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s . , , ABSTRACT ’
The appuc:ﬁ_'oﬁ of Game Theoryto the study of behaviour

. hag shown that it is possible, in theory, to have stable

equilibria with individuals in a .populatign behaving in

different ways, In order to'test for colomy type selection .

R e s . ) 3
site tenacity and mate selection sfould be'_monltnt‘éﬂ\qr} a

\ : blology and behaviour of Grean Black-backed Gulls was under-
’ taken to provide préliminary datto design such project.

. The effedts of habitat or colony type selection on

reproductive output was, dssessed in a onme year- study by
. i 5

Lor "nesting strategies”:in this speciés; breeu‘mg--uceesa,‘
3 ! g “suc

I long term 'basis. An (lnve::igatlnn Gf the ‘reproductive

backed Gulls in two different énvironments, namely a mono-
\

specific and a mixed-species colony. Many aspects of . the

bréedlmﬁ blology of Great Blyck-backed Gulls: were' similar. -

betuden_cdlontes but ‘important behavioural dffferences were
‘obsetved. ’ v ¥

There is’some evidence that colony type selection fits

- the ‘model of "ideal free distribution” (Fretwell and Lucas,

1970) and acts as a "breeding strategy” in Great Black-,

tycked Gulls. However, energetic studies -should be
undertaken to adsess costs and benefits of the proposed
® strateglies. . oo
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1.0 - INTRODUCTION

Y Gulls (Larus spp.) are probably the most commin sea-
) birds along world coastlines and often, well fnlawd, In

recent decades, the numbers of certain spécies have exploded,
. primarily due to canges tn - management procedutes that
have resulted in increased Eood uvai‘lahll‘iny (eg. Kadlec and
brury, 1968; Hatris) 1970; Ku.u.m and Larsson, 1974).
" Grahan (1975) described the ndlpcnhlllty of guils to thetr,
environment {n the following way:

g

"'lt"/llu/their capacify o utilize whatever is fn

. v the dscape that has allowed gulls, 'like the

A browh rat and the German cockroach, to spread <and Vo
v thrive. It gives them an advantage over most other -

“"creatures in a world 'so drastically altered. by

e : man. Under so-callgd natural conditions Herring
" Gulls, CaliftThia Culls and others.funetion ag
S both predators and scavengers. The fatter trait '

- has served them well in this 'effluent' soclety,
helping—a—greater number of young to survive "the
2 < first year of their lives and swelling gthe
< population to what humans ‘prefer to think ia peut .
. : propor:ions. § . )

e . . e
In Atlantic Canada, Herring Gulls (L. argentatus Porit.).

. are the most numerous larids but the Great(Bluck-backed Gull

(L. martnus L.) popalation is rapidly increasing in numbers

and expanding its range (Gross, 1965; Parnell and Souts, . -,

1975; Southern, 1980). )
) e
Competition hetween-tht two species an the mesting

\'Rfounds has'beeh assesaed by HcGL1l (1977) but comparatively o
: by e ? y- -4
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few studies have been done on the bpeeding biology of Great
Blf:k-backed Gulls (Bergman, 19'7}: Verbeek, 1979; Butler  and
Trivelpiece, - 198l7Butler and Janes-Butler, 1982, 1983),
espectally in Canada (Threlfall, 19685 Haycock, 1973).
Similar breeding biology and. habitat rediirements between
‘ Herring Gulls and Great Blz}ck_-huc;ed' Gulls (Harris, 1964;
Eruin, “1971) daj promote interspecific’ competiifon and
influence their reproductive success in den-qy populated

' colonies wl\ete the avallability of suteable nuung sites is

lintted,, She advantages and hnndlcupa ‘of coloniality are

summarized Ln Welty (1982):

. "Clofe nesting increases a bird's competition for
nest-sites and nestiig materials—and increases
opportunities for intraspecific fighting, for
infanticide, and for the transmission of parasites
and diseagses. On the other hand, colonial 1iving
improves defemce against predators, provides group -
gtimulation and synchronizhtion 1n breeding,-
promotes eddcation. of the young, and enhances
communi gat about sources of danger or food."-

. v .

fa

'\{ased n sexual selecuo\grguemen:s, coléntally nesting
> gulls may z{: vieved as_ a” complex u‘ruy of 1mnvMum cnmve—-
ting :o propagate their own geneu. Theretore, to muxxmize
their success, they lhould behave and time their activitiea
according b6 ecologlesl charscterlotics BE thete environnent
and according to the behaviour of their competitors. Thus,
the :yp; of colony in' which a Great Black-bscked Gull nests

- may ll';fluence, to some extent, its futur reproductive =




success.
The application of Game Theory .(see Krebs and Davies,

. “1981) to the study of behaviour has shown that- it .is possi=

ble, 1n theory, to have stable equilibria with 1diividuals

in a population bnhlv.lné ‘f3 diflerast ways)\ for sxuuiles

selecting different m"e-_ of colony. . :

- : _In.order to test for the existence of colony

type .

selection or "nesting atrategies” im this species, breeding |

success, site tenacity and mate saléction should be nonftored &
over many consecutive ‘yure. Thus a long te_l‘n._bandlhg

program of both adulty’ and chicks would p;:oude baseline

_dqt’- for such study b ensuring imdividual recognition of

all gulls in the lat/ion and providing the nesessary
informaiion on’age of partiers and age af first breeding,
3 * " duration of pair bonds, lifetime reproductive performance,

yearly locatipn of nests and recruitheat. = .

An investigation of the reproductive biology and behav—

.- four of Great Black-backed Gulls was indertsken to provide
preliminary data l"a‘r such long term project. The,effects of
habteae selettion on npm{ucnve output vas assessed by

p ;tudylng and comparing the breeding.biology .nr% t‘hevh.eh.vlou:‘(—\‘

6t Great Black-backed Gulls in two different' environments,  _

namely .a monolp-culq'lnd" 'mlxed-!‘pucln colony. To do 8o, .

- .
territorial attributes were compared. Time-activity budgets,
breeding suctess and chick’ growth ratds were alsé monitored

throughout’ the reproductive season.

i




2.0 = METHODS AND uuntuﬁ

2.1 - Study area: -

‘The present study of Great Black-backed Gulls was
carried out on Gull Taland (47915 °'31° N, 52046'26" W), the
Aor:nemmoa: of three 1llund| 1n, the Witless Bay Sea Bird
Sanctnury on che aas: coas: ‘of Newfoundland (Hg. 1). The
experinménts reported vln this manuscript were performed -
“becween May 13 ‘and August 5, 1984. Egrlier access to the
.study site was prevented by srcgle pack-ice aroupd the
island. N TN

Gull_ Island is a amall rocky island CRT X 0.8 k)
located 23 kn south of St. John's, and 2.5 km off the coast—
_line. ‘A distfnctive peaninsula, the Point, extends south-

" vards from the Southwast cornmer. The island Ls fordered by
high cliffs (30 w) and is coveud ith a thick layer of
peat. At the top of “ehe €11ffs, wits grsisy slopes extend

‘the "{sland

to a dense apruce-_flr forest co_verln:z most o
(see Hsycﬁk, 1973, “for @’ _rleta’lled .deutlp fon of Gull
Island). . ' ‘

No manmals live on the island but thle avifauna 18

ahundnl\c and diverse, Leach'a s:om—pe:u s (Qceanodroma

laucurhoa (Vieillot)) and Various bird spefies, espectally

vassertnes (Appendix 1), inhabit the lree :‘ne. auck-xa"ed

Kittivakes (Rissa t riﬂnctz!a L) Cummon/ l}rreu (Ucia nl.g :

(Pont.)). Ruorbilln (Alea torda L )y and/ﬂlack Gulllamatl
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(Cepphus grylle (L.)) nest at different heights on cliffs.

‘Atlantic Puffins (Fratercula arctica (L.)) and Leach's Storm=

: -
.Petrels nest in burrows dug out in grassy slopes while Great

Black-backed and, Herring Gulls nest. in ciose proximity on
those grassy .areas. )l:rrlng Gulls alsoc nest on rocky out-
crops ‘and in wooged areas of low tree density suth--as forest

edges, ‘trails and clearings.

Approximately ,half of thé population of Great Black--

backed Gulls (60 pairs) nests in a monoapselfic colony
established on a sou'r_he’-n rocky outcropping: the Point (Fig,
2. They breed “in a dense colony where only a few Herring
Gulls manﬂge t6 waeasitet waati territories among unused
bBulders and stones. The Great Black backed Gulls nest on
grass-covered peat while Herring Gulls form a .distinctive
coloay on the surrounding bare — i
The mised-species colony 1s subdivided into two areas:
the South“and ghe East side and :heKannupegﬁtc colony {is
established in two didtinct areas on the Point. rhguﬁueu
are plysticaily: separatdd by w desh wad wide deat in the
bedrock in which Herring Gulls nest. Nine patrs of Greist

Blnck backed Gulls nest at I:he base of the Point while SI

pat s Form: ke main dolony: ou Fie lou:hem extremity of the

Potnt. t 3 d .
The rest of the Great Black=backed Gulls (53 pairs)

breed in sympatry with Hcrring-‘culll‘,l'long the grassy ul‘opal

surrounding. the {aland. Isolated pairs are seattered through
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| | Lesend:
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Figire 2. Location of. quleries ond study ared, 1984,




- . =

out the Herring Gull colonies but groups of 2,

.of Great Black—backed Gullsvnay Form sporadic nuclei. The
najority of Creat Black-backed Gulls nesting among Héerring
: e 0
- . Gulls are found on the South and East sides of the island.
. . R

2.2 - !xpari:-en:a:ion: ) B C .
. . . [
i
|

2.2.1 = lrsad!ng biology‘ . : o ’ -

' The breeding blology of Breat ﬂlack “backed -Gulls was

‘monL:ared imnediately after first arrival on the islapd (Hay

y ‘13, fssn'),"uuh egs laying balng found to be well advanced.
In order to minimize human disturbance during this early
stage of the reproductive season, no attempt vas made to -
SRR egs layings. The tining of ehm; activity was
estimated from hatching dates using the specles'.mean ineubu-

. tion periog on Gull Inland (Haycock, 1973). Hatehifng,
nestling ‘and flelging periods vere monitored during resular Ry

surVeys of . the colonies (nee section 2.2.3).

2,2.2 = €lutch and egg size: = 4 ‘
Jugt before hatching, all Gre'at Black-backed Gull nests

\‘ + on the Poipt, South and .East sides were marked with a j
: v t g
numbered tag and clutch size was recorded. Maximum “egg

length and maximun. transverse breadth were measured on all

- - eggs, to the nearest 0.1 mm using Vernier calipers. ' sy




2.2.3 - Chick fdentification iand eEavis rate:

Great Wlack-backed Gull fehicks were lndlvldnllly marked
at hatching with a numbered spaghetti-tag {nserted :nnu;‘h
the huseral patagium (Fig. 3). When they became large ,

enough (approximately 21 days old or 850g), a USFWS band was

of 393,

arked -:hlclu were es.timated from tepu:ed
llllureun‘:s of 5 body pnuuanu (weight, tarsus lepgth,
culmen:length and depth, ‘total head and b1l length; rt;;. ©
recorded ‘of various time intervals depanding oy tndividual
tates of recanturas Agatis it redize Giveurbance to breedug

birds, only chicks that were easily found andjor caught were

ured during a particular visit. Three or four.replicate$

B l:hgsf asurements were usually recorded before fledging.

2:2.4 = rettnarlal attribites:

Territories v.u mapped during the Eled;in; period. The

lb«ﬂdlnca and- hlenclly of nel;hbontl vere recorded .at l:he

same.time. Inter—nest distances (+5 cm) and angles telative

TRl

to'Magnetic North were measured for sack territory. .
- stnce 1t vas in;olclhle’to identify farFtEaata) Vouads
”Ar’le.a‘vl't'!\o\‘x: bghnlo-‘-ul a_burv-»:l‘ona A.nd,sins_g)huu
linits may have changed s the breeding season-progressed ’
(Hunt and Hung, 1976; Burger, 1980), a l:und’nrdlud index of
“territory size (1718) was_developped. This method provided a

alnimum estimate of territory size that was consistent among

‘fl:ed to :hg right tarsodetatarsus (" tarsus” ). Growth u:u /




7 days old chick.

Figure 3. Spoghetti-tog fixed to the humeral patagium of Great Black-
backed  Gull chicks.
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.most pairs. - C] . = ¥
- -
If two npponent! were of eqqal competitive capacity,
P f‘ thg llmlt! of the nuung area dafende'« bg each gull would
: be lot:ar.ed halfway begs een :heu réspective dests. Similar-
3 ly, the size of their Eerrltory would be equal to the sum<of
- v 2
the seczurs fomed by two consecutlve 1n:er-nesc veécférs and - .
‘the segmefit uniting :I\eir halfnohu: (nz. 5). * -
- By definitjqn, the area of.a tx‘i-nzlo 182 d
a= 172 (a) (b) sin ®
where 0'fs the angle between 2 adjascent lideu&(n and b, ) U\
Thus, . ) N i *
X
; ITS =) 1/2 (Dy/2) (0441/2) I8tn ei 1411
R E 1/8 (Dy) (Dgi) lsin 8y, ull ‘ L)
% . - ”"Z (1) (Dg41) .istn 04 g4nt
b.){ere, IS s an estimate of the tercitory size, . i
. | Dy 1isg|the actual distance to'the 1ith nelghbour,\v
By, “.1 is{the angle  between two consécutive Dj-vectors.
. N\ H « - ; .
> . Two logical_restrictions apply to this model: . .
: 1- Except when geographical constraints such as cliff edges,
goke or ponds influence nest spacing, neighbouring pairs . ;
should be edenly distributed around s territory, as opposed A ]-'
g to'grouped on one side. ’ : :
2- The number of mests surrounding a territory should be at __ .

least 3; more Ar:n:‘urnl:)’ 18 gained as the number of neighbours
A . . -

increases and 84,4 4] decreases.




ms = Yy 200y (0,). foin €y,
= =angle relativé to magnetic North
QL = unqle between consecutive I5| vecto_rjs
0 = actuﬂl distance to a nllqhbour

[.l = orea upresanud by ITS, ) r.

