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Plate 1.

3.

Nesting herring gulls on the Isle of May.

The South Plateau on the Isle of May. Note the extensive
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ABSTRACT

" A study of the herring gull Larus argentatus emphasising inter-
relationships of population ecology, social behaviour and breeding biology
was undertaken on the Isle of May, Scotland, with some comparative work in
a moorland gull colony on Mallowdale Fell in the Pennines.

A cull of the herring qull population, which had hitherto been
increasing at 13% per annum has been practised by the Nature Conservancy
Council on the Isle of May yearly since 1972, and special attention was
given in this study to the biological effects of culling. The population
trends were followed in detail up to 1977, and it was shown that the annual
recruitment rate has been very variable since 1972 and there has been a
shorffall in the number of young gulls predicted to join the breeding
population. . These have presumably moved and some finged gulls were located
breeding in other colonies. The pépulation has been held at about 20-25%
of its 1972‘1evel since 1975. With many of the older gulls having been

‘culled; the average age of the population had been reduced, so that by 1977
about 50% of the population waé breedipg for the first time. Despite a
strong corfelation between parental age and percentage breeding success,
the average number of chicks fledged per pair in control areas was 0.82,
which wasvasAhigh as that recorded in a previous study by Parsons (1971,
unpublishea fh.D. thesis, Durham University) on the Isle of May in the
late 196Qs. "~ In addition, it was found that the median date of laying was
the same as that estimated by Parsons, and that egg size (positively
correlated with chick survival) had increased significantly.

Experiments on recruitment by manipulating breeding density
showed that at the highest densities recorded the annual recruitment rate
was close to the average annual mortality rate. In areas where density

had been greatly reduced, the recruitment rate was insufficient to replace




ii

annual adult mortality, and in some areas no recruitment was recorded.
There was a b;oad, optimal breeding density of between 2>and 1o nests/lOOm2
where highest recruitment rates took place. Much of the Isle of May was
found to be at this density as a result of culling. Birds which spread
their nesté'most uniformly were the most successfﬁl breeders, and the l
majority of nests were thus spaced. Agéression was found to increase
with density. The ratianale of gull culling has been discussed for the
Isle of May, together with recomméndations for future culls on the island

{
and elsewhere,
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1, INTRODUCTION

"The two great motives which regulate the proceedings
of the brute creation are love and hunger; the former
incites animals to perpetuate their kind, the latter
induces them to preserve individuals ...... "

Gilbert White, Selbourne, 8 Feb. 1772

This thesis reports on research where_an‘attempt has been made to
bring togethér éspects of population ecology, breeding biology and socigl
behaviour with reference to the colonial herring gull Larus argentatus.

‘The unification of the three subjects caﬁ be seen as a logiéal progressipn
towards a fuller understanding of the animal's life history now that the
biology of the-herring gull has been extensively studied for over five

. decades on both sides of the North Atlantic.

In recent years an increasing interest in ecological problems
has fostefed a specific interest in the biology of large gulls. In part,
this has beeﬁ responsible for an already impressive literature, particularly
yith reference to the herring gull. In many respects the life history and
habits of thé herring gull are among the best documented of any bird.
Furthermore, it is not entirely coincidental that research on herring gulls
has been uﬁdertaken at a tr@e when the population (in common with nearly all
Norfh Atlanfic seabird species) has been characterised by a sustained
increase in:numbers which has been taking place from early in this century.
This phenomenon has given added impetus and interest to.the studies and has
helped to ensure that even where work has been repetitive new interpretations
are always possible on the comparative data.

| _AThe_increase in herring gull numbers has been relatively well
documented for the British Isles (Parslow 1967) and has been further considered
by several authors on a regional basis e.g; Harris (1970), Cramp et al.(1974).
From the data given by Cramp et al. (loe. eit.), Chabrzyk and Coulson (1976)

a Uniy
e S
O gClENCE &




calculated that a 12-13% ;nnual increase in numbers of breeding herring
gulls has been a widespread and general phenomenon throughout the British

- Isles since the 1930s, and in some cases since near the beginning of the
-century. Nor has the population increase been restricted to the British
Isles: it has been common to both the east and west coasts of the North
Atlantic, and much of north-west Europe. Increases have been fecorded in
the Neﬁherlands (Voous 1960), North Germahy (Goethe 1964), Denmark (Saghonsen
1963) and-Finlénd (Bergman and Koskimies 1958) . In some eastern regions of
the U.S.A., Kadlec and Drury (1968) recorded a rate of increase of 4-6% per
.a"nqm which had been sustained from the early years of the twentieth century
until the mid 1960s. Since that time there has been evidence of a levelling
off of numberé with a possible decrease in some areas (Nisbet 1978).

In ﬁature,_a sustained increase in th; number of animals over many
generatiops.is regarded as a very singular occurrence, the more so where the
animal concerned is a long-lived vertebrate. Normglly, it is to be assumed
tha£ a change in the fortunes of the animal has permitted an increase in the
survival rate or birth rate. Rather leés commonly, there can be an intrinsic
change within the animal itself as 1t evolves towards new adaptive "peaks".
As Williamé (1966) suggested: "The cgntral_biological problem is not
survivél as such, but design for survival." New adaptability is often most
manifest by a change in behaviour which permits new environmental conditions
to be exploited. With this in mind, it is relevant to introduce another
aspect>of herring gull populations which is not necéssarily related to the
increase in numbers - namely changes which have taken place during this
céntury in breeding distribution. It was only in 1925 that herring qulls
colonisea Iceland. Since 1940, there has been little further expansion of
their rénge, and numbers now appear to be fairly stable (Ingolfsson 1978).
The increase in numbers of gulls in the eastern United States was also

accompénied by a progressive spread southwards of the breeding range,




particularly during the 1920s and 1930s. The southern limit for the

species is now 34°N (Nisbet 1978) . It is perhaps significant that the

major expansions ih range coincided with the initial increase in numbers,

and that it has not been a particularly notable feature of the population
since. The phenomenai spread of the fulmar from the Arctic into theueasternll
sectors of the North.Atlantic (Fisher 1952) may pfovide a comparative
situaﬁion, the precise causes being no less clear.

Within the British Isles there has been a more recent tendency
for herring gﬁlls to extend their breeding range from the traditional rocky
coasﬁs and isl;nds into marshes, moorlands apd, oddly, towns (Parslow 1967i
>Cramp 1971; Greenhalgh 1974; Monaghan and coulson‘1977). It has been

taken for granted that these(changes in the traditional type of breeding
.habitat hafevbeen associated with the increase in the populatioh, especially
as a consequence of overflow from existing colonies which have reached
éaturqtién'point, but there is no good evidence that this is so. Rather
if seems a’further indication of how an unspecialised species which has
reached new adaptive peaks can sudcessfuily utilise new resources.

fngvitably, the herring gull has now become a pest. The claim
ihas beén made that large numbers of gulls in their wintering and bgeeding
areas have héd a deleterious effect on other wildlife (Eggeling 19€0;
Thomas 1972) and the possible hazards to human welfare from gulls which have
become more associated with centres of human population have been speculated
upon by Monaghan(i977 Wunpublished'Ph.D. thesis). Gulls of all species
common in Britain have never been immune to destruction by man despite
various Bird‘Protection Acts which have paésed through Parliament since the
late ninéteenth century, but recent opinions have favoured, as a means of
control where it has been considered necessary, the large scale culling of
‘the adult»b;eeding population in the colony.

In Britain, organised and offiqially approved gull control by

killing began in the 1960s when the seriousness of the "gull problem"




became increasingly realised. 1In 1972 the then Nature Conservancy began
~what waé at the time the largest programme of gull control yet undertaken
in the British Isles on the National Nature Reserve of the Isle of May ,
Scotland. The undertaking was to reduce the breeding population of gulls
(about 17,000 pairs) to some 200 pairs within 3 years (Anon. 1972). The
programme is still cohtinuing.

This study has relied heavily on data accruing from such control
measures fo: two major reasons. Firstly, there has been opportunity to
consider a cull as a "removal" experiment - an experimental approach which
although very-faluable inAecological studies can seldom be justified on
moral and conSérvation grounds. The manipulation of breeding numbers has
permitted defailed comparative observations on breeding biology with
reference to age and year and also social behaviour. Secondly, it has been
possible to_studx fhe effects of culling, especially the reactions of the
ﬁopulation,_and to assess the usefulness of this method of control. The
.results of-culiing have therefore been reported in some depth.

| The increase in herring gull numbers per se, although not receiving
detailed treatment in this thesis, nevertheless provides the ultimate
argument and justification for much of theAexperimentation. Many previous
population stﬁdiés on birds have been based on a working hypothesis which
incorporates a theory of population regulation (see, for example, studies
on red grouse_(Jenkins, Watson and Miller 1963, Jenkins et al. 1967, Miller
and Watson 1978, Watson and Miller 1971) where social behaviour has been
considered important or have a priori been cited as proof of one or other
theory (such as the studies on the great tit (e.g. Lack 1964, 1966; Lack
ef al. 1957(.Perrihs 1965, 1970; Perrins and Moss 1974, 1975).

In this thesis the usefulness and applicability of a general
théqry of population regulation is left to the final section for discussion.

Most of the experimental work ‘has been a?proached without predilection or




prejudice for any particular idea on the regqgulation of populations, although
it is difficult to see how density independent effects, as visualised by
Andrewartha and Birch (1954), can be meaningfully tested in the field since
environmental conditions for seabirds would be very difficult to manipulate
in the field. The importance of social behaviour has been emphasised
however, and some eiperiments have been undertaken to demonstrate that social
behéviour can influence numbers, albeit iﬁdirectly.

Whilst it is a relatively simple matter to record population trends
of the herring gull, it is iess easy fo reveal the mechanisms whereby the
‘population reaches its observed size, and similarly to forward reasons with
'.real confidenpe of why population rggulatiqn does or does not operate for an
unspec;aliseg‘and highly adaptable bird such as the herring gull. Most of
the work has been undertaken on the‘Isle of May, Scotland, which can now be
.considered‘to'be one of the world's best known herring gull colonies. There,
previous workers have established that the population has indeed increased at
approximateiy‘IB% per aonum since the early years of the century (Parsons
1971, ChabrzykAand Coulson 1976). Detalled studies have been conducted on
reproductive biology (Parsons 1970, 1971, 1975, 1976; Parsons et al. 1976)
and dispersion and winter movement_have been examined (Parsons and Duncan
1978) .  Chabrzyk and Coulson (loe. cit.) have estimated a realistic average
annual survival rate for adult herring gulls of 0.935, which gives an
average adu}ﬁ life expectancy of 14.9 years. These studies have proved
invaluablé in providing a basis for the investigation of recruitment to the
colony by mature gulls, and the wo;k of Parsons has been especially useful

in providing comparative information on breeding biology.




2, THE STUDY AREAS
2.1 THE CHOICE OF STUDY AREAS

The three colonies, the Isles of May, Cara and the Tarnbrobk/
.Mallowdale colony, were chosen for comparafive purposes, each colony
presenting very contrasting ecological situations. The Isle of May was
the main sﬁudy area and most time and effort was afforded to fieldwork
there,

To work in three widely spaced colonies during the restricted
breéding season was, with hindsight, an over~ambitious approach. The
logistical problems of working intensively in the field in the Tarnbrook/
Mallowdalé'colony‘were in themselves sufficient to discourage the kind of
detailed ébservations which coqld be made with ease on the Isle of May.
'As.a consequence, this colony received little close attention after the
breeding éeason of 1975, and then with most observations being restricted
to the pafts which lay inside the Mallowdale estate, On the Isle of May
itself, seven study areas were chosen which were considered initially to
be broadly representative of the island as a whole, but each with different
breeding densities (see Figure 4).

| The island of Cara was chosen as an example of a small colony
where the rate of increase of the gull population was much slower than
either the is;e of May or the Tarnbrook/Mallowdale colony. Here, it was
felt thaf ;nformation on breeding biology and age composition could provide
an interestiﬁg contrast to the Isle of May. Perhaps the most useful aspect
of the wdrk on Cara is that the existence of a herring gull colony has been
established, and that its rate of increase is ihdeed low when compared with
the natipnal-average.

 uNonetheless, it has been felt that it is worthwhile to describe

both Cara and the Tarnbrook/Mallowdale colonies, and to include at least




the available data on the present sﬁatus of the gulls found breeding there,
Cara has probably never been visited by a.zoolqgist, and the Tarnbrook/
Mallowdale colony sgemingly on only a few occasions, If the current
intentiong of the landowners and shooting tenants, together with those of
the North West Water Authority (much of the colony lies within one of their
major catchment areas) prevail, then it can be expeéted that this huge
moquand colony, which is one of the largest in the world, will be very

much reduced in size in the years to come,

2.1.1 The'Isle‘of May

.The Isle of May.(56°ll?N. 2°33‘W) lies toward the entrance of
" the Firth of FOrth, 9km frcm the coast of Fife and l4km from the nearest
_point oh the East Lothian shore (Figure 1). The island is about 2km long,
0.5km widé'and 57ha in area, It is formed of a hard igneous rock (olivine
dolerite) with cliffs rising to 50m on the west coast. " The east side of
the island‘is:entirely rocky, but with few cliffs, The soil cover is
thin and ﬁainly peaty. Much of the island is covered by a grassy turf
in which Festiuca rubra.L. and Agrostie spp. are dominant, whilst close to
the exténsive rocky outcrops, and the more low lying northern and eastern
sectors, patchés of Armeria maritima (Mill.) and Silene maritima (With.)
- sward are'pfevalent. Areas which are colonised by gulls are characterised
by denée summer growths of Rumex spp., Atriplex and Cochlearia (see
Figure 3).

Pfior to the first gull cull, the herring gull was the most
numerous hfeeding bird.‘ Although the reduction in numbers has continued
since'1972_pn a massive scale, the breeding population remainé large
(Figure 11, Section 3.4). There has been a considerable drop in numbers of
the lessgr_black-backed gull as well, but the decrease has not paralleled
that of the herring gqull. With the exception of the complete loss of

sizeable tern colonies which had reached their peak in the early 1950s,




other.seabiid species have continued to prosper throughout this century.
Kittiwakes were estimaﬁed at 3550 pairs in 1976 (personal observations)
und'puffins have increased spectacularly with about 3000 pairs in 1976
(ﬁarris i§76). Of the cliff nesting auks, razorbills were about 500 pairs
in 1973 and guillemots about 3700 pairs in the same year (Eggeling 1974).
These figures represent substantial increases throughout this century.
Shags have likewise increased, reaching a.peak in 1973 when the population
was estimatgd.at %130 pairs, By 1977 this fiéure had dropped to just over
600 pairs, however; the cause of which is not known, |
.invrecent years the island has guffered'from unacceptably high
numbers o#lcaéual visitors. This trend has increased and muét give cause
for'qoncern from the point ofuview’of maﬁagement by the N.C.C. and the Isle
bf-May Bird Observator§ Management Cémmittee. Increased interference by
the general pgbliq in the pursuit of recreation and even unsolicited
bioloéicalvreéearch cannot be accommodated indefinitely by this small and

biologically interesting National Nature Reserve.
2.1.2 Hiétofy of the gull colony

The growth of the herr;ng_guil colony,véince the first record of
a pair of herring gulls which bred in 1907 (Baxter and Rintoul 1925), is
now well documented (Eggeling 1960, 1974; Chabrzyk and Coulson 1976). To
relterate briefly: evidence from counts since the first records (deposited
in the Islé'éf May Bird Observatory) indicate that the increase in the number
éf breeding pairs has been taking place at a near constant 13% per annum,
up to 1972, In this year the breeding population was estimated at 16,700
pairs (Figufe 5). This rate of increase in the numbers of herring qulls
approximateé'cloéely to an overall average of 12.8% per annum calculated for
the Britishjisles (Chabrzyk and Coulson 1976) and thus it would seem that
the colanVWas in no way atypical in its remarkable and sustained rate of

growth. Figure 2 indicates the extent of the colony in 1974.
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figure 1. The location of the Isle of May in the
Firth of Forth. Neighbouring gull

colonies are named,
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Figure 2, The Isle of May, showing the areas colonised

- by gulls in 1974 (stippled areas).
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Figure 3, The Isle of May, showing the major vegetation

types (from Sobey .1976)
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Figure 4. The location of the study areas on

the Isle of May.
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The increase of the herring gull population
on the Isle of May between 1907 and 1972,

The log of the number of breeding pairs is

plotted against year.
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Figure 6, The increase of the lesser black-backed gull
population on the Isle of May between 1930
and 1972, The log of the number of breeding

pairs is plotted against year,
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The lesser black-backed gull did not.breed on the Isle of May
untii 1930, but according to data given by Eggeling (1974) it has increased
at a rate of 14.3% per annum which is comparable to that of the herring gull
(see Figure 6), . In the years immediately before 1974 it constituted about

10% of the Larus gull population, but the proportion has sinbe increased,
2.2 THE TARNBROOK/MALLOWDALE COLONY

The TArnbrook/Mallowdale colony lies on the western slopes of
the Pennines within the area known as the Forest of Bowland. Access to
the colony ;s best effected from Tarnbrook, following the headwaters of
;he River Wyre towards its watershed. At 54° 01'N 2° 35'W (Nat. Grid
Ref. SD614.595) at an altitude of 450m, the southern edge of the colony is
reached (Figure 7). On the western perimeter the colony extends as far
as»the longitude of Ward's Stone (Nat. Grid Ref. SD 595.578) and reaches 5.5km
in an eiasterly direction onto Mallowdale Fell. Here, the edge of the colony
virtually:mérches with the Lancashire/Yorkshire boundary. These easterly
limits of thé colony are not well defined however, being both an area of
recent, patchy colonisation and active persecution by the landowners.
In all, the colony covers an area of roughly 2000 hectares of typical west
Pennine moo;iand lying between 450 and 515m. Pearsall (1950) describes
the area in‘general as one of originally Molinta~Sphagruum bog which has been '
modified.mostly throughout the twentieth century to a moorland where
Eriophorumvand Calluna predominate. Within the colony limits, Eriophorum
spp. and heather Calluna vngarisi(L.) Hull. are common. Vaceinium
'myrtilluﬁ L. is presently disappéaring from the more densely colonised areas.
Juncus spp. are common in water-logged areas, and a variety.of grasses,
especially an and Deschampsia have recently been introduced, probably by
the gulls, ‘Since the colony reaches into three separate estates, where 1

past and present management practices have had different emphases
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. Figure 7. Tarnbrook and Mallowdale. The extent of the
colony 1is shown, with major features of relief

and topography.
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especially in relation to heather management for grouse and sheep grazing,
it is only possible to generalise about the vegetation types. In addition,
the areas which have had the longest aésociation with gulls have become
the most modified as a result of nutrient input from dropéings. The peat
cover, whiéh is variable in depth, is deeply intersected by hags and water-
.courses'(PlateyB). The underlying rock is mostly millstone grit and

frequently outérops on the higher slopes.
2.2.1 History and growth of the gull colony

About 85% of the gulls breeding in the Tarnbrook/Mallowdaie
colony are lesser black-backed gulls, the first pair of which were reported
to have bred in 1938 (J. Bowman and ﬁ. Challenor, pers. comm.). This was
on Abbeystead,estate, belonging to the late Lord Sefton. Prior to the
ogtbreak of thé Second World War, Abbeystead and Tarnbrook Fell could claim
to be among the finest grouse moors in Britain. ‘Surprisingly, there seems
to have been no immediate attempt ﬁo eradicate the gulls in the early years
“of the founding of the colony. This might have been a more difficult task
than it would seem today since:much of the initial breeding population
probably immigrated within a short space of time from other nearby colonies
such as Foulshaw Moss in Westmorland which had been reclaimed for agricultural
use during the 19208 and 1930s. It was also during this time that the
nearby WaLney colony was formed, which is now probably one of the largesf
lesser’black;ﬁacked gull colonies in the world. However, during the 1940s
the colony.ih Tarnbrook became well establ;shed, and by the 1950s the colony
must havé been increasing at a dramatic rate. Greenhalgh (1974) reported
that there were 17,000 pairs of gqulls breeding there in 1972, with about
3,500 pairs of herring gulls.

The history of the colony is rather enigmatic and‘incompletely

documented. Access has always been restricted by the owners and there
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are very few published accounts to 5e found., Oakes (1953) makes reference
to ghe brigins and date of founding of the colohy and Greenhalgh (loe. cit.)
has indicated what the rate of growth might be. Figure 8 plots the

. increase of the lesser black-back breeding population and Figure 9
the herring gull population, based on figures published in Gréenhalgh (loe.
ett.) and given in the footnote below. 1 Clearly, the>latter species has
increasea at a rate comparable to the lesser black-back, but it seems that
the counts made since at least 1965 could be over-estimates.

Whatever the lesser black-back population might have been in
the early L970s, the rate of increase of this species has been remarkable,
with an approximate doubling of numbers every three years,.and an average
raterf incréqse of close to 32% pervannqm. Herring gulls, on the other
_hand, have increased even faster at a rate which is certainly more than
35% per annum (38% excluding personal counts in 1974 and 1975). : 2w
Such a high rate of increase for these two specles can ohly be accountable
to enormous immigration from other colonies (see Section 6).

| Fdf many years, gamekeepers and tenant farmeré have attempted to
reduce the 5reeding population and lower breeding success to a minimum
under instructions from the owners. The main re&son has been to reduce

predation and pressure on grouse stocks. Up to 1977 this task has been

T pata from Greenhalgh (1974) is as follows:
For lesser black-backed gulls: 1938 - "a few pairs bred"; 1944, 600 birds;
1945 and 1947 - "over 1000 birds"; 1951, 2000 adults, 1961, 8000 pairs,
1965, 16,000 pairs; 1966, 15,000 pairs; = 1967 and 1969, 15,000 pairs;

1970, 14,000 pairs; 1972, 17,000 pairs.

For herring gulls: 1949, 1 pair; 1956, 20 pairs; 1961, 80 pairs;

1965 and 1966, 160 pairs; 1967, 500 pairs; 1969, 1700 pairs;

1970, 1000 pairs; 1972, 3,500 pairs.
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1

Figure 8, The:.>* - .. increase of the lesser black-
backed gull population (1938-1975) on
Tarnbrook and Mallowdale, The log number

of breeding pairs is plotted against year,
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Figure 9. The rate of increase of the herring gull
population (1949-1975) on Tarnbrook and
Mallowdale, The log number of breeding

pairs is plotted against year.
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)

both difficuit and unsuccessful since without M.A.F.F. approval, control
by poisoning;is illegal. However, since the mid-1960s M.A.F.F. have

shownﬁaﬁ interest in the colony, and in 1978 approved a licence for the
North West Water Aﬁthority to cull up to 25,000 gulls. At the time of

writing, the results of this exercise are not known.
2.3 THE ISLAND OF CARA

Cafa is a smail island 3.5km off the west coast of Kintyre
(Argyll) and lies lkm from the southern extremity of the island of Gigha
(55°38'N. 5°45'W) (Figure 10). It is about 70ha in area and although
uniﬁhaﬁiﬁed,‘it is grazed by sheep, rabbits and a herd of wild goats.

The isiand'is'privately owned and very seldom visited.

Thé_vegetation is varied, but has'been modified by grazing and
early‘attempts at crofting. Erica cinerea L.-and Culluﬁa vulgaris covers
| much of the better drained slopes. Juncus spp., Eriophorum spp. and
Iris pseudacorus L. occupy much of the damper areas. Pteridium aquilinum
(L.) Kuhn has now invaded much of the better grassland.

‘Thé Mull of Cara is an area of large béulders and cliffs which
rise to 60ﬁ on the southern end of the island. Shags, fulmars, black
guillémots,-herring and great black-backed gulls nest in this area. On
the west fécing gshore is where the majority of herring gulls are to be found.
Other breediqg seabirds include common gulls, eider duck, roseate, common,
RArctic and‘;ittle terns, oystercatchers and a variety of littoral and marsh-

land Waders; The histories of the gull colonies are not known.
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Figure 10, The island of Cara. The extent of the
herring gull colony is indicated, and also
the extent of the greater black-backed

gull colony.
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3. GENERAL METHODS
3.1 RINGING .

~Sin¢é the béginﬁing of detailed gull studies on the Isle of May
in 1966, lafge numbers of young gulls have been ringed annually (Table ;),
ﬁostly by Dr Jasper Parsons. A proportion of gulls have returned to the
natal'colony to breéd, and aépreciable numbers of these have been |
recovered in each yearlof the cull programme. Each chick had been
ringéd with a BTO monel ring bearing a uniéue number. A coloured Darvic
ring ;dentified the year of birth and, in some instances, the natal area
with;n the colony. |

Ringing was continued by the late Maxgarét Emmerson in 1970.
There were no-chicks ringed‘in 1971,_but G. Chabrzyk began studies in 1972
and chicks were once again ringed in quantity. ' In 1974, when this study
began, the'NCC culled #ll parts of the island in late May (except for
Maiden's Réck) and followed up this pperation in mid June by destroying
éggs and newly hatched chicks of gulls which had survived the cull.
These actions effectively precluded the ringing of many chicks. Since
1974 the main aim has been to mark a proportion of surviving chicks,
mostly in.thé study areas, which could aid future study on the island.
ﬁo ringing'wés done on Mallowdale Fell since it would have required a

massive nuﬁber of gulls to be marked to have any appreciable benefit

for the study.
3.2 CULLING
3.2.1 Legal requirements

Offering a poison bait to gulls was the only effective method
of killing birds on their territories in the required numbers. Poisoning

however"is:illegal exceﬁt under licence, and it was important that the
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law was strictly observed. The NCCbare legally entitled to issue
licences under Section 10(1) (a) of the Protection of Birds Act 1954 for
the purpose of taking and killing gulls for biological research. Such
licences were grahted each year in advance of clearing experiments on the
Isle of Mey end on Mallowdale Fell. The conditions of the licences were
adhered to at all times. |

| ‘lA-;éﬁ rifle was esed tolshoot gulls‘in the study area,
requifihg.a Firearms Certificate issued by the police, and also requiring
compliance with the Firearms Act 1968. .Permission was given by the NCC

and the lendowners of Tarnbrook and Mallowdale Fells to use a rifle for

scientific purposes.
3.2.2 specifications for a suitable narcotic

- In drawing up the terms of the licence to kill gulls (wherein
the type'of-narcotie to be used is stipulated) the NCC acknowledge the

need to specify a narcotic which can fulfil the following requirements

in the field:

(1) The narcotic must be acceptable to the gulls when

offered in lethal doses.

(2) it must kill humanely and effectively with the minimum

disturbance to other birds.

(3) It must be effective within a short time to prevent

 dispersion of moribund gulls.

(4) It must not be a danger to other animals or to the

experimenter.

