrins (1970) concluded that there was "an over-
whelming advantage in breeding early'.

The termination of laying later in the season must
involve other stimuli, for it occurs at a time when there is
usually enough food for both adults and young; Various
phenomena in the breeding biology of birds have been regarded
as adaptations to a worsening food supply for the young; For
example, the clutch size of nidicolousAspecies is adapted to
the largest number of young which the parents can normally
raise (Lack 1954), and the reduction in clutch size noted in
the Kittiwake‘(Coulson & White 1958a), Great Tit (Kluijver 1951)
and Oystercatcher (Harris 1967) as the season progresses merely
reflects the poorer chance of raising young later in the season
(Perrins 1970).

However, seasonal variation in such factors as clutch
size, egg size and breeding success may be complicated by a
superimposed variation attributable to the age of the female
(Coulson & White 1958b, Snow 1958, Coulson et al 1969), and
:also to the state of the pair bond relationship (Coulson 1966).,
Nevertheless, although young birds breed later, lay fewer -and
smaller eggs, and are less successful parents than older birds,
-this age effect'only accounts for a proportion of the total
variation observed; There are éxceptions; for although later

breeding Shags and Kittiwakes of any age group lay smaller eggs

*
Scientific names are listed in Appendix XIiI,




than do the early breeders (Coulson et al 1969), the Great Tit
lays larger eggs as the season progresses; and Perrins (1970)
suggested that the birds "which lay early are presumably
laying small eggs because they cannot get emough food to lay
larger ones and it is more important to lay early than to lay
large eggs";

The ultimate factor of food availability, and to.
what extent it affects the breeding success of late hatching
chicks, is questionable in some species and poorly documented
in others., A decline in nesting success with date of laying
has been observed in the Lesser Black-backed Gull (Brown 1967),
Herring.Gull (Paynter 1949, Kadlec et al 1968) and Oyster-
catcher (Harris 1969), but early hatching Black-headed Gulls
were also less successful than those hatching within the peak,
as.the latter suffered less predation (Patterson 1965);
Conversely, Harris (1969) found a marked increase in the
survival of Herring Gull chicks as the season progressed,
Whether laying dates are important in determining the extent
of post-fledging survival is not generally known, although no
correlation was observed in the Oystercﬁtcher (Harris 1969).
An investigation of this nature requires an extensive ringing'
and recapture programme and a fore-knowledge of the approximate
hatching date of the ringed pulli;

It is difficult to determine whether this seasonal
decline in nesting success is directly related to food supply
or to alternative factors; Not only do young birds breed

later and produce fewer fledglings but later breeding birds




of any age group may also show a decrease in nesting success
(Coulson et al 1969, Perrins 1970); This may indicate a
variation in the physiology and quality of the individuals
(Coulson 1968), and the poorer breeding success may merely

be a result of a lack of parental care irrespective of the
state of food availability. Alternatively, if food is
limited, these individuals would compete less favourably

than others and their offspring, hatching later in the season,
would be the first to suffer.

Thé numbers of many Buropean sea=-bird species have
increased over the last half century, none more so than the
Herring Gull, Eggeling (1960) described the build up in
numbers of breeding pairs of Herring Gulls on the Isle of May,
Scotland, where there was only one pair in 1907, but 3,000
pairs in 1953 - 1958; Human waste has provided this species
with an improved and relatively constant source of food
(Hickling 1967), and this has probably created the comparatively
low first year and adult mortality it suffers, particularly in
the winter months (Harris 1963); The conflicting views
concerning the effect of the season on its nesting success
" may be indicative of the availability of food; Indeed, the
survival of chicks from supplemented broods of the Glaucous~
winged Gull (Vermeer 1963), Gannet (Nelson 1964), Gannet and
Lesser Black-backed Gull (Harris & Plumb 1965) were regarded
by Lack (1966) as tﬁe result of an unusually favourable food

supply at the colonies concerned.




A study was therefore carried out on the Herring Gulls
of the Isle of May, Scotland, to investigate in detail the
seasonal aspects of the breeding biology; This was to cover
not merely normal breeding, but also an experimentally extended
season, so that any effects due to the date of laying would be
exaggerated; Furthermore, through a large scale colour;ringing
programme it was hoped to compare the post-fledging survival of
early and late~hatched chicks, As thé Herring Gull is capable
of re-laying after a lost clutch the season was extended by the
removal of clutches in certain areas of the island. However,.
egg removal produces its own effects which should be separated
from any influence the time of laying may have on the breeding
_ biology; It was therefore'pecessary to examine the size and
component parts of re-laid eggs in case the experimentation
created an artificial lowering of nesting success,

The availability of food has wider implications
than its ultimate effect on breeding seasons, for it is generally
accepted that food limits the numbers of most animals; There is,
however, some controversy concerning the processes by which this
regulation occurs; Lack (1954, 1966) states that food directly
1imits numbers and that "starvation outside the breeding season
is much the most important density-dependemt factor in wild
birds",. In addition, reproductive rates are regarded as
being "as rapid as the environment and the bird's capacities
allow", and the balance between birth rates and.death rates
is attributed to density-dependent mortality; An alternative

view has been expressed by Wynne-Edwards (1962) who suggested




" that food indirectly regulates animal numbers, since
behavioural mechanisms keep the populations near the optimum
level but below the level where ovérpopulation and starvation
would occur; The major difference between these two theories
is that the first relies implicitly on natural selection for
its ultimate regulation, whereas the second envisages group
selection and a socially induced control in population
densities;

It has previously been stated that various aspects
of the breeding season may indicate the availaﬁility of food,
However, there are also forms of behaviour that can be related
either to a limited food supply, or to a homeostatic mechanism
reducing the potential recruitment of the population to the
socially induced 1evel; | For example, asynchronous hatching
is interpreted by Lack (1954) as an adaptation to an unpredict-
able food supply, reduéing the brood-size to the availability
of food without jeopardizing the survival of the older young;
Likewise, cannibalism may be régarded as the utilisation of
an additional source of food (Ashmole 1963); Alternatively,
:both ésynchronous hatching and cannibalism are "adaptations
evolved to curb recruitment" by eliminating a surflus offspring
(Wynne-Edwards 1962);

The Herring Gull is known to be cannibalistic
(Moreau 1923, Paynter 1949, Paludan 1951, Harris 1964,

Brown 1967), but whether the chicks hatch asynchronously or
suffer a differential mortality is not clear (Paludan 1951,

Harris 1964)., It therefore seemed worthwhile investigating




whether such pre=-fledging mortality occurred on the Isle of May
and, if so, the limitations it imposes on recruitment and its
relationship with the overall food supply.