Floure 5. "index 3t ferritory size, I TS, |
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2.2.5 - Time-activity budgets: Tk %

The time-activity budgets of, nesting g&s was divided

> . P .
into the following categories of behaviour: ‘reproductive

“behaviour (=BY, :{’i:orlal defende (TD) and self maintenance,
d 4

For the - purpose o this . Ftudy, RE ‘refers €o all>

behaviours conc‘&rned with rapruduction. Ic 18’ divided 1||I:o

mal‘.tng |and parental~ behaylours (4B and, PB). Aua compusu,

. 411" behaviours ‘aimed at éstablishing and ‘reinforcing a pair

"bond and PB refers to behaviours congerned with proyisioning

and. rearing the offspring. Furthermore, it fs assumed "
MB, PB, TD and M are mutually exclusive, that fs, a gull
cannot perform activltles tacluded m different behaviowral 3
categories at’ the sawe time. Tabis' T ilsts shd varfous
‘aceivities i cluded 1n each behavioural categony. i

N 0, .. L [ o

| b
2.2.5.1 - Behavioural ébservations: i f

Thlrteen pairs of. Grest Blackrbacked Gulls<on the' Poln:
and eigh: on the Elst side He!‘e obse!’ved il‘om hllndn. The 4
East side blind vss lucnted an top of a cllfi nelr the forect,

“dge_and was mu‘ily sccesulhle without' disturhing the gull

Observutlons requlred althe! a lS 60X - telegcope or- a pnlr N

7-12 X 30 blnocular%. .Access to the hlind locatéd on the'
Point caused canalderlhle du:urbunce bécnunu tHe ahlerver

had to walk through l:he colony, Thus, behavioural observi-. ‘n-

tions began .whew nemgl"‘.aquv\x:us had resumed, at leadt




l
Table 1. Classification of activities into behavioural
. ' categories. .

P BEHAVIOURAL CATEGORY ACTIVITY'

“ 1..REPRODUCTIVE BEHAVIOUR- (RB) - B

la.  Mating behawlour (MB) . - = choking! - ¥ K
v & 5 g § - gathering of nest .
o . e s : . materfal . .
. p . . . - nesf building

o . . S w .~'nest relief 5 )

i * 4 8 & . - begging - -

ag L courtship Eeeding, >

- copulation 8

- incubation . . e
= brooding " o :
. = chick feedlng

?. TERRITORIAL DEFENCE (TD) = chnklngl
@ e T, - guard? |
. - upright threat
- posture -
- . % ~'grass pulllng
- fighting

? I T
. 3. SELF MAINTENANCE (sM)3 - preening
. . = resting
w - sitting (not bruoding
L . 3 X . or incubating)
: : -~ sléepifp

sey Ipepending on the ik instangis and the sequence of behuv-
i iours, choktng is.used either (i) to indicate the location
i of the nest and to reinforge pair bonds, MB or' (ii) to
indicate the lgcation-of territorial limits to potential.
L@ intruders (TD). In the first case, choking {s performed.at
G = the nest, by both mates simyltgneously.” In contrast, the .
! same behaviour taking place d¥ay from the nest by efther or -~ t
—+bnth mates Btanding in Eront of an opponent clearly functions °
- as a_ territorial «muny (Tinbergen, 1960). . L. =

-cuua- 1a a po!ture ,Lntermedilte ber.ween the upright threat
posture and the resting position In_ which..the neck is tucked .
dn. This' vosture clurly indicates auarene\ss and aggressive- .
‘ness. B .

1oy JSeIEnuin:anunce include activities centered on the indlvld- L
" uals themulvea lnd having no- dpparent uor;:tal implication. , wE
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30 min aftep-EAtering the blimd. 'No Feuai atd was required
_on the Point since only nests'located within 50 m of this
hiding structure were observed:

" peryiteiies SEe nc.ln'n‘ed.e_vervy_ 5 min: beh;vloufs“vere“
coded and ‘recorded for ehch .mengber of a AL¥ (Appenmdix 2).
"Data collécted were then classiffed into the four Behnvlo_u_,r.d{
chtegories HETEELEE SRR o . )

Ninety-nine Hours of. obRSEVALLEE Lkt ¥R 'mlxed-species_a
colony and 85.5 hours 6n the Point were gatWered by two
obsEtvers (N.A. Roy. and §.B. Will) between May 27 -and July’
@; 1984; 37.5 hours overlapped. Observation periods usually
tasted § o 6 hougs But onevdawnstosdusk vatch (16 hrs) was’
nerformed’!.l‘the Jtwo ;uus ulmultaheouul‘y. The uch‘edul; of

observations 14 given in Appendix 3. .

The 184.5-hour period spent recording behaviomal data
on nesting gulls is defined as "real observation time" as
opposed té "totgl obseivation timejnest” which refers’ to the
“aumnation of "real observatfon time"_on each nest. For
example 1€ one had observed 10 neats d.;rzng 3 perfods’of 5
Mours, the "real observation €ime” would be 3 X 5.= 15 hours

‘but the “total observation time:nedt” would-equal“3.X 5 X 10

- .

= 150 hours. :
| The "total ohservation timernest" represented 1727
Wours or 103620 min of daca collection on.21 neath; 76.3% :
(79200 #in) of ‘which was performed on sexdd birda. For the .

purpose of this study, the analysis of behavioural
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comparisons will be ‘based on "mean observation time/nest”.

Janes-Butler, 1983). When possible, one mate was colour

observations will be restricted to sexed animals on)ly.
Stnce the duuzl_on‘ of 'oblervati;n periods and the
null{e‘r of nest observed duting each period were not -u.y-.
the same, the total time speat observinmg each nests was
d1fFfirent, Tt varied, for sexed birds, from 440 to 5580

min. Even though it was not statistic¢ally different betweén

colonies, (U4 73, ng= 8 and 13, P>.10), further analysis and

Mean observation time/nest f{s defined 4s the mean duration

of ob-'uu:ion_-’ on igdividual nests per-mean observation
pertod.

/4

+2.2.5.2 - Identification and sexing of adults

 SRach pale of gulls wae Sexed privarily-ow relacive Bidy
sfze, with the females usually being smaller, than thetr
mates (Tinbergen, 1953), and on behaviours such as courtship
feeding, ‘copulation (r_arely’leve‘n) and aggressiveness; males
being génerally more aggressive than females (Butler and

marked with a saturated solution of picric.acid in 70%

. A .
alcohol using a device placed close to the nest (Figs. 6,.7).

In order to-validate the sexing meth8d, 10 adults (5

males and 5 females) were captured, banded an‘d colour marked.

Trapping was done during the fledging period using baited

drop traps (Fig. 8). Baits used were thawed capelingand




Picric
acid

Figure 6.

i
[
|
i
|
|

Rubber
cork

»

, :
i | Aquarium
4
Iy
/7" heat
7 v '
,,’/ upwards s
Laboratory
=~ wgsh bottle

(plastic)

Apparatys used to colour mark adult gulls (Mpd&ﬁi‘d from

Moseley and Mueller, 1975).

tubing (20m x 6mm @)




Figure 7. Adult Great Black-backed Gull marked with picric acid while
incubating (note the colour- marking device hidden close to

the nest).




Adult male caught in drop trap.

Figure 8.

Baited drop traps used to capture adult Great
Black - backed Gulls (Modified from Mills ond Ryder,
1979).



fresh cod, scraps. 5
) Weight, garsus length, culmen length, culmen depth, and
wing chord, as well as presumed sex, were recorded for each

mple using a

bird.  These data were compared to a control
discriminant analysis (Shugart, 1977). The control sample
5k 7 conststed of 25 orfa

© females) killed in the Witless Bay Seabird Sanctuary between

Black-backed Gulls (18 males and 7

o 1966 and 1969, and.sexed during . necropsy (Threlfall, pers.
comm. ). s ¢ L . &

. Prior to the analysis, a series of.t-tests were perr

formed oh the control sample (1966-69) to establish. its’

relevance ia sexing this species (P€ble 2). Since signif-
feant differances Batwsen sexes were found for all vari-
iN1E0s wone Wan: Felssteds ‘Mtdts weve ales weedl e ‘compare
the control, and the test samples (Table 3). Except for
tarsus length, no significant difference 1n'r;qdy deasurements

» was computed between the t¥o samples. ..Thus, only four

‘parametres provided reliable information to sex adult Great

Black-backed Gulls from the test sample. The canonical

equation used to confirm the sex of ‘the gulls studied was:

SEX= 0.3693 CD + 0,2348 CI”+ 0.0012 WT +:0.0385 WC = 46.1166

CD= culmen depth CL= culmen length -
WT= weight WC= wing chord

(Female: SEX € -1; Male: SEX > =1)
.
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Table 2. Comparisons of selected body measurements between

sexes within a control sample of adult Great
' Blatk-l hncked Gulls (1966-69).

VARIABLE

SEX N MEAN . S.D. T-VALUE DF P
WEIGHT (g) M 18  1927.53 239.73 - 3.95 24 <0.001
F 7. 1536.71 165.83 -
TARSUS M 18 82.74 3.80 3,54 24 <0.002
. LENGTH. (mm) F 7 77.14 2376 .
CULMEN - M 18 67.58 0 2.80 5.43 24 <0.001
LENGTH (mm) F 7 60,71 3.04 _
CULMEN M 18 27.21 . 6.10 24 '<0.001
DEPTH (mm)' F 7 23.74 1.55
WING ¢ M 18°  490.56 ~12.06 5.10 23 <0.001
CHORD (mm) F - 7 457.86° 19.58




%rable 3. Comparisons of selected body measurements betired®'

. + -a control .sample (1966-69) and a test sample
" /(1984) of adult Great Black-backed Gulls. .
. ;
: 2 ‘VARTABLE YEAR N MEAN  S.D. T-VALUE DF [
4 WEIGHT (g) 84 10 1693.00 226.17 1.30 36 >0.2 -
66-9 25 1822.31 281.47 . :
& TARSUS © . 84 10  77.59  4.27 2.35 35 <0.025
L?NG,TK (mm) 66=9 25 81.23 4.32 . :
CULMEN - . ‘&% 10 65.66 I» 75Jo.04 35 >0.9
LENGTH (mm) 66=9 25 ..65.73
CULMEN 84 10  25.36  2.36 1.20 35 0.2
DEPTH  (mm) 66-9 25 26.28 . 2.01 s
wING 84 10 482.36 ~ 11.47 0.14 34" >0.5
CHORD (mm) 66-9 25 481.40  20.58 ‘« -
Tox
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“& Although culmen depth appeared to be the best heasure=
ment available to sex Great Black-backed Gulls, Coulson et
al. (1981) observed an age‘{l:ted increase in culmen depth

in Herring Gulls up to about nine years. This measurement

should therefore be used with cautdion when sexing other gull

species. ) # s
Differences id "tarsus” lengths and sex ratios between
the control and the test.samplés were methodological 4n

origin. Threlfall racorded a modifiéd tarsus measurement,

. < . i
taken in a straight line from the distal end of/the tarsome=-

tatarsus (the digits having been pushed dowl}) to the end of
thE tiblotarsus including the full thickness of the medial
malleolus! whereas a true tarsometatarsus length was measured
in 1984.

Similarly -the method used to capture adult gylls dif-
fered between investigators. Birds from the control sample
having been collected for parasitological 'studies, were
simply shot when they swooped at an investigator Gkl
through the colony. - It ia believed that males, belng gener—
ally more aggressive towards intrude®s than thelg waces,
were more prone to be shot. !n ‘contrant, gulls from :he
test sample had” to be caught o1 and kept injury-free
since they were involved in behavioural uveum'u?ﬁ?ns.v

\

IThe medial malleolus is the prominent distal end of the
tiblotarsus. .It forms the craanfal houndary of a. groove
(sulcus mallealaris) for the tendon of the flexor dlgltﬂ_u_nw
longus. i . :
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Baited drop traps placed within nesting territories caused
lictle disturbance and both sexes vere equally attracted to
the bate.
Results show that the actual sex of the control sample
corresponded exactly to that predicted by the canonical
) equation. Also, the presumed sex of the test-sample n-tchved
‘that predicted by the same equathon in cases (Fig. 9).
Thus the sexing method used dur }/(:o:lj al observations

N §
was comsidered to be reltable. In comparison, Coulson et

.1. (1983) reported more than 97% accuracy when using total

head -nd bill length 'to .sex Gfeat Black-backed Gulls and

additionnal body P did not improve sigiificantly

the exactifude of the seiing method: ’
rs | :

2.2.6 f‘;snu-ueu analysis:

Behavioural data were compiled and analysed on an un
PC/XT microcomputer equiped with a 20 megabits hard dluk,
using the SPSSIPC statistical package (Norusis, 1984).
Analysis ef uu.nua (ANOVA) were used to assess the vari-
ance in heh-vlounl data within each colony while non-para-
metric utuhue- (H-nn-whnnay U-tespt) were used when

eomburl7g :ha v.rlancn between® colonies as well as the
N

Vll‘ll}‘( betw:

= v

Pearson's correlation toefficients (r) and computer
.generated scatterplots, were used to measure- the strength of

. linear associations between breeding success and the various
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Figure 9. Sexiﬁq adult Great Black-backed (;ulls according to

. body measurements.
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N
hinlogi:ul.‘nd behavioural f.c:ou studied. Care h.d to be

caken 1in lntsrv‘retll\s cotrelation coeffictenta since a
strong r does not nuuuruy uply\c.guuon.. _For example

two variables' can be higHly correlated but far practical

ceasons, be independent of each others while being 'related

to’s third variable that may not be included in the analysis .

These simple tests were favoured because of :he explo=

ratory nature of the project. Based on_the Tebults ob:ulned~

ie w111 be possible to.develop more sophisticated methods

keeping, adding or removing other variables. .
% E A 2 e
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. s 3.0 - RESULTS :
. L. i
. 8
o .~ . 3,1 - Bréeding biology: §® 2

g o e  The breeding biology' of Great Bladk-bicked Gulls was

= 5 monitcréd on 99.qf the 113 nests present on: Gull Taland in
- 1‘956. .The breeding ﬂﬂccu's oi this pQpulation is summarized
) 1 ‘rable 4y - St L - E

"3.1.1. Clutch and egg size:
ol A toral of 251 eggs were I1i1d in 99 nests in 19843
Crutch ¥ize ranged from 1 €0 3 and aNeraged! 2.5 (Table 5).