The narcotic which best satisfied these requirements was
a-chloralose which was well tested in pest control both in the U.K. and
abroad. Field trials on gulls had been conducted by DAFS and the NCC

had usedqﬁhe narcotic with success in the.culls of 1972 and 1973.
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3.2.3 Techniques used in clearing experiments

Thé'quantities of a-chloralose to be used per bait were stated
in the terms_df the licence i.e. 200mg of poison per bait. Administering
the poisoh.on.a bread and margarine bait at this dosage gave generally
satisfactory results, although guils showed éonsiderable variation in their
reactions to it. It had been recommended tﬁat c. 35mg of Seconal should
be added fo‘each bait as well to reduce convulsions and to quieten the
birds, but: this produced no measurable improvement in the performance of
the téchnique. When Seconal was added it appeared that the frequency of
‘regurgitatidns increased and so greatly reduced the chances of taking the
bira. :After initial attempts to clear areas of gulls, its use was
diécontinued.'

‘Ba;ts were prepared by blending a weighed quantity of
a-chloraiqse.with margarine, which was then spread on sliced bread in the
required éuantities. One bait was then placed in a nest. The operation
was completed quietly and with minimum disturbance. The baited area was
then kep&'un&er constant observation from a portable hide. At least one
member ofﬁa pair would return within an hour, and when sufficient time
had lapsed for the poison to take effect, the narcotised gulls were
collected_ahd new baits distributed to take the other member of the pair.
The amounﬁ éf disturbance was minimal when less than 50 baits were used at
a time. When repeated quickly, it was often possible to kill both
members of thé pair in the same day. when this was not achieved,
especilally when an individual gull refused to take a bait, it was usually
a simplg matter to shoot the gull from a range of about 50m or more,
usinéla téies;opic sight and high velocity ammunition. This was not a

method that could be used frequently however, since gulls very soon

became wary of shooting.
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Killing large numbers of gulls is an unpleasant task by any
standards, but the birds were killed efficiently, painlessly and without
stress. Experience in the use of firearms helped to ensure that on

nearly all occasions gulls were shot dead instantly.
3.3 MARKING NESTS AND EGGS

-All nests in.the study areas on the Isle of May were marked
before thé-fiist eggs appeared. Twenty-five centimetye wooden stakes were
used, each numbered with indelible ink for this purpose. On Mallowdale Fell
it was necessary to mark nests using lm garden cahes since the height of
vegetation and the topoéraphy preqluded the use of shorter markers. - Eggs
were numbe:gd in order of appearance, and throughout this thesis the
convention ¢/3 is used to cdenote a clutch of three, c¢/2 a clutch of two, and

¢/l a single egg clutch.

Table 1. The numbers of herring gulls ringed as chicks on the

‘Isle of May since 1966

Year:of _

ringing .. . No. ringed Colour ring Ringer
1966 t 4,325 Red ‘ Parsons
1967 . 5,230 Yellow Parsons
1968 4,812 ~ Blue Parsons
1969 400 Black Parsons
1970 . 367 Green Emmer son
1972 1,350 White/Light Green Chabrzyk
1973 c.l,200 Brown Chabrzyk
1974 - 350 ~ Orange Duncan
1975 250 Red " Duncan
1976 250 Red/Yellow Duncan

01977 350 ‘Light Green Duncan
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3.4 POPULATION COUNTS
3.4.1 Isle of May

The most satisfactory method of censusing the breeding
population . (and probably the only one with an acceptable measure of
accuracy).was to count all the occupied nest sites in the sub-colonies,

This was undertaken in mid May of each year when the majority of nests had
eggs, and was repeated in mid June to ascertain the propoftion of gulls which
had survived the cull and had succeeded in breeding.

The entire’island was divided into longitudinal transects
2-4m wide (depending on density) aﬁd each nest with its contents noted.
Repeated counfs indicated that the degree of accuracy was within 2% for
the islahd_as;a whole. The few pairs of gulls which were nesting on
ipaccessible parts of the cliffs were counted through binoculars from either
the sea or suitable vantage points., The distinction between the nests of
herring and~;esser black-backed gulls could not always be made with certainty,
although ﬁhe‘areas colonised.by the two species are fairly well defined.
Lesser black~backed gulls were in a minority and the best approach was to
count the number of pairs of lesser black-backed gulls by direct observation

and to sﬁbtract this total from the total number of nests counted.

3.4.2 Tarnbrook/Mallowdale Fell

The only satisfactory means of censusing the Tafnbrook/Mallowdale
Fell colohy was to count nests within representative transects, take the
average Cﬁunt, and multiply up to obtain a figure for the entire colony.
In 1974 and 1975 a complete census of the colony was undertaken using this
method. In 1976 only the s;udy area on Mallowdale Fell was counted, and

in 1977 no counts were made. Each transect was 0O.5ha in area (l100m x 50m),
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‘In 1974, 85 such transects were counted, and in 1975, 72 wereAcounted.

In order.fo‘establish'a reliable and standard procedufe over such large
areas, the transects wereAplotted on an Ordnance Survey map using grid

references. Each transect was fufther divided into five, each of

1

100m x 10m, and the number of nests in each 1000m? area were counted.

3.4.3 cara

Thelnumber-of herring and greater black-backed gull nests were
counted oﬁ Cara in ali years 1974-1977. These counts were ﬁade in mid
June, with thé exception of thé 1974 coung(.which took place in late Juiy.
ASihce fhe tétal breeainé population was small compared to other colonies,
and the colonies confined to the westward and southern parts.of the island,

it was possibLg to find all the gull nests without undue difficulty.
3.4.4 BAge class counts: Isle of May

YWheneVer possible, regulér counts of aged gulls were made on the
six areas.qf‘Maiden's Rock, North Plateau I and II, Tarbet I, Ii and 1I,
and Colh's‘ﬁole. These counts were undertaken aaily and early in the
breeding seééon in order to identify ringed birds which were breeding, and
so»that.thei#:success could be followed._ Such'counts were also continued
throughout_;he seaéon, however, so that young gulls yhich were prospecting
territories éould also be identified. The age of.such Sirds was usuélly
apparent'froﬁ their sub-adult plumage, and in all cases these birds could

be distingu;éhed from other young birds which were already breeding in

these areas.
3.4.5 Age class counts: Tarnbrook/Mallowdale Fell

There were no marked birds in this colony (bar a small minority
which had’bgen ringed mostly on Walney) so it was important to establish

the ratiq.of'gulls in sub-adult to those in adult plumage. From this,
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a rough estimate of the age of recruitment could be calculated, at least
for the younée; gulls. A more precise estimate of the age of first
breeding could be calculated from the examination of culled gulls, both
herring and lesser black-backed. Counts were therefore made in the more
easily observed parts of the colony of gulls in sub—adﬁlt plumage.

Seééhd and third year lesser black-backed gulls could be distinguished
with éome certainty using binoculars, but older birds could not be so
distinguished. Herring gulls up to thei¥ fourth year were easily

recognisable . (see Appendix I).
3.4.6 Age class counts: Cara

ALthough the numbers of breeding gulls in attendance at the

colony were invariably low, the same procedure was followed as described

in 3.4.4 abové.




4. THE ISLE OF MAY CULL

4.1 INTRODUCTION

Thelbiologicai consequences of the remarkable increase in the
numbers of gulls has provoked comment from several authors (e.q.
Tinbergen 1953, Wynne-Edwards 1962, Cramp et al.1974). The increase
has alsd been the cause of concern to others who have specifically
associated the impact of large numbers of gulls in both their wintering
and brgeding areas with a deleterious effect on other wildlife
(Eggeling 1960; Thomas 1972).

'Various methods of gull control have been tried, some of which
have béen reviewed by Thomas (1972). Recent opini&ns have favoured the
large—sca;e cuiling of the breeding population as the most effective
means for redgcing the number of herring gulls associated with nature
reserves, roof-tops of inhabited buildings, the proximity of airfields
and other 1§calities which bring this ubiquitous gull into conflict
with man. Since 1972, such a cull has been undertaken annually by the
NCC on tﬁg Is;e of May, the scale of which operation has been greater
than any p:eviously attempted. The rationale of artificial control is
further considered in Section 12, but the background to the Isle of May

cull is outlined below.
4.1.1 Reasons for culling on the Isle of May

Thg effects of large numbers of breeding and roosting gutlls on
the Isle of May throughout the 1950s and 1960s was viewed with increasing
concern by the Isle of May Bird Observatory and the then Nature
Conservancy élike. Serious and prégressive damage~wa§ occurring to
vegetation éﬁd soil cover. The continued expansion of the gulls from

the rocky peripheries of the island into the vegetated régions caused

30
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much of the Armeria maritifna/SiZene maritima sward to give way to
seasonal growéhs of Holeus lanatus and Rumex spp. (Anon. 1972). The
accumulation pf droppings and the innate habit of tearing up vegetation
vfor_nest méterial and during courtship displays has done much to promote
the invasion of othér species such as Cerastium spp., Cochlearia spp.
and Atripiex_spp.

The'effects of the gull increase on the other breeding species
ére less clegr and more subject to unconsidered opinion. Eggeling (1960)
states: “Thg Herring Gull and the Lesser Black-back are, without any
doubt at ;11)'a menace to_the other nesting species of the May, taking
a heavy toll of the eggs and»young‘of Kittiwakes, Fulmars, Eiders and
Oystercatchers. The birds which have suffered most from their presence,
however, arg_terns, of which great numbers formerly bred." That the
herring gﬁli was directly reséonéible for the movement of'the tern
colonies, Fpefe can be little doubt - even when the fickle attachment
which terns have to their colonies is taken into account. That gulls
on the Isle of May prey on the eggs and young of other species, to a
large extent, is unsubstantiated. Whilst a degree of predation
undoubtealy oécurs, it can be attributed for the most part to a few
iﬁdividuai‘gulls which have learnéd the habit.* All seabirds on the
~ island, with the exception of terns, have ghown @ sustained increase
since thellate 1940s and some species (especially kittiwakes and
guillemqfs) may be close to maximum numbers due to a shortage of

suitable'hest sites.

* In the summer of 1977, an adult herring gull was observed on several
occasions patrolling the cliffs on the west of the island. On numerous
instances the same bird was seen to roll guillemot eggs from exposed
ledges and attempt to catch them. The nest site of this gull was
found on the South Plateau where the shells of one razorbill and
and three guillemot eggs were identified.




4.1.2 The effect of culling on gull research

The effeéts of culling gulls on the Isle of Ma& have had a
weightf influénce on the surviving population, and any study on the
biology 6flgulls cannot be undertaken without due consideration of the
consequences of the cull. In particular, numbers, age composition and
nesting density have been changed, but there have been other more subtle
changes too in the breeding biology-which may have arisen as responses
to culling.‘ The‘following sections emphasise their importance. The
publication of technical details of the cull remain the responsibility
of the NCC, but an outline of the techniques have been given since they
constitute an important experimental approach which I have used
extensively both on the Isle of May and on Mallowdale Fell. Further,
an.apprais§l for the need to control gull populations is given in

Section 12 wherein the success of the Isle of May cull is also discussed.

32
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4.2 CENSUS OF BREEDING GULLS ON THE ISLE OF MAY

The numberé of breeding herring gulls on the Isle of May
between 1974 and 1977 are giVén in Table 2 with the percentaée change
in the popﬁlation from the previous year. Figure 1l illustrates these
annual changes, with the log of the number of breeding pairs being
plotted agéinst year, In 1975 thg breeding population was lower than
the 1974.population by 35.5% and the 1976 population dropped a further
33.7% from the 1975 level, However, the 1977 population actually showed
an appreciable increase (23.4%) over the 1976 level. In 1977 it was
apparentAthaE the areas of East Tarbert and-Rona had greatly increased
numbers of g#lls breeding on them, and these two areas between them
accounted fp;_more than half (56%) the ovgrall increase., The numbers
on the North‘Ness remained relatively unchanged. (It is noteworthy that
the North Ness was one of the easiest parts of the island to cull, in terms
of lécating ﬁests and dead birds, which may in part explain this stability).
fable 3 gives the numbers of breeding pairs of lesser black-
backed gﬁlis(during the same period. These data contrast with those for
the herfing”gull on two main points., Fifst, the numbers of lesser black-
backed gﬁllslare considerably less, but their proportion to herring gulls
has steadily increased during the time when herring gulls were being
severely reduced. Although the numbers in 1975 were 18.1% down on the
1974 fotals, herring gqull numbers dropped by nearly twice as much in the
same yea#; : In 1974, the lesser black-back constituted 10.3% of the gull
. population, 12.,7% in 1975, 17.6% in 1976, and incfeasing to 18.6% in 1977.
Second, thefe are three areas which are favoured by nesting lesser black-
backed gulis (the west and east sides of the island and the area around
' the South Ness), and in 1976 and 1977 substantialiihcreases were recorded
in these localities. It will be remembered that these areas are generally

much more vegetated than the northern parts of the island (Figure 3)2
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Elsewhere Qﬁ'the island the nuﬁbers of lessei black-backed gulls are
relatively_insignificant. Since the destruction of the island's
vegetation.was a major factor influencing the decision to cull the herring
gull population, the importance of the lesser black-backed gull in
relation to the natural history interest of the island warrants further
investigation. » | ;
In general, lesser black-backed gﬁlls lay later in the season
than do herring gulls, and it is not unusual to find newly completed first
clutches at the beginning of June. However, since counts were made just

before culling began, it is unlikely that many pairs were missed.
4.3 EFFECT OF THE N.C.C. GULL CULL ON NUMBERS OF GULLS ON THE ISLE OF MAY

'Thé breeding population of herring gulls on the island for

the years between 1972 and 1977, together with the numbers of gulls killed
and recoyergd, are given in Table 4, In order to calculate the effective-
.ness'of éulling, an estimate of those gulls which took baits and which
~died at seé unrecorded must be included. Reasonable precautions were
taken on the island to minimise disturbance during the culling operations,
thus ensufing a minimal number of partly narcotized and moribund gulls
left tﬁeir territories before succumbing to the drug. When baited nests :
were kept:under observation (by myself) from a hide, it was noted that
the propoftion of gulls which took baits, but were not recovered on the
island,'was_on average 10%, Although such monitoring was not undertaken
during each éull, this proportion was probably constant from year to year.

E The numbers of non-breeding gulls in 1972 and 1973 are based
'on counts by the NCC (N.J. Gordon, pers. comm.), whilst those‘between
1974 and 1977 are the figures quoted in Table 2. The overall total of gulls

killed takes into account the numbers which have been narcotized or shot in

the course of clearing experiments.
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From Table 4 it can be seen that the large majority of
herring gulls were killed in the culls of 1972~1974, with much reduced
numbers in 1975 and 1976. In 1977 -only 6.5% of the breeding populatioﬂ
was killed (fhis>doub11ng the average adult mortality from natural causes
for the popuiation as a whole), In all, more than 38,000 gulls have
been killed between 1972 and 1977,

Table 5 summarises the'effectsAof culling lesser black-backed
gulls on the Isle of May since 1974, In the years previous, there are
no reliable‘éstimates for the numbers of pairs breeding, although in the
cull of 1973 there were 694 corpses recovered on the island, Compared

with the data given in Table 4 for herring gulls, it is clear that the

control of lesser black-backed gulls has been much less effective.
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Figure 1l. Herring qull population trends
in sub-colonies and sections of

the Isle of May, 197471977.
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4.4 INFORMATION ON THE NUMBERS OF BREEDING GULLS IN OTHER STUDY

COLONIES
4.4.1 Tarnbrook/Mallowdale Fell

Table 6 gives the results of population counts on Mallowdale Feil
and Tarnbrqok made in 1974 and 1975. Since most attention had been
focussed on the parts of the colony which lay in the Mallowdalé and
Brennand éstates (Figure 7), counts for these areas were made separately

and with greéter accuracy.

Table 6. The numbers of breeding pairs of lesser black-backed and
~herring gulls on Mallowdale and Brennand, the total numbers

in the colony, and an estimate of the non-breeding population

Year Mallowdale & Brennand entire colony Total no. of
(no. of breeding pairs) (no. of breeding pairs) non-breeding birds

Lesser Lesser Lesser

black- black- black~

backed Herring backed Herring backed Herring

gull gull gull gull gull gull
1974 340 134 13,200 2,650 c. 1,000 c. 500
1975 310 - 140 13,700 2,600 c. 1,000 c. 600
1976 260 120 tecescsssseeses NO COUNLS MAAE ecececososses
4,4,2 Cara

: Table 7 gives the number of breeding pairs of ﬁerring énd
greater‘black-backed gulls on Cara between 1974 and 1977. No lesser
black-backed gulls nest on this island. In 1974, counts were made in
early August and although most nests were still obvious, especially where

chicks were still being fed, the counts are certainly under-estimates,




42

It can be se;n that between 1975 and 1977 the herring gﬁil colony
increased by only 3 pairs (0.7% p.a.) and over the same period, greater
biack-backed gulls increased by 4 pairs (2.4% p.a.).

Thefe are no published records of gulls nesting on Cara, and the
origins of the colony are enigmatic. Captain J., Macdonald who owns the
island waslﬁhable to inform me on the numbers of gulls in recent years,
but in the ?ears before the Second World War great black-backed gulls
were shot byfgamekeepers on the mainland. The island is privately owned
and access is restricted and difficult., = Distribution maps of lesser
;hd greater‘black-backed gulls given in Cramp e# al. (1974) indicate that
lesser blgckrbacked gulls Sreed in the order of 1l - 100 pairs (which was
not confirmed in this study), that great black-backed gulls breed in the

same proport;ons (which was an under-estimate), and that herring gulls

are absent,

Table 7, - The number of pairs of breeding herring and great

' .black-backed gulls on Cara, 1974 - 1977

Year herring gull great black-backed gull
1974 125* 110%*
1975 217 _ 148
1976 219 - 152
1977 220 155

* counts made on 2 August'
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5. ASPECTS OF POPULATION DYNAMICS (I)

5.1 SURVIVAL RATES

Sur§ival underlies the entire process of evolution, How well
an organism survives is relative, but at least it can usually be measured
_in time, with distinctions being made between stages of the life cycle,

In recent years there has been a proliferation of model building and in
theories which attempt to construct optimal strategies for survival by
hiéhlighting such arguments as to whether an organism should reprodice
once or many times, and what the adaptive value of different reproductive
rates mighﬁ be. Some useful and unifying new concepts have been
-:Lntroduced. (feviewed by Stearns 1976), but in general the multiplicity
of models has outstrippedvtheir experimental confirmation in the field.
Much of ﬁhg'content of this thesis is concerned with survival of qulls,
and particular use is made of surviQal rates from which simple models for
‘age composition can be constructed. These have been attempted in the

* hope that it is possible to find a correlation with breeding success, as
indeed there should be, if all the variables involved can be identified
and quantified.

Thé basic measure of survival is the rate at which a cohort
declines, and an important distinction is usually made between juvenile
and adu;t survival. (This is not always acknowledged by the model builders
e.g. Cole (1954)). In general, it is a fair assumption that age specific
survival %ust play a major role in determining reproductive rates in a
stable environment (it is not clear that the herring gull does exist in
a stable environment) but ultimately it is the survival rate which is the
yardstick'by which the success of the species may be judged.

It has taken many years to establish realistic survival rates for

only a few species of birds. Reliable means of-marking birds in quantity




are prereqﬁisites, and in long-lived species the results are often
enigmatic. For example, an adult survival rate of 0.45 would eliminate
a population of 1,000 individuals; all in their first year of adulthood,
within nine:years, whilst a survival rate of 0.90 would take at least

66 years to do the same. Dunnet and Ollason (1978) quote an adult
survival rate of 0.98 for the fulmar whereby theoretically there would
stili be‘a number of individuals alive after 200 years. Clearly, there
is a prob%em~in defining the'adult survival rates for long-lived seabirds,
but this may be less of.a problem if it can be confirmed that the high
survival :ate is reg;ly a trait of birdé at optim;l breeding age, and as
senility proéresses the older individuals quickly leave the breeding

population and are overtaken by a much increased mortality.

5.2 HERRING GULL SURVIVAL RATES

There are several estimates for the survival rate of adult
herring~gulls in the literature. Some of these are given in Table 8..

The figure quoted by Flegy and Morgan (1976) is certainly unacceptably low.

Table 8. Some estimates for adult survival in the herring gull

lAutﬁority | Location Rate
Paludan (1951) Graesholm (Baltic) 0.85
Olsson (1958) Fenno-Scandina;ia_ 0.70 - 0.80
prost et al. (1961) North Germany 0.90
Kadlec and Drury (1968) . U.S.A ' 0.91 - 0.93
Harris (iQéO) Skokholm ' 0794
Parsons (1971) Isle of May : 0.90 + 0.03

| Chabrzyk and Coulson (1976) Isle of May - 0.935+ 0.1

Flegg and Morgan (1976) British Isles _ 0.75

(average over first six
years of life)
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It ﬁés been established that the rate of iﬁcrease in the number
of breeding herring gulls in the British Isles is close to 13% per annum.
From this figure it follows that the average survival rate must be greater
than 0.90 per annum (assuming that on average adult gulis produce not more
than one ;hick per annum during their breeding life and that annual
survival'ratg of immature gulls is not greater than that of adult gqulls).
The basis for thisistatement is shown in Section 9.2 following a formula
devised by Capildeo and Haldane (1954)., ‘'In Table 8 Parsons (1971) based
his estimate on a sample of colour ringed adult herring gulls between 1966
and 1968, wh;lst Chabrzyk and Coulson (1976) used a number of herring
gulls ripgédlas adults between 1966 and 1970 and subsequently killed in
the'culls of 1972 ~ 1974, Despite the large stanéard error, it seems
that an annuai adult survival rate of 0.935 is a realistic estimate and
consisteﬁt Q;th the 13% annual growth of‘tﬁe colony. Accordingly, this
figure has been used in this study as a basis for calculating recruitment
rates and age cohposition. Any attempt at confirmation of the figure by

individually marking large numbers of adult gulls was precluded by the cull.
5.3 AGE OF RECRUITMENT IN THE BREEDING POPULATION

Chébrzyk and Coulson (1976) produced estimates for age of first
breeding based -on the numbers of gulls ringed as young on the Isle of May
and which were recovered in the first three gull culls, They suggested
that the respective ages at which first breeding took place was 34% at
four yearékqf age, 55% at five years, 23% at six years, and 8% at seven
years,‘with’the-mean age of first breeding being 5.25 years.

.jSince the gull culls have coincided with the recruitment of the
majority of gulls which have been marked as chicks in previous years
(Table l); it is possible to calculated the ratio of the more recent

cohorts ‘against a standard number (100) of the oldest colour ringed cohort,




46

thgt of 1966; ‘It 18 necessary to make the assumption that all the
1966 ringed gqulls had recruitedAby 1972, fheir g8ixth year, Since
gulls fecruiting to the Isle of ﬁay are at risk through culling only
whien they have nested and laid eggé, the ratios of othéf cohorts to that
of 1966 will be biased, since the more recent rec;uits have not been at
risk fof as long. Chabrzyk and Coulson (1976) attempted to correct this
by applying a cull rate of 25% of the breeding population in each year
(based on iﬁformation supplied by NCCl. More recent data supplied by the
NCC, and'pe;sonal observations (Table 3), indicate that this assumption in
fact under%estimates the proportion of breeding birds killed. Consequently,
the age ofAfirst breeding has been re-calculated, incorporating the
. numbers of ;inged guils recovered up to the cull of 1976, and including
the 1970 and 1972 ringed cohorts (Table :9). |

‘In-Table 10 it has been_calculated that the age of first breeding
extends up to the eighth year, although in general more than 70% of gulls
have recfuited to the breeding population by their-fifth year. The
probability that recruitment in the 1966 cohort had not finished by 1972
is real, but unlikely to significantly bias the estimates. Thus, from
the evidéncg presented in Table 10, the mean age of first breeding is
5.0 years.

Chabrzyk and Coulson (1976) found no gulls breeding in their third

year on the Isle of May despite the large numbers of ringed birds available
for observation. However, in the 1975, 1976 and 1977 culls, five, two

ahd one ringed gulls respectively, which were in their third year, were
recovered. Thus it would seem that at least a small proportion of third
year gullsxwere recruiting to the breeding population., Reports of
herring gulis breeding in their third year are infrequent. Drost et al.
(1961) fouﬁd eight male herring gulls breeding at this age, and Harris

(1970) found two breeding on Skokholm. Since the culls which took place
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Table 9. Numbers of herring gulls ringed as chicks and later recovered
in the culls.

(No ringing-was done in 1971).

Year of ringing

1966 1967 1968 1969 1970 1972

Number ringéd" 4,325 5,230 4,812 400 367 1,350
Approximate % of
available chicks 40 45 50 5 5 35

Numbers recovered in culls

| 1972 122 11 - 38 0

1973 188 226 150 2 0

1974 153 211 184 22 1 0
1975 40 121 70 11 11 5

- 1976 13 28 32 8 7 21

between 1975 and 1977 have produced only small numbers of the 1966-ringed
cohort, and fhe numbers of ringed third year gulls are also small, a more
precise assessment of the contribution to the breeding population by third
year gulls cémes from counts taken of both colour-ringed gulls and those
in characteristic third year plumage on the Isle of May between 1974 and
1976 (Table'il).

'Déépite the number of third year gulls (counted in each year
befqre the‘cﬁli started) being in all years less than 1% of the total
pogulatioh, ﬁheir appearance is nonetheless interesting, and presumably
is a consequence of the lowered density of the breeding population. A
comparabLeAs;tuation exists ;n the Tarnbrook and Mallowdale Moor colony
which forl§hg most part is a colony of vefy low density, ranéing from 3

or 4 nests per hectare to not more than 55 nests per hectare. From a
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Table 10, The age of recruitment in five cohorts of herring gﬁlls
ringed.as young on the Isle of May, and later recovered

in the culls

~ Age of No. culled/ Recruits equivalent
Year of . recruit- 100 "1966" to 100 qulls ringed 3

birth , ment gulls culled in 1966, allowing Recruitment
' : for effect of culls

(4

1967 s 91 91 72
6 120 16 13
7 138 6 5
8 302 14 11
9 215 0
1968 4 31 : 31
5 80 26
6 120 10
7 175 | 55
8 246 - 4
1969 3 0 ' 0
4 1 1
5 14 3
6 28 1
74 6 o
1970 3 o o
4 1 0.25
5 28 20,99
6+ 34 0.34
1972 . 3 5 11

4+ 38 18




sample of 640 ﬂerring gulls which héve been culled under licences granted
by the N.C.C., herring gull recruits in their third year were found to
amount to 9.5% of the total, with 7% breeding at this age.