To summarise, this research was primarily concerned
with the relationship between the breeding biology and the
timing of the breeding season in a species whose recent
population increase indicated a favourable food supply;
Whether the populétion densities and recruitment of the
Herring Gull are under a homeostatic control, or merely
governed directly by the availability of food presented an
additional and related study; The field data were collected
during the years 1967-69 inclusive, and also during the pre-

fledging period in 1966.

~







SECTION TWO

GENERAL METHODS

2.1 The Study Area

The Isle of May marks the gate&ay‘to the Firth of
Forth, lying about six miles from the Fife coast to the north,
and about ten miles from East Lothian coast to the south
(Fig;l) (Nat;Grid;Ref: 655995); With its long axis due north-
west south-east, the island is a mile in length and a third of
a mile broad, covering an area of 140 acres (Plate 1, Fig;Z).

The May is a hass of igneous rock, rising 150 feet
out of the sea on the west side, and sloping to sea level on
the east; It is part of a single sill of olivine dolerite
(greenstone) dating to the Carbonife;éus age (Walker 1936).

Eggeling (1960) states that the climate of the May
is noticeably drier than that of the adjacent coast of the
mainland; The average rainfall is less than 22 inches a
year, and some of this figure includes spray which can
drench the May during gales; Such gales and spray burn the
vegetation in the winter causing hardship to the many resident

rabbits,

The most abundant of the breeding birds is the
Herring Gull. This species has increasedvprogressively
~ and spectacularly from a solitary pair in 1907 to over
14,000 pairs in 1968. Past records show that the Herring
Gull colonies were at first confined to the rocky edges of

the island; Over the last decade they moved into the more




Figure 1.

South-east coast of Scotland showing the Isle of May
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central veggtated region and now occupy 65% of the total area
of the island; The Lesser Black~backed Gulls are less
numerous, totaling 1,500 pairs and forming semi-discrete
colonies inland of the Herring Gull nests; Apart from

the c¢cliff dwelling Kittiwake, the only other breeding gull

is the Greater Black~back whose numbers rose from three (1966-<68)
to four pairs in 1969;

Several east-west faults cross the island which
divide it into convenient working areas., In general the
study was restricted to the less vegetated regions; Here,
very few Lesser ﬁlack-backed Gulls nest, and almost pure
Herring Gull colonies are found., A deep fault isolates
nearly 22 acres to the nofth of the island. This area
incorporates two regions calied North Ness and Rhona
(Fig;z, Plate 2), and is reached by a bridge. Therefore,
access to it can be somewhat restricted and the nests
consequently less disturbed by visitors than elsewhere on
the island.

The Isle of May is the property of the Commissioners
of Northern Lighthouses; The Bird Observatory and Field
Station was established in 1934 and in 1956 the island was
declared a National Nature Reserve, Visitors manﬁing the
Bird Observatory travel by boat from Anstruther and live in
the Low Light. This fixed light, built in 1843-4k, ceased
to operate when the North’Carr Lightship was positioned off
Fife Ness; From then onwards it provided accommodation,

initially for one of the lighthouse keepers and later for

ornithologists.
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2.2 General methods

"Marking nests and ezgs

All nests in the areas studied were marked with
12 x 1 x 1/4% inch stakes, and numbered by waterproof black
felt pens. These pens are the most permanent and serviceable
of those tried, and they are also useful for marking eggs
(Plate 3). Despite the blotched brown, olive, and dark
green colour of the shells, black indelible ink can still
be legible at the end of incubation, First, second and
third eggs in a brood were numbered before the next egg in
the clutch was 1aid; This increased the accuracy of
clutch size measurements; If a solitary unmarked egg is
found.in a nest which previously contéined a marked first
egg, it signifies that the first egg was robbed and a second
egg laid; Had the first egg been unmarked, no such conclusion
could be drawn.

The lengths and breadths of eggs were measured to
| 0.0lmm using vernier calipers, and the fate of clutches
under study was followed through to‘hatching;

Catching Adults

It was necessary to have a reasonable sample of
marked adults, to study in'particular site tenacity, adult
survival and the effects, if any, of continual egg removal.
Catching adult gulls is time consuming and it is often

difficult to capture specific individuals. The following

.methods were employed :
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(i) Dazzling

Large nuﬁbers of gulls were dazzled, especially
on dark misty nights. However, this operation was restricted
to the'pre-laying period to avoid breakages and disturbance;

The disturbance it causes prevents concentration of ringing
to any one area. Perhaps ten gulls can be caught in an area
of a thousand pairs before all the birds panic to the sea,
Quite soon they learn to leave the island at the flash of
a torch;

(ii) Trapping

| Funnel-entrance wire traps placed over the
incubated nests is a successful means of catching adults.
The gull can walk into and out of the cage but, when alarmed,
it usually opens its wings thereby preventing its own exit;
Such a trap needs to be staked firmly to the ground, an easy
procedure on good soil, but almost impossible on rocky areas.
The method has other disadvantages, being both laborious and
restricted to the incubation period;

(iii) Drugging

Capturing gulls with anaesthetic drugs has

advantages over the previous methods described; Firstly,
selected individuals can be caught; and, secondly, the
degree of alarm caused in the colony is less; Patterson (1965)
describes how he successfully used the drug Avertin (tribromoethanol)
for catching Black-headed Gulls; As it is a distasteful substance,

it was contained in small gelatin capsules which were concealed

in pellets of bread and fat.
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The recommended dosage of 400-500mg of Avertin
per Kg of body weight was in general too small for the Herring
Gull., Although there was much variation in the way individuals
reacted to a specific dose, 1000mg appeared the most effective
quantity:‘ Initially this method was employed late in the
season when adults were feeding chicks, This led to the
retention, rather than absorption, of the bait and often to
the failure of the drug to be effective, When used the
following year, just prior to egg-laying, more -successful
results were obgained.

