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ABSTRACT

The breeding ecology and the behaviour of the Glaucous-

winged Gull (Larus glaucescens) were studied at Mandarte Is~-

land, British Columbia, Canada, in the summers of 1961 ahd
1962. |

Data were obtained on pair-bondage, pair fofmation,
philopatry to nest site, egg~-laying, clutch-sizse, incubation,
~egg and chick mortality, fledging rate, growth, age at first
flight»and colony departure, annual adult mortality and
longevity. -No support was found for:

lf lIhe Fraser Darling Effect that there is a greater
synchronisation of breeding at greater densitiles;

2. Lack's hypothesis that the clutch size of each
Species of bird has been adapted by natural selsection
to correspond with the largest number of young for
which the parents can, on the averags, provide enough
food.

In the Glaucous-winged Gull the converse of these theories was

established for the year 1962,
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SCOPE AND STUDY METHODS

The main object of thls study was to obtain quantitative
ecological data on the breseding of the Glaucous-winged'Gull

(Larus glaucescens). To a lesser extent the behaviour was

studied.

The study was done on Mandarte Island (48° 38N, 123° 17'wW),
British Columbia, Canada. The island, made up of sedimentary
rock, is about 100 meters broad and 700 meters long. Shrubbery
is limited to a midway groove along the long axis and to trib-
utary grooves between meadows aiong the northeast side. A small
group of trees is present neaf the north end.

Field work was done in 1961 from May 1 to August 30. The
areas checked daily 1in 1961, are indicated on Map I.

In the laying-hatching period, the a-, b-, and c- eggs
(which were respectively the first, second and third eggS-lgid
in.a clutch) were marked, and the young were bandgd upon hatch-
ing with individual combinations of binders' tape; these were
latef replaced with individual colour combiﬁations of plastic
leg bands in addition to the standard aluminﬁm rings.

Sixty-eight adults were caught on their nests by means of
a trap. Due to egg colleéting by Indians, visits by tourists,
and extensive crow predation as a result of trapping on meadows
A, B, C and Dy, only meadow D3 remained in a natural condition
for hatching and fledging data. -

In 1962, I stayed on the island from May 2 until August 21.

1l
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The nests were provided with sturdy wooden sticks, with an
average length. of 30 ecm. to which numbsred metal game tags wers
attached., They proved to be more suitable than painted wooden
stakes used in 1961 and could be placed in position quickly._

Meadow C was»mainly used for behaviour study, while.the
meadows on the north-east side, indicated oh map I by "North-
East", were used for acquiring data on gg-laying, territory size,
density of nests and chick production. As in 1961, the a-, b-,
and ¢~ eggs were markéd; and the young were banded upon hatching
as before., °

In 1962 the whole "North-East" area could be kept in a
natural state. The Indians did not visit the island for egg-
collecting. Since the area checksed in 1962 was larger than the
one used in 1961, each meadow was searched on alternate days,
ffom the beginning of the second week of June to the beginning
of July. In July and for’the first 12 daysbof August each meadow
was checked thoroughly, every fourth or fifth day. After August
12, the area was visited less often, and only to look for chicks
which had hatchéd late in the season and for dead ones.

The observations on the full grown chicks and these which
had fledged 1n 1961 and 1962 were made mainly with binoculars
and telescope. | |

Displays and calls (courtship feeding, head-tossing, copula-
tion, choking, grass pulling, jabbing, alarm call, long call, and
mew call) mentioned in this thesis do not differ qualitatively
from the ones described by Tinbergen (1953, 1959) in the Herring
Gull,



If the possibility of chance occurring was less than §
per cent, when comparing observed and expected frequencies with

- values of chi-square, it was considered significant.



I PRE-EGG STAGE

A. Arrival

The»exact date of the gull's first arrival on Mandarte
Island 1s not known and may varj from year to year. Froh ob-
servations on week-end trips to the island during the winter
and early spring of 1962, and 1963, and from spring arrival
of banded breseding gulls of Mandarte Island in the proximity
of their breeding grounds, it is concluded that they first
settle on the meadows in the first half of February. From
then on their numbers increase and by the 1after half of April
most of them have arrived. |

From telescope observations on movements of banded adults
from Mandarte Island by R. F. Oldaker over a four year period
(1959-1962) it can be inferred that a large group of gulls
winter away from their summer range. Their numbers increase
rapidly from Fébruafy to April in the Vancouver area as can be
seen in Figure I. (Four winter months are not included due to
fewsr observations in that period).

The appearance of the Mandarte birdsrin the Vancouver
area coincides with the end of the molt of the head, breast
and neck feathers. The head, breast and neck region, which
is dark during the fall and early»Winter, becomes white in the
first few adults at the end of January. The majority are white-
headed in March. In April all of the breeding birds observed
_had white heads, During the fall in the majority of the adults,

black pigment advances from the base end of the bill over the
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red gonydeal spot on the lower mandible. As spring approaches,
the red gonydeal spot becomes clear again as the advancing and
receding black pigment passes over it, while the latter dis-
appears in front of the bill., 'In November and December approxi-
mately 90%, in March approximately 80% and in May épproximately
30% of the adults have black pigment in their bills., In some

of the banded young breeding birds a small amount of the black
pigment was seen all summer.

During the pre-egg stage, adults travel between the island
and feeding grounds in Vancouver (a distance of ap?roximately
67 kilometeré). Several of the colour-banded adults sesn on
early trips in the spring on the island were later observed in
Vancouver., One banded gull was in Vancouver on March 30, 1962
and the day after it was éeen on Mandarte. A colour-banded
pair was observed on their breeding territory at 1500 on
March 31 and was seen again at 1300 on April 1 on their winter
territory at H.M.C.S. Discovery, in Stanley Park, Vancouver,
Table I gives the sight records of this pair on the days when

their winter territory was visited.



- TABLE I

SIGHT HISTORY OF A COLOUR-BANDED PAIR ON THEIR WINTER TERRITORY
IN VANCOUVER

-

"

Date'Observed A Sex Present

November 36, 1961A d and 9
December é, 1961 & and é
December jl, 1961 d
January 4, 27, 28, 1962 ¢ and 9
Febfuary 4, 9, 13, 18, 24, 1962 & and ?
March 9, 16, 24, 1962 & and ?
April 1, 14, 20, 23, 1962 d and g
"~ April 8, 1962 o
September 30, 1962 T
October 10, 14, 27, 1962 o4
Novembef 8, 1962 | o
November 11, 16, 1962 & and
December 13, 1962 & and 2
January 6, 9, 1963 _ o4
January 13, 1963 g and @
January 26, 1963 3
HJanuary 27, 1963 d and ?
February 7, 1963 d
Fébrﬁary 2L, 1963 d. and ¢



When both were present,lthey often were approximately 60 cm.
~apart. The male, as well as the female, defended this defined
spot against other Glaucous-winged Gulls when the latter tried
to land nearby. This is the first evidence that the mates of
this specises éan maintain a strong pair-bond outside the breed-
ing colony and can occupy a winter territory.

According to Tinbergen (1953) if two mates of the Herring
Gull join the same winter flock, they never show any bsehaviour
indicating personal attachment. Tinbergen thinks that they do
not stéy together all through the winter. Drost (1952), who
observed banded Herring Gull pairs in the winter on the breed-
ing territories, which are immediately adjacent to the winter
feeding grounds at the harbour of Wilhelmshaven, Germany,
found that gulls could be paired from October on, but the bond
could be broken again by the coming in between of a new mate.
As well as the pair in Table I, the mates of:anofher coloured=-
banded pair were seen on May 7, 1962 together in Vancouver.

In early May most of the gulls are still too wary to stay
on the island during the night and flock on the water. They
returﬁ to the island as soon;as it becomes light. During the
first week of May the first gulls land 6n,the meadows close
to the campsite at about o315, and '‘an hour later nest-building
and copulation can be observed. Most of them leave between
0800 and iOOO and come back in the late afternoon. Before and
during twilight they are active again. They behéve more warily

on overcast than on clear evenings; during the former a little



noise is sufficient to cause them to leave. The gulls bsecome
less fearful and stay longer on their territories as time in

May passes on.