Contrary to the observations of Drost gt gl, (1961l) and
Harris (1976), who found that all third year Sfeeding gulls were male,
_45% of the total sample of 49 thira year gulls which bred between 1975
and11977 were female, Similarly, a sample of 29 non-breeding third
year recrﬁits which were collected in 1975 and 1976 and sexed by dissection
contaihed 55% females,

Iﬁ ié interesting to note that apart from a number of third year
gulls which have bred, there has been no evidence of an appreciable

lowering of the average age of first breeding as thg cull has progfessed.

Table 11. The number of third year recruits which held territories,
;and fhe number which progressed as far as egg laying, on
the Isle of May between 1974 and 1977

Total no, of

No. of breeding third year
third year % of recruits holding $ of % of
Year ~ gulls population territories recruits population
1974 0 0 0 0 0
1975 .. 18 0.2 37 0.8 0.4
1976 24 0.4 | 46 7.8 0.8
1977 7 0.1 31 ' 0.8 0.4

N.B. Expressgd as the percentage of all the gulls recruited to the
population that year. .
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5.4 RECRUITMENT RATE

Recroitment is defined in this thesis as the numbers of mature
‘gulls which annually enlist to the colony. Quantitatively, the recruitment -
rate can be expressed as the numbers of gulls which provide the yearly
inc;ease in the colony, plus the numbérvrequired to replace the adult
mortolity of the previous year. Thus with an annual rate of increase of
13% per onnum,.l,ooo gulls will have increased to 1,130 by the following
year, but with an annual mortality rate of 6.5%, 65 will have died in the
same period. Consequently, the number of recruits required to sustain the

increase is 130 + 65, and the recruitment rate, expressed in relation to the

195 x 100

1130 = 17.3% per annum.

total population, is

>In common with almost all seabird species, the herring gull
undergoes a peiiod of adolescence referred to as deferred maturity. Thus,
herring gulls are found to recruit to the breeding population between their
third and eighth year on the Isle of May, and with the average age of first
breeding being 5 years. As a consequence of deferred maturity, the
expectation is that an annual cull would have no effect on the annual rise
in numbers of gulls until at least four years from the onset, and no
appreciable éffect_until the fifth year and thereafter (Figure 12). It is
therefore possible to predict‘thé numbers of gulls which should have been
recruitedoto the Isle of May population up to 1977 - five years after the
stort of oulling. In Figure 12, the dashed line (R) indicates this predicted
recruitment rate. Since recruitment has two components - a proportion
constituting‘gulls returning to their natal colony, and a proportion which
aro immigraqts from other colonies, only the proportion which are native to
the Isle ofAMay are liable to suffer a lowering of numbers due to the
disturbance of breeding success which had taken place in the colony five
years prevxously. The proportion hatched in other colonies cannot be in

any way affected, unless these colonies were also subjected to culling.
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Figure 12. Population trends of herring gulls on the
Isle of May, 1970-1977. Until 1972, the
population (P) was increasing at an average
rate of 13% per annum. The average number
of gullé recruited to the population (R) was
17.3% of the population. After 1972 the gull
cull greatly increased mortality, with a
consequent drop in the population. The dashed
line on P indicates the previous 13% annual
movement trend which should have been reached
had there been no culling. The recruitment of
gulls dropped dramatically after 1972, although
Because of the continued existence of cohorts of
unculled juveniles it would have been expected to
proceed for at least four or five further years at

the same rate (indicated by the dashed line on R).
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1

5.5 SURVIVAL AND RECRUITMENT OF GULLS SINCE CULLING BEGAN

. The annual gull cull on the Isle of May has obviously become
the greateét single factor affecting survival in the breeding population.
Each year the numbers killed have been counted. Thus it is possible to
‘calculate a different annual adult survival rate for the breeding population,
incorporatiné the proportion that survive from year to year under normal
circumstances (93.5%) and the proportion that survive the cull; the number
belonging to the latter category varies from year to year according to the
intensity of culling. These survival rates are given in Table 12, and
from this information it is also possible to estimate the number of gulls
recruited annually to the breeding population. ‘The number of newcomers
must equal the current breeding population lessAthe number of breeders
surviving from the previous year. ,

The effects of culling on recruitment are shown in Table 13 in
which the m& of new recruits to the island are compared with the numbers
predicted frém Figure 12. It can be seen that in all years the recruits
fall well belqy the predicted figure. Very low recruitment in 1976 caﬁnot
be adequatelyaexplained from present knoﬁledge. Generally, the numbers of
recruits since.1972 are only about a third of the predicted level. From
Table 13 the shortfall of recruits in the five year period since the cull
began is appfoximately 31,000, whilst the total numbef of gulls killed on
the islénd since 1972 is over 38,000. This means that for every ten gulls
killed in the culls a further eight potential recruits have been deterred
from entering-fhe island's breeding population. Thus it would seem that
apart from killing breeding gulls, the most potent effect of the cull has
been in reducing recruitment. Presumably the Eirds that have been deterred

from breeding on the Isle of May have moved to join other colonies (see

Section 6). »
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Table 13. The number of recruits compared with number predicted
from the pre-cull rate of increase of colony (13%)

and adult survival rate (0.935)

Predicted : Actual %
Year " recruits recruits Difference Difference

1973 7,716 3,168

1974 8,662 - 5,900
1975 - 9,516 4,447
1976 | 10,882 501
1977 12,130 3,819

Totals "~ 48,906 17,925
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L
6. MOVEMENTS OF GULLS FROM THE NATAL COLONY

6.1 INTRODUCTION

It ﬁas frequently been stated that the herring gull returns

to the colony of birth to breed on reaching maturity (Gross 1940;
Paynter 1949; Tinbergen 1953; Harris 1970; Davis 1975). Instances of
herring guils breeding at colonies other than those from which they
were hatched have generally been held to be exceptional occurrences
involving a minority of recruits (Spaans 1971). Drury and Nisbet (1972)
on the other hand concluded from ah analysis of ringing recoveries that
as many as a third of adult herring gulls may be found during the breeding
season more than 130km from the natal colony, whilst Ludwig (1963) and
Chabrzyk and»Coulson (1976) have calculated that recruitment of young
gulls to othe:-than the natal colony could be higher than 60%.

| AFroh the outset ;t was clear that a large proportion of herring
'gulls whichihad been ringed as chicks on the Isie of May had not returned
there t§ brgé@, and the only way to trace their movements was to conduct
‘extensive séarches in other colonies. By examining ringing recoveries
from the BTO it was also possible to speculate on inter-colony movements,

but with certain reservations which are mentioned below.

6.2 METHODS .
6.2.1 Searches in other colonies

>These were undertaken in known colonies, mainly on the east
cbast of:thé British Isles, and particularly to the south of the Isle
of ﬁay. Included were the Bass Rock, Craigleith and Fidra (in the Firth
of Forthi, St Abbs Head (Berwickshire), the Farne Islands and Coquet

Island (Northumberland) and most of the Yorkshire coast as far south as
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Bempton Cliffs. The town nesting gulls in Sunderland and South Shields
(Tyne and Wear) had been subjected to particularly close scrutiny since
these»coldn;es were independently studied by Dr Patricia Monaghan and are

small enough for almost all the birds to be examined individually for

rings.
1 6.2.2 Ringed gulls killed by culling in other colonies

- In.recent years vafious organisations have been obliged to
control guii‘numbers in the interests of conservation and pest control,
as has been,;he case on the Igle_of May. The gull colonies on the
RSPB bird reserves of Inchmickery, Fidra and Inchkeith have been culled
since 1973;.apd Coquet Island was culled in 1976. éome of the Farne
Islands were'aléo culled in 1976 by the National Trust. These culls
have'provided useful data since many Isle of May ringed gulls have been
recoverea thie incubating eggs - the best proof of breeding.

Gﬁlls ringed as chicks in other colonies and which have been
reco{}ered dur.ing the Isle of May cull are also considered. These
.immigrantg-to the Isle of May are few in number since ringing has
unfortunately been minimal in other colonies throughout the 1960s and 70s.
Comparativg data from fhe Tarnbrook/Mallowdale colony (which relate almost

solely to the lesser black-backed gull) are presented separately.

6.2.3 BTO Ringing Returns

Recoveries of gulls, ringed on the Isle of May and reported by
the general public through the BTO ringing scheme, have been examined up
to June 1977. Whenever the reported recovery'coincided with the breeding
season (taken as being between 20 April and 1 Augﬁst), with the bird being
of breediné_age (at least in its fifth year), and with the recovery

located in or near a known colony,‘the finder was asked for additional
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information asito whether the bird might -have been breeding or not.
The results were'subjectiVe, but the information suggested instances of

gulls recruiting to colonies.other than the Isle of May.

6.2.4 Recoveries from culling

VThg numbef of Isle of May ringed gulls recovered thrbugh
organised cuils is detailed in Table l4'. Only those colonies where
Isle of May ringed gulls have been recovered are given: where other
culls have taken place, but no recoveries made, the result is inconclusive

since culling efficiency is seldom greater than 50%, and often much less.

6.2.5 Searclies in other colonies

Despite the considerable effort afforded to searching other
colonies for colour-ringed gulls, it would seem that this method is
ineffective #s regards estimating the number of ringed gulls. Thus,
by.recording,the numbers of ringed birds killed in culling activities
iﬂ the same colony, the numbers sighted invariably prove to be under-
estimated. . For example, searches on the Farne Islands in 1975 and 1976
resulted.iﬂ'éhe sighting of two and five Isle of May ringed herring gulls
respectively, whiist in the cull of 1976 when 10 out of 16 islands were
cuiled, a téfal of 31 Isle of May ringed herring gulls were recovered
from the 1534 herring gulls killed (P. Hawkey, pers. comm.) . Table 1S
details the results of sezrches in these colonies between 1974 and 1976,
as QellvasA;wo incidental sightings reported by the public - one in

pundee and one on the Isle of Man.

6.2.6 Recoveries reported by the general public

It is probably permissible to assume that an adult gull reported

as dying bétween mid April and the en& of July, in or near a gull colony,
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was one of the breeding population. The results given are best
considered with some caution however as the date of recovery-canhot

always be taken as being accurate, nor any estimate of the actual date

of death.
6.2.7 Gulls recruiting to the Isle of May from other colonies’

R Although over 38,000 herring gulls have been killed on the

Isle of May between 1972 and 1977, with the vast majority having been

| examined for rings, only 11 have been found which have recruited to the
Isle of May population, having been r;nged as chicks in other colonies
(Tabie le, Figure 13). Although this is a very small number, it does
no moré th§n £eflect a near absence of gull ringing during the last
15 years (except for the Isle of May) as well as the inadequate quality

iof gull rings'prior to the adoption of monel alloy in the early 1960s.

The annual rate at which young gulls recruit to breeding

colonieélis'fegulated by several factors acting interdependently. The
age of first breeding has been shown to be variable and recruitment to
the breediné;population by the proportion of young gulls which survive
to breeaing'age is probably influenced by the rate of growth, attractiveness

| and density of the natal and adjacent colonies.

. Thé numbers of gulls which have been ringed as chicks on the
isle of‘ﬁaf;'and have recruited to other colon;és, cannot easily be
calculatéd. The inference, however, from the detailed counts of colour-
ringed gullé'which still survive to breed on the Isle of May, and from
totalling ﬁhose ringed gulls which have been recovered during the culls

of 1972-1977, is that several thousand marked gulls are breeding elsewhere,

since they cannot be accounted for in their natal colony.
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Figure 13, The origins of gulls which, after having
been ringed“as chicks, were later recovered

in the culls on the Isle of May
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.The total number of gulls which have been identified breeding
away from the Isle of May colony are summarised in Table 17, and

illustrated iﬂ Figure 14.

Table 17.
Year of ringing as chicks

1966 1967 1968 1969 1970 TOTALS
Total number found 29 78 51 1 3 162
breeding away from :
Isle of May :
$ of total gulls ringed 0.67 1.49 1.06 0.25 0.82 1.07
as chicks on Isle
of May

6.3 DISCUSSION

The opinion has been widely held, though perhaps somewhat
~uncritically, thét seabirds ;ecruit to their natal colony to breed
(Tinbergen 1953). Contrary findings have been remarked upon as
exceptional and are not well documented in the literature. Harris
(1966, 1972,f1976) described intercolony movements occurring on a small
scale for thé;Manx shearwater and for the puffin. Further instances
have been noted among the fROCELLARIIFORMEg - in particular the British
storm petrel (Spencer 1959). When, on occasions, herring gulls have
been reported as recruiting to other than natal colonies, the movements
have usually been attributed to disturbance (Tinbergen 1953; Spaans 1971).
Ludwig (l§63) on finding that only 40% of a surviving sample of herring
gﬁlls rihéed-in their natal colony returned to breed, considered that this
low percéntage was accounted for by environmental factors which prohibited
return, rather than a tendency to recruit to new colonies.

On the other hand, Chabrzyk and Coulson (1976) also found that

no more than 40% of young gulls returned to their natal colony on the
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K ,'! : ';:'1'3;
Isléiof May, bﬁf inferred that large-scale dispersion was the normal
course of events with female gulls showing a significantly greater
tendency to nest away from the Isle of May than the males. Admittedly,
considerable disturbance has occurred on the Isle of May as a result of
culling, but the data indicate that for the majority of gulls in the
1966 and 1567‘year classes at least, recruitment to other colonies had
taken place before the onset of the cull of 1972. There are no records
of any gulls mo7ing to anotﬁer colony, after having recruited to the
Isle of May, although such an event is not improbable.

No more than a very small proportion of the marked gulls
unaccountéd’for on the Isle of May have been located to date, but it
should be remeﬁbered that the herring gull is one of our most numerous
seabirds with'a coastal breeding population estimated at about 334,000
ﬁairs in 1969-70 (Cramp et al. 1974). It is clearly impractical, if
nbt 1mpossible, to search all the other colonies for the purpose of
maximising'thé'count of Isle of May ringed gulls.

:"Thg data indicate that movements are not'only restricted to

localised coloﬁies, but exceptionally can be as great as 420km
(Figure 14). | It is interesting to note that several recoveries have
been made on the west coast, e.g. Copeland (Co. Down) and Rockcliffe
Marsh (Cumbria). The pattern of dispersion to other colonies agrees
well with\the.general pattern of dispersion of recoveries of sub-adult
gulls in the British Isles as a whole (Parsons and Duncan, 1978),
indicating that sub-adult gulls may prospect new colonies whilst in
their third and fourth year.

| Tﬁe habit of young gulls to disperse from the natal colony to
br?ed has important implications for the evolutionary genetics of local
gull popui;tions as well as the control of the population by artificial

means. For the former, it is necessary to consider herring gull
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Figure 14. The location and numbers of herring gulls,
ringed as chicks on the Isle of May, and

recovered breeding in other colonies
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colonies as.being open populations with much gene flow. For the second
consideration,_since\the herfing gull is becoming a pest, any approach
to control éndlmanagement must take into account that herring gqulls

disperse over a wide area from any one colony.

6.4 COMPARATIVE INFORMATION ON THE MOVEMENTS OF LESSER

BLACK-BACKED GULLS

6.4.1 The Isle of May

Between 1966 and 1968 Parsons (1971) ringed a total of 778 lesser
black-backed gull chicks and 20 adult birds on the Isle of May. Some of

these have been recovered in the cuils between 1972 and 1976 (Table 18).

Table 18. The numbers of ringed lesser black-backed gulls

.recovered on the Isle of May in the culls 1972-1977

Year of culling

1972 1973 1974 1975 1976 1977 Totals
Number ringed as: :

chicks 23 25 12 12 1 o -~ 173

aduits 7 1 1 0 0 0 9

Ringed as chicks
elsewhere’ 9 2 2 3 0 (o) 16
In all, 9.4% of the lesser black-backed gulls ringed as chicks
have been recovered on the Isle of May and a further 1.3% have been recovered
breeding in other colonies, notably the Farne Islands (Table 19). Forty five

percent of the gulls ringed as adults have been recovered on the Isle of May.




67

! .
o .
’ !

Sixteen lesservblack-backed gulls ringed as chicks in other colonies
have been recovered and, déspité the much smaller numser of lesser

black-backgd gulls culled on the island compared with herring gulls
(600 as ag;inst over 38,000), this is a significantly higher total

il

than has been recorded for the herring gull.

Table 19. The numbers of lesser black-backed gulls ringed as chicks

on the Isle of May and recovered in other colonies

Year of recovery

1974 1975 : 1976 Totals
Alford (Aberdeenshire) 1
Mallowdale (Lancashire) 1
© Coquet Island ' 1
Farne Islanas. | 7
" Totals 1 1 8 ~ 10

" . 6.4.2 The Tarnbrook/Mallowdale colony

Between 1958 and 1977 a recorded total of 40 ringed lesser
black—baéked gulls havé been recovered in the colony during the breeding
season. | Only five of these were made in the years before 1972, and’the
remainder haQé been the result of control measures of one form or another
by the land owners (nine recoveries since 1972) and MAFF (one recovery |
in 1972). -%in addition, a further four have been reported by the general
public in the colony, most likely as a result of control by the owners.
Since 1974, a further 21 recoveries have been made during the clearing
experiments described in this study. Table 20 summarises the available
data on.tﬁesé birds, most of which had been ringed as chicks. Twenty
seven (67.5#) of the recoveries have been of chicks ringed in other

colonies, mostly Walney. The notable exception was the recovery of an
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Isle of Méy ringed female which h#d fledged in 1967. Thirteen lesser
black-backéd-gulls ringed as chicks on Tarnbrook and Mallowdale, most
of which were recovered on the Mallowdaie side of the colony. It is
not known what proportion this repiesents of the totals ringed in the
past, but it seems that ringing was not extensive. In contrast, there
have been many thousands of gulls ringed on Walney since the 1950s
although; again, there are no precise figures.

'_Afﬁé oidest gull recovered was 17 years (recovered on Mallowdale
Fell) and it is also interesting to note that nine (22.5%) of the
recoveries of gulls ringed as chicks in other colonies were aged five
years or less; which indicates that the colony is still attracting a
large propp:tion of young gulls from elsewhere. fhere has been one
recovery of a Mallo&dale ringed lesser black-backed gull ringed in 1966

and recovered "dead in colony" 55km N.E. on Sleightholm Moor (Yorkshire).
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Table 20. The origins and age of ringed lesser black-backed gulls

culled or otherwise recovered on Tarnbrook/Mallowdale

Moors

Year ‘." Year Distance and
ringed . Location recovered Age direction moved
1958 A'nr. Lancaster 1962 | 4 c.8km E.
1958 Abbeystead 1975 17 nil
1960 Mallowdale 1970 10 nil
1962 - Morecambe 1962 4+ nil
1962 . Walney _ 1966 4 40km S.
1963 " Walney . 1970 7 4okm S.
1963  ~  Walney 11972 9  4okm S. (2 recoveries)
1964 -Walney ~ 1972 8 40km S.
1964 Walney 1974 10 40km S.
1965 Walney _ 1975 10 40km S. (2 recoveries)
1966 Walney 1972 6 40km S.
1966 vWalney -1974 8 40km S.
1967 ‘Walney 1972 5 40km S.
- 1967 Walney 1975 8 40km S.
1967 _ Isle of May 1975 '8 240km S.W.
1968 ~ Walney 1972 4  40km S. (2 recoveries)
1968 © Walney 1972 5 40km S. (2 recoveries)
1968 AWalney 1974 6 40km S. (2 recoveries)
1968 : Mallowdale 1977 9 nil
1969  Walney 1972 7 40km S. (2 recoveries)
1969 - Walney 1974 5 40km S. (2 recoveries)
1969 ~ Mallowdale 1972 3 nil
1969  Mallowdale 1974 5 nil (2 recoveries)
1969 ’_Mallowdale 1975 é nil (2 recoveries)
1969 . Walney 1975 6 40k S.
1970 ~ Walney 1974 4 40km S.
1970 | Mallowdale 1974 4 nil (2 recoveries)
1970 'Mallowdale 1975 5 nil (2 recoveries)

‘ ' 6 nil (2 recoveries)

1970 ©- Mallowdale 1976
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7. ASPECTS OF POPULATION DYNAMICS (II),

AGE

7.1 INTRODUCTION

'.The age composition of the population is fundamentéi to any*
consideration of an organism's life history. At its simplest, it can be
considered as the configuration of age classes which results from the inter-
relationship between the survival of mature individuals and their |
reprcductive effort, The relationship is cyclic, and variations which
affect one trait will have some effect on the other two, For instance,
total lacklof breeding success in a season will influence the proportions
of mature individuals available to breed in ensuing generations
(especialiy when mortality is density dependent), and there will be
concomitapt changes in the age composition of the breeding population.

This in turn could influence the relative success_in future breeding seasons,
the more 80 if reproductive success depends on age and experience of the
parents. :

fLétka (1907) established that a population will tend to a stable
age composition when there is a stable sex-ratio, reproductive output and
survival rate. Alternatively, wherg there is a steady rate of increase
in a population, a stable age composition will result. The Isle of May
population of herring gulls has been characterised by just such a steady
rate of increase over many years (Figure 5 ) and with a known adult
survival_raté of 0.935 (Chabrzyk and Coulson 1976) it is possible to

predict an age composition for the population.
7.2 AGE COMPOSITION OF THE ISLE OF MAY POPULATION

An important consequence of yearly culling has been to change

the stable age composition of the breeding population of the Isle of May.
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Assuming that all age qlassés are equally atArisk to the method of
culling (and there isAgood evidence thét this is so), the elimination of
a large proportion of older birds will lower the average age, with
possible conéequences for breeding success and the age of recruitment,

-Sihce the age of first breeding is variable it is simpler to
consider first the age composition in terms ofv"years since the start of
breeding" rather than in actual years of age.

ane a constant annual rate of increase in the number of breeding
gulls has been established, the age composition (but not numbers) becomes
stabilised;_ .Thus in each year 17.3% of the population (the new recruits)
are breeding for the first time (see Section 5.3 for an explanation for
the proporﬁion of new recruits in each year). Birds breeding for the
secon& time belong to the prévious year's cohort of new recruits, which
again numbg;ed 17.3% of that year's poéulatiop; but now less than 6.5%
since they have been at risk for one year longer. Because the population
has incréaged by 13% over the previous year, these birds which are breeding
for the Seép@d time constitute 14.3% of the current year's population.
Similariy, birds breeding for the third time will constitute 11.8% of the
population, and so on. Figure 15(a) illustrates the distribution
of "years since the start of breeding" for the population on the Isle éf May
in the b;éeding seasons prior to 1973.

Tﬁe changes brought about in age composition by successive years
of culling.are illustrated in Figurel5 (b) - (f). While in the
breeding season of 1972 the aver#ge breeding experience of the birds was
5.8 seasons, with 17.3% of the population breeding for the first time, by
1977 the”évgrage breeding éxperience had been reduced to 1.9 years, with

just over 52% of the population breeding for the first time.

‘A consideration of the breeding experience of the population is

useful when comparisons of breeding success (for example) are made between
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Fiéure 15. The age composition of the herring gull
population on the Isle of May, in each year
'betwéen 1972 and 1977, expressed as "yeérs of
breeding experience" or "years since the start

of breeding".
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T 0|
years, Notwithstanding, such an approach does norltake into account
such a potentially important factor as the age of first breeding. The
re;ationship between age and fertility of breeding gulls is drscussed
in‘Section 9,2, but the importance of age composition, irrespective
of breeding experience, is anticipated here by a careful consideration of
how the age of first breeding influences.the overall distribution of age
classes within the population.

In Section 5.3 it was shown that on average 21% of herring gulls
breea in tﬁeir fourth year, 52% in £heir fifth, 13% in their sixth, 6% in
their seventh, and 8% in their eighth year. We also know that in any one
year l7.3%J§f the pogulation are breeding for the first time when only
natural aduit mortality affects their numbers. Tbus 21% of these gulls
breeding for.the first time are four, 52% are five. etc. If we take as
an example'a breeding population of 10,000 gﬁlls, it is now possible to
calculate the best estimate for the age composition. Table 21 shows
how the calgﬁlation is made.

Lef the current year be "Year A", then the population (P) is
10,000.. The population in each previous year is calculated by the
reduction of the present population by 13% for each year past. Thus
the population three years previously .(A-3) would have been

10,000 = 6931
1.133

--Thé number of gulls breeding for the first time (R) is 17.3%
in eachvof these years., Thus in Year A this number is 1,730, and in
Year A-1 the number would have been 1,531. It is now a straightforward
matter to calculate the number of gulls in each age class'from the fourth
ygar onwards, but it is important to remember that there are two kinds of
fifth year birds - those breeding for the first time, and those breeding

for the second time. Similarly, there are three kinds of sixth year birds,

and four kinds of seventh year birds etc.
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In year A it is clear that 363 (21% of the new recruits) will
be four yéaré'old, and similarly the number of five, six, seven and eight
year oid guils will be 900, 225, 104 and 138 respectively. In order to
" calculate the numbers of fifth year gulls and older it is now neéessary to
cbnsider the population in the years previous to A, In year A-l1 there
were 1,531 éulls breeding for the first time, 322 of them being four years
old. This cohort which bred for the first time when in their fourth year
now mékeé up the remainder of the fifth year birds in year A. Similarly,
to caldulaté_the number of sixth year gulls, we go back to year A-2, and
so on, |

When the nﬁmbers of gulls in each class are totalled it can be
seen from Téble 21 that 3.6% are four, 12.0% aré five, 12.2% are six etc,
There is little difference in the numbers of gulls in each age groﬁp between
five and é;éht years, and nearly half the total population (49,.5%) are aged |
betweeg four and eight. Oonly 16.1% are more than 15 years old. This
distribution of age should correspond to that oﬁ the Isle of May in 1972
before culling’began, and is illustrated in Figure 16(a). The age |
compositiog of gulls from 1973 to 1977 is also given in Figure 16(b)-(£f).

It can be.seen that the distribution of ages in Figure 16
correspgﬁds_roughly to the distribution of "years of breeding experience!.
The similarities are most pronounced between the two histograms for 1972,
but becqmeliegs so after 1974. Since 1972, the proportion of birds in
the population which bred for the first time at four years has steadily
increasedi(éxcept in 1976 when recruitment was low), whilst the p;oportion
.pf fifth year gulls has also increased, but reaching a peak in 1975 of
about 36%;_'since that time the proportion has remained fairly static at
.jﬁst undei;30%. The proportion of old gulls (more than 15 years of age)
has dropped from about 15% in 1972 to jgst over 3% in 1977. wWith reference

to later sections on the effects of age of breeding,'it is relevant to
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Figure 16. The real age composition of the Isle of May

herring gull population between 1972 and 1978.
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point out that although 52%'of'the population bred for the first time
in 1977, a very substantial proportion of the population (41%) had
actually bred three or more times, and this may have been reflected by the
‘above average breeding success for that year.