The baited pellets were placed near particular
nests and in this way a small concentration of breeding pairs
Qas caught; The reaction time of the drug varied from 5
to 15 minutes, and the birds remained unconscious for 1 = 4
hours. During this period they were kept warm and constant
care was taken to prevent the gull from choking on regurgitated
food;

| Drugged birds were occasionally mobbed by their

neighbours. ' An unconscious bird would be unmolested,
whilst a bird acting strangely would frequently be attacked;
Whether chivvied or not, these half drugged adults sometimes
flew out to sea, where the drug would complete its effect;
For this reason, drugging resulted in a mortality rate as

high as 10 per cent.
. Marking chicks and adults

All birds caught during this study were ringed

with the B,T,0, monel rings (llmm diameter, size G),



In addition, they were markéd with colour rings., The latter
were used either to distinguish various year classes or to
allow identification of individuals from a distance (plate 4).
Colour rings were made from I.C.I. Darvic as
described by Coulson (1963); During the four years none of
the colours was seen to fade appreciably; All adults caught
were marked as individuals, with two colour rings on one leg,
and a colour ring over the monel on the other leg; For these,
tall Darvic rings were used, made from strips lé x 75mm;
Chicks were marked with a year class colour only :
Red=-1966, Yellow-19é7,4Blue-1968, Black-l969; Various
combinations of the monel and colou? ring or rings signified
the time of hatching in the season; For these, 12 x 95mm
strips were cut from the Darvic sheet (I/Bé,inch thick),
Colours used did not overlap with existing ringing schemes
on Herring Gulls within 200 miles; Only one colour was
employed each year for the chicks; It was felt that
mortality based on the finding of rings, often with little
carcass remaining, would hold a bias if different colours
were used according to the time of hatching; For example,
a red ring can attract one's attention more quickly and
frequently than a green oné;

Marking newly hatched chicks

In most cases, monel rings would not stay on
newly hatched chicks until their legs had grown for at
least five days. It was imperative to mark chicks at

hatching, for a large percentage of pre-fledgling mortality







occurs in the first week; and also it was necessary to
differentiate between firsﬁ, second, and thifd chicks in

a brood; Marshall (pers.comm.) effected a means of marking
Eider ducklings by using rings cut from insulating tubing;
Although the same internal diameter as the monel ring, they
could be slipped over the leg and temporarily held in place
with a staple-pinching one edge together (fig.}): These
rings could later be cut off and replaced by the monel and
Darvic.rings. If left, the staple quickly rusted and

would be pulled aﬁart by: the growing leg; The tube would
then open to the full diameter without injury or comstriction
to the bird's leg.

Radio Spares offer a good range of coloured
insulating tubing of various diameters, whilst a Bambi stapler
was quite strong emough to push through the plastic; It was
found that the nest numbers, and other informatiomn, could be
written on yellow or white tubing by using fine-pointed red
felt pens: These figures did not wear off quickly and could
even be read on a ring swallowed and regurgitated by a
cannibalistic Herring Gull; ?herefore, the fate of newly

hatched chicks could be followad through to fledging.
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Figure 3,

Method of ringing chicks at hatching using insulating tube and
staples; and photograph of this method being applied to a

Herring Gull chick







2.3 Delaying the breeding season

Introduction

The Herring Gull is a useful bird to study;
It is common to the extent of becoming a pest; and so
its eggs can be removed, nests destroyed and the breeding
bird generally disturbed without undue publié reaction,
Furthermore, as a species capable of re~laying after a
lost clutch, it lends itself to research on the effects
off delayed breeding; .

A sfudy of the effects of the season on breeding
success should aim to satisfy at least two criteria;

Firstly, the length of the breeding season should be maximal.
Secondly, aﬁy seasonal variability inherent with differences

in the age composition of the breeding birds should be
eliminated if possible. For instance, a definite correlation
is found between the age of the adults and the time of laying

in the Kittiwake (Coulson & White 1958b), #nd many other species.,
As the Herring Gull also conformed to this pattern (Drost et al
1961), then seasonal variability might only reflect the age
structure of the population;

Delajing the breeding season by egg iobbing results
in the early breeding adults relaying at the same time as the
later breeding younger birds, In addition it spreads over
a longer period than the three or four weeks recorded in
undisturbed conditions, and theref&re exaggerates the time

factor and perhaps its effects.

15
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‘Method

In 1967 the island was divided into five experimental
areas and three controls, each containing over 500 nests;

The breeding season was progressively delayed in the experimental
areas by selective removal of eggs (see section 7). The
following year, to reach a happy medium between quantity and
quality, a single control area was compared with one
experimentally delayed area. At the same time, over half

of the total nests on the island were robbed gemerally to

delay the breeding season;

Egg removal was obviously a crude method to employ,
albeit the only practical one; It presenfed a number of
problems that required studying :

i) The overall ability of the Herring Gull to re-lay;
ii) The percentage re-laying according to the length
of time incubating when the clutch was removed,
An inebility to re-lay would have caused a reduction
in breeding density and its possible effect on chick
or egg mortality; furthermore, it would have increased
the percentage of natural (unrobbed) late layers in the
area under study; |
iii) The variation in clutch size with re-laying;
iv) The possible reduction in egg weights or yolk

content in re-=laid clutches,
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SECTION THREE
THE POPULATION

2.1 Population Increase

Introduction

The term population has a broad meaning; islands
conveniently lay down their own natural limits and, at the
same time, colonial behaviour facilitates the definition of
these limits, On the Isle of May, Herring Gulls first bred
on the North Ness and the more recent colonisation was at
the South Ness; However, despite the spread of.gulls from
colony to colony and the development of sub=-colonies, the
May population refers to the breeding pairs in toto.

The measurement of population growth most commonly
used is the intrinsic rate of natural increase, ;S It is
calculated in terms of absolute time, rather than the length
of a generation, Also, exponent r is applicable to a
population which is expanding at an exponential rate,
without density dependent checks; As such it indicates
the potential power of increase under the particular regime
of mortality and birth rate, within which the measurements
are made; Once such a figure is obtained, it is possible
to investigate reasons why the regime encourages this degree
of growth, what factors contribute most towards it and, if
necessary, the control methods most likely to discourage
the increase;

Growth of the May population

. Various population estimates have been recorded

since the first pair were seen to breed on the Isle of May




in 1907 (Baxter & Rintoul 1925): Unfortunately, many of
these totals are of oﬁly certain parts of the island, whilst
others fail to state clearly whether nests, pairs of birds,
or individuals were counted; Nevertheless, the estimates
reproduced in Fig;4 clearly show a geometrical increase
resulting in a population of approximately 12,000 pairs in
196?; This value was assessed by counting all the nests

in the northern area (over 5,000), and estimating the total
by comparison. Furthermore, the ratio of marked to unmarked
fledglings was 1:1 near the end of the season at a time when
fledging success was calculated to be about 1.0 chicks per
pair., Since 6,000 chicks had been ringed, it follows

that there was a total of more or less 12,000 pairs of

Herring Gulls breeding that year.

Plotting log no. pairs against years (fig.5)

¥ = 0.054x + 0.43

when
Py : Pl = No. pairs at time tl
5—'=.(1 +r) P2 = No, pairs at time t2
(] t = No, years t2 - tl
r = rate of population

increase
the rate of increase of the breeding population on the island
is calculated to be\13;3% per year; Although no complete
census was attempted in 1968 or 1969, all evidence suggests
that this rate of increase has continﬁed; Subjectively,
gulls were seen to nest in new areas, encroaching towards
the centre of the island: Furthermore, the nests in the
study areas grew more dense in both years at a rate comparable

to the calculated exponent (Table 1.
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The population increase of Herring Gulls breeding on the

Isle of May
Y L

Estimates taken from Eggeling (1960), "Special Notes" - Isle of May

Bird Observatory library, and from this study.