_Mean! cluteh sizes were not significantly dif[erenz Hetween

the mnnaynectnc and the mlxed-speclea Molnnua_ (e= 1.72,

ferent “(G= 8. 9[1‘, DF= z 1>< 025). mxh: nests containing

-.only ‘one egs were £ound in the mued—-peues colony <ompared
o one.on the Potat. . Ty

° There Haatiap dxfferanae‘xn clutch size betwegn .sub—
colonies desp$t\e‘ the large diffarence in the nunber of dests

- E i .
involved. Clutch size averaged, 2.6 at the base of the Point

‘compared to -2.7'eggs, fer nest in the matn colony (t= 0.50,
DFS 53, P> 0.5). ‘Similarly, u—a‘i/v'uu'nu,nunng of the
‘South -stde -of. Gull Island latd slightly more eggs (X= 2. 9)

B ’ than :hcge netqlng' fon the East side (%= 2.3) but the differ~

e e

! to the arithmetic’ mean of:a . Means will' be
+'glven + ofie standawd deviation as Eauom X ts.D.

~DF= 87, ?3>.05) but the distribution of clutches ‘was dif-.

1 Throughout the manascript, " nveruxe and“mean*will refer
s &)




ua s mse ves an  av ng no sppare. _

g " Table 4. "Breeding success of Great Black—backed Gulls on
o ik 1

{ Gull Island, 1984.. N
AREA NESTS EGGS CHICKS' CHICKS HATCHING FLEDGING NESTLING
. . LAID HATCHED FLEPGED SUCCESsS! SuccEss2 success3
- .0 POINT - S5 145 104 57 . 0.72 0:39 | 0.55 =
3 colony 46 . 122 88 50 0.72 0.41 0.57
5 base ‘9 23 16 7 0.70 * .90.30 0.44
SIDES .- 44 106 74 49 0.70 0.47 0.66
.+ ‘south 8 23 1 9 0.48 0.39 0.82 ,
@ east 36 83 63 40 | 0.76. ' 0.48 0.63
—-= ' "ISLAND +-99 251 ° 178 106 . 0.71 0.42, 0.60
! Hatching success = chicks hatcheéd / eggs latd’ ~
. \§ Fledging success = chicks fledged / eggs lafid- - °
Nestling.success = chicks fledged /-chicks hatched.
=] A o <




Table 5. Distributfon of clutches. in
©  -the momospecific colony (the
Point) and the mixed-spectes
colony (South and East sides),
. 1984.
AREA CLUTCH SIZE MEAN
1 2 3 cLyTCH
POINT 1 18 36 . 2.6
colony 1. 16 31 247
. base [ 4 5 2.6
SIDES 8 10 6 2.4
© " south 0 1 7 2.9
east 8 <9 19 2.3
ISLAND 9. 28 62 2.5




¢ o
ence was nofpsigntficant (t= 1.91, DF= 42, P> .05). Thus
no distinction will he made between sub-colonies when
conparing reproductive ~success of gulls nésting in the
different types of coloniality. o ’ '

Egg size was generally more variable in the mixed—
species colony than in the momospecific colony: except for

maximum egg length, all extreme values of the parameters

measiifed were recotdéd in tWe -mixed-species _eolony (Table B

5). H'Klmum egR length was dignificantly '1lrger on the
Point [hlll in the mixed-species colony (e= 2, l7, DF= 255“P<
0.005) but m-x!num transverse hre-dth was simllar (t= 0.56,
BFe: 2555 P>ulls Purthernores: mo sigatflcantdiffetence vas

found 1in egg volume (t= “1.81, DF= 255, P>'0.05). X

" 3.1.2 - Incubation period:

Hayeock (1973) found that the lncub.llon period of
Great ndack-'huckqd Gulls on Gull Island Averaged 30 days
after laying (18% egg, 31.5 +1 day; 209 egg; 29.8 +1 day;
3rd egg, 30.0 *1 day). 'The distribution of egg laying
dutaNin o84 vas estimated by subtracting Haycock's, Edgure
from hatching dates. (segtion 3.1.3), Egg layTng pccured
fetween April 25 and uaf 26, and culminated during the
second week of May; one Unsuccessful reneat (2 eggs) vas

‘raiporded in the -monospecific colony on June 6. .

= A chronological difference between the two colonies

such as that observed Ln hatchiig dakes can not be inferred
s :

L]
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. Table 6. Mean values of various measurements taken
9 ©. om 257 Great Bluck backed Gull eggs on Gull
Island, 1984.

NUMBER MAXIMUM - MAXINUM
AREA " ‘EGGS LENGTH TRANVERSE voruMe!
» BREADTH
2 Cmm) . Cmm) 5 (ce)
. POINT iss i04.03
(s.0.) # Ta
* (range?) 80.7-119.8
‘SIDES  1Q2 102.17
(s.D.)
(range?) 64.9°83.1 45.9-56 67.5- S—IIO 2
TOTAL 257 76.37 53.27 ‘103.30.
4 (85.D.) 312 © . 1.49 8.08
guhgez) 64.9-84,9 45.9-56 .4 67

1 Bgg voluie= D?LC0.476)/1000 (Harris, 1964; Parsons,

1972).

2 Maximum and minimunm valuescare underliped.




) 3
since different environmental, blological and bebavioural
Eactors fight have fafluenced the duratfon of the incubation
period {(MacRoberts ead MacRoberts, 1972; Parsoms, 1972).
Furthermore, there is no estimate of laytag (h-zes of 73 eggs
_that did not l_uz‘ch. e . )
3.1,3 - Hatching perfod: _

Although 178 out of 251 -eggs hatched _Buccesssully
(-r.hle 4) hatching dates were ‘recorded on NS -:mcu. ~ The

£irst chick hatched on May 25 and the last ones on June 21

(Fig. “10)._ Eati hatching dates for 24 chicks of
t\mlmown uga extead the hal ¥
_’ wide peak betwsen June & ma June\14. The ages of these
chicks vere estimated £roa multlple regression cquations

genern:ed from data on knpn-age chlcu.
The Point:
AGE.= —33.1148 + .3508 HL + 1.1614 CD - 3145 TL + .5022 cL

(R=..98, F= 1458.12, DF= 4 and 199, p< .0001)

South -uT’.-z\u.u

AGE = -35 5885 + .4235 HL' + 1.2298 BD - +2758 TL + .4272 CL

_(R- .98, F= 1209.96, DF= 4. und 163, r< 0001)
5

L= head length =~ CL= culmen length
ulmen depth TL= r-’:ﬁt length

o~

ng period to June 24 with a




May May
+ 25- 28 3 3. 6~ 9 I2- 5 18212427'303'6"

) . umg.
ki3

tiple regression
L —' equations (n=169)

R Renest

I

June” Jne June June June June June Jine June June iy July

May May June Juiie Jute June June June June June June vune July July July
27 30 2 5 8 I 14 |7 2 2326 29 2 5 8,

L)

s ‘Figure 10. Distribution of- hatching - d<ulus on Gull Islond, 1984. °
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ft, d1d not add significant fsprovement in fit over the

lineat models (Zar, 19u). The large varlability observed

in body weight' especially in the latter part of the nest®ng
. . B

season may .

@regurgitation and/or defecation when the chicks were hand-—
. . : -
led. Other factors contributing to this variability include

the time el\.pued since the last meal and, possibly, sexual

dimorphism. (¢specially during the few weeks prior to fledg-
X \ gy, ;

vere ‘similar (Table 7); hatching occured .significantly
earlier in the monospecific colony (May 25 to June 18, X=
June 6 i6.5 days) than in the mixed-species colony" (June 1
to June 21, %= June 9 #4.5 days; t= 2.52, DF= 143, P<0.02;
Fig. I11). This differedce .was Further cahanced when the
estimated hltl:hing dales of the, unknown-age chlcku MNere
) tiesEivatel Itnte bhe dul:ribut!ons (monnupeciflc“unchan-
gad, mlxad—up:cieu tdumeT ta June 24. R= June 11 +6.0 duys,
‘t= 4.72, DF= 167, P<0.0001). , “_ .
s ¢

3.1.4 - Na-:uu'g pertod: .
3.4, = Chick mortality: .

of :he 178 chicks hltched in 1984 (Table 4), 72 died

nixed-specdes colony (Table 8). There was no difference in

o) the total number of chicks dead before f£ledging in the two

ve been caused by the irregylar occurrence of

Although the.numbers of chicks Ratched in each colony

before fledging: o in’'the monospecific colony and 25 in the-:




Table 7. Fate of eggs on Gull Island, 1984.

AREA No. EGGS No.'CHICKS ‘NO. EGGS NOT HATCHEDZ
AT

L HATCHED! missing rotten TOTAL .
POTNT 145 104 32 8 40
SIDES 106 = - 74 28 5 33
TOTAL 251 178 60 13 73

1 'x2. 0,11, DF= 1, P>.50
2 %2« 1.10, DF= 1, P>.25
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* Frequency

Il

T Legend:
[ o8

a8 .
‘__ﬁ Esﬁm", r:iid from ;
multiple regressiol
1| Suafion -68)

1l \HHII

i
) MgNO§PEgF|c COLONY

Observed

1|||”l o7y
r= B,
|_ _| equation '(n=101)
. R Renest

May Mov Malem June mdune Jine June June June Juie June July July
6- 9-' I12- |5~ I8~ 2I¢ 24~ 27- 30~ 3*

‘. 25= 28~ 3= 3
May MmeJmem-hm-hmmeJuneJuneJmMyMy Ju|y
2 5 8

27 30 2. 5 8 1 14T 20 23 26_»29
Figure Il. Distributions oPhatching dates in the mllad-spechi and’ the

. “monospecific colony, 1984,




Table 8. Observed frequencies of chick mortality in the
‘ monospecific colony (the PSint) and in the
. mixed—specles colony (South and East sides),

1984. .
y AR.E A -
% & © POINT SIDES TOTAL
NUMBER OF NESTS INVOLVED
“Total number of mests -, 55 44 99
Nests with mortalityl 32 16 48,
- -, 5 .
NUMBER OF CHICKS INVOLVED
Total number of chicks . 104 74 178
Chicks in nests with mortality? _ 72 40 2
Chicks deadd . i 41 25 N12
1 %2a 4,66, DF= 1, P< .05* &
2 %2a.4,14, DF= 1, P< ,05* CoL
3 %X2= 2,34, DF= 1, P> .10 —_—
* ’
t % ¥
“ o B
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.) colonies but the number of'ests in whigh mortality occurred
) and the size of the broods affected were significantly

different. i ’

"o aw vhe monospecific colony, mortality occurred fn 58%

of the nesta. : Broods of 3 and 2 :h\xckn were "the most

o % affected with 53T and 34% loosing at 1\east one chick res-

pac,:ivexy.' Furthernore) 62.51 of the b\:oods affected fose

nnly onl chick and_ 251 lou two siblings
\

" In the mixed—species colony. mor:au\:y occurred in 36%

of the nests; 50% of which hatched 3 chicke. Broods of ‘2

and 1 chicks were ‘equally nfiected. Furthermore, although

£ 502 of the broods Tattected loat only one chick, 4% lost two

s siblings.

“ These results tndlcs'te that there n;y have been a
selection pressure that affected broods differéntly ir~the
tvo colonies. In the monospecifit colony 2/3 of the broods
were affected hut and brood size was generally reduced by v
In :he'mixed'—npecfg; colony 1/3 of the broods were affected

. but they generaily syffered a greater lass. Such selection -

pressure may be linked to many components of:':he environment

(s tevsitory size) amd/or :o'hehutodnl“facm}—a such ag

conpetition and experience. : |

©  The occurrence of mortality per age class was similar
M ol ©. in‘the two colanleu (6= 9,918, DF-'G. P> 25; hble 9) and

. 117X of the chicks that did ‘not auevive to fledging d1ed o

during the fiut l_é days of life. AEter 35 days of .dge,’

- o~
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_skulls, These neitlings die

mortality was only observed in the monospecific colony. _At
the age of 35 days, Great Bluck-’bs(ckeeruu chicks welgh
about 1300 which is the average welghe of.suve Herring
Gulls (Threlfall and Jewer, 1978). In contrast, male Great
Black-backed Gulls weighéd; on average, more than 1900g.

Henu Great' Black-backed Gull chlckn were hel:l:er able to

defend Lhaulelves against uzgressivo neighbours lq the

ulxed-speciu cvlony than’ on- the Poin
’

It was not alvays possible to de:ermlne “the causes of

mortality: only 17 corpses uzretfound o ke St wad 2

showed signs of {njuries such as brokan wings or damaged

between 'S and 51 days after

hatching but most ) were older thw 21 days. Fifty—five
chick'u' "disappeared” from the area where they hatched and
were assumed to be victims of ¢rows or cannibalistic gulls}

Of tliese, 18 chicks (32.7%) vere n for the last time when,

wing-tagged; 13 at the age of 2 days or less and five between |

5 and 18 days old, ¥ Stnce the spaghetti-tags were hidden

under the wing and did not make the chicks more con!pib‘oua

than unmarked ones, it 1s luspec:ed zh-t perturbatfons

caused by. lnveutlgu:ors'!ay have bean a major cause ofs chick
—

mor:au:y. )

The effects’ of human dinturhnnu on colonially nea:lng

birds are reviewed in Lauouraux, et - a «(1985): ‘human

disturbanée causes .a 'reduction in h'rud:...g stccess through

) L
‘changes in adult behaviour. In cha current atudy, the

4
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prasunice OF Yiveytigatocs o ('!;e colonies during the mestling
perind<cause_d the adults to :e’mporurily_lb.nndon‘ thelir

. territories, Chicks 1;5: without surveillance were more:

v . . vulnerable to .predation during ‘the first 14 days after

. ‘ .
hatching and, to aggression by neighbours after this period,

Also, prolonged e’xpna’ure ‘to extreme Eemperan:\!‘es nay “have
_reduced the| surviFI oE\Jery young_h hatchllnzs when . the

colontes were disturbed. since youns gulls were not fully

«+ < able to the:maregulate during the first few days. ufterv

# hatching (Howell et al., 1974, {n Hand, 1980).
. . - .

o ¥ : ;

._3 1.4.2 - Chick growth r.:u ) . <

(S The multiple regression equations used to vredic: the

age of chicks of unknown hatching dates according to location

(section '3.1.3) were not statistically different- from each

other (F= .230, DP= 5 and 367, P>.50). In other uovrdu, :h‘
- tyhe of :olonlulity 14 WHLH yoing Gredt Bluck-baeked Gulls,
'we_rg:utua did not appear to .influence their overall: . i
physical development. But since chick growth rates gyantunn
ally: reached a'platéau, :h'eu linear equations quickly lose. .
their predictive value as "n’s:unga graw oldars * Grawth .

rates ‘were therefors monitored through the development of

. each growth parame:er, :aken -eparn:ely. ., . P s

e Except for body velght which will be dlscuised, later;

-the shane of thescurves :ha: best de-:rlhed r.he relanon-

.. ships between particular grnwr.h parameters and chick dge
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was similar to a second order (quadratic) function: -

Y = bg + by(AGE) + by(AGE)? . (€8]

. where Y {s.the predicted value of the parameter studied.

gtudied 1s achieved. Thus, ) &

A curve IQD!E.dn!l’nxv‘the generall ‘equation was fitted to-
the .igu by ﬁloz‘tlng the expected values of Y corresponding
to 0, 5, 1{, 15, 20, .. , 65, 70 days of ‘age. ' .