The basis for the calculation of age composition of course relies
totally on realistic estimates for the age of first breeding and adult .
survival rates. It is imﬁortant to emphasise that the histograms in
Figures 15 and 16 are no more than best estimates for what we may
intuitively understand to be one of the least reliably calculable
propertiesAof a population. For instance, no allowance has been made for
intermittent breeding which may have been significantly increased since
culling beqan, and it is not known how cglling has affected the proportion
of birdsjinAeach age class breeding for the first time. The assumption
has been_made that gulls recruit in the proportions shown above but, on
the ofher hgnd, it has also been shown that a large proportion has moved
eisewhere,:épd it is not known whether the cull hgs affected one particular
age (or yeaf)‘class more than another. The observation that a slightly
higher proportion of gulls breed for the first time in their eighth year
(8%) than in their seventh (6%) indicates that at least the cull may be
4 dissuading birds at a younger age from joining the breeding population,
There a:é two other variables which the calculation depends on: (1) an
accurate count of the numbers of gulls killed ééch year so that the survival
rate can be adjusted appropriately, and (2) an accurate count of the
breeding-gépulation before the cull commences, Here, careful and precise
observationé can minimise the errors.

ItAis therefore worthwhile to make a simple check which can
indicaﬁé the degree of accuracy of the age composition estimates. By
calculating the complete range of ages (as indicated in Table 21) until

the population disappears, the total number of gulls in each year class
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should eQuai the population count for that year. = In 1973, the number
of gulls was estimated at 18,000. Calculating backwards in time to find
the complete agé composition for all the gqulls we»find that the oldest
bird would@ have been 48 years, and the number which are older than 40

is only 9 in ail. The grand total of all age classes is 17,954 birds,
and this figure for the population in 1973 is made independently of any
population count actually made in that year. In fact, the population
was estimated at 18,000 (N.J. Gordon, pers, comm,), so while this may be
a fortuitous estimate, it is nevertheless an agcurate one, and the errxror
is only O,?%; In opher years the error is also acceptably small, so one
can accepthwith some confidence that the calculation for survival rates

and thé counts of the breeding population made each year are realistic,
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8. BREEDING BIOLOGY
INTRODUCTION '

Many aspects of the breeding biology of the herring gull
have received close attention from many workers in Europe and North
America. Perhaps inevitably, many of the studies have been repeated
-several timés and, whilst this is valuable for comparative purposes,
interpretation is not always made the easier when reviewing the collectivé
results.  For example, Table 35 indicates but some of the estimates
. which have been confidently reported for chick fledging success,Aand
similarly ﬁhére are several published estimates for the numbers of chicks
which-a pair of gulls can be expected to raise when their broods are
artificially:increased (Table 22). whilst most investigations of
breeding success are interpreted as subjective reports based on careful
observatioq,loften there is little allowance‘mAde for such variables as
human disturbance, and there are few attempts to relate the findings to
the currént t;ends in population dynamics. The experiments on multiple
chick rearing seem of rather less value, other than to emphasise the fact
that a herfing gull (or any bird) can on occasion find encugh food to
feed a lérger brood than has been evolved through natural selection. |
‘Such expériments are the hardest to set in an ecological context, and
pérhaps the hardest to justify. (an artificially increased brood can
act possib;f as an additional‘stimulus to the parent birds and there may
be, as a ccﬁsequence, an increased parental investment. However, there
is no evidehce that this can be sustained by parent birds in consecutive
yéars and} moreover, the egperiments are concerned with only one stage of
the breeding'cycle.)
| Pa?sons (1971, and subsequent‘publicatidns) undertook a thorough
investigétion of the breeding biology of the he;ring gull on the Isle of
May whiiég'the colony was still in a state of expansion. This work has

provided a basis for comparison with the findings of this study. There
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was little doubt that the cull has influenced bréeding success on the
island, but all indications are that where gulls remain undisturbed,
as in the control areas, their ability to breed and raise chicks to
fledging remains unimpaired. The cull has provided additional
'opportunitieé for new approaches and interpretations, especially where
the effects.of age and nesting density are involved. It is with these
two important parameters that much of the investigation of breeding
biology 1s concerned.

Coméaratiye observations from the Maliowdale colony are scanty
with respect to breeding biology, but a study of similar depth would have
been impossibie, with both time and resources being limited in the

breeding seésbn.

8.1 THE TIMING OF BREEDING

:ferrins (1970) developed the argument'that the.date of laying
of some spééies of birds (especially fhose of temperate regions) 1is
influenced by tﬁe seasonal availability of food for the female. His
conclusion was that the date at which the female lays is a resultant factor
between the évolutionary advantages of laying early in the season (it-is
a widely.obsérved fact that early hatching young tend to survive better),
and the current physiological condition of the female. In general, the
timing_of'iaying may be delayed until food avai;ability is such that eggs
cén be foiﬁed. Parsons (1975) has demonstrated, however, that the timing
of breeding in the herring gull is in large meaéuré independent of any
stimulus ﬁediated through food availability at the onset of breeding.
In a like @anner,.it seems probable that the termination of laying is not
" directly influenced by food shortage since it coincides with the time when

there is an abundance for both adults and young. The immediate relevance
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of Parsons' finding (loe. ctt.) - that the timing of breeding was very
similar err the four breeding seasons of 1966-1969 on the Isle of May -
was that this gave an indication from the outset that information could
be collected dn aspects of breeding biology at the same time each year..
in the reasonably confident expectation that the onset of laying and the
median date 6f laying (the date at which 50% of clutches were fully
completed) wéuld vary little between seasons. With all data standardised
with respeétAto timing of breeding, interpretation of the other variables
involved in breeding success would be made simpler. This was important
since the gull cull was timed each year to take place towards the end of
May, and it was necessary to colleét data on fully completed clutches
before cul}ihg commenced. Late breeding birds hadAto be excluded.
As the breé@ipg season progresses, there is a general decline in clutch
v éize, égg siZg and fledging success in the herring gull (Parsons 1975).
The same'trend has been remarked upon (but with respect only to chick
'sufvival) by Painter (1949), Kadlec aﬁd Drury (1968) and Erwin (1971),
although . the opposite effect‘of an increase in chick survival as the
breeding season progressed was reported by Harris (1969) . Other species
of gull show a similar seasona; decline in breeding success i.e. the
legser black-ﬁacked gull (Brown 1967) and the.glaucous-winged gull
(Vermeer 1963). Therefore, it would not be unexpected that estimates of
breeding sﬁcéess from this study would be fairly high since most late
breeding-gulls have not been included in the analysis. As it proved,
however,.the préportion of gulls which had not started to lay by the time
tﬁe cull had started was small (Table 23). Although clutch size and egg
gsize is discussed in details for birds which had’completed their laying by
23 May in:each year, records were kept on the proportion of birds which had
not compieted their clutches by this date. With'tﬁe exception of 1975,

when the breeding season was particularly protracted, more than 99% of
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gulls had laid full clutches. Of the remainder, most wererpairs
which héd.lost nests and eggs earlier in the season and were in the
process of replacing the clutch. Comparatively few pairs started
laying after the median dates (Figure 17).

No truly comparative data could be collected from Mallowdaie

Fell on the timing of breeding since there was an initial difficulty of
separating the nests and eggs of lesser black-backed and herring gqulls,
and in the time available this was not possible. Moreover, lesser black-
Backed gullé tend to breed later than do herring gulls, and in the cburse
of nest counts at this colony the impression was that both species |
completed their clutches at a later date than on the Isle of May.
Since the entire colony lies at over430m a.s.l., the effects of temperature
may have had some inflﬁénce in determining laying date, but other‘factors,

such as colony structure and density could have been involved as well.

8.1.1 Methods

FHOnce laying commenced in each nest it was necessary to visit
it only every second or third day in order to estab}ish the -ultimate
clutch.siZé and the date of completion. Since attendance at the‘Mallowdale
Fell colony auring the laying period was required for censusing, it was
unavoidable that some of the laying period would be missed on the Isle of
May. Accoidingly, a timetable was arranged so that attendance was
maintained on the Isle of May until more than 50% of clutches had been
completed, or until at least one egg had appearéd in all nests. In
this way>it was possible to estimate the ultimate date of clutch completion
by extrapolAtion. Parsons (1971) had demonstrated that the average
‘interval bétween a~ and b-eggs, and between b- and c-eggs was 48.85 % 0.44
hours (c.f. Drent (1967) who gave 48.72 t 0.48 hours). Therefore, once

the first egg had been recorded and marked, subséquent eggs could be
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checked severai days later, and the date of completion calculated.
The b- and g—éggs could be distinguished on size and colour differences,
and also fheiamount of abrasion on the shell.

As a measure of the timing of laying, the median date was most
appropriater There was the possibility that younger gulls would tend
to iay later in the season (as Coulson and White (1958) had demonstrated
for the kittiwake). If the same tendency was true for the herring qull,
it was anfidipated that the clutch size might be under-recorded for the
younger birdé, since they would not have completed their clutch before
the oﬁset of culling. By\collecting and analysing data on the timing
of laying éf-a.sample of aged gulls separately, with some estimate being
madé of the proportion of young gulls yet to lay, this péssibility could

in part be allowed for in the final analysis of breeding success of the

population.
8.1.2 The median date of laying

- in‘all years the median date of laying by the population was
remarkabl? constant (Table 23) with the date falling on 17 May in the
three yeafs_1974, 1976 and 1977. In 1975, there was a protracted
bfeeding season and enforced absences froﬁ the Isle of May made it
difficult to judge aécurately the date of clutch completion, but 21 May
is a realiéfic estimate. Figure 17 emphasises the similarities in the
distribuﬁibns recorded for these years. Parsons (l1971) reported that
the median date of laying varied between 16 May and 18 May between 1966
and v1-969.3 o |

‘gtEigure 18 illustrates the date of coﬁpletion of clutches in a
sample of aged birds. Despite small sample sizes for some age classes,
there are still only small variations in the median date of laying.

Thus for fourth year gulls (N=24) the median date of laying was 18 May,
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Figure 17. The median date of laying on

the Isle of May, 1974-77
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The median date of laying in a sample of 235 pairs
of gulls where the age of one parent bird was known.

The sample of tenth and eleventh year birds has

- been combined.
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whilet for the combined ages of ten and eleven (N=24) there was a median
laying date close to 16 May. In general, age differehcesin laying date
are not extreme, and whilst younger birds may lay slightly later into
the seasoh; it was felt that such effects would heve negligible

consequences for reproductive success between different age groups.

Table 23. The proportion of completed clutches in three study areas
1974-1977. (These data refer only to those clutches
" which are again referred to in later sections on clutch

size and egg dimensions.)

No. Max. no. of % .
S completed incomplete incomplete
Year Area by 23 May clutches clutches Totals
' on 23 May on 23 May
1974 Tarbet III 111 9 7.5 120
1975 Tarbet III 63 39 -38.6 102
Maidens Rock 43 28 39.4 71
North Plateau 19 31 62.0 50
Total 125 98 43.9 223
1976  Tarbet III 72 8 10.0 80
- - North Plateau 40 4 9.1 44
Total 112 12 9.7 124
1977  Tarbet III 100 6 5.7 106
North Plateau 35 5 12.5 40
Total 135 11 7.5 146

8.2 CLUTCH SIZE
Introduction -

Lack (1954, and many subsequent publications) repeatedly
maintained that each species of bird has evolved those adaptations which
permit it to reproduce as rapidly as possible in its natural habitat.

In this respect, clutch size in nidicolous$ species has evolved to
correspond to the maximum number of eggs which can give rise to fledged

young. In a later publication (1968), Lack discussed clutch size with
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reference_tb‘seabirds( distinguishing between off-shore feeders which
lay one egg; and in-shore feeders which lay two or three eggs. The
distinction between the two categories is that off-shore feeding is a
less predicﬁable and reliableAstrategy than is in-shore feeding, and
the_single egg clutch has evolved as a consequence of the austere
habitat. .-

Sﬁbsequent authors (e.g. Perrins 1970, Charnov and Krebs 1974)
have supported the concept that clutch size is adapted to the largest
nuﬁber oflyoung which parents can normally raise, and is regulated by
food availabiiity at the time of breeding. Wynne-Edwards (1962) on
the other haﬁd strongly contested this view and claimed that constraints
are placed on:levels of fecundity. Thus in those species where deferred
breeding hae_evolved, such as in seabirds and raptors, the adaptation is
in response to a need to prevent overpopulation.

In common with most other Larids, the usual clutch size of the
herring gulliis three eggs. ‘Both sexes possess three brood patches
and shareiineubation. The herring gull belongs to the category of
in-shore feeders, and it is reasonable to suppose that the clutch size

of three is not of recent evolutionary origins.
8.2.1 Methods

Throughout the four breeding seasons, clutch size was measufed
in samples of 5oth aged and unaged gqulls. Since the timing of the gull
cull had been>ca1culated to coincide with the maximum number of completed
clutches iﬁ late May, measurement of clutch size was of necessity
restricted_go those birds which had completed leying on or before 23 May
in each year. The nests were located ip the six etudy areas previously
mentiéned,_ehd as far as possible, clutch size was checked every 48 hours

from the appearance of the first egg. Each egg was measured and marked
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in order of laying, and in this manner the sequence of laying could

be followed, Q;th replacement eggs or clutches easily identifiable.
Similar in#gétigations by Parsons (1971) had shown that the average
interval 5etwéén a- and b-eggs and between b- and c-eggs was about

49 hours. Clutches of two eggs were considered to be complete if a
third egg did not appear after 72 hours. One-egg clutcﬁes were found
on occasion; but they tended to occur more frequently as the late
clutchesvof young birds, or as replacement clutches. One egg clutches
were considered only when they belonged to birds which could be aged by
plumage or riﬁgs. Only two single egg ciutches were found between 1974
and 1977 among the unaged sample (theré were very few birds with sub-
adult plumage, and none which could be identified as less than four years
old) and theéé clutches have been excluded from the results as it is by

no means certain that they had not been deserted early in incubation.
g.3 ANNUAL VARIATIONS IN CLUTCH SIZE

.'fhé mean number of eggs recorded in clutches completed on or
before 23 Méy from three stﬁdy areas 1s given in Table 24°. Replacement
andvinoomplete clutches (as far as these could be identified)_are>no£
included.vilciutch size was very constant from year to year, and although
somewhat-lqwer in 1975, paired Student's.t-tests do ﬁot reveal any
significant differences in the means between any two Years.

Table 24. Mean clutch size in herring gulls on the Isle of May
' between 1974 and 1975

Year N X + s.e
1974 120 2.76 0.045
1975 223 2.64 0.045
1976 124 2.72 0.040

1977 187 2.72 0.033



Thege figures are in close agreemenﬁ with those of Parsons (1971)
who found é mean clutch size of 2.73 ¢ 0.018 eggs in his contiol areas on
the Isle of May in the years 1967 and 1968, and similar to that reported'
by Harris (1964) from Skomer (2.76 * 0.037 eggs). However, they differ
significantly from herring gull clutches on Walney where Browg (1967)
found an average clutch size of 2.56 + 0.53 eggs over a four year period
(p < 0.0l in all years, except for 1975 where there was no significant

difference) .
8.4 VARIATION IN CLUTCH SIZE WITH AGE

Coﬁlson (1966) drew attention to an increase in clutch size
with age in-the kittiwake, and the same trend has been shown for the
Arctic térp'(Coulson'and Horrobin 1976) . In other birds where the effect
of age on'clptch size has been investigated, such as the shag (Potts 1966)
ahd‘the white stork (Hornberger 1943), no such relaﬁionship has been
demonstrated.

'In the present study, clutch size in relation to age was
investigated for a total of 265 clutches of eggs. At least one member of
the pair waé of known age, and data on the clutch size of each pair of
gulls was collected for only one seagon (as far as was known). In the
case of most'third year‘guils, ageing was based on plumage characters
" since few colour-ringed third year gulls were observed. Of the total of
265 aged"birds, 127 were male and 125 were female, having been identified
by behavioural characteristics or by dissection if they were later culled.
In 13 pairs; the sex of the aged bird could not be determined.

Figure 19 portrays the results of this investigation, where
ﬁean clgtch‘size (with 2 st. errors) is plotted agéinst age. Since no
significaht_aifferences could be found between years in average clutch

size for the colony as a whole (Table 24), it is permissible to combine
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Figure 19. Variations in clutch size with age

(with 2 standard errors)
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data on aged:birds from all four breeding seasons. Table 25(a)
summarises this data oﬁ clutch size for the age classes considered.
Table 25(a) Clutch size in aged herring gulls. with mean, standard
deviation'and standard error
clutch siﬁe . : Age (in years)
| | .3 4 5 6 7 8 9 10 11
c/l‘ ' 14 2 o o ) o o 0 0
c/2 o 4 10 3 7 8 8 12 9 1
c/3 . o 12 5 32 41 58 20 15 4
N ' 18 24 8 39 49 66 32 24 5
X | 1.22 2.24 2.62 2,92 2.84 2.88 2.62 2.62 2.80
s.d. 0.43 0.65 0.52 0.39 0.37 0.33 0.49 0.49 0.45
t st. e, 0.10 0.13 0.18 0.06 0.05 0.04 0.09 0.10 0.20

Sémple sizes in gulls aged between 6 and 10 years are larger
since these pertain to the recruits of the &ear classes ringed in quantity
by Parsons between 1966 and 1968. In Figure 20 where mean clutch size ig
plotted against theAlog of age, it can be seen that mean clutch size increases
with age ;n birds up to 8 years old, then becomes constant or declines.
Clutch size in third year gﬁlls is very low, the majority of birds laying
only one egg; For herring gulls to breed in their third year is (in any
case) unusﬁal, and this age class has been pmitted from Table 25(b), as has
the two oée-egg clutches of fourth year gulls which were probably atypical.
From Tablé 25(b) it can be seen that the increase in clutch size in gulls
between 4 and 8 years of age is significant (p < 6.02), and for gulls between

8 and 11 Years of age the decline in clutch size is also significant

(p < 0.02).
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Mean clutch size plotted against the log of age.

The increase is significant (r7 =0.771, p < 0.02)

The mean clutch size of pairs where only the

male was of known age.

The mean clutch size of pairs where only the
female was of known age. The increase in

clutch size is significant (r6 = 0.724, p < 0.05)
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Table 25(b)  Clutch size in aged herring gulls

Clutch size Ageé (in years)
4 5 6 7 8 9 10 11
c/2 ' 10 3 7 8 8 12 "9 1

c/3 ' 12 5 32 41 58 20 15 4

(For gullé,aged between 4 and 8 years of age, the increase in clutch
size is sighificapt (x2 = 11.99; d.f. =4; p < 0.02). For gulls_betweén
8 and 11 yea:s of age, tﬁe decline in clutch size is also significant
(x2 = lo.é;« d.f. = 3; p < 0.02)).

Coulson and Borrobin (1976) noticed a maximum clutch size
in Arctic terns in birds which were betweeﬁ 6 aﬁd 8 years of age. Whilst
increased clutch size with age has also been found in the kittiwake

(Coulson 1966), there was mo evidence of a deciine in clutches laid by

older birds, as was the case in this study.
8.4.1 The age of the female in the determination of clutch size

. It hés been assumed in this study that birds of a similar agé
will tend~fo'pair together, as has béen found for the Arctic tern
(Coulson and Horrobin (loc. cit.) and for the kittiwake (Coulson.loc. cit.).
Unfortunately there were no instances in the above sample where both
parents were of known age, but in five pairs of gulls where both members
of the pair were found to be ringed, the evidence supported the assumption.
(A four year—éld male Qas paired with a five year-old female; three male
seven year—qld birds were paired with three females of the same age, and
a hine year;old male was paired with an eight year old female). The

breeding performance of these mated pairs could not be followed.
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From the data presented in Table 26 (also illustrated in
Figure éc» it can be seen that clutch size‘seems to be more associated
with the age 6f the female than the male parent. In Table 26 the mean
Age ofAthelmale sample (7.59 * 0.17 years) does not differ significantly
from the mean age of the female sample (7.21 % 0.15 years) . However,
the mean clutch size of pairs where only the age of the male parent is
known (2.76-i 0.04 eggs ) does significantly differ from that where only
the age of the female parent is known (2.85 + 0.03 eggs) (p < 0.001).
In Figure 20 where mean clutch size for each age class is plotted against
the natural'ldg of age in both sexes, there is no apparent relationship
between clutﬁh size and the age of the male parent, whilst for the female

parent the linear correlation coefficient (r) is 0.729 (p < 0.05).

Table 26. The effects of age of each parent on clutch size

. age (male)
clutch 4 5 6 7 8 9 10 11
size :
c/2 6 1 4 4 5 7 8 1
/3 4 3 13 15 25 10 8 2
N 10 4 17 19 30 17 16 3
X 2,40 2.75 2.76 2.79 2.83 2.59 2.50 2.67
age (female)
/2 K 2 3 3 2 3 1 0
/3 g 2 18 24 30 10 7 2
N 12 4 27 27 32 13 8 2

X 2.67 2.50 2.86 2.89 2.94 2.77 2.87 3.00

. These data indicate that the age of the female may be more
important,than the age of the male in determining clutch size. This may
:seem obvious from the outset, but it seems likely that clutch size is a

better indication of age of the female than of the male parent.
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8.5 EGG DIMENSIONS
8.5.1 1Introduction

The physical dimensions of the egg are of fundamental
functional»significance when we consider both the physiological and
ecological aspects of avian breeding biology. Generally, there is
a broad corrélatiqn between egg volume and incubation period, which
involves anbther intrinsically important parameter - the surface area.
It is noticeable that the major correlations with which volume and
surface areé are assoclated (such as conductance of gases and heat,
water loss and incubation period) haQe received increasing attention
since the classic paperAby Heinroth (1922) on egg weights and incubation

'periods,‘but_rather less attention ha§ been paid to ecological aspects
og egg size; - This is the more su#prising since the dimensions of the
egg can éervé as indicators for subsequentlbreeding success and of

~parentél age.’

Two variables have been considered in this study - the axial.
length.and b;eadﬁh, from which the egg volume and an egg shape index can
be'calculaﬁed; Surface area was not considered (the calculation is
complex (Beéch et ql. 1968; Hoyt 1976) and in any case was not of direct
relevance)," For egg volume and egg shape, a correlation has been shown
to exist’with age of the parent birds (see e.g. Richdale (1955) for the
y;llow-eyga penguin, Coulson (1963) for the kittiwake, and Coulson and
Horrobin (1976) for the Arctic tern). Thus a change in age composition
of the bréeding population imposed by culling miéht be reflected by
Vchanges ih égg size and shape. Moreover, a thorbﬁgh investigation of
egg size and shape is a prerequisite for further studies on hatching
and fledging success of chicks. Eggs were not wéighed as a measure of

size since there is a progressive loss of weight as incubation advances.
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It was felt that a more useful measure of size could be obtained from
the volume, (Parsons (1971) checked the correlation between weight and
calculated volume and found it to be extremely good (r was + 0.9854,

8.5.2 Methods

The length and breadth of each egg in the 265 clutches of
aged gulls and 537 clutches of unaged gulls (in all, 2,158 eggs) were
meésured to the nearest O.lmm using Vernier callipers.

The volume was calculated from the expression

%- which is the volume of an ellipsoid,
and where V = volume, L = length ana B = breadth.

Since the volume of a herring gull egg is less than that of |,
an el;ipsoid.with the same length and breadth, a correction factor (k)
has to be,substituted. ' Several values of k have been calculated, based
on the specific gravity of the egg. Parsons (1971) used the value 0.476
calculated by:Harris (1964) a;d for the purposes of continuity the same

value has.beén adopted in this study. The above expression can now be

reduced to.
' V. = 0.476.B2.L

To calculate egg shape index, the expression S = lOi.B

was used (Coulson 1963) where S = shape index, B = breadth and L = length.

8.5.3 Variations in egg size

Paisons (1971) measured a total of 455 three-egg clutches in

one breeding season (1968). The results of his investigation, taken

from his unpublished Ph.D. thesis, are given in Table 27.
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Table 27. Mean egg dimensions of 455 three-egg clutches laid in 1968

t+ one standard error (from Parsons 1971)

length breadth volume shape index

mm mm cc
a-egg N 69.38 + 0.14 48.54 + 0.07 77.92 * 0.29 70.06 * 0.16
b-egg : | 68.48 + 0.13 48.28 + 0.07 76.12 + 0.29 70.59 % 0.13
c-egg ' 66.21 + 0.13 46.85 + 0.07 69.32 *+ 0.30 70.84 * 0.14

The mean length, breadth and volume of the b-egg was
significantly smaller than that of the a-egg and, similafly, the c-egg
was significaﬁtly smaller than the b-egg. The volume diffe;ences
between a- and b-eggs were however very much less than the differeﬁces
between S-_and c-eggs. Shape index tended to increase somewhat with
decreasing volume (a relationship which was noticed by Barth (1967) as
a feature of Larid eggs) althoﬁgh the legitimacy of calculating this
cor:elafiqn is qﬁestiénable, since the two variables are not in any

'way indepéndent.

" The details of the mean egg dimensions in the present study
are given in‘Table 28 and illustrated in Figures 21;23. These data
refer to'the,382 three-egg clutches which were lgid in the consecutive
breeding*seaéons 1974-77,‘and>do not include data from aged gulls.

Iﬁ can bé sé;n from Table 28 and Figures 21-23 that there is a considerable
year-to-year Qariation in these data, and, most importantly, that there
is a general #rend of increasing egg size between 1968 and 1977. When
thé data in.Tabie 28 are examined in detail two distinct features emerge
which warran£ discussion.

'Fi;st, these differences are examined in Table 29.. It can be
seen tha# between 1968 and 1977 there was a sigpificant and progressive

increase in the length and breadth of a-, b- and c-eggs, with a



Mean egg dimensions 6f three-egg clutches of breeding seasons 1974-77,

Table 28.

with one standard error

Lshape index

volume

bréadth

k)

length

" egg

Year

0.17
+ 0,17

+

70.52

80.99 + 0.34

+* 0.07
+ 0.06
+ 0.08

49,31

69.96 + 0.19

a- 85

1974

70.72

48.45

68.51 * 0.16

84
84

76.59 + 0.30
72.75 + 0.32

70.76 + 0.17

47.63

67.34 £ 0.14

70.42 + 0.19
70.17 + 0.20

+ 0.46
70.39 £ 0.24

79.73

+ 0.10

49.03

69.95 = 0.19
68.51 * 0.19
67.24 + 0.22

90
90
90

a-—

1975

75.30 + 0.40
71.66 + 0.48

48.05 + 0.09

47.30 %+ 0.12

c-

70.01 + 0.23

80.94 + 0.55
76.73

+ 0.10

49.18
48.39 + 0.13

70.28 *+ 0.26
68.80 + 0.18

72
72
72

a-

1976

70.35 + 0.20
70.35 + 0.23

+ 0.51

67.20 £ 0.20 47.27 t 0.12 71.55 + 0.48

c—-

70.21 + 0.24

49.31 *+ 0.10

48.59

81.48 + 0.48

70.33 + 0.24

69.64

135
13

a-

1977

69.85 + 0.25

78.38 + 0.56
73.42

+ 0.11

+ 0.24

5

70.05 + 0.26

+ 0.51

+ 0.11

47.59

68.01 *+ 0.23

135

c-

99
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Figure 21.
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The mean lengths and breadths of herring qull eggs

@ 2 - egg length
A b - egg

B c - egg

('
SCIENCE "“fg_\

£'23 FEB 1970

. on the Isle of May in 1968 and 1974-77. The data

. for 1968 are from Parsons (197]).