Figure 4,

Estimates of the number of breeding pairs

1907 - 1969

Figure 5.

Log. number of breeding pairs

1907 - 1969
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Table 1. Number of nests in areas of North Ness 1967-1969

and the percentage annual increase

1967

AREA &
1968
1968
AREA B
1969

No; nests % increase
670
810 20%
186
210 13%

Similar records of the breeding pairs of Lesser

Black=backed Gulls taken from Eggeling (1960), when plotted

on a log scale, show the same increase over more recent years.

The_rapid rise in numbers from the first pair in 1931 steadied

down to a rate of 13% per year, which resulted in a 1969

estimate of approximately 1,500 pairs; This would suggest

that the overall conditions are similar for both species

despite their\behavioural differences.

Comparison with other studies
The Isle of May Herring Gulls, therefore, double

their breeding numbers in about six years. Harris (1963)

records the numbers of the Larus gulls breeding on the

Pembrokeshire islands,

An analysis of his censuses shows

that the Herring Gulls on Skomer and Skokholm up to 1962

had doubled their numbers in 20-25 years. This is a much




20

slower growth rate than either the May or the New England
Herring Gull population; In the latter, this species has
increased at about 6% per year, doubling every 12-15 years
(Kadlec & Drury 1968)., It is notable that a comparable
average yearly increase of 5.5% is recorded for the
Glaucous=winged Gull breeding on Mandrate Island, British
Columbia (Vermeer 1963); To summarise, all these
populations appear to be increasing: On the May, the

rate of 13;3% per year represents the highest growth rate,
whilst two species of gulls in Canada are both increasing
annually at about 6%; On the west coast, the gull colonies
on the Pembrokeshire islands were increasing at 3-4 per cent
. éer year., Over the last ten years this rate has more than
doubled to 8-10 per cent (Harris pers.comm;) which is
comparable to the 9:5 per cent recorded for both the
Herring and Lesser Black-backed Gulls in the Walney
colonies (Brown 1967),

Quite how much of these increases is due to
immigration is difficult to estimate; Certainly a large
contribution is‘made this way to small, newly developing
colonies; The Herring Gull population at Wilhelmshaven
rose from 2 pairs in 1948 to 132 pairs in 1957, at a rate
of over 30% per year (Drost et al(1961); Only in 1953
did birds previouslﬁ born in the colony return to breed,
adding less than 5% to the population; The remainder
were all immigrants; Brown accoundbs for the sharp build=-

up of the Walney gulls by postulating a massive immigration

in the early 1950s.




The other large, more stable populations probably
recruit the majority of new breeders from within theif own
ranks, Gulls are known to show a strong site temnacity
(see Section 4), and tend to breed where they have been
‘ raised (Tiﬁbergen 1953); these factors are indicative
of a non-immigratory population growth; Certainly there
have been no reports of diminishing Herring Gull colonies
aiong the Scottish éast coﬁst;

The breeding numbers of several other species
_of sea-birds have built up in recent years along the north-
east coast of Britain. For example, the Kittiwakes at
North Shields (Coulsgn pers;comm;), and the Shags on the
Farne Islands (Potts 1969) have both increased at an overall
rate of 11% per year; On the Isle of May itself, the
censuses of nearly all the breeding sea~birds have shown
a marked increase over the last decade, except for the

tern species.

3.2 Causes of Increase

Introduction

Two factors have beeﬁ cited as the cause of this
population increase; firstly, the availability of the food
supply and, secondly, the relaxatidn of predation;

Tinbergen (1953) quotes an example where declining
numbers of foxes, followed by protection against egg robbing
by humans, were both responsible; Similarly Kadlec et al.
(1968) ascribe the growth of the New England Herring Gull

population to diminishing pressure from humans living‘
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along the Maine coast, It may be noted that the lowest
rate of increase in Britain was at Skomer (8%). On this
island, Harris (1964) states that the Greater Black-backed
Gull is a very important predator of gull chicks; Since
this form of predation does not occur on the Isle of May,
nor‘in the other colonies, it could have a limiting effect
on Skomer,

Although the Herring Gull is a competent fisher
. in its own right, it has fully made use of the food source
provided by human waste. This source is unique, for it
is reasonably constant and, more important, it is available
during the winter months. Possibly, this improved feeding
led to a decrease in mortality during the winter (Hickling
1967, Vemeer 1963), and subsequent increase in the survival
and numbers of the species; An analysis of Herring Gull
recéveries (Harris 1963) shows a large post-fledging
mortality of first-year birds, particularly in September
and October, The main mortality of olaer birds occurs
in the summer months and neither category appears to suffer
to any extent in mid-winter; The Isle of May recoveries
will be discussed in Section 9; One final piece of
evidence on the importance of human waste may be obtained
from Fordham's (1967) work on the Dominican Gull; The
population iﬁ New Zealand grew rapidly in the last quarter
century; and, more interesting, the colonies with the

fastest rate of increase are near man-made food sources.
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Several studies have been made of the stomach
contents of Herring Gulls, The results vary considerably
from place to place and also through the year., The main

foods can be categorised as follows :

(1) Fish and Fish Offal

It was previously stated that the Herring Gull
is competent at catching fish; The stomach contents of
some Herring Gulls on inland waters showed 77% contained
river fish caught naturally by the birds (Mendal 1939);
In general, though, analysis shows unsaleable fish and
fish offal the most freéuent form of this food; Boswall
(1960) witnessed the wastage of over two hundred weight of
liver and entrails, and seven hundred weight of unsaleable
fish on a seine-net fishing trip;- Studies by Collinge
(1924=-27), Deusing (1939), Otterlind (1948), Spark (1951),
Belopol'skii (1957), and Harris (1965) all conclude that
fish and fish offal were the commonest food items;

(ii) Agricultural material

Herring Gulls are frequently seen on agricultural
land especially during the non-summer months; Cereals,
corn and vegetable matter have been found in most of these
analytical studies and, in a few, cereals were recorded as
the major food (Florence 1912-15, Ward 1914, Davis 1956):
Gulls feed on newly sown grain in March and April and also
on turnips during hard weather (Lloyd 1969); They congregate

round piggeries and forage on the pig food, causing a nuisance

to farmers,
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(iii) Human Waste

With an increase in human population, and the
standard of living, comes a corresponding increase in refuse,
Formerly, waste food was often burnt either in fires at home.
or in destructors at the refuse disposal units; In recent
years it has been dealt with by controlled open tipping
(Hickling 1967) whilst, in the home, fires are now restricted
to smokeless fuel. Refuse, a quick and easy food supply, has
been fully exploited by gulls; Hickling suggests that this
form of feeding is further encouraged by the local availability
of safe winter roosts, namely, city reservoirs, Both Harris
(1965) and Brown (1967) note the predominance of waste food
in their respective studies.