B. Pair-bond and Pair Formation .

Pdir-bondage -~ In 1961, 26 of ‘the 68 colour-banded Mand-

arte Gulls constituted pairs. From these'13 pairs, seven were
still together in 1962, Of the six remaining pairs of 1961,
~only three males appeared next year, of which two acquiréd new
mates, and for the third it was questionable whether he remain-
ed uﬁmated of had a new partner. The six females all had new
mates. Therefore the ratio of a one year long pair-bond to
having acquiraa a new mate islfor the females 7:6, for the
males 732 (+l){ Six gulls which constituted three colour-
banded pairs in 1961, all returned in 1962,;five of the six ac=-
quifed new mates in the latter year; whiie for the sixth 1t was
questionable whether he had acqulired a new mate, The seample
on'pair-bondage is rather small compared with the one obtained
over many jears by Drost et al. (1961). Their figures for at
least a three'year period of pair-bondage show a ratio of 49:11
for fémales,»and 49:13 for males, in favour of a pair-bond.
This indicates that for both species a long period of pair-

bondage occurs.

Pair Formation -~ During two short periods in March and
Apr1111962 spent on Mandarte, the gulls behaved warily and could
not be ébserved.easily. To what extent pair formation took
pléce on the club (the term "club" is used here with the same

interpretation as that for the Herring Gull by Tinbergen, 1953)



is not known. I did obtain data on pair formation on thse
territories, as 1s shown below.

One pair, no. 47, and a neighbouring female, no. L6,
were trapped on meadow C in 1961. In 1962 all three return-
ed to meadow C, but the relations changed. On March 10, 1962,
female no. 46 was by herself on meadow C and male no. 47 and
female no. }}7 were absent. On April 1, female no. lj6 and male
no. L7 were seen choking together, while female no. ;7 was ab-
sent. In the first week of May it became clear, from their
behaviour, that male no. ;7 and female no. L6 were paired. In
that weeﬁ female no. ;7 was observed with a new mate on the}
terrifory.adjacent to that of male no. 47 and female no. Lb.
Male no. 47 and feméle no. ué bred on the o0ld no. 47 territory,-
while female no. 47 bred with her new mate on the adjacent
territory. The change that took place is indicated by arrows

in the sketch below: N

9; << mu'r G + L‘é Q, 1962
&~
213
o
B
M .
' 46 9, 1961

It is very likely that the pairing between female no. 46 and
male no. 47 took place on the territory, for female no. 46 had
been observed there alone before the ;rfival of male no. L7,
which in turn was seen later with female no. L4}6 before the ar-

rival of femals no. L,7; the mating fobméle no. 447 with the
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neighbour makes it almost certain that pair formation took
place there, Although very little agonistic behaviour was
observed between these new pairs, boundary clashes did oeccur

in 1962, whére the female of a banded pair left her 1961 mate
to mate with the neighbour. Clashes occurred between the old
and new mate of this female. The pairing with néighbours prob-
ably happened because one of the 1961 partners arrived on the
territory before the srrival 6f the former mate.

In the Herring Gull population Tinbergen (1953) studied,
he claims that in mated pairs the members meet again outside
their territory. This is also found in the Glaucous=-winged
Gull (see section A). The formation of new Herring Gull pairs
takes place on the clubs, saccording to Tinbergen, but he doses
not- mention that pair formation occurs on the territories,

‘ Drost‘kl952), who had the opportunity to study a popula-
tion of Herring Gulls whose breeding and wintering ground were
almost identical, describes how pair formation takes place on
this breeding-wintering ground, and»how the ties between these
pairs can be dissolved when one of the 616 pairbtakes a new

mate.

C. Philopatry to Nest-site

" From the 68 adults banded on their territories in 1961,
59 returned to the island in'1962. Forty-seven of these
maintained their territory from one year to the next. They
nested at the same site or, at most five meters away from it
(average territory size: 16 m2). Ten shifted territory. One

gull (sex unknown) was seen only twice in 1962 on its 1961
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territory. One male, separated from his 1961 mate, seemed un-
_mated in 1962 and appeared on his original, as wq}l as on a
new territory 60 meters away. Of the 10 birds which shifted,

- eight were known to be females (in two the sex was unknown).
Five of the latter occupiled térritories 30 to 100 meters away
from their original ones and three mated with their previous
‘neighbours. Two males, mated in 1961 to two of the eight
shifting females, remained on their old territories and bred
in 1962 with new mates. Of the females which did not shift
territories, there was one whose mate did not return in 1962.
This female returned tp the old territory and bred there with
a new mate., This then 1s an example of a mals shifting to the
territory of the femals, |

From the above it is inferred that usually the male
establishes the territory. Drost et al. (1961), state that
the male Herring Gull establishes the territory.

It is interesting that three gulls were seen in 1962 on
their 1961 territory during the pre-egg stage, but nested be=-
tween 30 and 100 heters awaye.

' One of the fémales which shifted territories in 1962,
B changed her nest-site from within the shrubbefy to the open
meadow. |

Sités for nests in the pre-egg stage may change from a
position at the end of a tunnel several meters in the shrubbery
to that of one just in the open at the edge of it (see section
D, nesting). |

One pair of Glaucous-winged Gulls started a nest on a roof
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at Vancouver harbour in 1962, and fledged two chicks success=
fully (pers. comm. R. F. Oldaker).

From the above it 1s concluded that the Glaucous-winged
Gull is not restricted to anyme nesting habitat.

'The Herring Gull population at Wilhelmshaven harbour
provides a good example of how flexlble habitat selection mey
be (Drost et al., 1961l). Another good example is the history
and growth of a Kittiwake colony which became established on
a warehouse at North Shields, Northumberland in 1949 (Coulson:
and White, 1958b). |

With regard to nest-site faithfulness (philopatry) in
the Glaucous-winged Gull, it seems to be the rule that most
return té the same territory. Philopatry 1s also prominent
in the European Herring Gull (Drost et al., 1961;‘Tinbergen,
1953). Tinbergen (1953) pointed out the importance of phile-
patry in relation to speciation and von Haartman (1949)
demonstrated the role it plays in dispersion.

D. Displays, Nesting and Territorial Clashes

Thé diSplaysbmentioned in connection with the Glaucous-

' winged Gull do not differ qualitatively from the ones described
by Tinbergen in the Herring Gull (1953, 1959). Therefors onl¥
few (mew call, long call, choking, head-tossing and forced mat-
ings) will be discussed since they May contribute most to
understanding the behaviour of the gulls, The figure below
shows some of the relationships between several displays which

may precede one another in the Glaucous-winged Gull,
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Mew Call - The mew call is often given in different situations.
It is a sort of initial call which may pass into chdking in a
boundary dispute; it often precedes deposition of nest material,
nest relief, courtship feeding and feeding of the young.
Tinbergen (1959) thinks it is closely connected with attack
and escape in the Herring Gull group. That it is in some way
closely linked to feeding, was indicated by the observation of
a mew-calling male regurgitating é fish without being provoked
by the famale} the female could not be seén to show any reac-
tion, After regurgitating, the male went mew-calling to the
still empty nest, hpiding the fish in his bill. Whether the
fish was swallowed or dropped like nest material, I could not
observe. This example indlicates the close relationship be-
tween carrying nest material and feeding. Other evidence for
this relationship comes from the observation that, during the
chick stége, the parents presented nest material to the chicks
away from thevnest,'and the chicks 1In turn took bits of this
nest material from the parent's bill tip. After acceptance
they dropped it. ‘

Long Call - When a gull lands on its territory, it may give

the mew'call while landing, but the long call 1is often given
also in the pre-egg and egg stage. Especially during these
stages the meadows are filled with the reverberating sound of
the long calls, when all the gulls return upon the appearancs
of an eagle or hawk. The mate already present on the terri-
tory will give the 1ong call in'retﬁrn; often it is the one

who is present on the territory which gives the call first.
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In many caées the,surrounding territorial birds will give this
call on another gull's return to its maﬁe._ The exchange of it
between a pair is most frequent during the pre-egg and egg
stage° during ‘advanced incubation, when a gull returns to its
mate on the territory the long call is less frequent, or even
absent, and generally of shorter duratlion. The frequency of

the long call also depends on how long the mate has been absent-
it occurs less frequently when the time interval between depart-
ure and arrival of the mate is short. Later it becomes more

" frequent again at the time of hatching, and is often given when
the chicks are moving. It is also given when a particular gull
flying over the meadow is recognized. This call is given on
almost every occasion of excitement. (Of course the alarm call
willl be given if predators or humans are present.) It seems
that the frequency of the long call depends on the intensity

of the excitement of the bird.