O @ — egg breadth

A b - egg

"

0

cC — egg
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'Figure 22. The mean volumes of herring gull eggs on the
Isle of May in 1968 and 1974-77, with two
~standard errors. The data for 1968 are

from Parsons (1971)

@® a - egg volume

‘A b -egs
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m - c-oegg



Figure 22
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Figure 23. The mean egg shape index of herring gqull eggs
" on the Isle of May in 1968 and 1974-77, with
two standard errors. The data for 1968 are

" from Parsons (1971)
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corresponding increase in egg volume. The shape index.of a-eggs has
not significantly changed in this period, but there ﬁas been a
significanﬁ trend towards a émaller egg shape index in the b- and c-eggs.
Between 1974 and 1977, these changes are not so pronouﬁced. There is
no significant change in egg breadth between 1974 and 1977 (which is
the least variable factor in influencing the volume and the shape)
and only the b- and c-eggs show a significant increase in breadth
petﬁeen 1968 and 1977. The volume of the b-egg however does show a
significant increase between 1974 and 1977.

Secénd, Parsons' (1971) data showed that there was a volume
difference ofil.8ml (2.3%) between'a— and b-eggs, and a difference of
8.6ml (8.9§) between b- and c-eggs. The differences in volumes recorded

in this study are given in Table 0.

Table 30. Differences in volumes between a- and b-eggs, and between

b- and c-eggs in years from 1974 to 1977

a~- and b-eqgg ' b- and c-egg
volume difference % difference volume difference % difference .
ml ' ’ ml '

Y_ear

1974  4.40 - 5.43 3.84 5.01
1975 . 4.43 _ 5.56 3.64 4.83
1976 4,21 5.20 5.18 6.75
1977 3.10 3.80 4.96 A 6.33

.It can be seen, compared with the data for 1968, that the
differencés recorded between the volumes of the a- and b-eggs have become
much more pronounced (about twice as great), whi;st the volume difference
between the b- and c-eggs has become somewhat reduced. Furthermore, in
1975, when éggs tended to be smaller than in thé other years, the

'differencés between the a- apd b-eggs were greatest, and the difference

between-the b- and c-eggs the smallest.
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8.5.4 Variations in egg size with age

As with a general trend of increasing clutch size with age,
referredlto4in the previous section, there is a similar trend of
increasing egg size with age. Table 31 pfesents data on mean dimensions
of eggs whigh were measured in three- and two-egqg §1utches of qulls of
known age invthe breeding seasons of 1974, 1976 and 1977.

" Any interpretation of the influence of age on egg size is
complicated by the aforementioned observation that egg sizes of the
unaged samples have tended to increase dufing the period of study.
However, in 1975 when egg sizes were in general smaller than in other
years, no data on aged birds were collected. In the seasons of 1974,
1976 and 19?7’no significant differences could be found in the s;me age
classes between years, and it seems reasonable to pool data from all
years in ordér to summarize the trend of increasing egg size in a
.simplified fbrm. Figure 24(a-c) illustrates the mean egg dimensions
of a—} b- and c-eggs (dimensions from both three- and tﬁo-egg clutches
have been éqmbined). |

I; caﬁ be‘seén that for young gulls (i.e. in their féurth year)
eggivblume'is, on averaée, 6.9% less than for older gulls (i.e. gulls

.in their tepth §ear). Egg breadth increases significantly between

: fouftﬁ anaigenth Year (p < 0.001) but egg length actually shows a slight
(though not significant) decrease with age. There is no general inverse
relationship 5etween the small eggs of younger bi:ds and increased shape
index, but when a-, b- and c—eggé are examineq sepqrately (in Tabie 32)
the a-egg in&ariably has a smaller shape index than the b-egg, which is
likewise émaller than the c-egg. There is alsolsome evidence that volume
reached a'plateau in the tgnth and eleventh year (Table 32). Although
clutch éize showed a significant decline after the eighth year (Table 33)

average clutch volume remained above 200ml thereafﬁer.
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Figure 24.  Changes in egg dimensions with age. All values

are given with two standard errors.

(a) Variations in mean length
(b) Variations in mean breadth
(c) Variations in calculated mean volume

(solid squares) and shape index (open squares)
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Table 33. Varjations in mean clutch size and clutch volume with

+

respect to age

age (years)

mean no. of eggs/ .
clutch - 2.24 2.62 2.82 2.84 2.88 2.62 2.62 2.80

average clutch
volume (ml) 116.7 186.7 204.1 205.5 218.6 201.0 203.1 218.8

8.5.5 Discussion

: Whén the likelihood of any laying date effects have been
removed, a positive correlation betweenAage and egg size clearly indicates
that oldef female gulls are physiologically capable of allocating a |
greater qqanﬁity of material to their eggs than younger qulls. Réasons
for this are not immediately clear, but it seems improbable that food
avaiiabilit§ ;s directly implicated., Gulls show individual differences in
foraging behaviour, which may allow more experienced birds to gain
advantages ffom exploiting more quaiitative sources (pe;sonal observations) .
. However, it is unlikely that age-related differences would pérsist beyond
the-first year.

~Parsons (1970) has pointed to the positive correlation between the
size of gull éggs and the lipid content of the yolk. Romanoff and
Romanoff.(;949) statevthat in large eggs of the domestic hen, yolk size is
greater than that of smaller eggs, although there is‘proportionately more
albumen than yolk. Parsons' (1970) samples related to unaged gulls, and
since the.Sample was collected from only one season it remains to be
established:as to whether yolk weight and lipid content can show annual
variationé ihdependent of egg_siZe, or whether it remains a constant

. \ | _
characteristic of a particular season or the age or condition of the female.
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Most evidence would indicate that above average sized eggs
contain proportionately more albumen, which will subsequeﬁtly give rise
to heavier than average chicks on hatching. Murton et al. (1974) suggest
that for the wood pigeon, laying heavy eggs improved>the chances of
successful hatching rather than increasing the chances of chicks surviving
better. Myrberget (1977) found e significant correlation between egg
size and the weights of newly hatched chicks of willow grouse; in the
domestic hen, chicks from the larger eggs have increased prospects of
survival (Skoglund et al. 1952) - and presumably this relationship is

.a measure ef:their greater food reserves and their advanced development
on hatchingf:

Whilst it is possible to explain individual differences in
egg sizes-iﬂ terms of an inherited component, a consequence of this would
be that a particular femaie gull could be identified by her egg sizes in
successive breeding seasons; this does not appear to be the case. It
rwas not possible to measure the egg sizes of individual gulls in
vsuccessive breeding seasons, but coulson (1963) has emphasised that where

'data on kittiwake eggs laid by the same female are available from
suecessive-breeding seasons, individual variation is such that only in a
small mihority_of cases could a particular female be recognised by her
eég.dimegsions. " The gull cull did however give an opportunity to seek
further eenfirmation that egg dimensions are largely independent of the

physical-size of the female.

i The practice of culling gulls on the ﬁest made it possible to
inﬁestigate the relationship between female weight.and that of her total
clutch Qolume (Figure 25}. In 1977, a total ofl78 Aead or moribund
female gulisiwhich were found to be sitting on clutches of three eggs were
weighed to the nearest gram, and their clutch velsme was estimated. There

was no sighificant correlztion between female body weight and total clutch

volume (r = 40.08).
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Figure 25. = Clutch volume plotted against the body weight of

the female gull
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In Table 28, where the mean volumes of a-, b- and c-eggs
between 1974,and 1977 are given, there is considerable variation between
years. From this data (the mean volumes of a-, b- and c-eggs between

1974 and 1977), the coefficient of vaﬁiation can be calculated, where

C.V. = s.d. x 100 .

X

Tﬁese values are given in Table 34, and it can be seen that the amount of
Qariability approximately doubled between 1974 and 1977, and that there
was more-?driability in the c-eggs than in the a-eggs. If we discount
for the meantime the possibility that changes in the age composition of
the population might explain such markéd annual variability in egg volume,
two explanations can be offered at this juncture, which are essentially
inter-rgiated;

" It is a fair a#sumption that egg size in general is adapted to
promote ﬁaximﬁm chick survival on hatchiné, and probably for some time
fhereafter untii parent/chick responses can become fully developed.

Some evidence for this in the herring gull comes from the observations of
FParsons (1970,1975) that the chiqk which hatches from the smallerAc-egg ,
suffers an appreciably higher mortality than eithef of its siblings, aﬁd
"-fhgt the maip value of the third egg is that it could give rise to a
'surviviné chick should its siblings be lost without replacement. (All
eggs havé»approximately equal hatching success )+ However, it seems
possible that there is selection_for variability in egg size as well,
éince this would be an adaptation which could aécommodate variable
environﬁenta; effects on hatching. On balance, 5 chick hatching from a
'ia;ge egg wi;l have better chances of survival than a chick hatching from
a smaller. eqgg, but when benign environmental condition§ prevail, all but

chicks from the very smallest eggs will have good prospects for survival.
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By allocating quantities of nutrient between first, second and

third eggs as widely and as uniformly as possible, as can be deduced from
the wide spacing of volumes between a-, b- and c-eggs which has been

observed (Table 30), the chances of at least the largest chick surviving

are even more  enhanced.

Table 34. Coefficients of variation of the volumes of a-, b- and

c-eggs between 1974 and 1977

year

1974 1975 1976 1977

a-eqg . 3.87 5.47 5.76 6.84
b-egg 3.59 5.04 5.64 8.30
c-egg - 4.03 6.35 5.69 8.07

Bad weathér,’during incubation and hatching, has frequently been recorded
" in this stﬁdy;.and~at the Mallowdale colony where wet snow fell on }IJune
1974 an esfimafed 35-40% 6f'recently hatched chicks died. Neléon (1966)
has suggested that the wide seasonal spread of laying observed:in:the
gannet is an adaptation to ensufe that at least some eggs and chicks would
suxvi?e the effects of a particularly catastrophic event such as an
unéeasonal'sﬁowfall. |

A;A sécond factor which could influence an increase in egg Qolume
(as well as thé degree of variability fromAyear to year) might be an effect
of the cull, 'IWh.ich takes place during egg laying and incupation. As shall
be discussed, a notable effect of culling has been fhe lbwering of breeding
density. 'Section 11.3 is devoted to the effect of density on aspects of
territoriai behaviour of gulls, but one of the main conclusions is
anticipatéd hefe by emphasising the strong positive correlation between

the number of aggressive territory disputes, high levels of intense
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courtship béhé?iour and nesting density. These activities often require
the prolonged attendance of both members of thg pair on the territory, at
the time when females also have to find enough food to form their eggs.
There<appear_t9 be no published accounts which relate energy expenditure
to intensity of fighting and courtship displays of breeding birds, but,

- intuitively at'ieast, to witness a fierce fight between neighbouring gulls
where often the victor appears as exhausted as the Vanquished, léads one
to the conclusion that the stresses involved must be considerable. Female
gulls adopt absecondary role in fighting (although sometimes they are directly
involved) but they are nonetheless very active in the defence of the
territory. >;Ip is not inconceivable that a yearly increase in the spacing
of nests has“permitted female gulls to allécate a.greater proportion of
nutrientS'to_their eggs through reduced levels of stress. In 1968, average
clutch volﬁme (three-egg clutches) was'223.4m1, whilst in 1977 average
clutch volﬁme was 233.3ml - an increase of 4.4%. This ﬁay seem a small

| increase (fhough proportionately quite large when female body weight is
coﬁsidered‘aé a ratio of clutch volume) but there'is also some support to
‘be foﬁnd invfhe observation that>between 1972 and 1977 the mean weight of

a éample of female gulls increased from 847 + 7g to 860 * 10g (see
Appehdixvlis; , Beaiing.in mind the possibility of a slight ianeasg in
-weight with aéé (the average age of the 1972 sample was 5.4 years, whilst
the éveraée age of the 1977 sample was 6.8 years),Athere is the further

suggestioh that an increase in body weight may be in some way influenced

: bylchangeé'in breeding density.
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9. ASPECTS OF CHICK FLEDGING.SUCCESS AND POPULATION

DYNAMICS
9.1 INTRODUCTION

It:has been mentioned in Section 5 ‘that in order to
sustain the i3% average annual increase in the number of gulls'breeding
on the Isle of May each pair of gulls require to fledge on average one
chick pér annum. This prior knowledge provided a basis for investigations
of reproductive success by gulls which survived culling in control areas.
Parsons (1975) quoted 0.91 and 0.67 as the number of chick§ fledged per
pair from this colony in the years 1967 and 1968 respectively, which
indicates that there are likely to be variations in the productivity of
the colony‘from year to year, and to underline this possibility there
are wide ranging estimates in the literature as to the productivity of
herring gull ¢olonies in different parts of northern Europe and North

America (?able 35).

- Table 35. Some estimates of herring gull breeding success found -

in the literature

: Authority chicks/pair Location

Darling (1938) ~ 0.78 - 1.13 Priest Island (Scotland)
Paynter . (1949) 0.91 ' Kent Island (Canada)
Paludan' (1951) 0.50 Graesholm (Denmark)
Drost ét al. (1961) 0.4 -0.90 Wilhelmshaven (Germany)
Vermeer (1963) 1.0  Mandarte Island (Canada)
Harris (1964) 0.60 Skomer (Wales)
Broﬁn (1967) 0.91 _ Walney Island (England)

" Kadlec and Drury (1968) 0.80 - 1.40 Eastern U.S.A.

" parsons (1975) 0.91, 0.67 ' Isle of May (Scotland)
Spaans (1975) ' 1.20 Terschelling (Netherlands)
Monaghan (1977) : 1.2 -1l.4 Rooftop colonies, Tyne and

Wear, England
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In this study, a measure of chick production could relate to the
importance of nesting density aﬁd age in determining breeding success
and what the effects of culling were (if any) on the productivity of the

colony in areas which had remained as protected controls.

9.2 .THE IMPORTANCE OF FLEDGING SUCCESS IN RELATION TO FUTURE

RECRUITMENT

When predictions regarding the number of animals at a future
poiht in.théir life cycle are made from measurements during juvenile or
sub—gdult stages it is profitable to be aware of tﬁe-importance of small
fluctuationg in the survival of young which can influence the validity of
such predictions. This is particularly the case in animals such as the
herring gu}l where average survival rate is ‘high after the first year of

life. The reason for this can be illustrated by the following hypothetical

situation:

If 1000 breeding pairs of gulls succeed in raising looolchidks
to,fledging,fif would be expeéted that five years thereafter there would
‘be 1000 x 0.82,x 0.935% ;'627‘gulis alive, these being birds of‘breeding
‘age (see‘Sec£ion 5). One thousand chicks from 1000 pairs of gulls is

‘Aprobably'clpsé to the average success rate (see Table 35), but if each
pair of gulls produce 3 eggs, of which (say) 70% hatch successfully, then
there will be 2100 chicks on hatching, and 1100 willvdie before fledging.
This repfesénts a chick survival rate of 0.476 during the pre-fledging
period. ‘ if; on the other hand, chick survival dropped by 10% to 0.376,
the numbers of chicks fledging would be 790. <App;ying the same survival
rates as above, the numbers of chicks survivihé\to their fifth year would
be 503, wﬁich represents a drop of 24.7%. Applying this reasoning to
parsons' (1975) data on chick sufvivai, in 1967 1000 pairs of gulls would

fledge 910-CHicks, which would give rise to 570 surviving adults five
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years later, whilst in 1968, when only 670 chicks per 1000 pairs fledged,
five years later there would be 420 surviving adults - a drop of 37.5%,
It would be impossible to record a 13% annual increase in a colony where

chick production was so low, unless there was immigration of recruits on

a very large scale.

9.2.1 Methods

The control areas of Tarbert III,Maiden's Rock and Norph Plateau
were used to measure chick fledging success. It has been stated in
Section 2 that these areas were chosen for fheir diversity of.nesting
densities; but they algo possessed discrete topographical boundaries
and could be considered arbitrarily as sub-colonies which were separate
from the fest'of the island breeding population. Although data on
clutcﬁ size and egg dimensions were taken for a representative sample in
the Tarbert III area only, the number of breeding pairs in each sub—colon§
was'accurately known and each nest was staked and numbered. Chicks.wereA-
marked on hat¢hing, or as soon as possible thereafter, except for the
Ma;den's goék area which was left undisturbed until approximately the
fourth week after hatching. Disturbance was a major factor influencihg

‘ cﬁick loss in this area. To mark chicks, Parsons (1971) héd used strips
V of coloured insulating tubing. These were slipped over the leg and
stapled in position. This method was likewise adopted in this study.

For the youﬁgest chicks they could eaéily be removed at~a later date when
the chicks_ﬁad grown sufficiently to be-marked with.BTO monel rings

(size G)~ahd a single coloured Darvic ring 20mm in height. Moreover,
should a .c.hick survive to fledgingv but not be rec;aptured, the staple would
rust:within a few weeks and the ring fall away. An additional advantage
was that these temporary rings avoided considerable wastage of expensive
monel r;ngé,:since it was likely from fhe.outsef that more than half the

chicks would die before they fledged.
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Since most chick loss occurs in the first ten days after
hatching (Parsons 1971) and with only a minority of chicks dying in the
ensuing weeks up to fledging, if a chick survived for 35 days from the
time of mérking, it was considered that it would also fledge. In this way )

it was poseible to assess fledging success with minimal disturbance to the

colony, as it was necessary only to recapture chicks once.
9.2.2 Yearly variations in chick survival

In 1974 no data could be collected on chick survival. This was
accountable:to the NCC gull cull"which did not allow provision for control
areas to be left undisturbed. _ The best estimate for chick production in
this year was that'approximately 550 successfully fledged herring gull
chicks and about 300 lesser black-backed gull chicks, from a total of about
950 pairs of gulls of both species which ' remained-unaffected by the cull.
This esttmate,is for the entire colony on the Isle of May. Data.for the
years 197541577 appear in Table 36. In general, these data are comparable
to those bfiPatsons (1975) , quoted in Table 35. The lowest fledging,
'suecess was recorded in 1976 where, on average, O0.71 chicks per pair
were fledéed_. This .figure is somewhat biased by the apparently upusually
:poofvsurvivai.of chicks on the North Plateau area, where dhly 0.59 chicks
per pair sugvived beyond their fifth week. It was felt that at.least one
factor coptiibuting to this poor survival may have.beena
summer of'eiceptionally low rainfall and high temperatures. There was
‘severe dyinélback of protective vegetation cover for the chicks in the

first week after hatching, and high mortality resulted.
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Table 36.  Yearly variations in the number of chicks surviving more
than 35 days in control areas on the Isle of May
No. of No. of
year area pairs chicks - Chicks/pair
1974 no data *
1975 Maiden's Rock 145 95 0.65
Tarbet III 234 206 0.88
North .P_J.ateau 57 70 1.23
- Totals 436 371 0.85
1976 Maiden's Rock 165 117 0.71
Tarbe®  I1II 98 85 0.87
North Plateau 68 34 0.50
Totals 331 236 . 0.71
1977 Maiden's Rock 100 88 0.88
Tarbet 1III 59 60 1.02
Totals 159 148 0.93
Overall Totals 926 . 755 0.82

9.2.3 The influence of parental age on chick survival

v Téble 37 summarises the breeding success of 203 ﬁairs of gulls

‘where tﬁevage of one parent bird was known. (TﬁeAsample‘had been reduced
from 264 ééirs of aged birds since some of the gulls were nesting outside
the stuay area and.had been culled before they hatched chicks.) There

is a trend of increasing chick survival with increésed age of parent
birds, and with percentage breeding success ranginé from 6.7% in ;hird
year gulis.tb'42.9% in eleventh year birds. Figure 26(a-c) illustrates
these trehds, and there is an extremely good corte;ation between the
numbers éf'éhicks which survive up to their 35th'day, and parental age

(r7 = 0.93?; p < 0.001). From Figure 26(c) iﬁ would seem that there

are three stages in the general chick survival/parental age relationship.
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Figure 26. The survival of herring gull chicks
up to their 35th day, in relation to

parental age.
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ﬁetween the.ages éf three and five years there is a steep increase in
the number of surviving chicks for each age class of parent. It can be
stated with some certainty that most, if not all, gulls in this age group
were breeding for the first time, and it would be expected that first-
time breeding birds would be less successful on average fhan older birds.
.However, it is also possible that a third or fourth year gull might be
more naIvé~$§ regards chick rearing than a fifth year bird. Between the
fifth and eigﬁth yeaf there seems to be little difference in chick
»survivél,'but between the eighth and eleventh year there is another marked
upward trgnd,A It will be recalled that glutch size actually reached a
maximum in eight year old birds, with a slight decline thereafter, so
this reduétioh in the number éf eggs by older females is more than
compensated‘for by an increase in the number of chicks which survive to
fledging. vit is not known whether this age effect couldicontinue in
birds muchAolder than eleven yeérs of age.

) There are two possible explanations for this trend of 1ncreasgd
breeding suécess with age. One explanation may-lie in the physioloéical
‘ability Qf;the female gull to produce better qudlity eggs the older she
ggfs (i.e._laréer eggs containing relatively greater quantities of albumen
énd‘yolk).ﬁhilst the other explanation could lie in the behaviour of the

~ older birds whose breeding experience is such that they are more capable

at raising chicks. In all, a combination of these two possibilities may

be closesf,ﬁp the truth.

Ié'almost all instances, it was not possible to identify which
egg of a Elutch had given rise to a surviving-chiqk. Parsons (1971)
establiéhed that egg volume and chick weight on hatching were positively
correlatéa (r_ = 0.91; p < 0.001) and various studies on the domestic hen
have alsévshqwn a chick weight depgndeﬂtAonvegg weight (Wiley 1950,

Skoglund et al. 1952). More importantly, Parsons (1971)vestablished a marked
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Table 37... The reproductive success of gulls of known age which have
" survived the gqull cull to raise chicks. Percentage breeding
-success 1s calculated as the number of chicks which survive

until at least 35 days of age after hatching x 100
no. of eggs

Age (years)
No. surviving 4 5 6 7 8 9 10 11 Totals
clutches 12 16 8 30 35 51 26 20 5 203
Mo.eggs - 15 39 21 86 1ol 149 69 53 14 547
M. chicks © 1 7 5 17 25 38 21 19 6 148
No. chicks/pair 0.08 0.44 0.62 0.57 0.71 0.76 0.81 0.95 1.2  0.73

No. chicks/egg 0.07 0.18 0.24 0.20 0.25 0.26 0.30 0.36 0.43 0.27

% breeding '
success 6.7 17.9 23.8 19.8 24.7 25.5 30.4 35.8 42.9 27.1

Table 38; ‘Comparison of the mean sizes of a- and b-eggs of gulls of known
age, in clutches which gave rise to chicks, and clutches which
did not

Age (years)

. 4 5 6 7 -8 9 10 11

Clutches with ‘
chicks

~ No. clutches 7 5 15 24 33 19 16 5
Mean egg size (ml)72.73 71.92 74.30 75.46 78.35 78.68 179.60 80.20 .
t s.e. 0.94 0.91 0.44 0.57 0.52 0.74 0.71 0.72
Clutches ‘without

Achicks ' ’
No. clutches. 8 3 14 11 18 7 3 0
Mean egg size (ml)74.51 72.62 73.90 74.51 78.53 79.99 78.96 -
+ s.e. 0.95 1.22 0.57 0.52 0.59 1.11 1.30 -
value of
Student's o
t-test - 1.32 0.45 0.55 1.23 0.23 0.98 0.45 -
significance n.s. n.s. n.s. n.s. n.s. -p.s. n.s. -



124
correlation between egg size and chick survival (p < 0.001) and concluded.
that egg volume is a most important factor in determining post-hatching
survival, vith nearly all the chicks from eggs smaller than 65ml dying
soon after hetching.

The problem in this study is therefore to try to separate the
effects of an increase in egqg with»age (which influences chick survival)
on one hand, from the possibility that age and experience per 8e can be
‘responsible for increased chick survival on the other hand. It was not
known which individual eggs gave rise to surviving chicks, but the mean
volumes of»the a- and b-eggs in clutches from which no chicks survived
were close tc the mean volumes of a- and b-eggs where at least one chick
did surviver' (The differences were not significant (Table 38)).. (The
c-eggs were'hot considered since in most cases it was definitely known
that the c-egg did not give rise to a surviving.chick). Parsons §1970)
has emphasised the very poor survival of chicks hatching from small c-eggs.and
since the largest eggs did not always give rise to chicks which fledged,
it is poetulated that parentel experience may be important in increasing.
‘the chick's prospects of survival.

| Tahle'39 divides the aged sample of gulls into two groups -

" gulls less than 8 years of age, ahd gulls older than 8 years. The
division is arbitrary, but by the eighth year all_gulls in the sample
should, bar a small minority, have bred at.least once. The number of
clutches from which at least one chick survived to the 35th day is
compared with the number of clutches from which no chicks survived, in
relation to egg volume. (Here egg volume is considered as the average
of the two.ef and b-eggs.) These data are also illustrated in Figure 27.
For gulls in the age group 8-11, there was a total of 102 clutches,

73 (71.6%) cf which gave rise to one or more surviving chicks. In the

group aged 3-7 years, where there was a total of 87 clutches, 51 (58.6%) R



125

gave rise fé.surviving chicks. _As might be expeéted, the data
illustrated ithigure 27 are not normally distributed because of the tendency
for the larger eggs to give rise to chicks which survive better. 'In the
3-7 year old group the number of clutches where mean egg size was greater
than 75ml totalled 27, of which 16 gave rise to surviving chicks. This
represents éAsuccess rate for producing a chick of 59%. In the older age
group therg'wereiqi clutches where mean egg volume was greater than 75ml,
'and of thése'65 (71%) gave rise to surviving chicks. In the egg size
interval 75-80ml it can be seen that 56% of clutches gave rise to chicks
in the 3—1i'year old age group, whilst in the 8-11 year old age group

72% of clutChgs gave rise to successfully fledging chicks. However,
despite this’discrepancy in the breeding success between younger and older
birds, this difference is not significant (xz =.i.96, 1 4.f.).

| Alﬁhough there is no clear-cut evidence_for an age effect.

independent of egg size in the simple comparison of breeding success
between younger and older gulls made above, there is some additional . -
circumstantial evidence which tends to support the assumption that such
an age effécﬁ may exist. For instance, it seems that older gulls.are
.bettér abie fo ?aiée two chicks than are younger birds. From a total bf
é7'clutches{belonging to gulls less than 8 years of age, only from two of
these was a second chick raised. In birds older than 8 years there were
11 clutches from a total of 102 from which a second chick survived

(x2 = 5.28, 1 d.f., p < 0.05). There were no clutches where three chicks
were raised to fledging. Table 39 also indicates that for younger birds

the mean size of the a- and b-egg which gave rise to successfully fledging

chicks wasfactually smaller than the mean egg size in clutches which did

not.
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Ages 3-7
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i
The number of clutches which gave rise to chicks,

and the number which did not, in relation to the

_mean volume of a- and b-eggs, in old and young gulls

Mean egg size (ml)

clutches.with

chicks

clutches without

chicks

Ages 8-11

clutcheé(with

chicks

clutches without

chicks

60 - 65 - 70 - 75 - 80 - 85 -
o 4 31 14 2 o
o 2 23 11 o 0
o o 8 43 19 3
(0] o 3 17 8 1
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The number of clutches of eggs from which at
least one chick survived, compared against
the number of clutches from which no chicks
su;vivgd.in two groups of gulls, aged less

than 8 years and more than 8 years.
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9,3 AGE COMPOSITION AND PRODUCTIVITY OF THE COLONY

It'has been shown that between the breeding seasons of 1975-1977
the average nﬁmber of chicks produced per pair was 0.82. From an estimate
of fledging §ﬁccess,.and a knowledge of the age of first breeding, first
year and adult survival, it has been considered possible by Capildeo and
Haldane(1954) to calculate the annual rate of increase or decrease of a
population. The method involves ;he use of tables which inter-relate
fertility rate (the number of young produced per pair which not only fledge,

but survive for one year) with adult survival and the age of first breeding.