: Aésuming that this model 1s *a.good approximation of the.
reality, the dehopmen: of a par:l\:ular grouth parameter is

completed when the curve reaches a vluteml, that 1is, when

_its @lope (or first derivative) equals zero. This point

ind{cates the age at which the maximum value of the parameter

-

I Y' = 0 = b) + 2by(AGE) . (2)

'AGE = by /2y 3 . (3
Combining equations (1) and (3);

Ynax = b0 + by (=by/2b3) + by (=bj/2by)2
= bo = b12/2by + b12/4by

s oz " wbg =-1/4 (b12/b3) " O

The rtelationship between.body weight and chick age was

. ks i}
best represented by a third order (cuble) function: L

N - bo |,1 (AGE) + by (AGE)Z + by (ACE)3 ('5)_ :




» . “

The maximum weight achisved wais computed in a similar
manner as above :h_u is, by‘ setting the Hu‘z derivative of
equation (5) equal to 0, estimating the correspording age
(from successive trials in this case) and inserting fits

value in the original equation.

© . 7 X' =0 = by + 2by (AGE) + 3bj (AGE)? (6)
pr .

Algo. :he maximum rate of weight gain which correapond-

to the inflection palnt of the curve could be cnlcul.ted by ..

setting the second ?allvlt‘ve of equation (5) equal to zero:
5 A o

=0 = 2bp + 6b3 (AGE)

and,

) ACE = =by/3b3 8)

Combining equations (6) and (8),

Y'gax =] + 2by (=by/3b3) + 3b3 (=b3/3b3)?
”
- h, - 2b32/3b3 + bzzllb;;
= by'- by2/3b3 # ! [}
" .’\
_Figures 12 to 16 show tHe developmental curves of, five

growth parameters monitored on chicks from the two colonies.
The polynomial equations reprea,en‘llng'.thl ha-e‘n_zud'c..qu-
were compared to ‘datermine whether thay wefe escimactng
unique population. T;e method used to determine whether two
multlple regresaion equations are ‘sstiultlnr.t'ﬂe same

population :exuulon function {s outlined fn zar




(mm)

Head: length

(mm)

Head length

“ \
° MIXED-SPECIES COLONY
HL= 52,0801+ 2.4920 age - 0170 age®
10| Homa® 143.46mn ot 73.34 days ol W g
=178 ]
Re.9884 -
120} F=3711.5536 :
| P99
100 C AN
. Legend;
80 .. =. | occurrence
" o 2 occurrences
o3
o4 ™
60 os "
e 06-10 sccurences
20 Qil-is "
o= n
MONOSPECIFIC_COLONY *
HL= 52.1084 +2.4229 age - .0I56 age® 2
160 b Hemar® 146.12 mih ot 77.61 days old. —]
=23 °
120 [ F=2994.6252
. P339
AN
00 .
N Lagend;
« "] accurrence
8o . . o 2occurrences
. 03
og "
o5 "
60 - 0-6-10- accurrenges
On-1s "
50 - .
Ols-zo
) .
05105202530:540,455055606570
g Age (days)
s s o
- - - ‘
Figure 12. Increase In head length of chicks ralsed In the
‘f waixed - species and in the m&nosptclllc « colony.




i L) !
yJ
i 1 62
! - as
h MIXED-SPECIES COLONY . §
| ) 60 [ CL= 19.2185 +1.0543 age-5.79x10"age? . W 4.
CLings*-60.4kmm at 91.04 days old. =
E 50} mimo
! R
: L | Fea2es. 4554 ¥4
{ £ P>99 5 & ~
‘ § 40 . -
| s | . )
|
} E g
| 3 30 @
| . loccurrence
| « Zoccurrences -
b T3 " .
o ; 4 % .
20 . 28
i 5 N _ O 6-10 accuriences
! o X Ou-1s " e
L °
vonoseecrc/CoLony -
» | 60 | CL=(9.0(90+/.0826 age-6.6ix(0">age? *
CLpg,™ 63.34mm.at 8189 days old. N
€ n=214
50 :
E R=.9843 5 R ‘
. F=2214.4465 p
) P>99 . s .
§ 40 ’ Legend;.
g c « 1 occurrence - -
: § o 2 occurences
i £ L o3 T -
© 630 o4 N
: - o5 p
i - 0 6-10 accyrrences i
i oi-15 " -
i A o
) 20 QOig-20 "
T N - Oato * | =~ .
| .ok : " -, tF
.. "o 5 1085 2. 25 30 ® 40 45 50 55 60 €5 70
. Age (days) #4
P Figure 13. Increase in culmen, ‘length of chiks * ralsed In the
i ’ mixed- species and in the monospecific colony.
i . -
| 3
| ’ ¥ 7




(mm)

Culmen _.depth

16

14

6899+ .2515 age - 1.09x10%age?

€O, ~23.19mm ot U5.37 day old, s e
n=I79
R= 9767
Fig8. el (
P>39
« 1 occurrence
o 2 occurrences
ay N
o4 "
o5 "7
O §-10 occurrences
Ouils - "
=

CD= 8.7022 +.2487 age - 9.93xI03 age®
CDMi 24.27mm at 125.22 duys old. -

F= 2!78 9683

P>‘SS "+ loccurrence

o 2 occuprences
03 :
© s o4 "
- "
. n
= ; O 6-10 accurrences
- on-5 ¥
1 O.e-20, * *
- Qa3 *

Aqn (dnys) X -

Flgure 14, Increase In culmen depth of chicks raislli in the

mixed- spa:lu and in the moncApuclllc colony‘

52025m354o4§505550657o

a7




“n=179
T 0| rissae
E F=2789.3804

fength  (mm)

Tarsus

i
TL= 24,2926+ 2.3583 age - .0253age” ..,
80-F TL_=79.29mm at.46.64 dg -

P>99

| oceurrence
occurrences

o2

03
o4 ol
os5s

O 6-10 occurrences

.| monospeciFic coLony
TL= 24.2823+ 2.3069 age -.0225 age®
80 [ TL,,=82.48mm ot 5046 d.o.

. |one2a N
70 [ R=.o862 M
F=3746.8881 »
o | P>o0 -
Legend;
50 g s
« loccurrence
o 2occurrences .~
03 "
a0t & o4 "
I g8 "
ity 0, . O 6-10qcctrrences™
Oll-Is
&
25 = O®k-20 "
ok "
. ‘0. 5 10 I5 20 2530 3 40 45

Age (days)

50 55 €0 65 70

Fiqu(a I15. Increase In tarsus length of chicks raised In nu‘

; mixed-species ond in the monospecific’ colony.

LY




T
MIXED- SPECIES COLONY Py s0
1600 | WT*5.4963+27.73780ge" 620505 o 2/ -
- -.014 age® o < &
WT, =1574.39g ot 5203do.- = / T e
WTog® 39049/d. ot 18.21 do.  ° i 28 -
. 2 % . B
3 ROT s -
- R=g722
5 F=975.6273 . "
4 3% Legent:
- loccurence
’ . o 2 occurences
= o3
= o4 .. "
os **
. * O 6-i0occurrences
Ou-1s - *
= Oe- s
L .
" MONOSPECIFIC COLONY
_ WT=50.9862* 28.9991 age- 6120 age® .
1600 ~ 03 age® .
WT,,,,*1630.93g ot 5257d.o.
: . WTig® 40.099/d. ot I8.12do. R
.~ S 1200 [ n=20s .
R=9792
- Fa15611220 . . Legend;
¥ | g PR - loccurence
800 o 2 occurrences
3 0.3
R s o4 . " .
5 o8y ®
O 6-10 occurrences
: 400 oln-1s "
/ . Q-20 I
P 200 ' Q2130 *
. o = b
: O 5 10 15 20.25:30 35 40 45 50 -55 6 65 70
, 2 Age (days) e 5 .
. Figure 16.1ncrease - in weight of chicks raised in the mixed-species -

in the monospecitic colony.

49




‘5o
(1974). There was no statistical difference. hetween: eqia=—
EtEae repregenting the development ‘of head length, culmen
length, culmen depth and body weight between the two col-
onies, but a significant.difference was Found in growth
rates of the tarsometatarsus CTable 10). Althou;h tarsus
length ‘at hatching were similar in the two colonies (24.3

"mm), a faster growth rate (especially after the age of 25
days) spread over'a longer period of time ta the monospecific
'celony rendibed Euis maxivdn tarsus ‘length of 82.5 mm reached
at 505 days compared to 79.3 mm, 46.6 days after hurching
in the mixed-specied colony. However, it was not possihie
to see Lf sucl’{.morp‘hologicnl difference would uen{u until
the age-of reproduction because of the small samples involved
(monospectfic colony: 3 males and 3 females;. mixed-species

colony: 2 males and 2 females).

3.1.5 - Pledging period:

Since gull chicks do not usually leave the colony until

several days after they arg able to fly and continugago be

fad by their parents during thls time, young Creat Black-

backed Gulls were considersd to be fledged at their flrat

strong Elight (Moreaw, 1946; Drent et al., 1964; Haycock,,

. " )
1973y, ™,

0f the 178 chicks hatched tn 1984, 106 fledged: 57 1in
the monospecific colony and 49 in the mixed-species colony

(Table.4). This difference was nof significant (X2=




Table 10.

N
L4

Comparison of .growth equations between the mono-
‘specific colony (the Point) and the mixed—spaclen
colony (Somth and East sides).: o

Y ‘AREA . Yo Ymax ACEymax Fo DF e
- Point 32.1 1461  77.6 /
AL (mm) o % 0.48 ° 3, 385 >.50
Sides 52:0. 143.5 73.3 : ~
- " Poimt 1990  63.3° 81.9 ) -,
L (mm) - e 0.58 3, 3877 >.50
. -~ Sdes 19.2  60.4. 91.0
- _Point  8.7.. 24.3 125.2 .
D (mm) 0.08 3, 388" >.50
Sides 8.7 23.2 115.4
¢ Point 24.3  82.5 50.5 .
o TL (mnY 434 3, 387 =.01
Stdes 24.3  79.3 ‘46.6 .
f . Point 51.0 °'1630.9  52.6_ L
wrl (g) . . 1,22 4, 3711 >/50
- - Sides 51.5 1574.5 | 52.0 . ¢ g
! maximum rate of weight gain:

Point: 40.09 g/day, 18.1 days after hatching.
Sides: 39.04 g/day, 18.2 days after hatching.

P
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2.336, DF= 1, P>.10; eee sectfon 3.1.4.13.
Because of the difftculty fn fladlag and catching

nestlings as they grew older, and because of the occurrence

;of a severe moult in late July (Roy, et al., in press) that

rétarded fledging of 13 chicks (4 1n the mixed-species

colony and 9 in the mut)oapentf'xc colony), fledging data were

_ recorded om 72.0f the 106 fledglings: 35 on the Point and 37

on th¢ South and East sides.

,' F,ledgir:gl started on July 10 fn the monuapecxétc colony
'and on July' 15 {n the mixed-species colony; the majority of
chlcks vere Elylng hy August 5 (Fig. 17). This 5 daysidelay
in fledging in ¥ mixed-species colony-was also observed:
for hatching dates and, as-expected, the mean fledging dates

were significantly different between tht two colonies (mono-

specific: X= July 21 #7.6 days; mixed-species: July 27
+7.4 days; t= 3.74, DE= 70,'2<0.0005).

The age at first flight varied greatly in both solohtes
but was not statistically different (t= 1.82, DF= 66, P>
.05). In the momospecific colonyy—Elediing age varied from
40 to 54 days and averaged 47.5 +3.4 days compared to ages
ranging from:38 to 60 days with~a mean of 49.6 #5.4 days fn

the mixed-specles colony.

IThe occurrence of a'wide gap in the distributions of fledging
dates does not necessarily reflect a break -in the rate of
fledging but a change in searching and catching ‘effort since
the mapping of.territories (section 2.2.4) and the capture
of adult Great Black-backed Gulls (lec:ton 2.2.58) ‘were

- performed during. this period.

P s i
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Table 11 shows the fate of broods issued from different
clptches as well as the number 6f fledglings vroduced per
gg:z in relatdon to clutch size. The fate of 3-egg clutches
was s;mllar in the two colonies (G= .584, DF= 3, P= .90) but

that of 2-egg clutches was better in,the mixed-species

colony (Gz 6.079,/DF= 2, P<.05).

Furthermore, in the monospecific colony, the production
of fledglifigs per pair was largely based on 3-egg clutches.

In contrast, the productivity of 2-egg clutches was almoat

‘as high as that of 3-egg clutches in the mixed-specles

colony. Thus, although 3-egg clutches were the most common
)

A .
and the most productive, the high success GP—~2-egg clutches

in the mixed-species colony may indicate different uptimal
clutch sizes in the two colonies. Testing this hypothesis
requires comparapive analysis of energy budgets of pairs

producing clutthes of 2 and 3 eggs wizhin and between ecol-

-onies.

3.2 - Territorial attributes: !

Territorial attributes were recorded on 89 nests: 54 in

the monospecific colony and 35 in the mixed-species colony.
K

3.2.1 - Territory size:

The index of territory size (ITS) was extremely vari-"

able, ranging from 1.98 to 215.72 m2 (Fig. 18). The grand

o / oo
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Table ll. Numhexs of chicks fledged (and chicks fl:dged/
¥ pdlr) in nests containing different clufches.