Chdking - Choking as analyzed by Tinbergen (1959), can be

either an aggressive display, or be concerned with nesting be-
haviour in the Herring Gull. In the Glaucous-winged Gull chok-(
ing occurs mostly in the bending down movement and occaslonally
in the sitting position. In the latter position choking was
very obvious in the femalse duringbforced matings and when a

gull on the nest was approaghéd by its mate it has been observed
- doing it, and would either stay on or 1et'1ts mate take over the
brooding. These observations seem to support Tinbergeﬁ'é state~
ment, that choking may have been derived from ah incﬁbation and

nest-depositing movement.
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Head-tossing - Head-tossing by the female can be followed

either by copulation or regurgitation by the mate. I have seen
one male that started head-tossing on the territory when the
neighbouring male pulled the wing of the other. The latter ob-
servation may suppoft Tinbergen's suggestion (Tinbergen's
comments on Bateson and Plowright's article, 1959)‘that it 1s
primérily an expression of fear, which has secondarily acquired
an appeasement function in courtship. Head-toséing in hostilse
encounters has not bsen observed in European gull spedies, but

it has been described by Moynihan (1958) in Larus atricilla and

Larus delawarensis. Head-tossing was also obvious in hostile

situations in Pagophila eburnea, where it is shown by the intimi-

dated weaker bird (Bateson and Plowright, 1959).

ACopulation - Between March 31 and April 2, 1962 only once wes
copﬁlation observed. In the week.before aﬁd during egg-laying
copulation becomes frequent, buf is absent after the last egg

1s laid. Copulation is preceded by'head-tossing and occurs out-
side the breeding ground, on the club and on the breeding
territory. In the Glaucous-winged Gull it is similar to that of
the Herring Gull, described by Tinbergen (1953).

Rape -~ Attempted rape has not been observed by Tinbergen in the
Herring Gull and he doubts that he would have missed them.
Tinbergen (1959) observed male Black-headed Gulls trying to a-
light on females which were not their mates, but he does not
mention 1f these males were neighbouring or remote ones.

Because of the lack of such observations in the Herring Gull, a

description of one follows. (For location of the individuals

in the example below see map II: arrows indicate advances of malés.):
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May 25, 1962, on meadow C, -= Rape.

0611

0b21:

0625 ¢

0715

0800

0808:

8 A starts head-tossing, @ A responds with faint head-
tossing. d A mounts, but @ walks away from beneath him.

8 A walks in direction of neighbouring g M and starts
head-tossing. &' M is absent. J' A trieS to mount 9 M.

'@ M pulls grass and when he tries to mount again, ¢ M

grasps and pulls his wing.

¢ A approaches neighbouring ¢ 34. & 34 is absent. da
starts head-tossing. 34 chokes (shows fear, head
feathers flattened). ) 34 walks away., &'A goes on to
neighbouring @ D. @ D chokes and walks away. d A goes
back to @ 3L4. ¢ 3l chokes and sits down. dJ'A starts
head-tossing and mounts her. ¢ 34 pecks violently at
chest of &'A; pecks at him, while d"A is still mounted
on her. She tries to crawl from beneath him., J& A goes
through act of copulation. 3l4 does not respond., ? 34
still tries to get away from him, while her wings are
spread out and pressed against the ground. She tries
to get rid of him, finally she succeeds. 9 A who has
been present all this tims, approaches from A territory.
? A starts head-tossing. J A flies away. One minute
ater, d A arrives and starts preening.

d A starts head -tossing, ¢ A responds slightly. & A
goes to i 34 chokes and mews. & A, silently and
head-tossing slightly, approaches. ¢ 3l sits down and
chokes. J A starts head-tossing. & A jumps over Q 34's
head and lands on her back (he is back to front) and re-
arranges himself on ¢ 3L's back. 9 34 pecks wviolently
at his chest, while he is mounted. When he gets off

(@ 34 did not respond during copulatory act), Q 3L
grasps and pulls his wing. & A goes back to @ A. ¢ A
mews slightly. ¢ 34 pulls grass when & A leaves. 2 3b
flies away.

3 arrives. JA (g A still present) gives long call
at arrival of ¢ nd walks slowly and silently up to
34. She chokes, walks away and mews. & A follows,
utters slight alarm call when he sees me (o 34 came too

close to the blind, and to observe how she reacted 1
moved in the blind). &' A returns to his territory, he
head tosses and copulates with 4 A,

& 3L arrives, @ 34 greets him with long call. &' 3}

tries to mount her after exchange of head-tossing, but
9 34 is slightly fearful and copulation does not succeed.
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May 27, 1962, on Meadow C. -=-  Rape.

Bafores
0815: & A copulated successfully with Q A.

o81l5: J&'aA starts head- -tossing, walks over to @ 34. (& 34 ab-
sent). @ 34 squats down. J'A walks to @ D (d'D absent),
@ D chokes, & A head tosses, 9 D sits down, @A tries to
mount and jumps over her head. She grasps and pecks him.
She shakes him off., dJ A flies away and soon arrives at
his own territory. ¢ A starts head-tossing. ? A responds.
Copulation between & A and @ A is successful.

May 30, 1962, on Meadow C. -- Rape.

0715: d A approaches Q 34 (& 34 just departed). oA head
tosses, jumps on back of @ 34. She 1s pressed down on
nest, he stays long on her back and folds tail for
fertilization. 3h grasps him at chest violently. &' 34
arrives during act of copulation. d 34 gives long call.
d A gets off ¢ g 3Ly grasps and pulls wing of J'A.

& 3L looks on, then tarts pulling grass, which is
directed to & A. @ A who has been present, goes in mean-
time to nest (containing one egg).

_ Rape was attempted by A and a few other males with néigh-,
bouring females. After Q A had completed her clutch, &' A stopped
raping ? 34. Although the male in the process of rape went
through the copulatory act, in no instance it was observed that
the female responded.

Soliciting by females was also observéd in several cases,
One example follows below:
May 29, 1962, on Maadow.C.

0915: & Bandie present; mate absent. Strange o lands close to
¢ Bandie. ¢ starts head-tossing. & Bandie head tosses.

Together they walk parallel to each other and go through
mew call phase., Suddenly & Bandie jabs at @ and grasps
her wing. ¢ leaves,

The reason for rape is not known; one may speculate that it

follows unsuccessful copulétion (such as at o061l on May 25 in
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pair A)., However at 0815 on May 27 it followed successful copu-
lation of pair A. Or, perhaps some males, endowed with a stronger
coﬁcentration of sex hormones than others, are mors aétive sexu-
ally. _

Nesting = All the less precipitous open areas of the island are
utilized. The majority nest in the meadows, and nests are
regularly built in tpé brush fringe wherever the birds can pene-
trate by a sort of run-way. The hest, a rough saucer of grass,
1s located within the territory. In 1952, the average actual
territory size on 7825 m2 of meadow (all was utilized) for 477
pairs of gulls in the "North East" area was 16 m2, The nest is
similar in construction as that described for the Herring Gull
(Paludan, 1951; Tinbergen, 1953).

Carrying of nest-building material and a few nests were ob-
served in March and April, but it is not before the latter haif
of May that nests became numerous. As in the Herring Gull
(Tinbergen, 1953), there is much variation of the nest-building
drive before this period: several scrapes are made before a
permanent site is taken up.

Nests, which are made at the end of tunnels, as much as
three meters long, in the shrubbery may be abandoned for ones
immediately at the edge of it, when foliage decreases light
intensities, or the rain causes foliage to hang down in the
tunnels,

Which onse of a mated pair drops the first straw at a cer-
tain spot for a nest site is hard to distinguish, but the female

as well as the male may initiate carrying of nest material. One

Q
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example from my field notes reads: 1700-1915, May 19, 1962
‘on Meadow C.

A while mew calling deposits nest material and
chokes over it.
@ A goes to "nest site™ and they both choke over it.
% A deposits nest material again and hollows out
nest site" by swinging to and fro in it. :
@ A picks up nest masterial, deposits it at different
site. : :
Both choke over this new sits. '
¢ A leaves and the female hollows out a new "nest
site”,

From the sbove it is concluded that although it is mainly
the male, which establishes the territory, both male and female
may initidte nest-bullding. After initlation, both sexes have an
equal share in building. |

In Larus argentatus, both male and female collect material,

but the male definitely does more of the collecting, according
to Tinbergen (1953). Goethe (1956) also says, that the male
collects the nest material, \

‘Territorial Clashes - In boundary clashes, when both

members of a palr are present, the male is usually the most
aggressive and the most forward. The females are slightly be-
hind the opposing males, and also pull grass and jab at the
heighbouring territory owner, but less frequently and violently
than their mates. The female, however, may take the initiative
to defend the territory when a neighbouring male territory
holder‘lands closer to her than to her mate. Some females even
chase the intruder when 1t lands c¢loser to her maté, but a fe-
male actually charging a neighbouring male while alone on her

territory was not observed, although she may jab at him or
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pull grass. However, on several occasions a female attacked

a neighbouring female. As in the male there is much variation
among the individual females in respect to aggressiveness or
fear., When there is a boundary clash, many neighbours become
excited as well and give the long call.