The relatibﬂship is

f =c.k
2s

where‘f is tﬁe fertility, c the mean clutch size, k the fraction of eggs
which hatch_énd givé rise to young which survive for one year, and s is
adult survival.

" In this study, mean fledging success wés 0.82 young per pair
and first yéar survival rate was 0.82. Thus, with adult survival being

0.935

f = 0.82 x 0.82 = 0.3596
2 x 0.935

| j.Tabie 1 (p. 218) of Capildeo and Haldane (loc. cit.) gives complex
rooﬁs (xl) for different values of f where the age of first breeding is
variable. “Since it has been found that the agé of first breeding extends
From the foufﬁh year to the eighth, it is necessary to take the weighted

average to calculate Xy viz:

(0.21 x 1.1795)+(0.52 x 1.1617)+(0.13 x 1.1479)+(0.06 x 1.1367)+(0.08 x 1.1273)

= 1.1594

(It will be remembered that 21% of gulls breed at four, 52% at five, 13% at

six, 6% at seven and 8% at eight.) The value xl‘is such that when multiplied

by the adult survival rate, the degree of population change is given i.e.
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sx, = 0.935 x 1.1504 = 1.08423

Thus the annual rate of increase would be 8.4%, which is only fractionally
less than.thét calculated by Parsons (1971) who estimated an 8.6% annual
increase, bqt.without the detailed knowledge of the age of first breeding.
Clearly, the§§ estimates are at variance with the known 13% annual increase ¢
in this colony.

'6ne‘of the postulates for the valid use of this method.by
Capildeo and Haldéne (loe. ett.) is that breeding success must be independent
of age. Reference to Table 37 indicates that this is clearly not the case.
Percentage_bréeding success ranges from 17.9% in fourth year gulls to 42.9%
in_eleventhlyeér birds. Previously, Parsons (loc. eit.) suggested that
this discrepapcy in the rate of increase of the colony estimated from two
different ﬁethods might be caused by an under-estimation of first year |
survival rates. He calculated that a first year survival rate of 0.854
and an adult §Urviva1 of 0.925 could result in a 13.3% annual rate of increase
by the breeding population. However, it seems unlikely that first year
survival couldAbe sustained at such a high value (as it would be required to
do) and Chébrzyk and Coulson (1976) have estimated a 33% first year
mortality in ﬁhe 1967 year class on the Isle of May. There seems in any
case no adeqﬁate explanation as to why at least first year mortality should

be under-estimated from the method used to calculate it.

‘ Unfortunately, there are no data for the relative breeding success
of gulls which start to breed for the first time between the ages of five and
eight. 'Iffit was possible to state that all five year old birds (for
example)-ﬁéd,a breeding success of 23.8%, and all six year old birds had an
average breeéing success of 19.8% etc (see Table 40), then it would be possible
to calculate the rate of increase or decrease of the colony using the above
method of Capildeo and Haldane. prever, it is not known whether a gull

breeding for the first time in its sixth year (for example) is as successful -
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as a sixth year gull which has already hed experience of breeding in
previous;yeare; On balance, it is likely not to be the case. Since it

is known that:breeding success can increase with age, it seems probable

that withh some 50% of the gulls older than eight years (as would be the

case in an uneulled population, Table 21), the annual increase in numbers
would truly be in excess of 8.4% per annum.

Using the age composition which has been calculated for the
population érior to the onset of culling in Table 21, and assuming that
gulls aged.between four and eleven have an average breeding success the same
as has been fopnd in this study (Table 37), it is possible to estimate the
annual rate‘ofbincrease by an alternative method. The relative proportions
of birds'in each year class have been calculated (Table 21) where in a
breeding population of 10,000 gulls, 70.25% of them will be aged betyeen four
and eleveﬁfv  In Table 40, column 2 gives the relative numbers of each age.
Column 3 giVes the number of chicks which would be successfully fledged by
each age ciass should they have a breeding success equal to that observed
in this study.(from Table 37). Column 4 gives the number of offspring
which would‘still be alive one year later (with an average first year
survival rate of 0.82), and column 5 gives the number of offspring which
would be'al;ve 8 years later (with an average adult survival rate of 0.935).
Thue, 70.25%'of the breeding population which stands at 10,000 birds can
give rise to_2,499 surviving offspring eight years later - at a time when
all of this number can be expected to have joined the breeding population.
If the remeihing 29.75% of the population can breed on average as well as
the younger'jO.ZS%, we would expect a total of 3,557 birds which are eight

years old. ' (This may be an over-estimate since the oldest birds may not

be able to bfeed so well.)



131

it can be calculated that when é 13% annual increase in the
breeding population is sustained over eight years the original population
of 10,000 birds will have increased to 23,527, and from Table 2L it can
be calculated that with this rate of increase and with the same survival
rates the proportion of eight year-old birds should be 10.57% of the
population (i.e. 2,487). Here we have 3,557 eight year-old birds. The
numbers of.gﬁlls in each age class must be in proportion to the rate of
increase_when survival rates and average ages of first breeding remain
constant'OVef a period long enough for the age composition to become stable.
Therefore,>the number of eight year-old gulls (2,487) can be considered
proportionéllto a 13% annual rate of increase. With the average breeding
success found in this study, the number of eight year-old birds would total
3,557, apd for this number to be accommodated tﬁe rate of increase would
have to change proportionately. Hence the new rate is 18.6%. Although
this new rate of increase seems to be high, Monaghan (1977) has recorded
an annu#l rgte of increase of 17% in herring gulls nesting on town roof-

tops since the 1950s, and her studies indicate that fledging success can

be as high as 1.2 - 1.4 chicks per pair.
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10. FEFFECTS OF DENSITY ON RECRUITMENT

10.1 INTRODUCTION

One of the most noticeable results of culling gulls on the
Isle of MaY‘has been the reduction of nesting density in the colonies.
Nesting dghsity throughout a colony tends to be variable, being
determined by the constraints of competition for territories in what
may be a limited area (being on an island) and also by the need to
space nests to reduce both intra- and interspecific predation. Thus
PatterSop (1965) envisaged an optimal spacing of territories in the
black—hgaded gull, dependent upon an equilibrium between a random
scatter of nests to effect maximum protection for the eggs and chicks,
and a clﬁmping éf nests to promote effective group protection.
Parsons (1976) showed that herring gulis on the Isle of May began laying
earliest ;n the season at an intermediate density, and that these
subsequently were the most successful breeders. It would seem that
there is é éronounced advantage for a colonially nesting gull in gaining
a territory'in an area of optimal density, and the inference is that
higher éerfsity. areas might be more attractive to recruits seeking a
territory'for the first time. | Coulson (1968) has demonstrated the
importénce éf position when drawing attention to differences of "bird
quality" between male kittiwakes which hold a-territory in the centre
of the éé;ény, and the edge (the two divisions being defined by the
positioﬁ énd density of the nests). Birds which nest in the centre
have-a significantly higher survival rate, and breeding success in the
centre is éignificantly higher than at the edge. 

' Cﬁabrzyk‘and Coulspn (1976) proposed a model which described
recruitment in a herring gull colony, postulating that density of

breeding qulls regulates the recruitment rate-(Figure 28) . At higher
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Figure 28. ‘A model depicting recruitment dynamics in a
. herring gull colony, from Chabrzyk and Coulson
(1976) . The horizontal _ _+ line represents
.the adult mortality rate (0.065). The equilibrium
points (A and B) indicate the minimum () densities
..between which the colony can exist, and the
| m;ximum (B). An area of optimal attraction lies

between these two points, at which recruitment is

‘maximal.
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densities the colony is more attractive to new recruits, but as density
increaseé it becomes progressively more difficult to establish a
terrifory. At the lowest densities the colony is one of minimal
attractiveness, but it would be ea§y for a recruiting bird to gain’a
territorff?ithin it. Thus, in theory, maximum recruitment should occur
at a densitvahich is both attractive to recruiting birds and yet is low

enough to permit them gaining a territory.

10.2  METHODS

Six representative areas of the island were marked out in the
breeding séason of 1974 and were culled in each year thereafter to give
a range of breeding densities. The - high density area known as Maiden's

Rock was ieft unculled as a control area. As a standard procedure

density has been expressed as the number of nests per 100m? thfoughout.

ANeﬁ recruits in each area were identified from plumage
charactefs\fif thefe were signs of sub-adult plumage) or, if ringed,
by the ringfnumber. However, since only a minority were so easily aged
and distinguished, the most practicable means of estimating number; of
recruits was, as described previously, to'combine the average annual
adult survivél fate of 0.935 witﬁ the survival rate due to culling,

from which the recruitment rate could be calculated.

10.2.1 Results

The results of the clearing experiments are shown in Table 41,
listing'thé survival rates, the number of new recruits and the density

of each area.
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It can be seen that the relationship between density and
recruitment is variable between years and between different areas.

On the North Plateau II area (which had a low density and was on the
edge of the colony - not having been colonised until the early 1970s,
and hence'ﬁaving no tradition as a successful breeding area) no
recruitment was recqrded, although a few older gulls remained to

breed sucqessfully. The control area (Maiden's Rock), where there

had been no culling in each year, remained at a high density throughout,
and althéugh the new recruits to this area increased slightly during
the period‘qf study, the annual average recruitment rate for the three
years was oqu 8.0%, giving an average anﬂual increase of 1.5%. It
would seem‘that this area was close to the maximum density, so that
recruitmenp approximated to»mortality and the numbers remained constant.

In Figure 29(a) the data for Tarbet I and Tarbet-. II have been
pooled sinﬁe the two areas belong to the same sub-colony and individual
gulls have‘been observed on occasion to change nest sites between the
two areas in consecutive years.

‘Figure 29 indicates‘that the relationship between recruitment
and density differed in each year. It is probable that the variation
can be accqunted for only by a combination of factors which are difficult
to separate, and much of the explanation may ;ie in the behavioural
basis for iecruitment which is not fully understood. - Environmental
factors which only directly influence reproductive state may be equally
importahﬁ,;but further study is required to elucidate the mechanisms
involved.

In 1976, when recruitment to the island as a whole was veryAlow
(Table;13),_recruitment only occurred in the areas of highest density,
whilst in_1977, a year in which 52% of the population were new recruits,

recruitment was greatest in the study areas of lower density. The data
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Figure 295 vThe relationship between rate of recruitment
and density in six areas on the Isle of May
petween 1975 and 1977. Recruitment is expressed
 as the percentage of gulls in each area which are
preeding for the first time, and density is

expressed as the number of nests/lOOm2
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for the 197S_breeding season indicate however that the most attractive
dénsity on the -island was intermediate betﬁeen that of 1976 and 1977.
These data are noﬁ irreconcilable, for by pooling the data (Table 41)
for all years, a curvilinear relationship results (Figure 30) which
correspond;-to the model proposed by Chabrzyk and Coulson (loe. eit.).
Recruitment to the Tarbét.IIarea was particularly high, but this was
probably no more than a reflection of the tradition of high density
neéting and attraction which this relatively undisturbed sub-colony
held for recruits.

The results of these experiments indicatevthat there is a
broad region of optimal attraction which corresponds to a density of
between‘2 and 10 nests/100m?. Clearly, different colonies will have
different recruitment rates regardless of(density, since the topoéraphy
of the colony must intervene to influence the distribution and number
of nests." A more regular distribution can be achieved and a greater
number of nests accommodated on flat ground, whilst on rocky slopes

‘a less favéurable clumping of territories tends to occur, particularly
wﬁen co@petition for space becomes critical.

...Ih areas of high density, the recruitment rate aeclines (as
‘predicted by the model) and at theAvery highest densities, where nests
tend to.be'post uniformly spaced, annual recruitment rate is of a level
which is sufficient only to replace annual adult mortality and to sustain

the_population at a high density.

10.3 THE OVERALL EFFECTS OF CULLING ON THE BREEDING DENSITY OF THE
ISLE OF MAY
:In view of the relationship which has been found to exist
between nesting density and recruitment, it is relevant to assess the

effects of the cull with respect to the nesting density now to be found

on the Isle of May as a whole.



Facing page 140

Figure 30. The relationship between rate of recruitment
and density, by pooling data for 1975-1977.
The curve approximates to that proposed by
~ Chabrzyk and Coulson (1976) for recruitment
', f'in a herring gull colony. The area farbet II
is atypical in its exceptiénally high rate of

recruitment.
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. From the experiments described in the prev;ous section it
would seem that on the island, where nest density is comparatively high,
the preférred density for recruitment is between 2 and 10 pairs/lOOm2
and most probably towards the lower end of the scale. In 1972 when
the breeding population was at a peak of 16,700 pairs, the gulls
océupied an area of approximately 18.5 hectares (illustrated in
Figure 31(a). By 1977, the population had been reduced to 3,670 pairs,
not includiﬁg lesser black-backed gulls, and still occupied an area of
approximate;y l6ha, very nearly the same as before (Figure 31(b)).

Only on the northwestern part of the island does the distribution differ
significantiy from that found in 1972; elsewhere it is relatively
unchanged,vbut the density has been lowered from about 11.1 pairs to

2.3 pairs/ldOm2 in the colonised regions. At this density future
xecruit@eﬁt could continue in the region of 17% per annum or higher

if the culling was to be relaxed.



Figure 31. The area colonised by gulls on the Isle of May
in 1972 (a) and the area colonised by gulls

in 1977 (b).
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11, NEST DENSITY AND NEST DISPERSION

11.1 INTRODUCTION

Aﬁyiintensive'population study requires that the abundance
of énimals be in some way related to the space within which they are to
be found. A measure of dispersion describes the configuration of positions
which the animals take up in space, whilst a measure of density quantifies
the numbers wi;hin the unit space. Unarguably, dispersion and density
have the greatest fundamental significance for the population, and some
consideratioﬁ-needs to be given to the-practical difficulties encountered

in their interpretation.

In‘this study the population has aiready been conveniently defined
since it can b§ considered as synonymous with the‘colony. The size of the
Isle of May delimits the physical extent of the colony, and with the vast
majority of thg population being of breeding status, the density of the
breeding popu}ation is determined by the dispersion of the territories on
the island. This dispersion tends to be uniform where numbers of breeding
gulls are-high'and space is limifed. The situation in the Tarnbrook/
Mallowdale colony is somewhat different however. There, a physical
5oundary doesznot constrain the size of the colony so that it fluctuates
in size annﬁally, depending on the rate of iﬁcrease in the population and
the degree"éf disturbance suffered by the birds. In this colony the
distribution of pests appears to be more random than on the Isle of May.

IWithin these two coldnies, ﬁowever, there is considerable
variation‘iﬁ both dispersion and density of nests. At the simplest level

there are three naturally occurring factors which influence the nest

dispersion and density. These are:
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(1) Tﬁevtype of nesting habitat: on flat, even ground a more
regular spaéing of nests can be achieved, | When the topography ig broken,
nests in somélareas cannot be safely accommodated. - -

- (2} The territorial behaviour of the birds: the phyéical size and
shape of a territory is influenced by (1), but more particularly by the
degree of tolerance between neighbouring pairs. |

(3) Theltiming of breeding: where synchrony in breeding is apparent,
but with different proport;ons of the population breeding earlier or later
than the norm, there will be variations throughout the season in both

dispersion and density.

when colonial organisation is being investigated, the effects of
these three criteria have considerable bearing on éhy interpretations-to
be made. :Obviously it is best for the investigatof to choose a colony or
area where theie is uniformity of nesting habitat type. For the second
factor there are considerations of colony size, population size, recruitment
rate, levels of aggression and site tenacity, all of which are important.
The third factor is much influenced by the physiological state of the birds
at the oﬁseﬁ;bf the breeding season, and is in a large measure related to
the age coﬁpdéition of the population as a whole. Patterson (1965) found
that greatérISYnchrony in nesting black-headed gulls tended to produce
maximal aggregatioﬁ. Parsons (1976) found that spacing of nests by herring
gulls‘on the Isle of May tended to be uniform, but the nest density of gulls
laying later in the season progressively approached a random distribution.
As mentioned in Section 8.1.2, late breeding birds in this study were in
only a veryfsmall minority, so the problem of seasonal variations in density
and dispersidn.could be ignored.

There remains one other factor influencing dispersion and density -
the effects_pf culling. Culling on the Isle of May has reduced density,

but it is Aifficult to be certain whether dispersion has been significantly
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affected. 3 bnAMallowdale Fell it seems rather that density is unaffected
by culling, but dispersion ié. However, since it has been impossib;e to
quantify the numbers of gulls killed there by gamekeepers working on their
own initiativé since 1974, or by the owners before that time, the inter-
pretation of density measurements is not easy. Certainly it would seem
that the gulls have become more scattered, and there has been an increasing
tendency to form small outlying colonies of very low density some distance

from the main body of the colony (Figure 7).
11.1.1 Methods

'Thé'nests on the study areas of East Tarbet I - III, Colme's
Hole, North Plateau I and II, and Maiden's Rock were-indiVidually staked
and numbered at the beginning of the breeding season (see p. 26). Tarbet
I1I, Maidgn's Rock and North P;ateau I were not culled, so that breeding
success could .be measufed. The remaining four areas were culled
(Section ;O).' At the end of the breeding season the nest density
of thése ;regs:was measured by two methods, called Density Measuremen; I

and II resbectively.

(1) Dénﬁity Measurement I. A point was chosen at random within
the area. Taking this point as the centre, a circle of radius 20m was
described about 1t, using a tape measure. All the nests which then fell
within this area (1257m?) were then counted. This procedure was repeated
until the éqti;e area had been encompassed by a series of overlapping
circles, and the average nest count was taken as the nest density and given
as the number of nests/100m?2.

(2) béﬁéity Measurement II. The distance between nearest neighbours
in each afea was measured to the nearest 0.5m, which enabled the position of

all nests to be plotted to scale on graph paper. The nest density was then
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measured in a 3m unit. This was the number of nests which fell within a
3m radius of each nest. The maximum number of nests within each radius
was variable éccording to the area, bﬁt could be as high as six in the
densest parfs of Maiden's Rock, or zero, which was the most frequent count
on the low density North Plateau. The minimum distance recorded between

any two nests was 1.25m.
11.1.2 Results
(a) Density Measurement I

Table'42 gives the density for each area expressed as the number
of nests/lOOmz.. This measure of density was used in the investigation of
recru;tment rates (Section 10.1.1) since it could easily be related to the
presence of birds on the ground irrespective of the actual position of their
nests. This was based on the premise that the presence of gulls on the
ground before nesting was fully under way (i.e. before the final density
of nests has been decided) was the important factor in attracting new
recruits,_and fhat the final nesting density was a factor which was decided

only later in the breeding season.

Table 42. - Nest density on the Isle of May, 1975-1976, expressed as
' the number of nests/100m?2

Area 1975 1976 1977
No. of nests/100m?

Tarbet I* 8.7 3.4 3.6
Tarbet II* 8.4 11.7 ' 11.9
Tarbet. III 9.9 ' 12.4 15.6
North‘Plaﬁeau It | 3.3 1.3 0.8
North Plateau II* 0.1 0.0 0.0
Colme's Hole t 10.0 9.2 9.5
Maiden's Rock 14.3 14.9 16.2

* culled by NCC; T culled by the author at the end of each breeding season
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(b) Density Measurement II

Table 43 gives the mean nest density (Measurement II) in each
area between,i975 and 1977. Withiﬂ each area, nests ténded to be spaced
uniformiy.-_.However, when the observed number of nests were compared with
that expected'by a‘Poisson distribution, there were only two instances
where the departure from the expected was significant. In 1976, Tarbet II
had a mean density of 2.1 nests/3m unit (x? = 10.1, 4 d.f., p < 0.05) and
in 1977 Colme's Hole had a mean density of 0.75 nests/3m unit (x2 = 7.4,

2 d.f., p < 0.05).
11.1.3 Nest dispersion

Tébié 44 gives the mean density with the standard deviation for
each area.. Ih most cases the standard deviation was large, and this
variation-Can'be expressed as the coefficient of dispersion (Southwood 1966) .
A coefficient of unity indicaﬁes a random distribution: .uniform
distributionsiare indicated by a coefficient less than unity, and clumped
distribut;ons are indicated by coefficients greater than unity. There were’
three areas where there was a degree of aggregation - Tarbet II in 1975,
North Plateau I in 1976, and Colme's Hole in 1977. The significance of

departure from a coefficient of unity can be calculated by using x2

i.e. x% = s2(n - 1)

X
where s2 é-variance, % = the arithmetic mean, and n = the sample size.
when the sample size is large, it is assumed that.v[Z-;E is normally
distributed about v2 d.f. - 1 with a variance of unity. .From this,
a = /5;3 - /E_ETET_:—i, where d = the unit standard deviation, 4.f. =
degrees oflfxeedom = n - 1 (Southwood 1966) . values of 4@ can be

calculated from the normal distribution and are given in statistical tables.
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Negative values of d indicate a uniform distribution and positive values
a'clumped distribution. Values of 4 and the corresponding levels of
siénificance'are given in Table 44. . There are three categories of
éispersion, of which two are represented in the table. Negative values
of d which show a significantly uniform distribution - these were found in
Tarbet III in all years, Tarbet II in 1975, Maiden's Rock in 1976 and
North Plateau I in 1975. All other areas fall into the second category -
either unifor@ or aggregated distributions, but which are not significantly
S0. Significantly aggregated distributions were not found in any of the

study areas.

11.2 THE INFLUENCE OF DENSITY ON NUMBERS OF SUB-ADULT GULLS ON

THE. ISLE OF MAY

Afhe_effects of density on recruitment rate have been considered
in Section 10.1.1 where recruitment rate was seen to be greatest at a
density of;beéween 2 and 10 nests/100m2. The great majority of new
recruits.in each area had established a territory and had proceeded as
far as laying by mid-May. However, there was always a proportion of
young gullsrﬁhich were associated with the breeding population, but did
‘not succeed in laying eggs. These gulls were ail_in their third‘or
fourth year,ﬁand were easily distinguished by their sub-adult plumage.
Counts of_these sub-adults were made at intervals'from late April to
mid-July énd, as mentioned in Section 4 , theif'numbers did not vary
greatly thfpughout thé breeding season. Some were shot to determine their
sex ratio aﬁd their breecdling condition, but this did not seem to affect
their nuﬁbérs'greatly. It is likely that birdé were being replaced

continuously throughout the season.
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Figure 32 indicates how the sub-adult gulls were'distributed
in relation to the nest‘density existing in the areas where they settled.
Numbers are expressed as a percentage of the total‘numbers of gulls
present'at the time of the counts (not the total number of breeding pairs
in each area); On each study area a minimum of 25 counts were made in
each year, 1975-1977.

The results indicate that sub—adult gulls are fairly well
distributed at all densities, although some areas are more favoured than

- others irrespective of density. However, at densities.of less than one

nest/3m nnit, the percentage of young gulls present tends to be lower than
the percentage present at intermediate densities of.about 2 nests/hnit.
At densities higher than 2.5 nests/unit, the oercentage present was lower
still, usually less than 4%. -

Interactions between sub-adult and adult gulls are often
characterised by high levels of aggression. Female'sub-adults assume a
hunched, submissive posture in the presence of territory holding adult birds
with little aggression shown towards them, but male sub-adults are attacked

both on the ground and in the air above the colony, especially near the
densest‘areas} Of 18 sub-adult gulls shot at the end of the breeding
seasons of 1975 and 1976 in Tartbert II, 16 were females. It seems that
males find it much harder to alight with impunity in these dense areas. ’
In general, the data illustrated in Figure 32 conform to the;model proposed ’
by.Chabrzyk and Coulson (1976) that describes the'regulation of recruitment
at various densities (Figure 28). These sub-adult gulls appear to be
prospecting the colony, with a view to breeding the following year. From
these observations it would seem that the densest areas are attractive to
_the young'gnlls, where they are treated as intruders by the resident
territory holders. As a result, instead they tend to congregate.in areas
of intermediate density where there is a greater chance of remaining

unmolested. They are Seldom chased off low density areas, but these are
’ Tu

not so attractive in any case.
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Figure 32. The proportions of sub-adult gulls present in

colonies of different densities on the Isle

of May, 1975-1977

(@ 1975, A 1976, m 1977)
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It can be concluded that the highest recruitment rate should be
recorded in areas of intermediate density - as has been shown to be the
case in Section lo.i.l. A consequence would be that the density of birds
breeding fof the first time in a growing colony is in large part determined
by their presence in the previous year. Thus there might be a tendency
for these areas to be more attractive and more ccntested than areas where
breeding density is already high, and where site ownership has been long

established. ) L

1

11.3 THE CORRELATION BETWEEN DENSITY AND AGGRESSION (a'

Tinbergen (1953) has forwarded the hypothesis that the function
of territory for the herring gull is the defence of the eggs and chicks
against predetors. fhis has:been taken up by Patterson (1965) who
suggested that thedspacing of territories was compromised so as to effect

maximum protection for the colony as well as for the contents of individual

- nests. This idea of the function of territory presupposes that the

territory size must in some way be regulated by the birds themselves, and
it seems likely that aggressive action!is the best way of achieving both
an optimal size and retaining ownership. o ve ¢
As Tinbergen (loe. cit.) acknowledged: "fighting in gulls, ......
is a very—conplicated behaviour pattern. Not only are there various
different;ways of fighting, but fighting behaviour is often seen in an
incomplete form, and it may also be combined with other activities, ......."
This part of the study has been concerned however, not with causation, but
rather the consequence of aggression. I have assumed‘that during the
breeding season the main reason for a fight in the colony is to effect the
withdrawal‘of-an intruder from an occupied territory; At high densities,

. 4 ,
where nests are spaced only a few metres apart,. there are numerous fights,

some of them_prolonged. At lower densities they occur less frequently.