CLUTCH SIZE: 1 N 2 .
’ ' CHICKS FLEDGER: 0 - 1 Tot 1 o 1t 2 3 /
AREA: . 5 : o
POINT Lo 12 8 1 i2 10 11.5
7 ’ ’ +(0.00) (0.48) - (1.24)
! SIDES 44 3, .3 4 6
3 “(0.50). T(1.10) (1.30)
: TOTAL - . 5 4 1511 21 1717 10 *
\k N - = S
bl 7N e 0"
[ . \ "
. |
& [}
i
T — :
. v K
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mean was estimated at 29.47 +30.83 ml, This large varisbil-
ity in territory size was mainly due to the presence of~
unusually large territories at the bsse of the Point. Hean
ITS at this subares was 72.60 +60.8) a2 compared to 22.22
$13.22 2 in €he main colony. This difference wvas signif=
Leant (t= 5.11, DE= 51, P<.001). Nevertheless, thers was
|‘|n l!:gnlflclq: difference between mean ITS in the monospeci-
fic colony and in the mixed-specied colony where territories
Laveraged 33,77 +32.84 w’_and 127‘.53 +27.77-n2 respectively

. (t= 049, DF= 85, P>.50). \

_ The distributions of .ITS in .a,un—co‘zony were compared

_to a Poisson distribution using -Chi-square to test for

randomness. ITS were not randosly. distributed in the mixed-
species colomy (%2 16.55, DF= 8, P<.05). Figure 18 shows
"f“ Aint» uuck—b._:ted Gulls defah{g’d elthed small or large
territories in this colony and rarely, medius sized territo-
'ri:éu. ‘Although -this might reflect the fitness of Great
Black-backed Gulls nésting among Herring Gulls, ITS was not
correlated wAch clutch size, nomber. of chieke. Watched,
" nymber of c:l\ct‘u—magéd. hatchi/ng, nestling and £ledging
success. : \ ) ‘ R
- ."simtlarly, 175 were not ragdonly ‘dtstributed i the
‘monospectfic colony (X2« 37.74, DF= 8, P< .001). The
presence of extremely large territories at the base of the.
Point was, in.part, vesponsible for this nonrandosness, ITS

vas also not cnl‘r_l_llted with the above reproductive param—
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eters in the monospecific colony. 7
It 1s {sportant to note that the- statistics presented

tn €his section vere based on estimstes of territory size

"and not actual sizes. This procedfre, slthough providing

fnteresting Information sbout spacing of Great Black-backed

Gulls, may have introduced some biss 1in the assessment ‘of

the relationstiips between breeding success and territory
size. . s wwa S

3.2.2 - Identity and .en;mt of neighbour E A
The mesn numbér of nelghboura surrounding Great Black=

backed Gul) territorfes vas 6.0 +1.7 (ranfe= “3ts 12). The

aumbet of Weiwbboscs was® posLtively covrelated with €he

fumber of chicks fledged (r= .247, F= 5.72, Df= 1 and 88,

P< .025) and fledging success (r= .256, F= 6.05, DF= 1 and
86,' P<.025). ) ’ ’

.In the monospeelfif colony, 3 to Il nefghbours were
counted atonnd Great lluck-bncked Gull nests; thénggesn was
5.6 +1.6. Th_r_g__v_c.:e_,_hovevzr. major dffferences in territo-
rial attributes between the tvo sub<colonfes. In the matn
tolony, 3 to g neighbours were .eountcd around Great Black-
backed Gull negts and 597 of the territories were surrounded’
by Sior 6 neighbours (¥« 5.4 #1.3).° In most cases J to $
patirs of Great Black—backed Gulls and no more than 2 patrs
of Herring Culls vere found around Great Black-backed Gull

nests, - In addition, 251 of the Great Black=backed Culls
-
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were completely encircled by conspecifics but up to 7 pairs

of Herring Gulls could he counted around peripheral dests.

/At the bage of the Point, a nucleus of 9 Great Black-

backed Gull territories was surrounded by Herring Gulls who
defended smaller territories. Qualitative estimates of the
aize of.the Herring Gull tereitories varied from 10 o 20
w2, These edtimtes are supported by Runt and Hunt (1976).

5§ ’ E . )
As a result, the average number of neighbouring Herring

Gulls was very high compared to the main colony (main colony:

R= 1.7 +1.5; base of Point: X= 5.4 *2.1; t= 6,31, DF='56, p<’

.001). Horeover, sirce most of the territories found at the -

base of :ne'?atnc were largéf Chan average, more neighhour;
were counted around them (main colony: X= 5.4 #+I.3, basé of
Potnt: X=7.0 #2.2; t= 3.08, DF= 56, P<.005). '
In the monospecific colony, a weak'positive correlation
was found between the number of nelghbours and clutch size
Cr= .308, F= 4,84, DF= 1 and 46, P<.05); the presencé
Herring Gulls was po;ltlvely eorreiateﬂ with the number of
chicks fledged (r= .326, F= 5.23, DF= 1 and. 45, P<.05) and
£ledging success (r= .312, F= 4.63, DF= 1 and 43, P< .05).
In the mixed-species cobony, 4 to 12 neighbours were

counted around Great Black-backed Gull nests; 79% of the

territories were surrsnded by no more than 8 neighbours (%= °

6.6 +1.8). Most Great Black-backed Gull territories  (68%)

were complately encircled by Herring Gulls but up to 2 pairs




o ; | 1 . . N

: 3 60 -
of Great Mack-backed Gulls conld be present sround ‘mests of
conspecifics, forming small nuclel within the Herring, Guil
colontes.’ No correlation between the six reproductive
parameters listed earlier and th_e various territorial attri-"

butes was significant. Table 12 summarizes the results of

/)(silron 3.2.

3.3 - Ii-e-lczlvtty hnd;au of adults: X
N\
.~ ° Fdigure l9u !ho!ll lhe total time npant oh-ervlng e-ch

K nu: as well as the. propny!len of - ubservle!.onl verform¥ on,

1
W

sexed blrdl., The mean observl:,ion time/ nest on sexed hirdl

(Fig. l9b) was generally uniform within colun(es (monospe=

cific: X= 320.21 min, F= l7, ‘DE= 12 lud 131, l’> 99; mixed=

_species: X= 321. 26 =in, F- .15,7DF= 7 and 95, p> .99) as
- well @s—betgeen colontes (U= 53.5, A= 8 ahd 13, P>.209.
- The histogram of Figure 19b is a rtfererme template t‘o
. subsequent Eigures in section 3.3. p r'}
3.3.1 — Occupancy of territories:
The time d::ring)vh!.ch territories were occupied by at

least onme bird per pair was 'generally high, the mean being Y

274,15 #182.70 0in/mean observation period in the monospeci= '

y - 'f1c colony and 176,43 +153.14. m}n/meun observation period in
the mixed-spectes colony (U= 67, ny= 8 and 13, P>.30; Pig.

20a). " Desertions were responsible for the large variations

" within colontes: in the monospecific colony, 2 of the 13

s




Table 12. Summary of territorial attributes recorded in the
monospecific colony (the Point) and in the mixed=—
spectes colony (South and Eebx sides).

o
KOIIOS_PBCIIIC HIXBD?S?KCI!S \ ISLAND SIG.

Number of nests -studied

58 T

92
Index of bcrrltoty size, ITS (m2)
mean 33 77 +32 84 27."03,_4:27.77 29.47 +30.83 P>.50
_range  2.79 = 215.72 ° 1.98 = 160.73
‘corr.! NONE , NONE NOJE
. Number of - neighbours N
‘mean 5.6 +1.6 6.6 +1.8 ~6.0 +1.7 .01
range’ 3 -T1 4= T2 :
corr.! clutch size NONE no. fledged
- (PL.05)- (#<.025)
fledging success
(2<.025)

Nimber of Great Black-backed Gull neighbours

mean 3.6 41,6 ¢ 0.5 +0.8 ~— p<.001
 range 1 -7 0-7 :
corr.! NONE NONE -
Number of Herring Gull neuhboun i ¢
mean 2.3 +2.1 6.2 +2,0 p<.001
range 0 =7 3-T2
corr, nu. fledged HDNE
(PL.05) -
£ledging success = -
(P(.OS)

U Gorrelations with clutch sffe, number of chicks hétched,
number. of chicks fledged, hatching, nestling and fledging’

sucéess;
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nests ohserved were abandoned relatively early, in the season, &

causing significant differedces {n the mean occupancy of
terrYtorves (F= 1.884, DF= 12 and ‘131, P<.05). A simdlar
phenomenon was observed in the mixed-species colony (F=
10.641, DF= 7 and '9_5, P<.001) vhere 4 of the 8 int’;u obser=-

ved” uba;cianed their nest after their eggs fatled ta hatch or
their chicks su::c\lmbe_d to predstors.

In both colohles the presence of at least one adult .on
the territory was positively correlated with the number of
chicks hatched (monospecific:'t= .648, F= 7.82, Demctoand 11,
?< .02 mixed-specles: = .739, F=. 7.20, D= 1 and” 6, #< .05)
and with hatching success (monospecific: r= .815, -F= 19.76,
DF= 1 and 10, P <.002; nixed-species: r= .908, F= 37.69, DF=
17and 6, P<.002). :

Sinflarly, even though there was no ddftatence batween
colonies in the time territories .uert left unattended (U= 64,
ng= 8 and 13, P>.40), there were significant differences
among nests within colonies (monouv!ctﬁcf X= 46,06 +89 .70
nin, F= s 47, DF=.12 and 131, P < .001; mixed-species: X=
144283 +131 .06 atn, - 12.77, DF= 7 and 95, P< 001 Fig.
20a). Creat ‘Blnck‘h\dhd Gulls did not usually leave thelir
progeny without surveillance until at least 3 weeks after
hatching. No diffetenct ln terri torial occupancy was ohser-v
ved between su'ccessful and unsuccessful pairs during {ncuba-
tion (1 or 2 adult(s): U= 24.5, ng=6 and 8, P>.20; 0 adult:

U= 25.5, ny= 6 and 8, P>.20) or very early in the nestliwg
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pertod (1 or 2 adult(s): U= 48, ny= 6 and 10, P'>.05; 0

adult: Us 38, ng= 6 and 10, P>.20). Successful pairs did

not leave their progeny for more than a few minutes at agtine

there afterwards. This behavlo:lr contrasted with that of
unsuccedsful palrs who abandonned their térritories or visited

them irregularly after the loss of their progeny (1 or 2‘
adult(e): U= 58, ng= 6 and 10, P= .001; 0 adult: U= 55,-ng= 6 .. T
and 10, P+ .005). s discussed earlier, chick mortality

usually ~occured early in the nestling season and was probably

‘caused by human disturbance.’ Although it was not alva
possible to determine the causes for ‘::e ‘complete loss( of
broods, both inter= and 1nu.~u‘pec‘i's1c‘ gzeda:ian vere obsefved
during visits to the colonies.

'l:he sbsence of adults from their nestfag site was neéa—

tively correlated with the number of chicks hatched (monospe-—
vely ! :

ciffc: e =.674, F= 9.13, Dix 1and 11, 2<.02; nixed-spe-. o
cles: r= =.824, F= 12.66, DF= l.aand .6, P< .02) and with
Mhatching success (monospecific: re =.786, F= 16.12, DF= 1 and
10, P< .005; mixed=species: r= -.944, F= 48.80, DF= 1 and 6,
P<.001) in both colonies., It was also related to nestling -
success fn the ‘monospecific colony (r= =.668, F= 6:44, DF= 1

ant. 8, P<.05).

The simultanedus presence of two adults on territories
lasted generally longer in the monospedific colony than im
the mixed-species colony, (U= 80, ng= & and 13, P= .05; Fig.

©20b) but differences were observed among mests in both col-
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onies (monospecific: X= 109,36 +84.84 min, F= 2.99, DF= 12

and 131, -P= .00!; mixed—species: X="47.74 #50.32 min, F= "
9.28, DF= 7 and 95, P<.001). Tt was pobitively correlated
with hatching success in the mixed-species colony (r= .753,

o

F= 7.86, DF= 1 and 6, P<.0S).
N Even l‘lough the divl‘irs‘i\o:‘os labours between gexes was
apparently characteristic of each pair, males and females
generally spent. equal time on their territories '(mana_sp,:f-
fhact U= 104, ng= 13.and 13, 2>.20 nixed-spectes: U= 39, ‘ny-
8. and 8, P>.20; Fig. 20c). Furthermore, males ,geniruiy
spent more time-on thelr territories ta the mombspectfic
colony thap in the miXed-apecies ‘colony (U= 85, ni= § and 13,
P< 02) but lhete were slgni[icunt dlfferencel among nests
vx:h:ﬂ' each colonies (monospecific: = 204.08 213746 wtn, P
1.88, DF= 12 and 131, ?<.05; nixed-species: T 100.99 155-.3‘3'
ain, F= 10.64, DF4 7 and 95, < .000).  In the mixéd-spectes
colony, hatching success was correlated “.l:h the uresen: of
nales (= 777, F= 9.14, DF= 1 and 6, P<.025). i
The presence of females was not dif rentrbetuuen col=
onies (U= 59, ny=8 and 13, P>.60) but significant d{fEeren=
ces vers found among nests vithin 'each colontes (ohoapeci-
fier ¥= 179.43 +135.70 nin, F= 2.05, DF= 12 and 131, P<..025;
mixed-species: X« 132,18 +123.34 min, F= 10.92, DF=7 and 95,
P <.001; Fig. 20c). The presence of females seemed Eo-be

very important for a successful hreeding season, especially




< 3260, DF= 1 add 6, P<.002).
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in’ the monospecific colony where it was correlated with the

number of chicks hatched (r= .630, F= 7,24, DF"l and 11, <
.05), the number of chicks fledged (r= .556, F= 4.93, Df= 1
\

and 11, P<.05), hatching success (r= .837, F= 23,350, DF= 1

nd 10, P<.001) and fledging success (r= .624, F= 6.39, DF=
R and 10, P<.05). Inthe aixed-species colony, it was only

,correlated Hil:h the. number of chtcks hatched (r= 711, F=

s (r= .989, F=

6. 13 DF- l und 6, P<L.O5) And hatching sucé

At!.ng heﬁlvlnnr (Hl . g % 3

3 3; 2 -
Durln; the summer of 1984° (May 27 to July 269, more tlme

‘was lovestéd in, courtahlp and mating activities im the_

! ‘Wonospet1fic colony. than in the mixed-gfecies colony (U= 91,
7

‘ng= § and 13, 'p<.oos). Although very low for'two pairs, mi

was rela:ivel-y uniforn in :he mennspecmc cokony (R= 9.88

+12,57 .min, F= 1,38, DFe 12 and 131, P3.10) but ‘signd fleant

'd1fferences .were found semong. manes in ~the mixed-spacies

" colony (X= 3.40 +6.85 min, F=' 2.88,” DF+ 7 and, 95, P'<.01;

Fig. 21a).  ° LI

Wo correlation befween MB and various reproductive

pa‘;.me'c’us.w-a statistically significant 1in elther colony.