(iv) Invertebrates

Several other types of food form a considerable
part of the Herring Gull's prey. Beetles, limpets, crabs
and earthworms are among the main species, although Focke's
(1959) analysis showed that molluscs (especially Cardium).
were most frequently taken;

The variation in food preferences analysed by these
studies probably reflects the local situation; Moreover,
it points to a versatility in the diet of this species,
which is the key to its success;

Food Source for the Isle of May Gulls

Individual gulls offen have their own food
preferences. For example, some eat large numbers of earth=-

worms, others restrict themselves somewhat to garbage.
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More striking is the annual occurrence of cannibalism,

with the same inaividuals consistently changing to a diet

of young gull chicks in June and early July (see section 8);
Despitéfthese singular choices, the Herring Gull

is capable of adjusting to different food sources according

to the prevailing conditions. Table 2 shows an analysis

of food regurgitated by the young Herring Gull chicks during

July. Normally, fish and fish offal predominate in the diet.

This is collected from the many seine-netters based on the

Fife fishing towns; However, there are some days when the

boats remain in harbour; for instance, during gales, or

over the weekend. Food regurgitated on Sundays has a

much more variable comp&sition, with fish one of the less

frequent meals,
?

Table 2, Crude analysis of food regurgitated by Herring Gull

chicks on a normal weekday, and on a Sunday

Weekday , Sunday
Food item No.samples % total No,samples % total
Fish 39 78 3 5
Worms 6 12 16 25
Meat (not fish) 2 . L 13 21
Grain 1 2 20 22
Bread ' 2 b 11 17

Difference in fish content between weekday and Sunday

p<0.001 (X° = 64.0)




26

In conclusion, it seems that there has been an increasé in

the actual amount of food, and of its availability, followed
by a change in behaviour of the gulls to exploit these food
sources fully; Together, these factors would encourage the

sort of population increase that has been witnessed.,

3.3 Herring Gull - the pest

Two questions derive from the details of population
increass, Firstly, whether Herring Gull numbers have reached
pest levels; and, secondly, what type of nuisance does the
species cause,

i. Wildlife conservation

Some species have been seriously affected by the
increase in Herring Gulls, Although terms, particularly
Sandwich Terns, are notoriously unpredictabie birds, their
absence from the Isle of May can be blamed entirely on
Herring and Lesser Black-backed Gulls. Up to the early
19508 several thousand terns of four species bred regularly
-on tye island; They were progressively deprived of their
breeding areas by the gulls, so that since 1960 none has
nested (Eggeling 1960); Other species, including Shag,
Fulmar, Oystercatcher and Eider Duck suffer high egg and
chick losses to tﬁe gulls; Also, small passerine migrants

are occasionally taken and eaten.

Not only do the animals suffer, for the vegetation
on the island is also changing rapidly. The adults tear up
grass for nesting material, while the vast amount of guano

encourages specialised plants, at the same time discouraging
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many less hardy species. In some parts of the May (e.g.
the Maidens) serious erosion problems are resulting from
these circumstances.

It would appear that the Herring Gull has become
a pest on this Nature Rgserve; Admittedly, conservation
often allows nature to take its course, but when the human
race is responsible for upsetting the balance of nature,
control methods should be employed to alter the imbalance
that has resulted.

ii. Ajir strikes

Reports of collisions between aircraft and birds
are infrequent, and few fatalities to man occur; However,
the annual cost to the Royal Air Force has been estimated
at approximately £1 million sterling and, in Britain,
oﬁe half of the reported bird strikes involve gulls
(Brough 1969); Statistics such as these reveal a problem
when new airfields are being considered in areas known to
be large gull roosts, e;g; Foulness;

iii; Inféption

Gulls have been implicated as. the carriers of
several types of infection; For example, BroughA(l969)
states that they were probably vectors of avian tuberculosis
which recently struck a herd of cattle; Tubercle bacilli
have been found in several species which are common in
Britain, whilst abroad, bovine cysticerosis has been
associated with guils;

Various Salmonella sp: have been isolated in

Herring Gulls (Wilson & Macdonald 1967), including




Salmoﬁella typhimurium from fully grown chicks from the

Isle of May 1968; In that year several fledglings died
in the late summer (see section 8), and of six carcasses
analysed at Lésswade, four contained this organism;
Although the laboratory report did not suggest that the
Salmonella caﬁsed death, it suggested that death was
accelerated in these weak and under-weight chicks,

The gulls probably pick up the infections from
refuse tips or sewage outlets; Their habit of roosting
on freshwater reservoirs causes concern, for in this way
they could pollute the watef with these infections;

iv. General Pest

The numbers of imputations against gulls increases
every year; They range from accusations of Herring Gulls
stealing food from the hands of babies (Torquay town
councillor, pers;comm.), to complaints of gulls nestiné
on chimney pots and réof tops; The latter is mainly a
recent habit, becoming more common, especially on the
east coast of England, The people one would imagine
most plagued by gulls are the last to complain,

'Several fishermen have been asked how troublesome these
birds are, but none have labelled them as pests;

Taken collectively, these points advocate
that the Herring Gull population should be prevented
from further increase and, in many cases, should be
actively encouraged to decrease;

Possible methods of control will be examined

in section:10,

28
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SECTION FOUR

ONSET OF LAYING

4,1 Site Tenacity

Return to the same territory

The Herring Gull is known to be one of the
many species of birds, all of whom are faithful to their
nest site overiseveral seasons (philopatry) (Tinbergen 1953,
Drost et al 1961); Of 99 colour ringed adults known to
return tp the May in comsecutive years, only five nested
away from the close vicinity of their previous territories,
None of these five moved more than 100yds from their old
sites;

Perhaps more interesting was the return of an
additional 21 mérked adults who were prevented from
breeding in 1968 when their eggs were continually removed.
With the exception of one bird, they were all breeding on
their 0ld nesting sites in 1969; This represents a 5%
failure to conform to the general principal of philopatry
which, as a percentage, is no different from the occurrence
in undisturbed birds (5/99 =-c;5%>; However,»ovef more
years than one, continual interference could possibly

reduce site tenacity.