Boundary clashes were also seen on the beach. In three
neighbouring beach-territory holding pairs (one of these pairs
started egg~laying later on the highef part of the beach) head-
tossing, mew-calling and choking ﬁere often observed in water
ad jacent to the territories. During boundary clashes, grass
pulling was substituted here by pulling kelp in the water; some-
times the heads of the males would go completely under as they
pulled kelp. Grass pulling was not only seen in boundary
clashes, but it was also observed to be directed at the trap,
when the latter was placed over the nest 1n the process of

éatching adults,

Summary of Pre-~-Egg Stage

1. From the spring increase of banded Mandarte adult gulls in
the Vancouver area, it is inferfed that a large group. of
gulls winter away from their summer range.

2. The Glaucous-winged Gulls can maintain a strong pair-bond
outside the breeding colony, while maintaining a winter
territory.

3. Pair formation‘occurs on the breeding terfitory. It was
usual for pair-bonds to last for at least a ysar,

i« Philopatry to the previous nest site was observed in the
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majority of cases.

Territorial boundaries can be shifted during the pre-egg
stage, but they become less flexible after the nest 1s
built. | |
Although it is mainly the ﬁale which establishes the terri-
tory, both sexes may initiate nest—building.

Certain males are more pfone iniﬁttempting to rape females

on neighbouring territories than others.



23
II THE EGG STAGE

A, Start and Duration of Egg~laying

The mean of clutch commencement for 276 initial clutches
in 1961 and the mean for 78 initial clutches in 1962 fall
respectively on June 5, 1961 and June 3, 1962.

_Clutch commencement as is shown in Figure IIA, started
earlier in 1962 than in 1961, but this may be due to several
factors. The area checked in 1962 was much larger than that
of 1961.. For instance, one ares, meadow DS’ where most of the
clutches before May 21, 1962 were started, was not included 1n
the 1961 census. The exact dates of first occupation of the
islend in 1961 and 1962, which may affect clutch commencement
are not known and may have been identical or different because
of weather conditions (Monthly mean maximum and mean minimum
temperatures in 1961 and 1962, at pre-egg and egg stage, did
not deviate much). Paluden (1951) emphasizes from reliable
data on the Hérring and Lesser Black-backed Gull, the lack of
correlation between definite tempsratures and commencement of
egg-laying. Richdale (1957)‘who has quantitative data over
the yearé for egg-laying in Penguins could find no weather
correlations. It will be seen that most of the eggs on Mandarte
in 1961 and 1962 were laid ih the last week of May and the first
two weeks of June, :

The clutch commencement of several of the colour-banded
.GlaucouS-winged Gulls wes known in 196; as well as in 1962, as
is shown in Tables IIA and IIB, “
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Nest No,

L7
51

76
77
39

48

3k
13
b7
71

2l

TABLE IIA

CLUTCH COMMENCEMENT IN COLOUR-BANDED FEMALES

1961
May--2l
May 17

'May‘ls
(or earlier)

May 20
‘May 31

June 3

June U
May 28
June 6

June 5

1962 Remarks ..

May 23 Different mate in 1962

May 18 Same mate in 1962 as in 1961.
Pirst elutch to be started on
meadow B in 1961 and 1962.

May 10 Seme mate in 1962 as in 1961.
First and second clutch re-
spectively in 1961 and 1962,
to be started on meadow A,

May 23 Same mate

May 28 Far from original territory
in 1962,

June 7 Far from ofiginal territory,
and different mate in 1962,

May 27  Different mate in 1962

June_2

June 2  Different mate in 1962

June 8 Same mate in 1962 as in 1961

TABLE IIB

CLUTCH COMMENCEMENT IN PAIRS, WHERE ONE COLOUR-BANDED PARTNER
WAS A MALE OR THE SEX UNKNOWN, AND WHERE 1961 AND 1962 TERRI=-
TORIES WERE IDENTICAL. |

Nest No.

110
52
B2
B3
vy
E8

1961
May 25
May 22
June 5
May 31
June 6

June 5

1962
May 22
May.22
June 5
May 30

June S'

June 6

Remarks
Sex unknown

Sex unknown

‘Male

Male
Sex unknown

Sex unknown
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The banded pair of nest no. 51 started the first clutch
on meadow B in 1961 as well as in 1962, out of 93 pairs nest-
ing on that meadow in 1962. The banded pair of nest no. 76
had completed their clutch on May 19, 1961, when this was the
first clutch found on meadow A. 'Clutch commencement has been
indicated in the 1961 histogram in Figure IIAtas May 15, but
this clutch may have been started before this date. This pailr
started its clutch on May }O in 1962 and was then the second
clutch started out of 100 palrs on meadSW‘A. 3

From the data in the Tables IIA and IIB, it can be deducted
that there is a close relation 1in the start of egg-laying by the
same individuals in 1961 and 1962. Outside the passerines this
has been shown for Yellow-eyed Penguins (Richdale; 1957), Velvet
Séoters (Koskimies, 1957), and Greenshanks (Nethersole-Thompson,
1951), Richdale (l.c.) showed that the individual differences
in laying dates in Yéllow-eyed Penguins have a genetic basis,

B. Clutch Commencement in Relation to Density and-Habitat

Darling's (1938) hypothesis of social stimulation suggests
that stimulafion received from other birds in a colony produceé
greater synchronisation of breesding within the colony and this
in turn resulted 1n earlier breeding and a shorter spread of
breeding in large colonies.

Coulson and Whits (1956) showed that the differences be-
tween colonies were not significant. Even the converse of
Darling's hypothesis was shown by the latter authors in the
Kittiwake, where the spread of breeding incressed with the size
of the colony. Coulson and White (1960) observed that the greater
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part of the differences were correlated with density, presum-
ably produced by the étimulation received from neighbouring
birds. They found that the spread of breeding was greatest in
dense colonies of Kittiwakes, which does not support Darling's
contention. Moreover where the Kittiwakes nested mors densely,
they bred earlier. |

‘Taking the two meadows D3 and E (see map I) where‘the
average territory size is 1argest and the two meadows DS and
A, where the average territory size is Smallest, and plotting
the clutch commencements on these meadows in relation to
territory size in Figure IIB, one can observe that the reSulfs
support Coulson and White's data obtained in the Kittiwakss.
In the Glaucous-winged Guils the spread of breeding is‘greater
and clutch commencement earlier on the meadows with the highest
density of nests. Coulson and White (1958) found from a study
of colour-banded Kittiwakes that birds breeding for at least a
second time bred 7.5 days before birds breeding for thé firsﬁ
time. They found in all colonies that the last few birds bred
at the same time and according to them this is due to the fact
that in all the colonies there are low-density areas and all
have late breeding of young birds. It can be seen in Figure IIBi
| that in the Glaucous-winged Gulls, the last few birds start
clutch.commencement at the same time on meadows with a low as
weil as a high-density of nests.

The effect of age on breeding is not known (except in a
few éases where the age of the individual bresding bird could

be established) but the commencement of the last clutches may
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i
be due to the presencé Qf young birds on all meadows.  The
last clutches started ﬁere mostly not in low density but
rather in medium or high density areas, and therefore low
density areas cannot account for last clutch commencements in
the Glaucous-winged Gulls, On meadow DS there are many ele-
vated rock outcrops interlaced with tall grass and, in meadow
A there are many rounded rock ridges between grass valleys.
Glaucous-winged Gulls ?refer look-outs and the habitat on these
meadows seems to be optimal for them. The reason the highest
densities are found on these meadows is probably dﬁe to an
optimal breeding habitat.