The teproductive. parametérs used in the correlations were:
- 2

‘:_Lu:ct{ size, average % volume, number of chieks hatlched,

s l\umhn of chicks .flodged. hn:ching, sestliug and fledging

success.
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- : e
. s Comparisons betveen sexes within each colony revealed no

“Mifference in avetsge MB (momospecific: U= 96.5, ny= 13 and”

13, P>.20; mixad-&pecle!- U= 33, ng= 3 and 8, P>.20; Fig.
J21b) . Hala MB was not dtfferen: among neuu ln the
monoupeciflc colony (R- 4,81 +5 93 min, F= 1.42, DE= 12 lnd
131, ?>.10) or atang nests 1n _the mlxed—specleu culony -
1.84 £4:39 mta,: F; 1.82,.DF= 7 and 95, P>.05) but males
tivested mote. tine in B ‘{i the monospecific colony than' fn
the mixed-species colony (U= 87, ng= 8 and 13, P= .01). No
¢orre1u:1on was found between male MB and the various upn-
ducuve purameteu listed ubove.

Femalu also invested more time in MB in the monospeci-

“fie’ colony “than 1in the mixed-species colony (U= 91, ng= 8 anfl

13, 'P<..005). The time spent in MB was not’ statistically

d;fsgéanc among females in the monospecific colony (X= 5.07
47,68 mtn, Pe 1.22, ng: 12 and 131, P>.25) but there were
differances in the ‘hehaviour of females in the mixed-species
colony (%= 1.55 %3.98 mtn, = 2981, 0F= 7'and 95, P<.02;
Fig. zi‘c). Fankle MB was also not correlated with the various
v reproductive p.y.{uean listed earlier except for clutch

sire, in'the menoapécifte colony (e=:-.676, F= 9.27, Di= 1

-

and 11, P<.02). 1In this nnne, the rulationship betwesn the

two .variables was negative and hmn!u that laid few a“s

ung-gcd more often 1n mating activities durlng\.the gummer
\ ST - .
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3.3.3 - Parental behavior (r:/ s . .
The -mean Eind spent incubdting and cnring_inr young was
si.miln bétween the two colonies (U= 70,.n4= 8 and 13, P>

«20). However,. slgnlflc-n: differences in PB were observed

among nests in the monospacific colony (K= 38.52 £79.93 min,

F= 2.81, DF= 12 and 131, P< .002) and among nests in the

mixed-species colony (X= 9.00 #17.56 min, F= 3.72, DF= 7 and

95, P .002; Fig. 22a).
< No correlation between PB and the various reproductive
parameters listed in section 3.3'.2 was statistically signif=-

icant in the monospecific colony. In the mixed-species

colony, PB was positively correlated with the number of

chicks hatched (r= .815, F= 11.85, DF= 1 and 6,-P<.02) and

hatching ‘success (r= .787, F= 9.79, DF4 1 andgds P<.05).

Comparisons between sexes within each colony revealed no

significant differences in average PB (monospecific: U=
84.5, ny= 13 and 13, P >.20; mixed-species: U= 39, ny= 8 and
8, P>.20; Fig. 22b). Ho'wever. muefh vas different a}nyng
nests in the monospecific colony (%= 17,85 +47.89 min, F=

i s
3.56,"DF= 12 and 131, P<.001) and among nl!ll:s/ in the mixed=-

‘ species colony (X= 3.69 +10.44 min, F=.3.08, DF= 7 and 95, P<

.01) but not between colonies (U= 70, ng= 8 and 13, P>,20).

¢
No cdrrelation hetwsen male PB and ‘the various reproductive
pnrumatan .llu!ad aaruer was statistically Ilgn“lcunt ln

ho:h colonlnu. % + .
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in the

12
Female PB was d‘iffecent among nests {n the ‘monospecific
colony (%= 20.68 4 5.53 win, F- ‘2,72, DF= 12 and Pl e

.005) and among~Mests in the mix:d—unecies coluy (%= Y's .32

#12.52 min, F= 2.73, DF= 7 and 95. P( .’DI) but not between

colonies(Up 64, ny= 8 and 13, P >.40). Female PB in the
) -

mixed-species colony, although very low, was positively

correlated with the number of chicks hatched (r= .765, F=
8.48, DF= 1 and"é, P< .05) and the' number of chicks fle;'lga
(c= .880, P= 20.52, DF= I and 6, P< .005) as well as with
hatching success (r= .755, F= 7.94, DF= 1 and 6, P<.05),
fledging success. (r= 850, F= 15.68, DF= 1 and 6, P< .005) and

nestling success (r= .812, F= 7.77, DF= 1 and 4, P< .05).

‘The parental behaviour of females thus seemed to be an

important determinant of breeding succesa in the mixed-species

colony, influencing the development of embryop and the survi-
. .

val of nestlings. Similar relationships were not observed on

the Point.

3.3.4 - Territdrial defence (TD): £,
The gverage time dpent in territorial defence was greater
vd‘noapuin colony than in the mixed- lpecteu’ colony
(u= 86, ny= 8 .n\d 13, P<.02). [Significant differences were
also observed a.dong nests 1a Jhe monospecific colony (%=
66.56 +65.09 min, P= 5.30, DP= 12 and 131, P<.001) and among
nests in the mixed-species coldny (X= 23.47 #26.73 min, F=

13.11, DF= 7 and 95, P<.001; FiR. 23a). *

-
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In the mixed-specles colony, TD was positively corre=

lated with the number of chicks fledged (r= .911, Ea zg.:?,

* DF= 1 and 6, P<.002), with nestling success (r= .925, F=

23.80, DF= 1 and 4, P<.01) .and with fledging success (r=
.933, F= 40,12, DP= 1 and 6, P'<.001). 'Similar correlations
were not observed in the monospecific colony. V

TWete Wera e @lgniftesst dlfeeFeaves Lh average TD
between sexes (momospectfic: U= 112, ng= 13 and 13, P'>.20;
mixed-species: U= 34, ng= 8 and 8, P >.20) but large varia-
tions were observed bﬂithll\ colonties. -Male TD was different
among nests fn the monospecific colony (X 42.60 +43.39 min,

P

e . % o
mixed-species colony (%= '9.85 +14.24 min, F= 5,59, DF= 7 and

95, P< .001) as well as between colonies (U= 88, ny= 8 ‘and
13, P<.01; Fig. 23b); males from the monospecific colony
being more frequently involved into agonistic encounters,

i No signtE;can: correlation was found between male ™ ta
the_monnspecl!ic-»coiony and the wsvions reproductive

parameters listed in section 3.3.%4but in the mixed-species

= 6.26, DF= 12 and 131, P< .001) and among nests in the*

colony, male TD was positively correlated with the number of -

_chicks fledged (r= .772, F= 8.81, DF= | and 6, P <.025) and

‘with fledging success (r= .817, F= 12,19, DF= 1 and "6, <
% ; o S

.02), &, L : -

Famale TD was also highly variable among nests in the
monospacific colony (¥= 23.96 +30.42 min, F= 5.42,°DF= 12 and

lf!-l;'_l’<-0 1) as well as among nests in the mixed-species
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colony (¥= 13.62 +18.16 -u/?\u 83, DF= 7 and 95, P<,001)
but mot_between colontes Qr- 73; Yg=' 8_and-13, r)..lo- vig.
23b). )

No- correlation’was copyted- betveen famale TD fia the
aVasepaetere colony snd The various' reproductive patassters

1isted in section 3.3.2 but in the mixed-specles colony,
N\ v—

female TD was positively -correlated: with the number of chicks
fledged (r= .elaﬁ-/zq.sa. DF= 1 and 6, P<.002), nestling
success (r= .908, F= 18,76, DF= 1 and 4, P<.02) and fledging

success (r= .919;—F= 32,61, DF= 1 and 6, P<.002).

3.3.5 - Self maintenance (SM):
SalE n-lnun-nce was not different huveen colonies (U=,

61, ng= 8 and 13. P>.50). It was not dum-en‘l among nests

of .the monospecific colony (= 268.54 $215.45 min), F= 1.67,

DF= 12 and 131, P >.05) byt large variations were observed in
the -u(‘ species coloay 'because some territories were
deserted =y~~Tr1y in the nesting season (¥~ 188.30 +156.69

min, F= 13.15,

7 and 95, P< .001; Fig. 24a). - In both

colonies, SM was pocitlvsly correlated with hatching success

(monospecifict r= .815, F= 19.80, DF=.1 and 10, P< .002;

mixed~speciles: r= .8815 F= 20.74, DF= 1 and 6, P<.005).
“There was no‘ sign{ficant diifa’rg’ncl_ln average SM between
sexes (monoapecific: U= 90, ng= 13 and 13, P >.20; mixed=

apdctest U= 38, ny= 8 and 8, P>.20) Wut agatn, large yaria-
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" p2.005); mixed-species: r= .922, F= 33,81, DF='l.and 6, P<

Ta Slncu tha ‘dlntribu:ionl of: clutch slze and ch_‘l:ks fledged

/ - ! 77

tions were éb-uvaa/w £ign cofontes. Male SM was different
among net mon pa.clfic colony (X= 138.82 +113.64
oin, F= 1 d 131. P<.05) and among nests in the
\(x- 85.61 +76.15 min, F= 9.62, DF=7 and

95, P<.001) but nop\petween colonies. (U= 74, By='§ and 13,

mixed-speci
P >.10; Fig. 24b)¢ SM vas positively correlated with
hatching success in both colegies (monospecifici r= .692, F=
'9.19, DF= 1 and 10, P<.02); mixed-shecies: r= .782, ¥ 9.46,
DF= 1 and 6, P<.05). . ’

Female S was not different safong nests in the monospe-
P'>.10) but it differed ambng mgts in the m\xed-species
colony (%= 102.69>1110.76 nt . . 7 \ud 95, P<
.001). However, there was 'no 1
female SM in the monospecific colony and female :SH in the

mixed-species colony (U= 55, ng= 8 @md 13, P'>.80; PFig. 24b).

. Female SM was positively correlated with hatching success in

both colontes (monospecific: r= .785, F= 16.05, DF= 1 and'lQ,

02) and with the pumber of chitcks hatehed Ln® the

monospecifie colany (r= .573, F= 5,38, DF= 1 and 11, 2<.05).

B . » 5 . . .
3.3.6 = Su-uuy of "tim --euvuy hndue-- P .

™.

pe)r nu: were Mmllur be:wsen I:he L'wo snmplu of neuts obur-- o

™,




ved (clutch sthe: G= 7.340, DF= 3, P>.05; chicks fledged: G=
5.512, DF= 3, P>.10), it val. reasonnable to assume that fany
“behavioural differences between gulls nesting in different
colontes msy have been caused, at least in part, by the type
of ‘colody -1n which the gulls nested. As 1€ has ‘been showa

for Kelp -Gulls (L. dominicanus L.; Burger and Gochfeld, 1981)

where habitat choice relates to‘prndltlan and cannibalism
pressures, nest site selection of Great Black-backed’ Gulls
may have been influenced by the nature and the behaviour of

their competitors!

E‘.vgn though pte mean duration of the obterv.ltiun periods

was not si n!!ic-;n:ly different between colonles; térfitorial

occupancy ‘und -e\;n time invested in the four behavioural

categories (YB, BB, TD, SM) was either longer In the mono-

specific colo than in the mixed-species colony or of equal

duration (Table 13). o

Furthermore, behaviours did not necessarily have the
same eﬂ:E{(-) on breeding success in each colony (Table 14).
o2oF wxanple, o behaviowedl cotrralates veré fousd For the
number of chicks fledged Lo the monmospecific colony but
fledging was related to PB and TD in the mixed~species colony.
‘fHa Wumbar of ‘chicks Eladgad dapended on tecritorfel oeus

panéy, in the monospecific colony. Table 14 also shows that:

- MB wad correlated with clutch size in the mono- -

specific colony but no significant correlation was
found in the mixed-species colony.




ctvicy budgeca: a
an obusrvition partod (i

i Table 13, Summary of tim
~ (ln ainuces) per a
sexes and colontes

P E HONOSPHCIFIC COLONY (stg) COMPARISON (s1g) MIXEO-SPECIES’ COLONY (aix)

$206.66 (P >.99) - (1> .20) 321,26 £191.83 (> .99) i

Obsarvetions 32

ss.08 . 1.10 (r< 000 = (r>.40) 37.06 (1< .001)
- (a3 a78l1 = (#5030 3114 (2< Ld01)
0038 2 (1< lo5) 50132 (#< J001)
2 5 (rclon 16133 (P& i001)
famsle - (2> 60) 23138 (< L001)
"t (3 120)
Nactan [ranaviost .
2 tocal > (r<.005) 6.85 (r< .01
nsle > (r="lon) 4139 (r>.0%)
5 (r<lo0s) 3 (g o)
~20)
: - 9.00 + 17,56 (P<.002) -
- 3369 T ok (1< 01y

51323 12.52 (v< .02)
(P> .20) i

5,09 (r< .001) > (pg.02) 247 o B
g 3139 (r< 001 > (r<lony
< 0.42 (P<11001) LIRS
: (r3 120

A = (r>.30) 18830 .
K 38 (a2 = (>0 3
¥ 12972 - 300




Tadle I4. Sumsary of corcalations

n varlous restode.
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Famiters and b

wioural eta

% oMo

sreciric coLomy

MIXED-SPECIES COLONT

122 sdule(e)

78, 1< .02)
86, #< L003)-
< los)

843, 2<.02)
(o=

813] 1< Loom
2 adutes -
Y - %

* temale no. ehicks hacehed (r= .630, P<.03)

Dicke fledaed (rn o336, 1< .03}
hacehlng suc
- tledging succe

837, r< L001)
[ ]

2. ehteks hatched (e=-
hatentag =

Natened (re
necens  (e=

ehtek <.03)
Nacehtog <.002)

hacehtag sue, 2133, 1 <.03)

. (e
hatching success (e 777, P <1023)
00" chicke hacchad (e

g
Miehing svecons

1002)

676, 1< .02)

0: Shleke betahed (e2
hatehlag suece

Tareitorial Dafence

tacal T, r<.00n)
130400
233, F< loon)

e -- . 1, 1<.09)
13, #<l02)

ey )
b <.