154
-

Nevertheless, it is important to point out from the outset that at low
densities much aggression may be discharged;through other less overt
forms of behsviour, such as displacement nest building/snd incipient
aggressive'movements where no contact is made. The argument then is
tha£ aggression plays a major role in determining territory size, and
hence density in a colony where there are limits to continuous expansion.
It is important to differentiate between ; colony on a small island such
as the Isle of May, and a colony withoutvpﬁysical boundariss sﬁch as that
on Mallowdale.Fell. When the colony is numerically large, protection for
the grouo against predators will be the more effective. However,. when
the physicai(limits of the colony hsve.been‘reached, and if the population
is to continue to grow, then there must be, perforce,‘an increase in density
with a tendency towards smaller and uniformly distributsd territories. 1If
there is survival value for eggs and chicks in an optimal territory size
compatible with the unhindered expansion of a colony, then it would seem
logical that any reduction in territory size through crowding would be
resisted by the resident territory holders, and this will be reflected in

a

the levels of aggression for a particular density.

11.3.1 Methods

Aégressive behaviour waslrecorded io the six study areas throughout
the peék of courtship behaviour and up to the appearancs of the first. eggs.
Observations were restricted to the seasons of 1975 and 1976 only . Each
area was observed for a one hour period on a rotational basis so that any

daily or seasonal variations in activity were avoided for a particular area.

Eight hours of observation were devoted to each area in 1975, snd 12 hours

to each area in 1976. At the beginning and end of each session the numbers

of gulls visible were noted. Aggressive interactions-were divided into

'fights' (where there was physical contact between two or more birds for not
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less than 3 seconds) and 'attacks' where contact was only momentary, as
in a swoop from the air b} one bird at another on its territory. Other
aggressive behaviour was not considered since too many birds were being
watched at a:time for adequate recording. The frequency of aggressive
interactions was then expressed as "the number of fights/lo gulls/hr"

*

and the "number of attacks/10 gulls/hr". . e
11.3.2 Results

Figure 33 illustrates the combined data for 1975 and 1976 with
aggression piotted against colony density. Both (a) and (b) show the same
sort of curve, where levels of aggression increase only slowly up to a
density of about 2 nests/3m unit, whereupon there is a sharp rise in the
_frequency-df:fights and attacks for a further increase in density. * These
data show a difference in behaviour of gulls between extremes of nest
.density_" wbich migbt'be reasonably expected - and the most likely reason
for the shape of the curve is asjfollows: as suggested‘above, there can be
sharp differences in.the manner of how aggression is discharged. Above a
particular threshold - which seems to be strongly influenced by density -'
aggression. is discharged through fighting, whilst below the threshold
density,\fighting is less frequent but is replaced by other forms of
aggressive behaviour. From Figure 33 this threshold density appears to be
in the region of 2.5 nests/3m unit (or equivalent to about 11 nests/100m?)
From this, a step-wise increase in aggression with increasing density would
result. .Some individual birds showed a greater tendency to attack or
sustain a. fight ‘than did others, but the incidence of aggressive encounters

‘tended to be distributed throughout the entire area of the sub-colonies rather

than be confined to the same group of territories.
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Figure 33.' The relationships between aggression and density
| ;in a herring gull colony. Aggression is
VImeasured as the "number of fights/10 birdg/hr"
and the "number of attacks/10 birds/hr".
Density is expreésed as the number of nests

within a 3m unit around each individual nest.

»
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'Male gulls in sub-adult plumage were rarely invqlved in fights,
but very frequently were the object of atfack,by established, breeding gulls.
There is.a strbng possibility that the very ngture of sub-adult pluQage
elicits attack}by a térritorial gull on a yoﬁng bird since the plumage 1s
nbt dissimilar‘to that of a raptor or skua, especially if the distinctive
black barred tail is retainea into the third year (as it is in about 50%
of male herring gulls). As shown in Table L1 a total of 114 third year
gulls of either sex were found to be holding territories over the three
year period 1975-1977, énd without exception all of them were situated in
areas of intermediate density, but close to the edge of the colony. The
mosf favoufed‘areas were ‘arbet I, II and Cplme'sAﬁole, which had
formerly been'ﬁigh density areas before being culled. No third year birds
were found holding a territory in highvdensify‘areas, and less ;han 6% of
fourth year bifds culled by the NCC came from areas which had a density

higher than 1.75 nests/3m unit.

11.4 NEST DENSITY AND THE NUMBERS OF SUB-ADULT GULLS IN THE

TARNBROOK/MALLOWDALE COLONY

In the study area on Mallowdale Fell, nest density ranged from
4 to 55 nests/ha (0.04 - 0.55 nests/100m?) . At this density nests become
increasingly.hgrd to find, especially in deep heather and on rough ground,
but thefe weré areas in the Tarnbrook watershed where density was higher.
Thg coefficiept of dispersion of the nests was not calculated since the
distance §f one nest to its nearest neighbour was frequently more than 20m

and the procedure would have been very lengthy and time consuming.
11.4.1 The proportions of sub-adult gulls on Mallowdale Fell

el

| The sub-colony on Mallowdale Fell was culled in successive years,

1974 - 1976 and a total of 640 herring gulls were recovered.
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These were aged by plumage characters and sexed by dissection, and an
assessment made of breeding condition from the state of the gonads.

Table 45 gives the numbers culled, together with the age, sex and breeding
status. A higher proportion of young males than females were in breeding
condition( and_more males than females overall were culkled. It can be
seen that, oh average for the three years, 32% of the total male sample was
aged three to four years, and with 19.5% of the female sample of this age.
Althoughbthe averaée age of recruitment on Mallowdale Fell could not be
calculated using the method given in Section 5.2,'it woﬁld seem that the
Aage atrwhich herring gulls recruit in this low density is considerably
less than has been found on the Isle of May colony; there it has been
shown that the proportion of breeding gulls aged four years or less would

probably be hg more than 4% of the total population in the years prior to

1972.

11.5 CONCLUSIONS RELATING TO AGE OF RECRUITMENT AND COLONY DENSITY

Cirégmstantial evidepce suggests that young gulls distinguished
by subéadult.plumage find.it harder to gain a territory within a dense
cplony. The function'of sub-adult plumage in seabirds has been debated
(e.qg. WyﬁﬁefEdwards 1962) and although ideas have never acquired the
substance of proven fact, it has generally been assumed that sub-adult
plumége;types serve to distinguish the sexually immature. This is not
entirely fhé'case in the herring gull, as third and fourth year gulls have
» béen found to breed successfully. However, it appears that if they are
discriminated against by older gulls their presence is less likely to be
recorded)Aespecially in dense colonies. The lowering of average breeding
density onlthe Isle of May has increased the chances of these birds to

breed, and 6n Mallowdale Fell the naturally low. density permits them to

breed in unusually high numbers.
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11.6 DENSITY AND FLEDGING SUCCESS

-

Pérééns (1976) showed that breeding success'of herring gqulls
on the Islngf'May was significantly better:at the most common nesting
density. (This correéponded to a density of 2 nests/2.3m unit.) At
densities lower than thits (i.e. density O) or higher (density 3 and 4)
clgtch size, hatching success and fledging success tended to be reduced.
There was aiso a significant decrease in fledging success as the spacing
of nests approached a random distribution (r6 = -0.79, p < 0.02).

.In‘this study, fledging success measured in Tarbert I1I,
North Plateau and Maiden's Rock in the years 1975—1977‘ﬁas plotted against
the coefficient of dispersion»for these areas (Figure 34). Similér to the
findings of ?afsons (Loe. ctt.) there was a reduction in fledging success
as_the'spaCing‘of nests approached a random distribution. There was no
good evidenég( however, that the relationship is necessarily linear.
Neverthelesé; the conclusion remains the same with birds which spaced
their nests most uniformly'being the most successful breeders.

The relationship between nest density and chick fledging success
cannot, unfortunately, be deduéed on account of the inadequate range of

breeding densities in the areas where chicks were allowed to survive

(Figure 35);_
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Figure 34. The relationship between chick fledging
' success and the dispefsion of nests within

‘the colony

A indicates figures for 1975
® indicates figures for 1976.

B indicates figures for 1977
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Figure 35. .The relationship between chick fledging

éuccess and nest density of the colony

A indicates figures for 1975
@ indicates figures for 1976

B indicates figures for 1977
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12, DISCUSSION

: It is sometimes the case that numbers of bird species increase
' exponentially. This is never a commonly observed phenomenbn, but within
this centUryisuch occasions have been witnessed. In addition to the
herring gull, the collared dove and the fulmar provide such examples.
Murton (1971) draws attention to the spectacular increase in the number of
collared doves in Britain which, having spread across Europe from central
Asia, beéaﬁe established in this country in 1955, and now are important
agricultural pests. Likewise, the spread of the fulmar has been
charécteriséd by a progressive colonisation of neﬁvground (in this case
southerly'f;om the high Arctic) for at least the:last 200 years (details
are givén in Fisher 1952). While the build-up in numbers of these two
species has_been remarkable, they differ from the herring gull situation
in that there has been an accompanying major change in their distribution
as well. It is reasonable to suppose that every successful species must
possess épme.initiative for exploiting new opportunities when they arise,
and for the‘herring gull,‘and to some extgnt the great black-backed, the
lesser black?backed and the common gulls, this seems to be more manifest
by a consoiidation of thelr existing range. (The important.colonisation
of Icelénd and the invasion of new southern areas in the eastern United
States by the herring gqull has already been mentiqned.)

Fundamentally, either an increase in survival rate or the birth
rate can cause an increase in the numbers of a species within its normally
occupied range. The case of the herring gull éuggests, however, that
important changes in its life history have also taken place. In a stable
population the adult mortality must balance the fertiliﬁy rate (defined here
as the numbér of progeny from one female which survive to reproduce) and it

follows that this will be low in a species with a low reproductive output.
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The average fertility rate of the herring gull is about 0.63 (the numyer
of young surviving from each female to breed) and could be higher.still
if chick sufvival increased even fractionally. with an average annual
adult mortality of only 0.065 and a sustained increase of 13% per annum,
it is clear that the breeding population has been producing nearly three
times the number of young necessary to hold the population stable.

The increase in herring gull numbers is to some extent correlated
with the increase and spread of other, gqull species such as the greater black-
backed and the black-headed gull, and it seems that there has been a genuine

improvement in the environment for such species. While it can be generally

" argued that density dependent factors regulate the numbers of animals

universal;y,.there are certain difficulties in defining what those factors
are for a.species so versatile and opportunistic as the herring gqull.
There is no‘gvidencebthat food shortage ever becomes critical (Pearson
1968; Mongghan 1977), predators aré few, and until the recent attempté to

control large numbers of herring guLls the influence of man's depredations

_on the population have been steadily diminishing throughout the century.

In the absence of environmental checks, and confronted with the evidence of
the doubiing of the population every six years, it is arquable as to whether
the herringfgull population is regulated at all.

-The argument can possibly find some solution in an appreciation
of an almost complete lack of specialisation in tﬁe‘herring gull, for it
possesses no strictly defined ecological niche. When one feeding habit
chances to become untenable (for example a change in fisheries practice
which réquité in the unavailability of fish offal), the bird is able to
resortlto catching its own fish, or seeks completely new feeding sites
which céﬁld:be terrestrial or littoral. In this manner of unspecialisation
it is alsb possible for the species to invade new areas should they become

avallable to it. The amelioration of the Icelandic climate during the
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first half_of the present century may well have permitted immigration
of not onl& herring gulls but also the black-headed, the lesser black-
back and ﬁhe common gulls into Iceland (Gudmundsson 1951). Strict
specialisation in form and behaviour may bestow certain advantages on an
animal seeking to invade novel niches (Mayr 1963) but the converse also
holds trug for an unspecialised animal such as the herring gull seeking
to inQade a series of niches where the '"generalised" as opposed to the
"speciélised" habit is the more advantageous.
| There is enormous scope and variation in the behavioural traits
of the.herring gull - in food, feeding sites and strategies (Harris 1965;
Threlfall 1968; Lloyd 1968; Monaghan 1977), in nesting sites (Monaghan
and Coulson 1977; this study), in breeding range (Voous 1960; Curfy-
' Lindahl 1961; Vaurie 1965; Kadlec and Drury 1968), and even in movements
(Parsons and Duncan 1978). A property of this non-specialist habit in
the7populatiop as a whole is that there is in fact scope for the individual
tovdevelop and concentrate upon its own particular line of specialisation,
Vapd thus resources are more evenly allocated. Extreme examples are the
habits of'cannibalism in the breeding season by‘some individuals, or
piédation oniother species, and the growing habit of roof-top nesting.
éome individuals even lead a virtually solitary and predatory existence
-inland (Wynne-Edwards 1962, amd personal observations). To optimise the
total resources available ;n such a mannei should surgly be a most potent

factor in assuring the success of a species.

This study has been closely associated with the effects of
culling gulls, and it therefore seems a worthwhile exercise to review the
rationale and comment on the prospects for the policy in the future, using
the Isle of May gull cull as a speéific example. The reasons for the cull
on the Isle of May have been outlined in Section 4.1.1, where it was pointed

out that damage was being caused to the nature reserve. The only facts
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which could bé quantified were that the annual increase in the numbers
of gu}ls was being sustained at 13%, and that‘the‘te;n colonies had
disappeared. Destruction to vegetation and soil cover had been observed,
but not quan;ified, and the degree of pressure exerted on other species
was arguab;e, but almost certainly insignificant. As with the British

herring guLl-population as a whole, there seemed no immediate prospect of

the numbers stabilising in the colony. To return the Isle of May to its

previous status as a nature reserve with regards to species diversity and
biological interest through the artificial control of the gullé was a
worthy objeqtive.

: Earlier sections of this thesis have'reported on the cull up
to that of 1977, but since the time of writing the 1978 cull has taken
place. ‘Theﬁéfore the most up-to—date information after six consecutive

culls is that about 38,000 gulls have been killed up to 1977, with a further

600 in 1978. The pre-cull breeding herring gull population in 1977

was 3,670 pairs which had increased to about 3,950 pairs in 1978. (With
a lesser biaék—backed'gull population of about 850‘pairs, the total therefore
stood at some 4,800 pairs of gulls before the 1978 culU; Breeding density
has dropped since culling, although the areas occupied by nesting gulls in
1977 andv;§78‘were very similar to those in 1972. In addition, a large

number.of young gulls, estimated at 31,000 up to 1977, have been deterred

fram_breediné on the island, presumably as a result of culling. From this

information, and bearing in mind the essentially experimental nature of the

cull, the following suggestions are made as to how the cull might progress

in the future.

Clearly, it is not easy to eradicate a colony of gulls or to

- reduce numbers to a level where deleterious effects become insignificant.

Since 1972, there has been a simple policy of culling“a minimum quota of

gulls annually. In the years up to 1974, this quota could be easily
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realised and, indeed, in these three years 32,344 gulls were culled,

84 % of the total up to 1978. = Since 1974, however, it has .been difficult
to reduée the-herring gull population below 3,000 breeding pairs.
Consequently, it now seems important to consider what numbers of breeding
gulls remaining on the island are compatible with enhancing the value and
quality of the reserve. There are three alternatives here which can be
discussed in detail. Firstly, an endeavour to hold the population at
present ;evels, with its present spatial diétribution, indefinitely.
Secondly, to ieave the island unculled for one or two years in the first
instance aﬂd even abandon the cull altogether, and thirdly, to plan the
cull as é»ééries of experiments which would be compatible with the
objectivesl. There is no evidence that this present level of culling will
at some St€ge accelerate depopulation of the colony automatically, and

" there is every likelihood thét if culling is stopped, the population will
once agaiﬁ'increase as dramatically as before. At present, there is no
informaﬁibn:as to when a gull colony becémes a problem, and at what point
action shou;g be taken tovcontrol>numbers. while the problem can best

be considered only subjectively, depending upon what the gulls might impinge,
it seems thgﬁ a prerequisite is to be ablé to state precisely what level
the population should be reduced to. One way of quantifying the maximum
number of gulls which can remain on the island wouid be to assess the
imp;ct of'gulls on the vegetation and soil for différent nesting densities
énd on différent parts of the island. Sobey (1975, 1976) has recorded
vegetation éhanges on the island between 1936 and 1972 and concluded that
in 36 yearé-the vegetation of much of the island changed from a typical
Armeria and fescue sward to plant communities dominated.by "coarse grass
aﬁd weedsﬁ.> His prognosis was that if the influence of the gulls could

be removed from much of the island, then changes could be expected to occur
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in the Vegétation with those species dependent on disturbance such as
Rumex acetosa and Holcus lanatus eventually being ;eplaced by perepnials
within a few years. However, in areas where erosion .has followed the
destruction of vegetation, it might take many years foraspecies such és
Armeria to regain their former position, if it could ever completely do so.
No attempts have been made, however, to quantify the émount of damage for
which gulls can be responsible in the breeding season. This is different
from :ecording changes in vegetation on an annual basis by mapping, and
cqula be conducted on the lines of investigating the four quantifiable
activities which affect soil and vegetation - treading, which suppresses
-growth, defecation, which induces nutrient enrichment, the collection of
nest.materiél (usually outside of the colony boundaries), which can
devastate certain slow-growing species such as Armeria, and the uprooting
of vegetatipn during boundary disputes on territories at the time of breeding.
”ihe-fi;st of these is probablyAthe least important, especially where the
’ ;oéky areas of the island are cqlonised, and the effects of the other three
_aré presumably to a ;arge extent dependent upon nesting_density.

In the absence of informative published accounts of veéetation
.chgnges on the island whilst the gull colony was growing, it is difficult
| to be clear as to what levels the population should be reduced to before
l'.a reversal in the trend towards the establishment of undesirable species
which flourish through disturbance becomes evident. In 1957, when the
.herring gull population had just passed 3,000 pairs, Bell (1958).noted that
"Atriplex species" were common on the periphefy.of the island, and covered
much of Rona. Formerl?, these areas had been predominantly Armeria sward,
so it would seem that if this number of gulls could bring about the
destruction of the original vegetation cover, it is imp;obable that a
reduction to the same number of gulls at a much later date could reverse . =

the trend. While it should be possible to predict the level to which
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the population should be reduéed to imérove~the vegetation and lessen
erosion, it ié much more difficult to predict the point where the gull
population Qould not interfere with the establishment of tern coloniés.
There has been no indication so far that terns might once again adopt the
island as a breeding colony, but whether the present gull population écts
as a detgfrént (or even an attractant) is unknown. |

With the present policy of culling an annual quota, which seems
increaSihgly:difficult to realise, and bearing in mind the attendant
problems such as relating the quota to the objectives of the cull, my
cqnclusions ére that_this po}icy capnot continue if the original objectives
are to be adhered to with any prospect of‘success.:‘ One of the two remaining
.alternatiVes} which need not be permanent, would be to leave the island
unculled for at least one year, possibly two, in order to quantify
recruitmeﬁt - which presumably would be mpstly through immigration from
elsewhere é;nce the number of chicks fledging in recent years has Seen
very low. F.This would have the advantage of giviné new information on
the effectiQeness of culling (the danger of a huge influ£ of newly
recruited_@u;ls would be negligible) . To discontinue the cull indefinitely,
however, would not seem a practical alternativg since a rapid return to
the origina;:population levels are indicated from the recruitment experiments
already aegcfibed, especially since much of ﬁhe-island is currently at an

optimal density for high recruitment rates.

' " The third alternative, which could be profitably combined with
the secoﬁd,_advocates a greater gmphasis on experimentation and should,
I feel; be adopted since it offers greater possibilities for acquiring new !
knowledge, 'is compatible with the_original objectives, and does not ignore
the problem of what should be done about the very appreciable proportion
of young guils which do not return to the natal colony, but which are

recruited to colonies elsewhere.
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| A priority of this future policy would be that certain areas
should be cbmpletely cleared of gulls, or if this proves iﬁpoésible, the
dgnsity‘lowefed to a minimum leQel whereby there is no aétraction for
young gulls seeking a territory for the first time. ‘fhe establi;hment of
" such areas (Rona and the North Ness would be convenient) could have the
advantaées of (a) immediately relieving the pressure on vegetation and
soill cover, (b) offering a gull-free portion of the island to terns
prospecting:for a new colony, and (c) reducing the effort of culling
large ar;as of the island each year since it-is anticipatgd that without
the presencélof bregding gulls, recruitment of young gulls would virtually
cease altogether. An area once densely colonised by qulls, but now cleared
of their;prgéence, would also provide a most useful area for recording
changes in végetation type - especidlly since no such area exists at
present. -
| One important, practical aspect of clearing areas would be the
allocation of the resources of time and man-power. It is much more
difficult to plear large areas of gglls completely, but this study has
shoﬁn that it is quite possible, although it woﬁld probably be a costly
operation. In thé first instance, it would be prudent to examine the
feasibilitY'of clearing frﬁm the economic point of view, but it seems

likely t;.ﬁat' the alternatives could be costlier still.

A second priority would seem to be the establishment of a
permanent control areé on the island, where gulls-are left unculled and
undisturheﬁ; Here it is anticipated that such an area would eventually
reach a'density whereby the numbers of gul;s recruited annually would be
no gre#ter than those dying annually through n#tural causes. Providing
this area wés not too large (in case it encroached on gull-free areas)
it woula bé possible to conduct further experimenés on breeding success

and, iﬁportantly, to permit the fledging of marked.chicks'so that their
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future movements might be followed, and particularly so that the colony

to which they are ultimately fecruited could be idenﬁified. (The present
control areé,of Maiden's Rock would be unsuitable for experimental purposes
since accéss is too restricted and disturbance to other breeding species
too great to be countenanced});

With provision for the establishment 6f two experimental zones
on the igland? one free of breeding gulls, and the other of high breeding
density, but neither contributing to increased numbers of gulls seeking to
join the p0pﬁlation, it is possible to rationalise about what should be

done about the remainder of the island. It would seem'the best policy to

‘try to eradicate gulls éompletely.from most areas, and this might be most

easily achieved on the southern end and the entire western side of the

island. 'bensity in these areas is already moderately low and on the areas

.of the NOfth and South Plateau thé fescue sward is still well-established

and large”pétches of Silene maritima are a parﬁicﬁlar feature of the South
Plateau. -To keep these areas'clear of gulls would also do much to check
ﬁhe increasing number of lesser black-backed gulls, since they favour the
more vegétated areas. Effectively, the areas left to be accounted for
would then.be restricted to the rocky éast'coast of the island. The most
speéific recommendation for this area would be to contain the gull population
to withinvthe rocky éoastline, as serious erosion is already taking place
on the eaét‘side of the island due to disturbanée by puffins and rabbits.
If rest:icted to the seaward perimeter, it is unlikely that this area could
contain more than five or six hundred pairs of breeding gulls, and possibly
much less, due to its uneven topography (unsuitable for nesting) and exposed
aspect on ﬁﬁe splash-zone.

The problem of dealing with the proportion of gulls which recruit
to other colonies rather than return to the Isle of May is difficult to

overcome. It has been shown that the'discouragement of recruits has been
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almost as potent a factor in reducing the gulls a§ the killing of adults
on the island. Between 1972 and 1977, over 38,000 gq}ls have been culled,
but from:the.known rate of increase in the colony it is‘estimated that
récruits'to-the colony would have numbered nearly 50,000 in this time.

The fact that less than 18,000 could be accounted for suggests that about
31,000 recruits have enlisted to other colonies. While this may be
satisfactory for one particular locality, since it temporarily achieves
the depopulation of that colony, it can scarcely be viewed as an adequate
long-term approach to control, as the problem is just being shifted else-
where. Hav;ng deduced this fact, however, it seems to be po;sible to
make progress in two directions. ‘ Firstly, by allowing marked chicks to
fledge froﬁ a control area it should be poséible'ultimately to trace the
colony to which they are recruited. Secondly, by cdmpietely clearing
extensinggfeas, it should be possible to reduce the numbers of the two
components of recruitment (those birds which are immigrants, and those
which areﬁrgfurning to their natal colony) to a bare minimum. It is
wasteful of effort to devote resources to controlling gulls which originate
from elsewhere in any case, and if large areas are cleared of gulls, the
numbers qf_qhicks‘which survive to return to their natal colony will be
small. |

A future policy on controlling a population or a colony of

herring‘gulls depends for its success on a consideration of two biological.

~ factors, quite apart from the mere destruction'of a number of breeding

adult gﬁlls, Firstly, more attention needs to Be focussed on the
behavioural mechan;sms underlying recruitment. We know very little about
why some‘ééionies may be more attractive than others to recruiting birds,
and what.the factors which control density might be. Secondly, the
importancé of inter-colony movements is not to bg dismissed. Culling has

the effect of deterring recruits and leads to the dispersion of the existing
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colony, possibly the formation of new ones, and certainly the movement
of bifds elsewhere, where they might be even less welcome. An additional
factor is that in the artificial control of a herring gull population one
must be cautious of claims of success whilst a scattered breeding
pqpulatién temain within the colony, providing attraction. The cémbined
effects of_killing adult gulls and the deterring of recruits may temporarily
achiéve dgpopulation, but this success will be short-lived if culling
ceases permanently.