C. Laying Pattern

The Larus species may lay eggs at any time of the day or
night (Goethe 1937, Paludan 1951, Barth 1955, Goodbody 1955,
Weidmann 195é, Ytreberg 1956). Ytreberg (1960) thinks that it
is probably an insufficiency of data which has led to the be~-
lief that éggs are laid during certain times of the diurnsal
period, |

In‘1962, meadows D3, Dg, Dy, and E were checked three
times daily from May 25 till the night of June 6. The empty’
nests wefe marked,wifh numbered metal game tags attached to
pieces of wood, about 30 cm. long, which could easily be dis-
tributed and moved to new scrapes as old ones often were disre-
garded by the gulls. The meadows were searched slowly and
thoroughly so as not to disturb the gulls. Each inspection
took two hourss: in the morning, from 0330 to 0530, at noon

from 1130 to 1330, and at night from 1830 to 2030. The same
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route was always followed and since the time interval at
inspection was two hours, the area was divided up in two parts.
The fifst part included all the nests, which werse checked from
0380 to ol430, 1130 to 1230, and 1830 to 1930 with respectively
olj00, 1200 and 1900 as the mean of the time intervals. The
éecond part included all the nests checked from o430 to 0530,
1230 o 1330 and 1930 to 2030 with respectively 0500, 1300 and
2000 as the mean of the time intervals. The time interval be-
tween the laying of the individual eggs in a clutch wés deter-
mined to plus or minus nine hours maximally, if the means of
the time intervals in both areas are taken. The time at which
eggs were laid was determined for 390 eggs with an average
maeximum error of measurement of + lj.0 hours.

Table IIIA indicaﬁes almost an exact fit of thse ekpecﬁed
in relation to the observed frequency of egg-laying and there-
fore a uniform laying in these three periods. Table IIIB
deviates more, but still the difference is not significant
(.50>Pp> .30). The greétest deviation between observed and

- expected freduencies is found in the 2000 - 0500 interval,
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TABLE IIIA

COMPARISON OF EGGS LAID DURING THE PERIODS
1900 - ol400, o400 - 1200, and 1200 - 1900

Period Observed No. of Eggs Expected No. of Eggs
: If Uniform Laying
1900 - ojoo 86 - 86.2
0lj00 - 1200 - 77 R
1200 - 1900 : 67 » 67.1
TABLE ITIB

COMPARISON OF EGGS LAID DURING THE PERIODS
2000 - 0500, 0500 - 1300, and 1300 - 2000

Period Observed No. of Eggs Expectéd No. of Eggs
: ' If Uniform Laying
2000 - 0500 69 60
0500 - 1300 49 53.3
1300 - 2000 ho 46,7

Both TablestIA and IIIB indicaée uniform laying during
any part of the day with a possible exception of a higher
frequency of egg-laying in the first hour after sunrise. The
time of sunrise during the checking period ranged from o422 on
May 25 to olL13 oﬁ June 6.

Table IV A shows a uniform distribution for the a-, b- and
c- oggs, Table IV B indicates more deviation for the a-, b- and
c- eggs, but the differences are not significant. (For the a-,
b-, and c- eggs respectively .20)p»1G.30Y p) .20,.70)pY .50).
Figures in brackets indicate the number of eggs from nests in

which only one or two eggs were laid,
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TABLE IV A

COMPARISON OF a=-, b-, AND ¢~EGGS LAID DURING THE PERIODS
1900 - olj00, olj00 = 1200, AND 1200 - 1900

Expected No., of
Observed No. Eggs 1f Uniform

Egg No. Period of Eggs Laying Total

1900 - o400 30 + (2) 31.1

‘a oli00 - 1200 2 + (2) 27.7 83
1200 - 1900 20 + (5) . 2L.2
1900 - olj00 28 + (2) 31.1

b o000 - 1200 27 + (1) 27.7 83
1200 - 1900 22 + (3) 2.2
1900 - ojoo 24 : 2l

c oj0o0 - 1200 23 21.3 6l
1200 - 1900 17 18,7

TABLE IV B

COMPARISON OF a-, b-, AND ¢- EGGS LAID DURING PERIODS
2000 - 0500, 0500 - 1300, AND 1300 - 2000

Expeeted No., of
Observed No. Eggs if Uniform

Egg No. -Period of Eggs Laying - Total
| 2000 - 0500 23 + (L) 21.7
a 0500 - 1300 13 + (3) 19.3 58
_ 1300 - 2000 13 + (2) 17
2000 - 0500 23 + (2) 21.4 ‘
b 0500 - 1300 19 + (2) 19 57
1300 - 2000 11 16.6
| 2000 - 0500 17 16.9
c 0500 - 1300 12 15 45
1300 - 2000 16 13.1

Table V contains the egg-laying pattern of 91 clutches,
for which the laying time for all thrse eggs 1In the clutch was
determined with an average maximum error of measurement of

+ 4,0 hours,
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TABLE V
DISTRIBUTION OF EGG LAYING PATTERN BASED ON THREE INSPECTIONS
PER DAY
Laying Pattern Number
Pattern Days After Laying of a- Eggs of

No. 0 1 2 -3 y E 6 7 Clutches

1l 8 - = b=-= ~--« ¢ 1l

2 8 = = =b = -« ¢ 1

3 8 == =b = === -=-¢ 2

b a8 =-=- ==b ==« -=c 3

5 @ == ==b ==« -« =c 1

6 8 =« === b=« -~ ¢ 8

7 8 == === be=~ === -c 11

8 8@ == === Db == ===w -=-c 3
9 8 == === b=e=o ooec == ¢ 1
10 8 == === =aba= ==« -c¢ 18
11 8 == === =Db= == -=-c 13
12 & =~ = =~ == =eb = = =a == c 11
13 8 =~ = = == = =b - = «=-c 5
1h 8 = = === ==b === «-=- ¢ 2
15 @ = = = == ==b === - -c 3
16 8 == === = oo be=e ==« ¢ 1
17 8 == === === b=-=- ==« -ac 2
18 8 - = === === Da=a= =a=- ===~ ¢ 1
19 8 = = === =2« =abe ===a -« ¢ 1
20 &~ = = == === ==b === =-=-c 1
21 8@ = = = == === = «b === ==~ ¢ 1l
22 8 = = = == = =2 o=2= @=b =2« oc- c-- 1

The egg-~laying pattern groups itself around pattern no. 10
with a laying time of 4.5 days. Taking into account the possible
average maximum error of measurement of + 8 hours when comparing
the laying time for two eggs, patterns no. 6, 7, 8, 11 and 13
can belong to the same egg-laying pattern. These six patterns
cover 64% of all patterns, Pattern no. 22 deviates much and
protracted laying may have occurred here (see section D),

Table VI shows the distribution of the time intervals be-
tween a- and b- eggs, b- and c~ eggs, and between a- and c-

eggs. All intervals were determined with an average maximum
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error of measurement of + 8 hours. In 18 clutches only the
a-b; and in another 18 clutches only the b-c intervais were
known. No clutches with two eggs are included. The average
time between the a- and b- egg is 54.83 hours, between the b-
and c- eggs 5,.90 hours and between the a- and c~- eggs 110.15
hours. The avefage time lapse for both the a-b and b-c inter-

vals is 54.86 + .63 hours,

TABLE VI
EGG~-LAYING INTERVALS OF a-b, b-c, AND a-c¢c IN EACH CLUTCH

Interval . No. of Casss

In Hours a-b "b=C Total a-Cc

2l 1 1

32 3 3

Lo 6 6

48 -31 Lh 75

56 47 39 86

Bl 12 23 35
72 5 3 8 1
80 1 1l 1
88 2 2 5
96 8
1oL 30
112 1l 1 21
120 15
128 3
136 3
1L 3

152
160

168 ' : 1
109 109 218 91

.Table VII shows the time intervals of laying between the
individual eggs of a clutch in relation to length of adults,
egg sizes, and length of incubafion in three different species.
In these members of the Laridae it can be seen that egg-laying
and incubation take longer in larger birds.with larger eggs.