Return to the colony of birth

Since colour-ringing of chicks only started on
the Isle of May in 1966, it was too early to see the extent

to which these young gulls restrict their subsequent

breeding to their birthplace, Several of these red ringed (1966)
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birds were seen in the colonies when only three years old,
and many more roosted around the perimeter of the island.
These roosts also included one- and two-year old Herring
‘Gulls, and the occasional two-year old Lesser Black-backed
Gull.,

Of greater interest was the tendency for these
birds to return to that part of the island from which they
fledged. This was at first sight a subjective conclusion,
based on the sightings of red-ringed gulls in those areas
where ringing took place in 1966; More definite evidence
was obtained from three shot birds and ten whose ring
numbers were read through a telescope; All thirteen were
found in the sub-colonies of their birth-places, well
demarcated areas of no more than 4 = 5 acres; These records,
admittedly few, point towards a marked tread of young gulls
to return, not merely to their general fledging grounds, but
more specifically to sub-colonies from which they were reared,

The importance of a strong attachment to the birth-
place, and to faithfulnéss to the nest site, has been pointed
out by Tinbergen (1953) : "It means that a species may be
composed of many populations which, though they are often
mixing outside the breeding season, interbreed scarcely,
if at all, They may be reproductively isolated from each
other ;.;;.., allowing them to lead to differences between
populations, Mayr bhas characterised the situation wittily
by saying that birds have got their wings not so much for
the purpose of getting away to places, but rather for the

purpose of getting back to their territories".
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L,2 The Laying Period

Onset and duration of normal laying

In 1967 the first eggs were found on 26 April,
whereas in the following two years it was on 28 April that
eggs were first laid, During the laying period the study
areas were visited regularly evefy two days (in 1968-69)
and nests staked as soon as the first egg appeared; In
the control areas, 903 and 400 nests were marked in these
Yyears respectiveiy. It was not possible to visit the nests
so frequently in 1967 and so the build up of laying and the
nest contents were less closely observed in the 2,339 nests
staked in thé control areas that year.

A more comparable measure of the laying period
is the median, the date at which 50% of laying has taken
place, for it is less affected by the extremes than is
the mean, Using this value, it was noticeab;e that the
seasonal distribution of laying was remarkgbly constant
through the years; Discounting repeat layers, 50% of
the total laying took place by 17 May (1968) and 16 May (1969);
Similar results were obtained for 1966 (17 May), and 1967 |
(18 May), by working back from the hatching data. The
details of the dates of laying in the control areas (1968-69),
and the accumulative build up of clutches are shown in
Appendix I;

Geographical variation in laying dates

Variation in the laying dates of gulls from one

place to another was noted by Harris: (1964), who commented
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on the considerable difference between Paludan's (1951)
studies and his own. The Danish colonies stafted laying
as early as 11 April (1943-44), whilst the Skomer gulls
began on 22 April (1962) where Harris suggested that the
difference was linked with day length rather than temperature.
However, traditional theories on day length would hold that
north European birds breed later than those in Britain
(Lack 1954), and so the Herring Gulls studied by Paludan
(1951) at 553° latitude would be expected to breed later,
not eleven days earlier, than those studied by Harris at
513° latitude.

A more complete picture of the geographical
variation in laying dates can.now be attempted in the light
bf recent studies by Drent (1967), and Barth (1967)_. The
mean, rather than the median, was more frequently cited,
and so the mean dates of laying the first eggs in all nests
were listed in Table 3 for these studies;

If the results of the Scandinavian studies are
taken separately, them a correlation with latitude seeﬁs
apparent; The most northerly colony at Troms was the
last to lay, the most southerly colony at Graesholm the
first; Barth (1967) explains the results in terms of
climate, but adds that '"the particularly early dates on
Graesholm are not easily explained;"

This correlation with latitude seems far less
valid when the laying dates in Hoilan@ and Britain are

considered. On their own they seem to substantiate the
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above conclusion; The southerly Skomer colonies breed earlier
than those on the Isle of May, although the particularly late
dates in Drent's (196?) studies present an exception;

An examination of all the data indicate that
neither day length nor climate have an overriding effect,
otherwise the Scandinavian Gulls would be expected to breed
later than the British colonies (Table 3); Marshall (1959)
stated that no single overall factor is responsible for the
timing of avian breeding seasons, and that the mutual
behaviour essential to reproduction will not occur until the
environment presents the pair with its species requirement;
The local situation therefore bears more relevance to the
onset of laying than to the general parameters of day length
and temperature, though these will also be important

accelerators of the sexual cycle.
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Timing and spacing of nests

Whilst visiting nests during the laying period,
it became obvious that some synchronisation of laying was taking
place; For example, the sub-colony and control area North Ness
appeared as a series of smaller units, although the final nesting
pattern gave no indication of such aggregations. Within each
unit, which would contain about 10 to 20 nests, eggs were laid
at a similar time in the season.,

This impression was investigated by gridding
North Ness into 10ft squares, and plotting the nests. An
analysis was made of 52 sample areas, each 20ft square (400 sq.ft.),
within which the humber of nests with newly laid clutches was
recorded every two days through the laying period (fig.é);

The accumulation of these data gave the final nesting density,
although it did not account for the three dimensional spacing of
territories.

It is generally known that gull's nests are
distributed uniformly within the colony, aé a cénsequence of
territorial behaviour (Tinbergen 1956, 195?); Distribution
patterns may be numerically illustrated by the coefficient of
dispersion which, for random distributioms, is unity :

Coefficient of dispefsion = Variance

Mean

Mean no; nests per 400 sq;ft; sample = 1é;8

Varience = 14;8

No; samples = 52

Coefficient of dispersion = 0,88

35




Figure 6.

Synchronisation of laying in areas of North Ness 1968.
Nests plotted on a scale diagram of North Ness according

to the date of laying a-eggs (i.e. 20 and 24 May)
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The 0,05 probaﬁility level of significant difference
from a random distribution is given bj unity : 2x\/§%;-= 1 I 0,40,
-For this particular analysis, the coefficient of dispersion was
within the limits 0,60 - 1,40, and the suggested uniform distribution
therefore not significant, However, a more exact analysis was
made of the number of.nests within a 7;5ft radius of each nest
(Table 4); A significant (p<0,05) divergence from a random
distribution would be given by a coefficient of dispersion
outside the limits 0,78 - 1;22 (N = 171); With a coefficient
of 0;71, the nests were distributed uniformly at a significance
level of 2 per cent; This was further checked by a comparison
with thé expected number of nests (Poisson prediction, X2 = 11;2

with 3 degrees of freedom, p ¢0.02).