As a concluding'thought, the artificial control of the herring
gull populgtion, however politically or economically expedient, should not
be entirely divorced from the moral aspects, as they are unlikely to be in
the eyes~of-the general public. This should nbtnbe overlooked by the
authorities which are empowered to sanction and liéence culls of "problem"
species. ‘_While effective cqntrol may be possible, it is in large part a
meaningless exercise unless there is some method of quantifying the Eenefits,
both ecénomiqally and in terms of enhanced aesthetic value. At present
there is little attempt to doAéhis, nor does there seem to be any defined
national pqlicy on gull control. There seems no danger of reducing the
numbers of gulls to a state where their existence is threatened, but there
is a gréat_heed to define what "acceptable" numbers might be, and to justify”

the reasons why the existence of one animal should be weighed against that

of another.
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APPENDIX I

AGEING

(1) PLUMAGE
a. Sub-adults

Us;ng those gulls which had been ringedkas chicks, and had later
returned to the Isle of May before assuming full adult plumage (i.e. had
‘not yet reached their fifth year), it was possible to draw up a scheme
for ageing. Inevitably, there is considerable individual variation in
the amount of brown plumage which is retained up to the fifth year, but
Plate II-iilustrates some aspects of the general trend. Gulls in their
second year were rare visitors to the island, and were never seen to
venture into the breeding areas. However, as (l) indicates, the brown,
speckled éppearance of the wings is very much more extensive and
charactéristic than it is in third year gulls, and the two ages were
unlikely t§ be confused; Once in their third year (2 - 8), there can be
a very variable amount of brown marking. Usually the primary coverts and
middle cd?gfts are mdttled with a light brown flecking, whilst the lesser
coverts-givé way to the light, uniform and silvery grey of the fully mature
adults. . In the Breeding season the orbital ring is sometimes more brown
than yellow if the birds are not in full breeding condition. There is a
slight complication in ageing third and fourth year gulls (2 - 12) since
it appearézthat the female moult can start severél weeks earlier than that
~of the males. The result is that female sub-adults can actually attain
"adult" piumage in May or June of their fourth year, and these birds could
be mistakén:for adults in the field if they are not identifiablé by rings.
In /35 third and fourth year gulls (18 males, 17 females) which had their
Aplumage éxamined in late May of 1975 and 1976, the_primary moult in the

female sample was, on average, more advanced than that of the males.
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Furthermore, in fourth year gulls, the appearance of wing mirrors on

the primaries tends to be more advanced in females than in males.

b. Adults '
The vast majority of gulls have lost all their sub-adult plumage

by their fiffh year, although in about 4% of birds'the bastard wing may

still retain some brown by the fifth year and which may extermd to tﬁe sixth

or even seventh year. By the fifth year, most if not all herring gulls

are sexually mature,.and to all intents and purposes there seems no way

of ageing ﬁhese birds from plumage characters. Attempts were made to

correlate the size of the winé mirrors on their primaries with age, using

ringed gulls 6f known age killed in the culls, but although fifth year

gulls tendgq to have a smaller area of wing mirror than older gulls

(which was.hbt statistically significant), there was no ind;cation that

the sizeféffmirrors, or the amount of wear on tﬁe primaries, was in any

way an indication of age. For birds older than five years, it was

therefore necessary to base ageing on ringed birds only..
c. Lesser black-backed gulls

It Was_similarly difficult to age lesser black-backed gulls
once they a£tained adult plumage, and there was éome evidence that full
adult plﬁmage was reached in the fourth year. 'In_Plate III (13, 14)
where a second year male and female gull are shown, the amount of white
on the he&d'and the dark brown/black of the mantle is illustrated in these
'sexually‘immature birds. - In sub-adults, the dark mantle and wings make

it difficuit to identify any flecking or mottling in the plumage in any

case.
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(2) RINGS

Thpse gulls which had been ringed as chicks witﬁ a BTO and
Darvic colbur ring obviously gave no problems in ageing, but they were
in a minority. Table I indicates the proportioﬂs of ringed gulls in
each year of the study as found in the culls., These proportions did
not significaﬁtly differ from the marked to ummarked proportions of gulls
sighted in the various parts of the Isle of May, except in East Tarbet
in i977, whiéh was the only area culled in that year.
Téble I The respective numbers of gulls killed in the culls which

had been ringed as chicks on the Isle of May, and the

numbers killed which were unmarked

year . numbers marked number s unmarked % marked
1974 o 571 7424 _ ' 7.14
1975 ' 278 : 2467 ' 10.13
1976 L 109 ' 1769 5.80
1977 .84 355 23.66

.. * East Tarbet only

Sihce the study was largely dependent upon a reliably marked
sample of birds, it was necessary to bear in mind that there might be some
ring loss in the marked popuiation which could be progressive with time.
Coulson (1976) drew attention to the manner in which the variation in
weight of monel (nickel-copper alloy) rings increaéed with time. The
nature and degree of this loss of weight appeared to be very variable,
but the conqlusion was that the rings could cease to be effective in

producing rgcoveries after about eight years. It might be reasoned that
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the coloured Darvic rings would deteriorate at an-even faster rate,

but this-was not confirmed. Assuming that all.gulls ringed as chicks
and later recovered in-the culls were ringed with both monel and Darvic
rings, then there was only a slightly greater chance that the Darvic rings

would drop off before the monel (Table II).

Table II The respective numbers of gulls which lost monel rings

and Darvic rings separately

year - mo. ringed gulls no. with monel no. with Darvic
recovered rings only rings only

1974 ' 571 ' 12 | 6

1975 278 9 7

1976 .f'.. 109 — 7 7

1977 1T 84 . 3 8

kadlec (1975, 1976) has investigatéd the effectiveness of rings
made of different metals (aluﬁiniuh and titanium) and the alloy incoloy.
He concluded that there would be some loss aftef séven years, but, more
surp;isiﬁng; there was no difference between the three in their rate of
loss fromvﬁhe legs of herring gulls. Quite contrary to this, expeiience
in the British Isles has shown that a very high proportion of aluminium
rings drop off, or are removed by, herring gulls.within three or four
years (Cbuléoh and White 1955; personal observations). For most
biological iﬁvestigations, it is quite useless to use aluminium rings,

and the more so when the species of bird concerned is long lived.



Plate 2.

Variations in wing colouration in second and third year herring gulls.

(a) 1. Second year male wing.

() 2, 4, 6, 7, 8. Third year female wings. In 2, 4 and 6 the arrows
indicate newly moulted primaries. In 8, the arrow indicates that.
the brownish primary coverts are being replaced by grey adult

plumage.

(¢) 3, 5. Third year male wings.

K]






Plate 3.

: (@)

(b)

9; 11. Fourth year male herring gull plumage.

10, 12. Fourth year-female hérring gull plumage.

In_general; the female attains full adult plumage a few‘weeks
before the male. Note that small wing mirrors are present in

both the females, and only one male (1D).

13, 14. Second year male and female lesser black-backed gulls
Note the mottled'plumage on the wings, and the black tips on
the tail feathers which are more extensive in the male than

the female.

'« -t g
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APPENDIX II
BIOMETRIC DATA

INTRODUCTION -

Biometric information is often gathered as a standard procedure
by ornithologists. Such data may be of use in taxonomic Qtudies, and often
is taken as a basis for distinguishing between local populations, subspecies
or species, and even.betwgen sexes where outwardly sexuél dimorphism is not
immediately obvious: Seldom has fhere been opportunity, however, to gather
biometric data from a large sample of birds'of known age, and there are no
instances in the literature where opportunities have apparently bettered the
Isle of May gﬁll cull in providing large numbers of aged individuals from a

long-lived species.

Methods

(“Aé mentioned in earlier sections, an appreciable proportidn of
gulls ringed.gs chicks on the Isle of May have returned there to breed.
Between 1972 and 1977 a total of 1,895 aged gulls have been recovered during
the culls, and of this'fotal 1,234 (695 males, 539 females) have individually

been examined and the following measurements taken:,

Wing length;; the maximum length of the right wing ﬁeasured from carpel
to wing tip.
Bill length: the maximum length of the exposed culmen, from the tip of

the curved upper mandible to where the rhinotheca (the
' horny covering of the upper mandible) overlaps with the
feathered skin.

Bill depth: = the maximum vertical depth from the gonys.
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Welight: the weight of each bird was measured to the nearest g.
Size index: as a measure of bird size, weight/wing length seemed
' appropriate. Wing length is one of the most consistent

measurements, whilst weight is the most variable.

Wing length was measured o the nearest mm, and bill measurements were made

to the nearest O.lmm using Vernier calipers.

Results

Bio@etric measurements for the total sample of aged birds are
presented in T;ble I. The data for each year of the gull cull on the Isle
of May is préSented separately, and that for 1972 and 1973 was collected
mainly by G.:Chabrzyk. The sample size for 1973 is comparatively small,
but qnly for this number of birds was there complete data. Since the cull
of 1974 a sample of unaged birds has been included for comparison (Table II).
Table III gives alL the available data on birds of known age, between the
ages of thréeAand eleven years. This table combines all data from the
-1972-1977 &ulls.inclusiye. Figures I - VI illustrate these data. To
illustrate;angﬁal differences, the data for each cull is plotted in
Figures_I - iil (the mean age of each sample is given in parenthes;s).
Figures IV - VI illustrate how age per ge may account for the variation in

weights and measurements which have been recorded.

Discussion..

 .There is considerable variation in the size of breeding.male and
female herring gﬁlls between years and between different ages. This
emphasises'the importance of large sample sizes if any reasonable conclusions
are to bé'ﬁade relating to this kind of data, especially when individual

variation has to be taken into account as well, C;early, it cannot be
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considered an éaéy matter to distinguish between geographical races of
herring qulls on size differences alone unless such size differences prove
to be verj.marked, and do not significantly overlab (see
Monaghan 1977).

,;, The data on aged birds given in Table III (illustrated in
Figures IV - VI) indicate that there are small but progressive increases in
weight, wing length and bill length with age. Biil depth remains fairly
constant irrespective of the aée represented. The most significant age
differences to be found in the weight of breeding gulls is in weight,
éarticularly of male birds (Figure v . The weight of third year male gulls
is r&ther-hea§ier than might be expected when the general trend of an increase
in weigh£ is taken into account. All third year male gulls in the sample
were breéding, and perhaps the explanation (should there be one) is to be

found in the timing of the birds' arrival in the colony from the wintering

areas and the timing of breeding. In general, younger birds do tend to be

later, and may be in better physiological condition than the older gulls
whicﬁihave taken up territorieé earlier in the season.

The welght of female gulls at different ages (Figure V) is less
variable between years than that oflmales; with no discernible increase with

age. Figure(II indicates, however, that with the exception of 1975 there

"has been a small overall increase in the mean weight of female gulls between

1972 and 1977.

The "size index" 1is the ratio of weight : wing length. Figure III
shows the change in size index in each year between 1972 and 1977. This

index of size provided both a crude measure of condition (lightest birds

' _having the smallest index, assuming that wing length shows only small annual

and age-related differences) and is also a method of sexing birds where the

more usual practice (that of measuring bill depth) gives inconclusive results.
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Van Balen (1967) made a study of the v#ridus factors contributing

to variation in wing lenéth and body weight of‘the great tit, aécording
special attention to the reliability of age determination and the possible
influences of hﬁbitat. The ﬁain»conclusion was that environmental
differences wére important and could explain the sort of variation which
could be found between years and between ages. Fjelsa (1977) in studies
on variation in the wing length of the coot suggests that differences in
ecological'adaptation of the species are responsible for the observed variation.
In the herring gull, it is unclear as to what could bring about both annual
and age-relatgd differences in weight and body measurements. Weight
differences Are possibly reflections of food availability and (in this study )
the stresses Qf breeding. = The weight of female gulls is less variable. As ‘'
male gullg increase in_age they may be progressively less affected by such
stresses through behavioural adapta£ion, whereas female gulls with the
additional burden of egg laying may be less likely to compensate through
learning énd experience. For other body measurements, such as bill dimension
and wing length, allometric growth during juvenile development could be
important. :‘It should not go unmentioned, however, that where more than one
observer haslbeen taking measurements, theve is the possibility of experimental
error, the'more so where small measurements are beiné taken. For weighing,

however, the same electric balance was used in each year, and there was little

opportunity to make a mistake in reading weights.
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Table III.

Male

(N = 170)
X

+ S.E.

Female'
(N = 126)

185

The mean weight, wing length, bill lengﬁh, bill depth and

size index of male and female herring gulls, aged between

three and eleven years.

Weight
(9)

1043
14.1

833.
13.9

999
9.6

845
12.2

1000
7.3

839
9'8

1017
5.9

86l

6.8

standard error

3rd year
Wing length
(mm) (mm)
430 54.7
1.9 0.59
419 46.7
1.8 2.12
4th year
415 52.6
0.9 0.36
399 48.8
1.1 0.38
Sth year
416 53.1
1.7 . 0.29
400 49,2
1.2 0.25
6th year
425 53.3
1.0 0.19
403 48.36
1.0 0.20

Bill length Bill depth

(mm)

19.6
0.18

18.05
0.10

-19.4

19.8
0.14

19.6

17.65
0.08

All measurements given + one

Size index

2.424

0.032

1.988
0.014

2.311
0.016

2.112
0.034

2,417
0.019

2 0087
0.024

2.341
0.0210

2.136
0.017




Table III.

Male
(N = 159)

X
* S.E.

Female
(N = 128)

0 M1

* S.E.

Male
(N = 133)

X
i S.E.

Female
(N = 117)_

n i

+ S.E.

Male
(N = 43)

+ S.E.

Female
(N = 41)

(Continued)

Weight
(9)

1044
5.9

841
6.8

1038
7.1

- 863
6.9

1072
12.6

867
11.5

1076
12.0

838
13.0

1067
28.0

866
50.6

Wing length
(mm)

428
0.7

408
0.8

429
0.6

411
0.8

430
2.1

411
1.8

430
2.1

414
2.0

434
3.1

410
2.0

7th year

(mm)

53.4
0.20

48.4
0.22

8th year

48.7
0.22

9th year

48.6
0.22

lOth.zear

Bill length

Bill depth
(mm)

19.7
0.06

19.8
0.06

17.7

186

Size index
2.459

0.016 -

2.056
0.016

2,443
0.016

2.098
0.016

2,521
0.197

2.075
0.031

2.524
0.032

2.031
0.059

2,487
0.108

2.112
0.033




Figure 1

Figure II

Figure III

Figure IV

Figure V

Figure VI
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page nuthber

The welght of maie and female gulls recovered

in each year of the culls, 1972-1977, on the

Isle of May, with two standard errors cee ces ces
The winglength, bill length and bill depth of male
aﬁd_female gulls recovered in each year of the cull
§p the Isle of May, 1972-1977, with two standard

errof; . een cen ces .o “en ves ‘e

welght ) of male and female gulls

The size index (mW_th

recqvered in each year of the cull on the Isle of May,
;972;1977, with two standard erroré

Changes in weight with age of male gulls on the

Islé bf May, with two standard errors. The sample
size in each age class has been taken by péoling

Si;as of the éame age in all cohorts between

1972.and 1977 cee coo e ce .o cos .en
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APPENDIX III

* SPECIES LIST OF ANIMALS REFERRED TO IN THE TEXT

BIRDS

herring gull

lesser blaék-backed gull
great bléck-backed gull
‘common gﬁ}l'. |
black—headea gull
glaucous (winged) gull
kittiwake

Arctic tern

common tern -
roseate tern

little tern
shag

fulmar

yellow-eyed penguin
gannet .

‘British storm petrel
puffin

guillemot

black gui;iemot
razor biill

ofster catcher

Manx shearwater

Larus argentatus argenteus Brehm
Larus fuscus graellsii Brehm

Larus marinus Linnaeus

" Larus canus canus Linnaeus

Larus ridibundus ridibundus Linnaeus

Larus hyperboreus Gunnerus

‘Rissa tridactyla tridactyla (Linnaeus)

Sterna paradisaea Pontoppidan

(Sterna maciura Nauman (1819) auctorum)
Sterna hirundo hirundo Linnaeus.

Sterna dougallii dougallii Montagu

Sterna albifrons albifrons Pallas

(Sterna minuta of Linnaeus',auctorum)
Phalacrbcorax aristotelis aristotelis
(Linnaeﬁs)

Fulmarus glaéialis glacialis (Linnaeus)
Megadyptes antipbdes (Hombron and Jacquinot)
Sula bassana (Linnaeus)

Hydrobates peiagicus (Linnaeus)

Fraticula arctica grabae (Brehm)

Uria aalge éalge (Pontoppidan)

Cepphus grylle atlantis Salomonsen

Alca torda islandica Brehm

Haematqpus ostréiegus occidentalis Neumann

puffinus puffinus puffinus Brunnich



white stork
elder duck
coot

wood pigébn'
collared AOVé
willow grouse
red grouse
domestic ﬁen

great tit

MAMMALS
feral goat-

sheep -

rabbit

195

Ciconia ciconia ciconia (Linnaeus)
Sommateria mollissima mollissima (Linnaeus)
Fulica atra atra Linpaeus

Columba palumbus palumbus Linnaeus
Steptopelia decaocta decasito.(Frivéldsky)
Lagopus lagopus lagopus Linnaeus

Lagopus lagopus scoticus (Lathamf

Gallus domesticus Linnaeus

Parus major newtoni Prazak

Capra sp.*
Ovis sp.*

Oryctolagus cuniculus Linnaeus

* The use of binomial names for domesticated species raises certain
difficulties, and are best avoided.
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SUMMARY

1. ©  This study, undertaken between 1974 and 1977, has been largely
conpernéd with the inter-relationships of population ecology, breeding
biology and- social behaviour with reference to the herring qull Larus

argentatus.

2. Three study areas were originally chosen for their contrasting
ecological situations for the herring gull. TheY were (i) the Isle
of May, inﬂthé Firth of Forth, which was the main study colony (ii) the
Tarnbrook/Méllowdale colony, situated in the western Pennines, and (iii)
the island §f Cara, off the west coast of Argyll.  The Tarnbrook/

Mallowdale colony and Cara were not intensively studied.

3. On the Isle of May the number of herring gulls has been

increasing at a near constant rate of 13% since 1907 when the first pair
were recorded breeding. | The increase was considered to be incompatible
with the proper management of the island as a Na#ional Nature Reserve and

in 1972 the Nature Conservancy (now the'Nature,Conservancy Council)
embarked on a policy of control to reduce the breeding populatién which

had reaqhed 16,700 breeding pairs to about 200 pairs within three years.

The Tarnbrobk/Mallowdale colony was founded in 1938 and has grown very
rapidly since (on average, at more than 30% per annum) . About 15% of its
p&pulation.are he:ring gulls (the remainder being lesse; black-backed gulls).
The oriéins of the colony on Cara are not known, but the population and the ‘

annual rate of increase is small.

4. A proportioh of the breeding population on the Isle of May (which
varied ffgm about 10% in 1974 to 6% in 1977) were marked, as a result of

past stu&ies. Thus the age of birds could be determined by a coloured ring
signifying‘;heir year of birth on the island. Each of these birds was also

marked by a BTO metal ring bearing a unique number .
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5. As a technique to remove breeding gulls on their territories
the nafcotic a+chloralose was used with a palatable bait. Birds which

would not take the bait were shot,

6. | In the three study areas the populations were censused by
dividing the colonies into transects and counting all the nests within
them. Trénsects varied in siée with the nesting density of the area.
Direct obse:vational counts were also made. Age class counts of.young
gulls in sub-adult plumage were undertaken at regular intervals on the

Isle of May as part of a study of recruitment.

7. By censusing the herring gull population of the Isle of May
before the_cull in each year it was shown that the population declined
over that of the previous years in 1974, 1975 aﬁd 1976 by about one-third.
In 1977 this trend was revérsed, and the populatibn showed an increase
over that of 1976 of 23%. In the same period a smaller decline was
recordedqur the lesser black-back up to 1976 and 1977. In both these
years an‘inéréase was recorded. Between 1974 and 1977 the lesser black-

back increéséd from about 10% of the Larus gull population to about 19%.

8. Bétween 1972 and 1977, a total of 37,08§ herring gulls were
estimated to have been killed in the Isle of May culls. A further 1,157
were killed as a result of clearing experiments. The highest total of
the breeding bopulétion killed in one year was 65.2% (1974) and the lowest
was 6.5%;(1977). Similarly, for the lesser black-back, between 1974 and
1977 a total of 1145 gulls were killed by the N.C.C. and 54 in the course

of this study. In 1974, 36.5% of the current breeding population were

killed, and in 1977 only 1.5%.
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9. The last census of the Tarnbrook/Mallowdale colony (1975)
showed that there were about 13,700 breeding pairs of lesser black-backs
and about 1000 which were non-breeders. There were 2600 breeding pairs

of herring gulls, with about 600 non-breeders.

10. On Cara, the herring gull population increased from 217 pairs
in 1975 tp 220 pairs in 1977. Great black-backs increased from 148 pairs

to 155 péirs.in the same periocd.

11. Thére are problems in calculating survival rates for long-lived
species such as gqulls. The best estimate for an average annual adult

survival rate for the herring gull was accepted as being 0.935.

12. ~ ThHe mean age of recruitment (defined as the accession of sexually
mature birds to the colony) was 5.0 years. Twenty one percent of gulls
were recruited at four years, 52% at five years{ 13% at six years, 6% at

seven years, and 8% at eight years.

+

13, '_'Thé annual recruitment rate was 17.3% per annum on the Isle of
May befére_the cull began. It was thus possible to predict the number of
herring gu}ls which should have been recruited to the Isle of May for each
year sincekﬁhe onset of culling. By combining the average annual adult
survival rgée and the survival rate of the population which experienced

thé cull, £hé number of recruits in each year was calculated. This number

fell below predicted levels with an overall shortfall of 31,000, 63% less

than predicted.

14. . The total number of gulls culled in the same period was over
38,000, so for every ten gulls killed, a further eight were deterred

from colonizing the Isle of May by culling effects.
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15. Frpm-about 15,000 .qulls ringed as chicks on the Isle of May
bgtween 1956 and 1970, a total of 162 have been recovered or sightgd
breeding in other colonies between 1974 and 1977. Sixty-seven and a
half percent of ringed lesser black-backs recovered in the Tarnbrook/

Mallowdale cpiony were ringed elsewhere, mostly at Walney {Cumbria).

16. | Before culling started on the Isle of May, the population had
a stable age composition. The average "breeding experience"” of the
population was 5.8 years, with 17.3% of the population breeding for the
first time each year. By 1977, experience was reduced to 1.9 seasons,
with 52% of the population breeding for the first time. The age

) compositidn ih years was also calculated for the population between 1972

and 1977.

17. The median date of laying was calculatea for a sample which bred
in control areas between 1974 and 1977. Only in 1975 did the date differ
from 17 May, when it was on 21 May. For aged gulls the date varied from

18 May (foufth year) to 16 May (tenth and eleventh year).

18. Mean clutch size in unaged birds varied between 2.76 eggs (1974),

. 2.64 eggs in 1975, and 2.72 eggs in 1976 and 1977.

19. Average clutch size increased significantly between the fourth
and eighth year. Between the ninth and eleventh year there was a small
decrease. The age of the female was more important than the age of the

male in'thé determination of clutch size.

20. Egg volume and egg size index was calculated for 537 clutches
from unaged‘éulls and 265 clutches from aged gulls. Incorporating data
from Parsons (1971), a significant increase in ggg size could be shown

between 1968 and 1977. There was also a significant and progressive increase
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in egg size with age. - This may have been due to either a greater
proportion of gulls laying earlier in the season, or selection for
variability of egg size. A combination of the two might also be

possible,

21. Chicks were marked on hatching in control areas of the Isle
of May, using strips of coloured plastic. These were later replaced
by  BTO metal rings and a coloured Darvic ring. If a chick survived

for 35 days, it was considered that it would fledge.

22, Average fledging success was 0.85 chicks/breeding pair in
1975, 0.71 chicks/breeding pair in 1976 and 0.93 chicks/breeding pair
in 1977. The overall average was 0.82 chicks/breeding pair for the

three years.

23. - In aged gulls, average breeding success ranged from 6.7% in
third year gulls to 42.9% in eleventh-ryear gulls. Most of the youngest
gulls were-ﬁreeding for the first time, whilst the older cohorts were
probably.experienced. The latte; may iay better quality eggs with

more nutrients.

24, | There were no significant differences between the size of
a- (first‘laid) and b-eggs which gave rise to surviving chicks, and those
' that did not. It was postulated th;t parental‘experience was more
. important #han egg size in chick survival. Older birds were better able

to raise two chicks than were younger birds.

25. Uéing thé average age of recruitment and the averaée breeding
success whiéh was found in this study, the calculaéed fertility and the
adult su;vival rates, it 1s possible that the population could increase
by asg much as 18% per annum, once a stable age’cqmposition was re-

established.
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26, .'A notable effect of culling on the Isle of May has been to
lower breeding density. It was suggested that breeding density could
affect recruitment rate. Accordingly, experiments were set up in six
areas of different density to record the number of gulls recruited to

them over a three year period.

27. . The relationship between density and recruitment was different
in each year. At the highest densities, the average recruitment rate
was 8%, at intermediate densities the rate varied between 12.5 and 50%,

and at the lowest densities there was no recruitment.

28. ' For the entire colony on the Isle of May, an effect of the cull
2

has been to reduce the nesting density from about 11l.1 pairs/100m in

1972 to 273'pairs/100m2 in 1977. However, the population occupied in

1972 about 18.5ha whilst in 1977 the area still occupied was about lé6ha.

29, : Nest density was measured by two methods. Density Measurement I
‘was the number of nests which fell within a unit area and expressed as

2 .
nests/lOOm . Density Measurement II was the number of nests within a

3m radius around each nest.

30. _4 The average number of nests/lOOm2 varied betweén 0 and 16.2 for
Density Méasurement I. Density Measurement I1I gave a maximum mean density
of 3.50 nests/3m unit, and a minimum of 0.48. When compared with a
Poisson Distribution, this latter method indicatea that most nests were

spaced uniformly. Mean density at Tarnbrook/Mallowdale varied from only

: 2
0.04 nests to 0.55 nests/100m .

31. '~ In testing the effects of density on new recruits and
prospecting non-breeders, counts throughout the breeding season indicated
that gulls in sub-adult plumage took up positions (not territories) in

the colonies at most densities. Low and high density areas were less
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favoured, but at intermediate densities the majority of young gulls
could be fdund. Female sub-adult gulls were more common at high
densities than males, It was concluded that highest recruitment would

take place at intermediate densities.

32, ' The effects of density on'territorial aggression were
investigated. The incidence of fights and attacks on neighbouring
territory holders and intruders increased as density increased. Male
gulls in sub-adult plumage were freqqently‘attacked by territory holders,

but did not themselves attack.

33. - A high proportion (32% males, 19.5% females) of herring gulls
culled on Tarnbrook/Mallowdale were aged 3-4 years. It seemed that the

age of recruitment at this colony was lower than on the Isle of May.

34. The relationship between nest dispersion and fledginy success
was measured. Birds which spaced their nests most uniformly were the
most successful breeders. The relationship between density and fledging

success could not be deduced through insufficient data.

35, ~ The rationale of culling gulls is reviewed, and certain

suggestions have been offered as to how the procedure might be improved

.

upon.

36. . Biometric data on aged and unaged herring gulls, and comments

on ageing gulls, are given in an Appendix.
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