Whether this is the case for all gull species, can only be
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established by more knowledge about their breeding biology.
TABLE VII

A. AVERAGE TIME INTERVAL BETWEEN LAYING OF a- AND b-,
b- AND ¢-, AND a~- AND ¢~ EGG IN A CLUTCH

Average Time Interval
Sample Number of Eggs 1n Brackets

Species a-b b-c a=-C . Source
Larus 42.26 hrs. L41.81 hrs. 83.13 hrs. Ytreberg,
ridibundus (53) (62) (L6) 1960
Larus L5.42 hrs. U45.45 hrs. 89.02 hrs. Ytreberg,
canus ' (59) - (69) (L7) 1960
Larus 54.83 hrs. 54.90 hrs. 110.15 hrs. This Paper
glaucescens (109) (109) (91)
B, AVERAGE LENGTH OF SPECIES
Species Average Length in cm. Source
Larus ridibundus 36 - 38 Witherby et al., 1941
Larus canus 41 - U6 , Peterson, 1961
Larus glaucescens - 61 - 69 Peterson, 1961
0. AVERAGE EGG SIZE OF SPECIES
Average Egg Size in mm.
Specises Sample Number of Eggs in Brackets Source
Larus ridibundus Length: 51.40 Ytreberg,
| Breadth: 36.31  (024) 1956
Larus canus Lengtht: 57.64 (100) ' Witherby
Breadth: L1.83 ‘ et al.,1941
Larus glaucescens Lengths 70.05 ( 30) Veitch and
Breadth: 49.8 Booth, 1954
Length: 70.6 ( 143) Schultz,
Breadth: 48.8 : 1951
D. AVERAGE LENGTH OF INCUBATION
Species Incubation period in -Days Sample Source
Larus ridibundus 22.8 156 Ytreberg,
‘ : 1956
Larus canus 25.9 56 Barth,1955

Larus glaucescens 26.9 128 This Paper
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D, Clutch Size

The Glaucous-winged Gull normally lays three eggs; not
one undisturbed nest with four eggs was observed. The eggs
varied in size, colour and shape, but the ones of the same
clutch usually resembled each other in these aspects., ‘With
regard to clutch size, the 1961 sample was small (average clutch
size: 2.7u)and some replacements may have been included among
the initial clutches. The 1962 daﬁa are more accurate with
respect to distinguishing betwesn initial and replacement sets,
due to the mapping of the inspected area. Therefore only the
1962 data are used for the calculation of the clutch size. In
1962, 479 pairs of gulls in the "North East" area produceé 1386
eggs (of which 1351 in initial - 31 in repeat - and | eggs in

protracted laying). The initial clutches consisted of:

Initial Clutch Number of Mean Clutch
Size Cases Size
‘three | u01 )
two _ 70 2.82 4+ .02
one 8

Of 479 initial clutches started in the "North East" area
in 1962, 237 began before June 3 with a mean clutch size of
é.90 4 .02 and another 241, with a mean clutch size of 2.74 +
«03 were initiated from June 3 on. (Of one clutch the egg-
laying date was unknown)., The difference between the means of
the clutch size in the first and latter half of the season was
sﬁatistically insignificant (.30) p) .20). The lower mean
clutch size in the latter half of the -season was mainly due to

the larger number of c¢/2 and c/1 (clutches of two and one eggs)
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clutches laid in that period. There were 19 ¢c/2 and 2 c¢/1
initial clutches laid in the first half and 51 ¢/2 and 6 c/1
clutches invthé second half of the laying season. The higher
number of ¢/2 clutches found in the latter half of the laying
season may be partly due to the higher percentage of young
birds breeding late. Not enough data are available on the
clutch size of Glaucous-winged Gulls breeding for the first
time. Coulson and White demonstrated that Kittiwakes breeding‘
for the first time bred much later than older ones (1958) and
no femals breeding for the first time had been observed to lay
thrée eggs (19&1). Howéver, the difference in clutch size in
~the Kittiwakes was not solely the result of older birds breed-
ing earlier, but the clutch size was also influenced by the
time of laying. Coulson and White (1961) also found that an-
other unknown factor or factors (which may have & genetic
basis) operate(s) to cause certain individuals to lay a
consistently larger or smaller clutch than might be expected
by chance. |

Comparison of the mean clutch and averagé territory size
betwqen 213 pairs of gulls on meadows D3 and E (mean clutch:
2.863 average territory: 20 m2) andVluh pairs of gulls on
meadows DS and A (mean clutch: 2.80; average territory:
11.5 m2) did not show a significant difference (.80) p>',70)

at the prevailing densities in egg production.

There 1is evidence for Larus argentatus and Larus fuscus

(Paludan, 1951) and Larus ridibundus (Weidmann, 1956) that loss

of eggs as they are laid causes protracted laying, i.e., the



36
birds are indeterminate layers., Two cases with several
records on protracted laying in the Glaucous-winged Gulls show-
ed that the egg-laying interval between the third and fourth
egg laid was similar to the interval between eggs in undisturbed

clutches. The récords are:

Nest No. 243

May 26 0500 1 egg

May 26 2000 egg gone (eaten by crows)

May 28 0500 1 egg

May 30 1200 2 eggs ,

May 30 2000 1 egg (1 egg eaten by crows)
2 eggs

Junse 1 2000
Nest No. 777 |

May 28 1200 1 egg

May 29 1200 egg pecked
May 29 ' 2000 egg gone
June 1 o100 1 egg

June 3 2000 2 eggs
June 6 oh00 - 3 eggs

Loss of the entire clutch after sufficient brooding to
suppress the fourth follicle results in a replacement clutch,

in L. argentatus and fuscus in 11 - 12 days (Paludan, 1951);

in L. ridibundus in about the same period (Weidmann, 1956).

In 1961, three records were obtained on colour-banded Glaucous-
wingsed Gull pairs, when they lost thelr clutches due to crow
-predation after trapping. The egg shells remained for several
days in the nest. Records for the interval between loss of

the initial clutch of three and the appearanoé of the first

egg of the replacement clutch of these thres pairs are 13, 15
and 16 days. Probably the birds were disturbed due to trapping,
because from 1962, there are six records‘of an 1ll- and fivs of

a 12-day interval between loss of the initial clutch and the

J
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appearance of the replacement clutch. In the latter case, the
birds were not banded, but the replacement clutches were found
close or at the same'Spots as the initial clutches. Replace-
ment clutches were also found after chicks of the original
clutch were lost.

All replacement clutches in 1961, after June 26, were
found in meadow C. Although trapping of the last bird occurred
on June 26 on this meadow, the gulls were extremely fearful due
to past experience and the constant alarm of crows, which were
numerous there. From the point of view of population dynamics,
replacement seems to be only important when large disturbances
occur., The incidence of numerous replacements occurring after
a snowstorm in the Herring Gull is well-known from Paludan's

(1951) study.



38

E. Share of Sexes in Brooding

Broodiness in the empty nest could be observed in some
cases many days before the first egg was laid., - Pair B and pair
Bandie in Table VIII are examples of this.,

| TABLE VIII

TIME SPENT BY PAIR B AND PAIR BANDIE ON NEST DURING OBSERVATION
PERIOD BEFORE THE FIRST EGG WAS LAID

"PAIR B: -

: Time of Observation Time-on Nest in Minutes
Date Period No. of Minutes Total ol 9
8/6/62 0645-0915 150 -~ 39 28 11
13/6/62 0630-0915 165 L 1 3
18/6/62  0615-0840 145 8 .8 o
22/6/62 First egg laid
PAIR BANDIE: ' .

Time of Observation Time on Nest in Minutes

Date Period No. of Minutes ' Total _ o8 9
2/6/62 0730-0930 120 25 0 25
8/6/62 0550-0630 Lo 30 29 1
10/6/62 obl15-085 120 79 19 0
12/6/62 ' First egg laid

The female of pair Bandie, was a banded four year-old and
it is unlikely that she had bred before (she was_not present on
meadow C the preceding year and her plumage seemed to indicate
recent maturation), After the e ggs werse laid she took an even
share in the observed incubation (see brooding tables in the
’»Appeﬁdix). More pronounced brooding‘starts on the day the
first egg-is laid end it increases 1n frequency till thé clutch

‘has been completed, as.can be observed from the brooding tables
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in the appendix. The sharse of the sexes in incubation is
indicated in Table IX., There is much variation in the share
taken by the individual pairs, but from the average brooding
times it can be observed that the sexes share equally in diur-
nal incubation. . (For time of day see brooding tables in the
Appendii). Ytreberg (1956) found similar results in the Black-
headed Gulls, but his data do not show the extreme differences
in the amount of incubation'done‘by the individuals of a pair.
A TABLE IX
ANALYSIS OF BROODING TABLES (SEE BROODING TABLES, APPENDIX)

gest °§§§§Z§t§§“ Incubation Times in Minutes Per Cent
> Minutes Total 9 A Q
Wide 1775 1607 1162 L45 72.3 27.7
7 RECE 4020 2168 1852 3.9 6.1
19 3762 3666 17 2219 39.5 60.5
Sorie 3875 3527 1600 1927 L45.y  ShL.6
34 1485 1444 777 667 53.8 L6.2
D 1647 1611 763 848 47.h 5246
A 3582 3447 838 2609 2.3 T75.7
Reddle 3290 3011 2530 481 84.0 16.0
M 2905 2883 1081 1802 37.5 62.5
Bandie 1955 1932 981 951 50.8 L49.2
F . 2290 2137 986 1151 46.1 53.9
H 2030 1757 398 1359 22,7 77.3
Total 32418 31042 14731 16311 47.5 52.5

"Although one of the sexes may be dominant respecting a
certain aspect in the breeding cycle, there is no rule for the

Glaucous=-winged Gull that either male or female plays a dominant
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role in all the breeding activities., It is usually the male

who establlishes the territory and which often is the most

aggressive during the pre-egg stage, but either sex‘may defend

the territory, initiate nest-building and take a major share

in incubation.