Table 4.
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The observed and expected number of nests within a

7.5ft radius of a random sample of nests (N = 171).

(Nest site numbers selected from Fisher & Yates' (1963)

random number table, and expected frequency calculated

by Poisson prediction).

No; nests
0 1 2 3 4
~ Observed 56 71 40 3 1l

Expected 66 63 30 10 2

Mean 0,96, Variance 0.68,

Coefficient of dispersion 0.71

X? = 11,2 with 3 degrees of freedom p< 0,02

Table 50

To examine whether laying at any time in the season

takes place at random throughout the colony, or in

synchronised groups within the colony,

The observed

and expected number of nests containing newly laid

clutches in each of the 52 sample areas (400 sq.ft.)

through the laying period at two day intervals

- No. newly laid clutches/sample/two day period

0 1 2 3 4
243 296 ‘ 121 62 32
187 240 154 66 21

Observed

Expected

2

¢ = 70.1 p{0.001
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Despite this oyerall spacing pattern,.the onéet of
laying di@ not occur randomly or uniformly through the sub-colony,
Instead, small groups showed synchronised laying, for when the
extent of laying within each sample area was analysed for two
dayhperiods, the laying was aggregated (Table 5); The mean
number of newly lgid clutches per sample per two day period
was 1;29 with a significéntly aggregated coefficient of
dispersion of 1;48 (p('O;OS); It is possible that not only
laying, but also the initial selection of territories and
building of nests occurs in this sjnbhronised manner, and
that the cause is social stimulation at the onset of the
breeding season;

One final observation was forthcoming during the laying
pgriod; Clutches that were laid late in the season were
commonly situated on the edge of the sub-colony in the more
exposed areas., North Ness was therefore divided into three
sections; the perimeter; the centre, and between these two
an area called for convepience the bounéary; The percentage
of laying that occurred in these three areas through the

season was recorded (Table 6),

Table 6. Variation in laying dates in nests from three

arbitrary areas of North Ness

Difference
R ’ i . between centre
Laying Nof of Percentage of laying and
date nests Perimeter Boundary Centre perimeter
up to 10 May 188 25% 379% 38% p< 0,05
10-18 May 284 37% 28% 25% p ¢ 0,02
20-24 May 254 43% 38% 19% p< 0.001

after 24 May 170 55% 30% 15% p < 0,001




The result showed that progressively more and more laying

took place on the perimeter as the season advanced, whereas
in the centre of the sub-colony most of the laying occurred
early in the season; The relationship between density and

nesting area, and subsequent breeding success will be dealt

with in Section 7.
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SECTION FIVE

THE PATTERN OF LAYING

5.1 Normal laying

To avoid confusion, fhe first egg laid by a gull will
be referred to as the a—égg; the second egg is therefore the
b-egg and sc on, Also, a clutch of two eggs will be written
¢/2 and a clutch of three c¢/3.

Normal interval between eggs

Before assessing the effects of experimentation on
egg laying, it was important to consider the normal rather
than the abnormal condition;

The clutch size of the Herring Gull consists of
three eggs in the vast majority of cases (see section 7).
Data collected from 85 nests visited every twelve hours
during the laying period show that the average interval °
between a and b-eggs, and between b and c-eggs was 48,85 :
0;4# hours (Table 7). This value was on a .par with that
given by Drent (1967), 48,72 % O;#S hours; Nor was there
any difference between the first and second intervals
(a;b eggs, and b-c eggs respectively);

Normal interval between repeat layings

If a Herring Gull loses its eggs after incubation
has started, it can usually produce a substitute clutch after
a fairly well defined interval, In some birds this interval
varies according to the length of time spent incubating the

first clutch, The histogram of re-laying in the delayed areas
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on the Isle of May (section 7 fig;27) shows that although
eggs were removed in various stages of incubafion, re-laying
occurred generally within a fortnight, i.e. irrespective of
the incubation time. This corroborates Paludan's (1951)
conclusion based on the destruction of clutches by a late
snow storm in 1944,

The time taken for 160 Herring Gulls to re-lay
was measured from the removal of the first clutch, to the
arrival of the a-egg of the repeat clutch. The average
interval was 13,23 : 0.12 days. However, the data were
analysed to investigate which factor caused the greatest
variability or delay. Firstly, the amount of time spent
incubating before the loss of the eggs; secondly, the
time of the season that re-laying took place, in case
the adults found greater difficulty re~-laying as the
summer progressed (Table 8);

The lack of variatiom in the results is more
interesting than the disparity between the means, for there
is only a two day difference between the extremes (i;e;
12.62 and 1#;71 days); Nevertheless, it appears that the
time in the season exerts a slightly greater effect than
does the incubation factor, so that the female takes somewhat
longer to re-lay as the season advances; This, of course,

becomes critical at the stage when no more re-laying takes

place,
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Table 7. Showing the mean interval between the layings of
eggs in a normal clutch, and also the interval

between ¢ and d-eggs when a fourth egg is laid

Laying interval between
eggs in hours

Standard
Interval 24 36 48 60 72 Total Mean error
a~b eggs 1 6 -67 10 1 85 48,56 0,69
b-c eggs o] 3 72 9 .1 85 49,13 0.55
c-d eggs 0 0o 24 10 3 37 53.19 1.26

Table 8. Number of days between the removal of the first clutch
and the laying of the a-egg of the repeat clutch,
according to the time in the season, and the state of
incubation at the time of robbing. Number in sample
given in brackets. Mean interval in days I one

standard error

State of incubation at removal of eggs

Time in the season Directly after
of laying first laying c-egg 15 days incubation
clutch _
+ o p-NS - +
before 25 May 12.62 = 0.22 (37) 13,04 = 0,14 (77)
p< 0.05 p{ 0,001
after 25 May 13.48 £ 0.35 (25) 14,71 £ 0.36 (21)

p{ 0‘.02




Ability of Herring Gulls to re=lay

If a Herring Gull re-lays, it apparently does so within

nearly a fortnight. This conclusion fails to account for the

b3

percentage of birds that actually do re-lay. An estimate of this

value was obtained from records of laying in the delayed areas,
though it was not possible to separate the variation due to the
incubation interval, and to the seasonal effect as above., These
two factors are treated together in Table 9, relating the
percentage re-laying to both the progress of the season and to
the iﬁterval between laying and removal of the first clutch;
These data concern only those birds that re-laid in, or near,
their first nests and is therefore a minimal figure. Never-
theless, the disturbance of egg robbing does not often
encourage the adults to move territory (section 7).

Naturally, not all birds are capable of re-laying, and
this inability increases as the season advances, &0 that by late
June no more eggs are found; It will be shown later that this
is more a result of a diminishing behavioural and sexual drive,

rather than physical exhaustion of the female gull.