01)
7 7< L002)
Salf Natncansnce
cotal atehing succass  (r= LA13, P<.001) hacehtag success  (re 81, P<.003)
male Natehlng success (v .692, P<.02) hatehtag suceess  (re o782, P<.03)
. tamale no. chicke hatehad (e= 373, P<.03) hacehtng o Cee 922, 1< Q0D
. Bacching success (re .783, P< .003) A
o8 = oy . 3 " i
adiba 1 AL g .. .
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- PB was correlated with the number of chicks
hatched, hatching,.nestling and Eledging success
in the mixedhspeclas colony but no.significant,
correlacion waé found ia the. monospeclEic cotony.

F %, <10 was corrstated wiMd, ene muwuber of chicks

- -  fledged, nestling and fledging success ‘in the
. mixed-specles colony but mo significant corréla=- -
tion was found in the monospecific_colony. . .

. . - SM was correlated with_the humber of chicks
hatched' in the %onveciﬂc colony and with hatch-,
t

ing success in colonie:
g - - Territorial occupancy was  correlated with the
- " nimber of chicks hatched and with hatching success
- in both colonies but in the monospecific colony,

it was also correlated with the number of chicks
fledged, nestling and ledging gqcceu‘.

Furthermore, the behaviour -of females, although not

oo statistically dlffer}nt from that of males, might have been
more important-thgd that of their mates, in determining

‘breéding success in the monospeciffic colony whereas both

sexes shared responsibilities in the mixed-species colony

(Table 14).




\Lttllnd.ldhleved, on average, similar Teproductive &umc:

‘Exg productfon and mean clutch size werd simflarybut, the

§ © 4.0 - P!Sl‘JISSIOI

In 1984, Great Black-backed Gulls ngsting on Cyil’

_and proportionately.equal-chick production in both-.colonies.
3 B, ho

dls:rihutlon of clutch /uze, was different: 1- and Z-:xl‘.'
clutchea “ere more common in the msnd--necu- colony.
Fur:hermore. mean egg volume. was also GeRpiTabLE auhoug'ﬁ
egg ‘size was mpre variable in the mixed-spgcies colopy. 5
Hlny workers have 1nvuugn=d the r.llllonshtn! betwe:n
clutch size,. egg size, age and reproductive success. vm.m.
birds geneulxy-'lgr smaller ::_m:cnu (Coul;on, 1966.:‘ Skutch, 'P

1976 tn Curio, '1983). Egg size is related to the age of

females (Richdale, 1955; Coulson, 1963; Davies, 1975; Coulson, S
et al., 1982; Thomas, 1983) as well as to their body size g 0

(Verbeek and Richardson, 1982); both older and larger females

laying-larger 3ggs. In Herring Gulls, egk size has been

shown to.increase with decreasing densfties (Coulson et al.; -
1982) and, fn many spacies, to decrease as the breeding -
#eason progresses (Coulson, 1963, Nelson, loas in l’-rlunl, '
Yor2: Birkhead and Netelqghip 1982), According s suh
studies, data cauee:ad on Guu leland tnditate that femalss .

nutlng in the mouo-peclﬂc ce).ony are more axnerlencad Yhan
S

those nesting ll\ the ulxed--vuclll colony.
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s (Parsons, 1972; “Haynes and HlocUc:l/ 980 and’ put note
e —effnrt in eeprodietion’ (Pagsweks anal)"
2= . N
5 s nes:—lng in the monospecific colony may have been, on javerage, oo

Thus, lemules

older :hun those nes:ing in ®he mixed-species colony .ulnce
hntchinz and fledging’ occurred significaiitly earlfer inithe

monoaveclflc colany., Furthermor female MR vas cnrreluted

wi:h clutch—el—ze ‘only 1in the mnnomectfxc calony, 1ndicattng . B
R g

Chul: Eemeles puc more efff!t in reptoduc[ion in this area.-— . ’-
B
ueveuheuss, mdny stmtlarictes in the” n'Feeung b:olng) 4
6?
of birds nes:‘ing in the twa colonies uuzges"r;tfa: l:he average

reproductive quul!ty, (Coulson, 1963) oE 1ndlvlduuln 1s "

comparable. Indeed, there was no difﬁerence tn fute'of eRgs, e

.. number-of chicks hntchedt numi;er oE chlcku fladged,. :Pr!.ck

. growth rates, nestling mor:au:b and: wge at- fiedgihg.

'
P Hatchinx. nes:llnz nnd fledging success Here aiso comparable. .

The occurrence of " mortali[y per age class was also T

cpmparable\even 1f it was only ob\\erved in ch‘h ‘monospecific
¥

‘colony after che age of 35 days. \The size nE_-Gr!nt BlacW-
° e bl 5

backed Gull chicks relative'to that of. thef'r neighbours

(Merring or Great Black-backed Sull) s beue'ved to have.

pluyed an important role in'chick airvival after, 35 dayu. I‘n\ B
gack, even if very ‘few Herring Gulls neated in'the monospe- :
¥ . cific colony, sheir presence around Grdat Blagk-hacked Cull’

L . ’ territories was poskeively correlated with “chick pwodiction
i and. fledglag success. Gull ehick survival has afso beeh

$ . a!socla:ed wl:h \:grrltorv size (Huut and’ Hunt, 1976) -but’




':uias\wul achieve, on average, compar-hle success

constraints rela

= Yo )" 84

7 s *e 4
this has not been verified on Gull Island where the ITS were

similar in both colonies.

The production of chicks. per pair was- higher in 3-egg
; il W 3

clutches. in Both colonies. - This finding supports Lack's

—r s
hypothesis (1954) that selection should favour the most

productive clutch.. However, 'many 'studies have shown that

the’ commoanest clutch (uptimal cluch) 1s in fact smalle

eh‘n the mast pzz’ducuu one (eg. wa

, 1973 in CharRoy and

Krelm 974), In tl\u mixed-specle! colony, the e-;nm}u of,

'J-eu clnt:h:l. Thlfiinding that’ uhQ roduction from

drEfetent clutches 1s ot the same in the two colontes may
give 4nauf-c 15 the_ evolution™ “of optimal clutgh dize.under
us_fu.eu environmental constraints but data ‘Collectad in
the present atudy are nof sufficient eluciidte this question.
Pnrther-ore, the interaction of ’neuﬁn.‘expu:snce,,ch.:cn
size and.reproductive success may interfere with the te:tlng
of this hypothests. ) . &

0
The theory of' "Games"” predicts that .under stable equi-
) . .

llhrlum ’mdiﬂdnu. behaving, according to different—stra-

Slmillr

. braedlng qucceu in* the two typeu oE l:nlony studied muu::

:h:: the exll:cnce of such s:uuuu. Perhaps hehbviounl

4 to habitat” selection play an upornnz

role in the spacing system o( nesting Great 'Bl-ck-hncied
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Gulls’ and determine their breeding success. Many "models

% describing habitgt selection of animals

ad uklng into
account be?\\’vluur 1 consttaints have hee'n described and
-tested (eg.' Witham, 1980). . ) #
Bént (1963) reported that GTeat Black- hucked Gulls may i

\ T ‘ fnrm monosJeciElc cqlonies, mixed-species colonies or miy ¥ 5 4

B nest as single pairs, uou:ed 1n rejo’}\ iocations. As it ig
5

likely tha: .this upecies showsg si e tenacit as de o!har
¢

e h larids (Seu:n‘w 1977),":he spacing system of Great lllac\t
backed cuus is :euuvsxw,s‘(mpu, ndul:s returning to the-
coTony. and the: nestink area’ (1f possible) where they were

m | born. However, considerations about the n.xlmxz.u‘on of

lifetime reproductive success may cause ‘Great Bla:k backed .

- .
‘Gulls, to ctompete aelflshly for the best pesting teni:ories.’ L
If;so, .their svac}ng system would be.imwEluenced by factoru

such #q_past experience, mate selection, competition and -

habitat characteristics. d
o sEkesy . 4

x4 : Many sg;udlesv (see Krebs and Davies, 19&'1)J.npv'e‘ shown
. 'thné some’ i'naxvuuau fn & given populstion are unable: to
conpete suctessEully with conspecifics ‘hy fighting or by
] N di&pluyinl, 'nerh!vu h:cauae of morphologlcul differences or " &

" old age.. Thése poor competitors generally end up with’ F;er

resources and rewards’ tl\an dominant uuun&n-. The average -

breadlng succe!s of Gua!\lack hacked Gulls in the mixed- \

ﬂneciea colony may have bah eq\ul to that of gulls nuung .

ta the monospecific- colony hecau\\:hay foind themselves in
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s sicuation of dominance vhen factng smaller opporents when
che procéss-of lcqulrlng uultable nesting territories and .
ratsing youngi— . -
1f such a phengmerion occurs of the nesting dtonndey 5uE |
would expect to see.the largest and aFrongest individuals

favading Herrihg Gull colontes and concomituntly increasing

thetr :eproduccive success. Since. this .ud\ not happén, ——

there ‘dust have -been other benefits to aesting {in theshono=

specific co1ony1 such as "increased ufe:iw fitness by

mu:ing fth more exnerlencad females. - i AR

4 T4 Tarid wpectes, Halanrsrrive seafly on the "nesting:

grounds to secure curuau,\and Attract a mate which is’
<

,no: nece!sabily the same frmn year to year (’I{Inbergen,v

1953). Thus males are expected to.compete uerce#y for the
beut resources. urhough experienced gulls genenily retarn
to the sandlsite eu?:h year, Coulson (1953) observed younger.
snd stronger (bub mot necesiardly inexperienced) sales.
successtully outecomete oldsr birds and estahllah ;hemulvu ’

aln the centre of the calony. Stnca one advnn:age £ livlnz

in groups is ta attract mates, it is eEEeceively moé advun—
t-geouu to secure tefritories located in the ‘centeY! of th:
colony, An:'urdlngly, territorial occupancy,. defence ‘and

mat{ng behaviour of males lasted significantly longer in the

lon Gu1l Iul-nd :he mno-puzuc colony 1s considered to be
the. préferred nesting site—because Great Black-backed Gulls
have always been abaerved nesting earlier, in greater numbers
and .in Muher densities in- this area (Haycock, 1973; Threl='
lgll. pers, comm.; Roy, present study)’ (8

~




.npeclel ‘colony and thereafter, habitats were filled ao !hat
v

Black-backed Gulls on c«u{ Igland do not take into account

<benefits ‘of nesting in :he"mnoapeuuc'coxony were not

5 4 8
monospecific colony than ju the mixed-species colony. -
; :

Moreover, experienced and succ 'sfii‘lLE?mnlu are the

first ones to follnw‘malne! ti the gulleries>(Parsons, 1‘172)

and are expected to select the most fit partners if they are

o{ already patred. On Guil Island, females' m ping h!hav- s .

four lasted.longer im the mnnuspef.tflc colony than fi: “the

mlxed-sﬂeies ‘eolony. K . T -

These considerations about the distribution.of Gri

that the area availahle to nest-is physically ‘limited.(efs

vegetatfon cover, obstacles, presgnce of other breeding

‘seablrds) andt that gulls_requite minimal territory size to &

‘reprudu:e‘ successfuldy (Tinbergen, 1956), Thus, colony._and

nest ni:e seléction 'will bhe 1n£1uenced by ‘the presence and
the behavlgur of competitors. Ae predicted lyyl the Game

. i 3
Theory, whether to nest ln{ the monospecific colony will

depend on ‘the costs and heneffts associated with r;td/u!uon e
. e P

)
as competition increases.

Aithung\ no observation was, made in the very early-

) \
stages of the reproductive seavscn‘ it appenrs that Great
<

Bluck-backed Gulls first selacted territories ‘in the moho~
syeclnc cnlol\y. Hawavet, the, great overlap in h-::hug and .

flediing. dates sigrests that after a while, the codts and

difEerant’ from those auocu:ed with nes:lng in ithe msud- /
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the rewdrd per lndivldual vas the sime in both culan‘&u. ‘A

simflar mogax of 'ideul fue«)du:rnuuon ?'Fre:weu and

,anll, 1970) has also heen pl‘opesad by Pierotti (1982) ‘to

describe hafltat seieennn 1- Herring Culls. Accerding ‘to

his'study, nest site seléction. in Her.ring Gulls depends on

the nature of the f(tounrx cover. ' Im the nresenr. study,

blnphynlcnl uarametexs such 'as ground cover, slape and

'vgge:}uon structure were not mensuted, efforts belng made

_:o ‘assess the hehax{inural 1mp11cntqns of -habitat selec:isn.;.

However, Great Black-hacked Gulls alidys nestéed on grass
covered peat” and. on relatively f£lat areas. +

\The model " develop&d ubove to ‘explain’ the distrlbutlnn

of Grelt Blnck-hacked Gulls on Gull\-Isllnd was based on time

abudgets and not ene\zy budgets. Although time favestment
S FoaoNES i

may give a.good approximation of the costs &f ‘reprdduction,

there.were many paramefers that' could not be measured.

' For axnmnla, auhuu'gh.:aui:oual defences is a-major

source of enerxy expendltnre, wthe costs. usuciat'ed with

d:npluy‘tng are cettl!nly less than thase involved when

fixhtlnu. The co-n of terrl:arill defence may also vary

acénrdlng to the llze oE :he :errltnry, :he number and the

nature of ‘the appunen:s. Other factors such as strength,

size, agé, experience, sex and species (eg. Great’Black-

backed. verMus Herring ‘Gull) of, both rhe intruder and the

defendu may . be 1mpnrun: when mexuurlng cgy outhuts.
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Reproductive investment may also vary according to sex, age,

. . _ expetience and various =nv‘\tunien:ul constraints such as

availability of food, abumdance of predators-and competition
forynest Mtes and mates. Other energetic costs that a bird

must face are assoclated with foragimg and travelling durln‘('- o,

the reproductive season. = The total an’ergetic dL-und can be ’
: e ’ |

very high for either one .or both parents. \ :

In order to.increase: ghair\;{:duc:{ve success.without .