F. Brooding Intensity and Nest Relief Behaviour

Brooding on the empty nest is very superficial; this can

be observed in pair B below: 0645-0915 -~ June 8, 1962

06445 ¢
0650
0655 ¢

0657 ¢
0706
0720:

0726
0o730:

o740

o7h2:
0756:
o758
0800

0815
0915:

Brooding is still liable to be interrupted frequently after

(22/6/62 - First egg laid)
Observation on Pair B

Q@ on nest.
& gives mew call, @ gets off.
Q on again. :

off.

goes on nest.

mews and goes to nest; she head tosses, J gets
off nest. & head tosses and copulation follows,
8 on nest. ’ :
& stands up for several seconds due to the
activity of the neighbours.
J off nest, pulls grass, directed to neighbouring
male, @ goes on naest.
9 off.

on.

off,

utters mew call, while going to nest, but he
does not go on. '

goes to nest, mews and deposits nest material,
but she does not go on,
Q and & present.

the first egg 1s laid, but the intensity comes close to maxi-

mum value after the clutch has been completed.

ing intensity one has to observe the birds in both undisturbed

and disturbed circumstances. When the clutch has not, or has

just been completed, and the bird on the nest comes into a

To assess brood-
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conflict situation, 68+, when a neighbour or stranger comes

close to the nest site, the urge for aggressive behaviour 1is
often stronger than the brooding urge. Later in advanced lncu-
bation, more provocation or disturbance 1is needed to dislodgs
the bird from the nest. |

The strength of the brooding urge also depends on how far
" the bird has advanced in the shift. A%t the end of a shift,
1ess~provocation is needed for getting.off the nest. The brood-
ing urge also varies much from one individual to the next. Even
when different birds are édvanced to apﬁroximately the séme
extent in incubation, certain types of alarm may cause one‘to
fly from the nest, while another one may stay on or just stand
up fof a few seconds. The main alarms among the gulls were

due to frequent appearances of Bald Eagles, (Haliaesetus

leucocephalus) and crow alarms. The latter in turn were often

the result of human acﬁivity on the island. These alarms were
good indicators of the brooding intensity. The ones which had
started steady incubation proved to be least disturbed by it,
Although females are generally more fearful in territorial
clashes, in some cases when there were several alarms during
the observation period, the female would stay on during an
4 alarm, while her'partnef would leave the nest in a succeeding
~one.

Some of the frequent incubation shifts during the observa-
tion periodé were due to these alarms, when the ‘bird which
happened to brood at the time would leave the nest, while its

partner would make use of the occasion to get on. The females
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often had a chance to go on the nest when their mate's arousal
over the intrusion of a neighbour or stranger became stronger
than the brooding ﬁrge.

The birds showed different types of behaviour at nest re-
lief. A male may give the mew call at a certain distance from
the nest, the female WOuld respond to it by leaving the nest
and, while head-tossing she would épproach the male. The male
in turn may (or may not) feed her (or copulation could follow
when the clutch was not complete) and he would go on the nest.

A gull (male or female) may go to 1ts partner on the nest
while mew-calling and aléo may deposit nest material, while |
the bird on the nest would (or would not) choke in response
and the arriving bird may be let on. An incubating bird may
leave the nest without calling and walk away from it, while
its partner would go on the nest also without-calling, or with
the mew call. There are several other variations of nest re-
lief, but they did not seem to differ very much from the three
types mentioned above.

The variations in nest relief are mainly due to the degrese
of brooding intensity. For instance, when a bird gets off the
nest and walks away without calling,'this is due to a low
brooding intensity caused by a long shift. In other instanées
a bird may walk several times to the nest site and the partner
might not ﬁant to leave. Sometimes force was used to push the
partner from the nest.

Incubation continues unabated during hatching and even

when the chicks are present, brooding will continue for the
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first few days, but it reduces rapidly. At the arrival of

the chicks, the parents show more excltement than during incu-
bation. The frequency of long calls increases.and parents are
more aggressive when chasing crows, juvenile or adult gulls
from the territory.

G. Nest-moving Experlment

In the "North East" areas, nests within one meter of one
another were observed on the meadows, Little was known about
the distance and means necessary for peaceful coexistence for
these close neighbours. In 1962, an experiment was set up for
two pairs, pair D and pair 3}, which had nests three meters
apart in front of the blind on meadow C. Over a three day
-period the nests were moved so that they were approximately
" 75 cm. apart on June 18 (The clutches of pair 34.and pair D
had been completed respectively on June 1 and June 8). At
that dlstance the boundary clashes between the two palrs be-
came as frequent as durilng the territory establishment in the
pre-egg stage. There were no bouhdary clashes as long as both
8d' or & 34 and 9 D were incubating, but when the beiligerent
& 3, was present ahd did not incubate, trouble arose. Within
fhe next three days the nests were moved and.on June 21, the
nest edges were approximately 50 ecm. apart. Because of the
state of excitement "in the boundary clashes at this distance
d'D and ? D delivered pecks at each other. On June 24, the
nests were L5 cm. spart, again there were no boundary clashes
when both~33ﬁ or & 3u‘and 9 D were on the nest. On the eve

of June 25, the nests were placed 35-40 cm. from one another
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and this proved to be too close as can be seen from fileld
notes on June 26:
0630 - 0930 -~ June 26, 1962

One egg had rolled halfway between the two nests, since
I had placed them on June 25, 35-40 cm. apart. The egg
probably rolled out of nest 3l during a fight.

0630¢ At my arrival in the blind, the gulls depart and when
they return within LO seconds, both ¢34 and & D go
on the nest. At first & 3 is sitting perpendicular
in respect to the position of & D on the nest (& 34
has one eye almost closed and is squinting it, prob-
ably as a result of a recent fight).

0632: & 3L turns and faces & D (the tips of their bills are -
about 20 c¢m. apart in normal sitting position). &34
jabs at & D on the nest. @D and @ 34 are present as
well and the pairs choke. O D grasps the neck of his
mate in the excitement. ? D pecks back at her mate.

0636: J' D reaches for no. 34 egg, which is halfway between
nests, but does not dare to go all the way.

0637: Quist.

06448 g 3ly chases intruder away from territory, both o 34
nd & D give long call on nest and choke faintly after-
ward, ’

0652 Q 3l deposits nest material while mewing. Pair 3L
chokes,

0709: dJd" jab at each other.

0712: @ D deposits nest material, pecks gently at neck of
D, D head tosses, '

o717 g 3l deposits nest material (2x), pair 34 choke, so
oes & D. &d jab at each other. - :

c719: Quiet.
0722: &3 jab.

o72h:.-g 3L} deposits nest material (2x). Pair 34 chokes. d' 3l
stands and pulls grass. & D pulls grass, Long calls by
both pairs. & 34 grasps 9 D by her bill and pulls her,.
& D grasps then the bills”of d¥3h and @ D in a triangular
hold., They release - long calls and pulling grass al-
ternately. D goes on nest. ¢ J pull grass and give
long calls alternatsly. :
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0730: @ 34 goes on nest. Choking, grass pulling, long calls
by all four,

0735: & 344 stands behind Q 34, which is on nest and reaches
over her, while jabbing at &' D. ¢ 34 gets up. O'D
grasps & 34's bill and drags him over the 34 nest.

One 3l egg 1is also dragged out of the nest and rolls
down slope. While &' & are fighting at a distance from
the nests, the @ try to go on the nests. 34 tries
to settle on the egg, which is halfway between the
nests, but doing so the touch and grasp each other
by the bills. It is a double fight. The nest of pailr
34 1s destroyed. One egg of nest D is dragged one
third of the way to nest 34 during the struggle between

the 9 Q.

o740: Since it seems that the experiment has reached the
limit, the eggs are placed back in the nests, the
latter are moved approximately one meter apart. The
d & go on the nest, as soon as this is done, and peace
dominates t11ll 0930, the end of the observation period.

From the above one can observe that the minimal distance
for coexisting incubation in these two neighbouring nests was
approximately 4O ecm. The bills of the males could touch at
this distance when they stretched thelr necks while being on
the nest. When the nests were further than 45 cm. apart and
the males were incubating at the same time, there did not
seem to be much trouble. If also depends on the degree of
aggressiveness of the individuals of two close neighbouring
nests, for incubatlon to be successful.