Table 9. Numbers of re-laid clutches in relation to the

progress of the season and the time interval between

laying the first clutch and its removal

Approximate date

of removal 17 May 27 May 7 June
Incubation period before - .

removal in days O=4 6-8 10-14 16-20 22-24
Number robbéd 84 37 67 47 21
.Nuﬁber re-laid ‘ 59 18 29 18 7

Percentage re-laid 70% Lo% - L3% 38%

33%
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5.2 Determinate or indeterminate laying

Introduction

Although birds generally lay a fairly definite number
of eggs in a clutch, characteristic of their individual species,
the mechanism controlling this phenomenon is thought to function
in one of two ﬁays; Some birds will lay a set number of eggs
irrespective of how many eggs are in the nest; others will
continue to lay until their nest contains a definite number of
eggs.,

Those birds that compensate for a loss of eggs during
laying are called indeterminate layers. For example, the
Flicker is known to have laid 71 eggs when an egg was taken
daily from the nest (Phillips 1887). It is believed that
an external stimulus, either visual or tactile, is necessary
to stop the production of eggs by the ovary.

On the other hénd, some species will lay a definite
clutch regardless of the removal or addition of eggs. These
determinate layers have an inflexible hypophyseal-ovarian
mechanism, so that the numbers of follicles entering the final
stage of growth correspond to the size of the clutch, They

therefore cannot add to the clutch if one or more eggs are

lost during laying.

Despite these well defined categories of laying, the
Herring Gull has been claimed by Davis (1942) and Tinbergen (1953)
to be a determinate layer, whilst extensive experiments by

Paludan (1951) indicated it was an indeterminate layer.
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Davis (1942) performed several egg removal experiments
and concluded that the birds were not inclined to lay more than
the usual three eggs. In three cases where a fourth egg was
present in the nest they were interpreted as abnormalities =
"the bird may have stolen the eggs from nearby'nests";‘ The
research took place over a period of six days and, since the
Herring Gull requires five days to lay a complete clutch, it
is hardly surprising that no more than three eggs were usually
found;

Tinbergen (1953) does not give any details of his egg
robbing experiments, except to say that "in general neither the
taking nor the addition of eggs at whatever stage, and in whatever
way or sequence it is done, changes in any way the fixed ﬁumber
of three in a clutch', Instead the bird would start a new clutch
after a period of nearly a fortnight (repeat laying) if the first
clutch was removed; '

Quite contrary to these conclusions, Paludan (1951)
showed that indeed a fourth egg camn be laid and, under certain
circumstances, protracted laying will also occur; Previouély,
Salgmonsen (1939) bhad induced Herring Gulls to lay a series of
eggs, in one case 16 eggs in 39 days; whilst more recently
Harris (1964) and Laughlin (pers;comm.) managed to get layings
of uﬁ to eight eggs in a nest. It is important, however, that
to éualify as a protracted laying, this continuation of the
clutch should involve regular intervals betweeﬁ successive

eggs characteristic of normal laying;
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Although Weidmann (1956) achieved this pattern in
experiments with the Black-headed Gull, Paludan's results were
less convincing; His continuous egg removal eiperiment
involved four pairs of Herring Gulls, of which only two laid
eggs at intervals of less than four days;

It seemed worthwhile repeating these experiments
using larger samples to investigate the following :

i) whether the production of a fourth egg was

normal or exceptional

ii) whether the pattern of protracted laying was
regular, or concealed a repetitive quality
similar to, though possibly not as long as,
true repeat laying

iii) whethér the pattern of laying, and in particular
the onset of incubation, affectéd the size and
yolk content of the eggs.

Experimental investigation of the control of clutch and egg size

Methods

A total of 280 nests were visited every 12 hours during
a period of six weeks. Various egg remova; or addition
experiments were carried out and the lengths and breadths
of eggs measured, A1l eggs removed were weighed (to .0lg),
hard boiled, and separated into shell, yolk and albumen,
which were likewise weighed. Since 24 of the Herring Gulls
nesting in the area were colour-ringed it was possible to

observe the effects, if any, of continuous egg removal,




Calculation of egg volume and shape

As eggs were not all removed from the field it was
often necessary to use the egg volume rather than the egg
weight as a proportional measure of the egg size. This
value was especially useful for comparative studies. between
eggs and clutches in the control areas.

The volume of an egg was calculated from the formula :

V= k.B.LS

which is derived from the volume of an ellipsoid, when V is
the volume, B the breadth, L the length, and k a constant,

Several values of k have been cited, each based on

particular specific gravity determinations of the Herring Gull
egg. Paludan quoted (1951) 0,519, Harris (1964) 0.476 and
Barth (19&7) 0.5084%, Throughout this study the figure of
0.476 haé been used.

To check the correlation between weight and calculated
volume, a graph of these co-ordinates was plotted (Fig.?), and
correlation coefficient (r) evaluated = +0.9854 p<{ 0,001,

V = 0.8869W - 0,2482

W= 1.1018V + 2.2878

when the standard error of the estimate is given by

Sw=5 l -1

and 0 = standard deviation,

Then S,, = 0,11 and Sw = 0,13,

v

For the purposes of this study, calculations of egg volume based

on the axial lengths therefore seem quite adequate. For the

b7
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Figure 7.

Regression line of calculated egg volume on

egg weight
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variability in egg shape, the shape index was calculated as

follows (Coulson 1963) :

100 X breadth
length

Shape index =-

Experiment to produce a fourth egg

Occasionally gull nests were found with four-egg
clutches, though the fregquency was never greater than
1l in 500'(0.2%); The colour and laying interval of these
eggs suggested they were from the same female; Moreover,
a d-egg was laid in 9 out of 16 nests when the a-egg
disappeared in the control areas,

To investigate the ability of gulls to produce this
extra egg, the a-egg was removed within 12 hours of being
laid in 79 nests, Subsequent eggs were left in the nest
and, in 47 cases, the d-egg was laid; This experimental
result closely resembles the natural occurrence in the control
areas (59% : 57% respectively). The mean interval between
laying of the c-egg and d-egg was 53;19 : 1;26 hours (Table 7),
vwhich was significantly longer than the normal laying interval
(p'(O;OOZ), but was still a continuation of the same clutch.
It was also noticed that, discounting repeat layérs, fewer
birds were capable of laying a d-egé later in the season.(Table 10)
(p <0.05).

On three occasions, both the first two eggs were removed,
each as they were laid; In all three cases, a d-egg was
followed by an e-egg at the same interval (48, 48, and 72 hours).

The d-egg is much less frequently laid when the first two eggs




Table 10, Comparing the ability of H