5 Tl _tedugiug Eheté\chg_nce's of murvival, ._r‘ldlvt‘d‘u.l s ageqxpected "
"to maxinizé their emergy. input. and to reduce, their costs of *' !
: ‘:‘reprodﬁé:tm\_ i‘;nd‘ otide activities while tncreasing their :
fitness. Costs assocfated with ‘;er’rl‘:o;lll defence and' -

/\_ A ik

L tmized—while other .activities such

_— self maintenance and efficient foraging should be maximized.
ldeally, time and ener{y/budgets should be optimized accord- |
" ing to ecological, biological and eavironmental factors. .

Parental behaviour and territorial defence were correl- [

ated with the reproductive success of Great Black“hacked

Gulls nesting in the mixéd-species colody bBut not.is the .

‘monospecific colony. Possibly, the levels al

. behaviqur and territorial defence were sufficiently”high and

therefore did not correldte ‘with reproductive guccess:
s - Howevet; territorial occupancy ia’in Ltsele tndlcative of— . |:
% o repl“uduc‘tive behavipur and. territorlel defence and refledts “
=5 — . the dependance of breeding spccess on reproductive effort. i

: . The' analysis and interpretation of behavioural data is
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g limited- 59 two !l::h/,) First, the recording of behavioural ,

lnfor-ltlon at 5 min’ lntarvlll lly have introduced some

in the time h\ld'e(l of individnlll. Se’condly, the.

b1

assumption- :hu the four Beluvl.onnl u:egoue- are intnllly
-

Ll : ex:lulive il simplistic since single bahavlouru may functlon

in more than ope way. ' For example, self’ l‘intennnce may

-erv:‘u’tuutnrhl def b the 'p of ‘d bigd
N 3

'on Aty -territory may be suffictent zo tedul:e mhu.un'

_pressure | 'EFon computltorl.' Thuu mw also be -ome cnnh-lon )

proxeny‘”z ‘l‘heu lilltntlonj have to ‘be

species, qnars-tlc -:uuu give mote rellahlc ae-cupuau.
P .

'l"lis- budgets h-ve been used “dn
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1. & ome year -ludy {of the breeding Widlogy and behaviour
. of Great Bllck—h‘cked Gulls hegar' late tn the facubation
3 pertod(} uu;{-ul\_) access to thé island was pre-
vented by jarceld pack-ice.. The purpose of this explo-

5 ratory qtudy was to deteruine weather this specles

shows hhbitat olony type) lellc:lon and, if. so,

5 define a ponslbra mechanism of habiat seléction.

i, ; A C
o {
- A -agg laying. occurred\betveen April 25 and May 26. Mean

- clutch and eRg | size \l=re !(lllnr in r.he two colunlal.
“ —~

- . Howevzr, the duutbuunn of . clutches was not the

more l-egg tl_utches_were counted <1.|| the lixed-lp‘ecitl
. - colony. However, the fate of eggs was similar in the
& 2 e ;

ti#o colonies.- | g . . "

3. Kauching occurred bgtween Hay 25 and June ZA ‘while

fledging startéd on July |o. Hatching and fledging

started significantly elrllet g the monospecific’colony
Sk B 4

than in the mixkd-species colony. The numbers of chicks
hatched and of| chicks fledged ‘were similar in the tuo
. he 2 L ;

colonies. : %




age of' '35 days, «fick mertllityt

monospectfic 'colong .+ The relat

. territories were deiendad in the mlxed-speciea colony.

< C -
- ar 92 .

Chlck growgh ‘and chick mot:ality vere:similar in the
two cnlonlen. The occurrence, ot motcamd per uge
class (7-day intervals) vas ulso s-imuar in the' two col-
ontes: more than 4757 of the mortalicy: occurtéd durlng .
tl\e nru 1& days after huchtnz. fovever, -fte! che'

s nnly ohserved 1n the .

e size of young Great . *

Blnck-hqcked Gulls ‘compared to petghlmun was thought

to play an 1mnarun: :ole in‘}‘chlck survivali’ Human

dfsturbance was probably the|major -cause of dhick
] | Ehey ]

mortality on Gull Island 1n:19u"'

_3<égg clutches were the most productive in both colonies:

which' tends to support Lack's hypothesis that .the most
common clutch fs the\most productive. Howéver, im the

mixed-species colony, the production of 2-egg clutches

was almost ag high as that of 3-egg clutches. This ,
Bsuggests that upciiu_-l i:l'ut‘ch size may ndt be the same

in the two colonies.

An index (ITS) was proposed to give consistant estimates

ize among all, pairs nesting on, ’cu11

of territofy.

Islan Ilo nlznlilcln: difference was found in meun

ITS betweén the—two colonlew ‘but. ITS were not randomly . ‘

diatributed 'uuhu :olonies. no:h,xuge and small



‘In the monospecific colony territory tended to be 'more % oan

unlfo!'m.‘ : , o

* 7. More neighbuurs xe preﬁent uroul\d Greu: Blu:k-hncked

N »<ﬂ _Gull nes( located \in the m(xed-vsnecles culony. The .

presenge of neixhbour!nx Great Bluck-bucked Gulls did

no: influence the “bteedin success of conapecifics Tn
i R :hi ’Lwo colondes hut,.in _the mnnospeclflc colony, ‘the

s o : occnnlonnal presence of Herrlng Gl dround “u Grest

Black bncked G 11 :erritorv was posl:ively cartelnted

P wuh Eledzing buccess. & 2 i k '
o /j ' ) e .
o
-Tha ha)\nvi/aur of Greu: Elack—bucked Gulls was dlvided \ ;
. ln four u:ugones. mating behavxour. parental .invest— _
N menc,frritorlal-defence, and self maintenance. . Even:
N 1€ €}

mean duratfon of theiobségvdtion periods was'not

significantly different betWaen colonies} territorial

‘7cupancy and mean time iavested inthe, four behavioural

. dlasses was esther longer or of equal durationm 'in the

monospecific tolony than in the mixed-species colony. e R

[Females uppaared to be more experienced 1n the monospe-
cific ‘colony; males colonized the monolp:cl“c :olony

flrst, - o : o s



‘Based on time-dctivity. budgets
-bou: ::ous and benefits (Gtv‘ne theory) ua!aciated with

each type of\goloniality, a spacing aystem was vrophsed~

ta explaln habl:u: or coLony selection 1n-Grebt Black= -

. backed Gulls: the "ideal’ Eree dlu:ribu_tlon . .
q s C

nnd on- consideration .
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B s APPENDIX 1. -

. t
List of birds seen on Gull Island from.May to August 1983 % 1984.

> "/Kad-nenked Grebe (Podiceps grisegenma (Boddaert)) 2,a,0,84
. Northern Fulrar (Fuimarus gluclllis (Lidnaeus)) - . 2,a,0,
. Leuch's ‘Storn-Petrel ”
. (Qceanodrons leucorhos (Vie(llot,)) LA, i
et Nor'thern Gannet (Morus bsssanus (Linnaeus)) 2,a,88,0,%
Great Gormorant (Phalacrocorax iaxbo’(Linmseus)) —  2,arR;*
Déuﬂe-u‘ea:e'd Cormorant (P. .Q.u:u‘u (Lesson)) L 2,a,R e :

Black Duck'(Anas -rubrluu nf”vrsu) : ’ 2,a,C3*

... Common ELder ‘(Som-u:u lmlliuima (Linnaeul)) 2,m, £,6,83,% - :

: ; 'uaaqm (dlnngul zemnll! (Linnaeua)) . '2.'m.>f,c‘
T Go!du Eugls (Aqulln chrzua!mw (Linnaeus)) s IS 2.1.0‘,3“' :
2o : llld'hgle (Haliaeetus uucoeenh-ms (Linnneus)) z,a.:'l;o,sl.,*'
© osprey (Pandion. haltaetu neua)) : ; ' 2,0,
s Spot:ed Sandpipper (Acnus macilaria (Linseus)) e,h.
3 Great Black-backed Gull (Larus mirinus Linnseus) e L,ve,*
L= « Herring Gull (L ugen:uns Pun!oppidnn) ) 1,A,% ¢
% :i' Black-legged lgu:uuke (Rlssa tridactyla (Linnaeus)) ' 1,A,% ,
4 Common Tern (s:/erna hxtugdo'ni-.mueus) . o 2,a,0,4
; .Raz?rbl{l (Alea torda Limnaeus) . 1,C,% .
Common Murde (Uria salge tPontoppddan)) N L LVC,
, Dovekier (A_ll_eﬂ(kinnuus))' ¢y B 2,a,+,84
- Black Guillemot (ca;hhu, grylle (Linnaeus)) 1,R, %
! “ Atlantic Puffin (h-:‘euut; arsiies (Linnaess)d 1A, %
— Yslloirbellied Flycatchar a

(Empldonax flaviveneris (Baird and uud)) '3,72,083, % I
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" e Northern Raven (Corvus corax Linnaeus) : 2,0,*
American Cfow (C. brachyrhynchos Brehs) ° 3,¢,% %
. Boreal Chickadee (Parus hudsonicus Forster) - L Lve,»
-EmateEn, Wobtn {Turdus mi;i—acorxus Linnaeus) 1,R,*
. Swatnson's Thrush (Kzlou;:hlf tulata (Nuttall)) . 1,Ve,*
tiray-ci\eekeavjrhruuh (H. minima (Lafresnaye)) 1,Ve,*
-- Veery (H. fuscescens (Stephems)) ® g 1,¢
e , Ru‘by-crowngd Kinglet (Regulus calendila (Linnaeun)) 3,m,0,83, %

Black-and-white Hurbler (Hnig!iltu varia (Lim\aeul)) 3,a,0,*

Yellow-rumpad Warbler (Dendrolca co!ona:a (Linnaeua)) 1, R *

Blackpoll Warbler (D :rﬂ.a:x (Fors:ar)) > ¥ Y J.n,ﬂ,“.

‘. +.. °  Northern Waterthrush (Selurus moveboracensis (Gmeiin)) 1,VC,*

Modrning Warblex (Obororals philadelphia (W{lson)) 1,R,84,*

)
American Redstart (Setophaga ruticilla (Linnseus)) 1,R,86,%
e
Slate-colored Junco (Junco hyemalis (Lfnnaeus)) {,ve,»
¢ Junco hyedalis

White-throated Sparrpw

& (Zonotrichia albicollis (Gmelin)) ' _ 2,0,83,*
Fox sparrow (Passerella iliaca (Merrem)) : ©o,ve,r
3 Lincoln's Sparrow (Melospiza lincolnii (Audubon)) /1,_9 ;84
x : T
. NOTES: . . . e ; : .
1 ‘Breeder’ *  Also réported by Haycock, 1973
s 2 . Non-breeder © +. One specimen foun d
* ¢ 3 Breeding. status 3 (vinter plumage)-
W . not established ,
A Abundant a  adule
VG “Very ‘common sa sub-adult
€ common ' 1 immature
R Race but regular | . m. ‘mald
: s 0  Occasional £

female

83, 84 1indicaced if a species was observed'Ln ofly one of the.
tuo years of observation: ’

\ %

Bk

i
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APPENDIX 2. :

Data sheet used to record behavinura/l observations.
- . : -

Date: - Site: ®
Time:'from _:_ _ to __:__ : Observer: . ‘
Weather: ]
TERRTTORIAL DEFENCE- HATING BEHAVIOUR PARENTAL BEHAVIOUR =
CC' choking™ FA face'away ' I incubation .
06 on guard R k) hunched, - B brooding a !
(neck- out)’ BE begging FC feed: chick(s)
UTP upright: ° CF courtship MC new eall . -
- threat postire - feeding, -
JGP grass pulling ¢ copulation . ssu HAINWNANCE =& a
€6 charge (-1n) CC .choking 5 _preening d ;
CS chase (+1m) T .CNM collect nu; FI feet 1inspection ¥
: GB grasp bill _ material © R ‘rest (neck in) "
GY grasp wing . NB nést building .8 sit; '
P faghe, 5 © .NR'nest relief S sleep »
W ‘wianer MC mewcall : .
L looser . . o s - .
LN call note -
1C long call P
AC alarm call ~ . .
* A arrival P 7P a adylt v on nest v
° D departure ¢ chieck X off mest
2 — e egg. / absent . .

nest no.| sex | __:00] 05]'10] 151201 251 301 35| 401 451 50155

1 T a0y
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APPENDIX 3. \J :
-

Schedule of hghavioural observations performed
on’Gull Island between May ‘27 and July 26, 1984.

NIXED-SPECIES COLONY
n (East Side)

MONONSPECIFIC COLONY
- ("the Point™)

DATE = =
tine no. obs.!. time no. obs.!
- nesjs nests
L 27/5° 11:30-16:00° 8 . NAR ° g
,28/5 10:00-14:00 6 NAR 10700-14:00 6 SBW
01/6  08:00-12:00 11 SBH.
06/6 . 12:00-14:00 7 SBY
08/6  10:00-14:00 £] “sBY .
11/6 - 14:00-18:00 12 SBY it a
12/6 . 14:00-18:00 ~ " 7 SBW
© 13/6 06:00-12:00 11 SBY ’ ; :
13/6 13700-18:00 12 £ NaR ° o &
17/6  06:30-10:30 11 - NAR . .
18/6 . 12:00-16:00 8 NAR
25/6 . “11:00=15:00 7 TSBW
26/6- 05:00-09:00 8 SBY
2176, i wms 05:00=09:00 8 S8
29/6 06:00-10:00 8 SBY
30/6 15:00-19:00 13 NAR 15:00-20:00 8 SBY
02/7 10:30-14:30 ‘8 SBW
02/7 18:00-22:00 11 NAR 18:00-21:30 .8 SBY
05/7 10:00-20:00 8. NAR
06/7 10:30-15:30 + 8 NAR
07/7 05:00-09:00 13 NAR *
99/7 P bl 12:00<16:00 8 NAR
09/7 18:30-21:30 13 NAR
11/7  12:00-18:00 12\ NAR 12460-18:00 H SBW
13/7  11:00-15:00 12 SBW X 5 <
13/7 '16:00-21:00 12 . NAR . . )
14/7 05:30-21:30 ' 12 NAR 05:00-21:30 8 SBH.
19/7 : 16:00-19:00 , 8 NAR
20/7 “ 4 09:00~14:00 8 « SBW
25/7  09:00-13:00 11 NAR 09:00-13:00 8 SBY
26/7 s ¢ 3 1 10:00-16:00 .7 NAR
i N :
STOTAL 17 (85.5 h) 13 20 (99.0 h) 8
! Observers: NAR  Nicole A. Roy
o HOY + SBW  Stephen B. Will =
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