A fGW'days after hatching,-the two pairs with their
chicks were back at their origihal nest sites (three meters
apart). This indicates that more space 1s needed when there
‘are chicks, than during incubation, due to the mobility. of
the latter and the habit of adults to attack étrange chicks.

H, Hatching and Effectiveness of Incubation

The time interval from the appearance of the first crack

to the emergence of the chick is called the breaking period
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of the egg. ?In Table X the breaking periods for the a-, b=,
and c- eggs are shown. The average breaking period is almost
the same for the a-, b- and c- 6ggS.
TABLE X
BREAKING PERIOD OF a-, b- AND c=- EGGS IN 1961

Period in ' Number of Eggs
Days a b c Total
1 l 1 2
2 ! 7 l 15
3 1l 16 15 45
yo 7 9 5 21
5 | 1 2 3 6
Total 26 35 28 89
Mean | 3.19 3.11 3.18 3.16

Hatching takes time and the process can be followed.
It does not happen as rapidly as the laying of an egg and
when knowing the breaking period, the occurrence can approxi-
mately be estimated in case the hatching was not observed.
The dates of hatchling can be observed in Table XI. The incu-
bation period is calculéted from the laying of the last egg
til1ll the hatching of that egg. These data show the average
inéubation period to be 26.9 + ;077 dayé. |
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TABLE XTI

HATCHING OF CHICKS CORRELATED WITH TIME OF LAYING OF THE c-
EGG OF THE CLUTCH

Days After Number of Cases
c~- Bgg Young
Laid A B c
22 2
23 11 1l
2l ' 21 14
25 37 36 6
26 2l 54 33
27 i 10 : 19 6l
28 3 6 a2
29 - 4 3
30 | - 1
Total 108 130 128
Average Days 25.0 25.7 26.9 + .077

Although the average time interval betwsen laying of ths
a- and. c- egg 1s slightly more than 4.5 days, the average hatch-
ing interval is 1.9 days. From Table XI it can be deduced that
the "fuli effectiveness™" of incubation is reached only after
the ¢~ egg has been laid (The term "full effectiveness™ is used
to denote the applicéﬁion of the definitive brood-patch
temperature to the eggs)e. Only 31% and 53% of its full value
are obtained after respectively the a- and b- egg are laid,
which results in synchronous hatching. From the brooding
tables in'the Appendix it can be seen that after the laying of
the b- egg and before production of the c- egg, the gulls incu-
" bate 92% of the diurnal observation periods. Working out
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Ytreberg's data (1956, 1960), I found his results corresponded
to my figures. In the Black-heéded Gull only 28% and 52% of
the full incubation effectiveness is obtained after the a- and
b- egg are respectively laid., The Black-headed Gulls sit for
95% of the diurnal observation periods on the clutch after the
laying of the b- egg and before the c- egg is produced. The
discrepancy between the % attentiveness during diurnal incuba-
tion and % of incubation effectiveness after the b- egg has
been laid and before the c~- egg is produced is large in the
Glaucous-winged and Black-headed Gull (Respectively: 92% -
53% and 95% - 52%). This must be mainly due to a lag in the
capability to warm the eggs sufficiently in the laying period.
That the eggs are not warmed appreciably when the bird sits
during laying, may be due to insufficient development of the
brood-patches and/or to a failure to bring the three brood-
patches in close contact with the eggs. Ryves (1943) and
Swanberg (1950) found that a number of birds have been found
to sit on the eggs during the laying period, without warming
them to the touch., That in Black-headed Gulls the brood-patch
temperature 1s not continuously applied to the eggs until the
clutch is complete, was shown by Beer (1962), by recording the
% of eggs warm to the touch on successive days. Elliot and
Moreau (19&7)_for the Herring Gull, Barth (1955) for the Common
Gull, Holstein (194];) for the Goshawk and Baldwin and Kendeigh
(1932) for the House Wren have given evidence of a similar -/
pattern In these species, vBeer (1.c.) also‘measured brood-

patches and found the area to increase from the 2~ egg to the
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3=~ ogg stage. It ssems therefore that the increasing éffect-
iveness of incubation is due to more regular broodihg, which
in turn forms the exterﬁal tactile stimulus for the develop-(
meht of the cutaneous and subcutaneous tissue of the brood-
patches when these come into contact with the eggs.

Paludan (1951) showed in the Herring Gull, that incubation
effectiveness is not directly due to changes in the ovaries,
Ssince 1t was possible to produce effective incubation prior to
egg-laying.

Paludan also carried out an egg-shifting experiment on

Larus argentatus and Larus fuscus and came to the conclusion

that the effectiveness of incubation immediately following
completion of the clutch cannot differ markedly from that of
the remainder of the incubation period. Barth (1955) showed

in Larus canus that definitive incubation temperatures were

reached by the end of egg-laying or shortly thereafter.

At what time incubation reaches its full extent after the
c~ egg has been laid 15 the Glaucous-winged Gull, is not known
(Thermocouples were not available in 1962) but it presumably

does not differ much from Larus canus, Larus argentatus and

- Larus fuscus. The length of incubation in the gulls seems

therefore to be similar to the period of full incubation
effectiveness, _  _

Table XII shows that the eggs normally hatched in the
same sequence as they were laid. From 19&2, two cases are
known of the b~ egg hatching'before the a- egg, pfobably due

to the fact that incubation was not very effective before the
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b- egg was laid. The letters A, B and C in Table XII indi-

cate the chicks hatched from respectively the a-, b-, and

C= 6ggs.,
TABLE XII
HATCHING PATTERN FOR 42 CLUTGHES iN 1961
Days Before Hatching of C Young Number '
3 2 1 0 of Cases |3
. : g .
A - B - C 1 =,
. _ , h:
A - B c 2 -
2o
80 B - C 5 gp-«
5 u o &
3 AB - - c 1 ks
~ e
o A B c 1, o
, o
g AB - C 2 &lﬁ
o : . fo'4]
o AB R 12 o
4; (17}
= A BC 3 o5
£o ot
@
Total L2

I, Resistance of Embryos

From Baldwin and Kendeigh's (1932) work on the House
Wren, Matthews (1954) study on the Manx Shearwater and Roman~
off's (1960{ chicken data it appears that so long as proper
incubation has not set in (i.e., the embryo has not been
brought up to a certain ﬁemperature) eggs can withstand pro-
longed periods of heating and chilling; and that periods of
extreme cold can be survived. |

In 1961, several incidents happened, which gave the
impreééion that it was more vital to cover the eggs during the

hot part of the'day, than at any other time, &and also that ab-
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sence from the eggs for certain periods during the night did
not seem to influence the embryonic development to great
extent. 1In 1962, initial experiments were set up to test the
resistancé of embryos to nocturnal temperatures after clutch
completion of respectively one and two weeks., Twenty differ-
ent nests were covered with screened wooden frames, 15 cm.
high,»which kept the parents from'incubating the eggs énd ét
the same time the nests were susceptible to direct air
temperatures. Ten nests were covered for three 8-hour periods
during the night at least one week after completion of the
clutch, and the same was repeated for ten other nests which )
were covered for one 8-hour period during the night at least
two weeks after clutch completion. The results indicated in
Tables XIII and XIV show no adverse effect on the average
hatching and fledging rate (The average hatching and fledging
rate in the "North East" area in 1962 were respectively 83%
and 1.7 per/pair). Moreover the length of incubation ddes not
seem to deviate much from the normal (26.9 days) as can be
seen from Tables XIII and XIV, (The exact deviation could not
be calculated since the checking at the time of hatching was

spaced several days apart).



AIR TEMPERATURES:
TEMPERATURE ohlj0:

Nest
No.

TABLE XTII
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EMBRYONIC RESISTANCE TO NOCTURNAL TEMPERATURES

COVERING OF TEN NESTS, EACH NIGHT FROM 2040 TO ol440 ON JUNE 11,
12 AND 13 (TO o440 ON JUNE 1) IN 1962,

Clutch
Size

Clutch
Started

Clutch
Completed

AVERAGE TEMPERATURE 2040:
11.1°C AND AVERAGE MINIMUM TEMPERATURE: 9.4°C

Information

on Day of
Hatching

No.
Hatched Fledged

11.7°C, AVERAGE

No.

785

20

161
169

167
157

153

236
217

186

- May 30

May 31 June 2 2

May 30 June 3

May 29 June 3 3‘

May 28 June 2 3

May 30 June 3 3

May 30 June L 3

May 26 May 31 2

May 30 June 3 3

May 30 June 2 2

~June 3

June 30

A chick

B addled
Juns 30

2 chicks

C shows bill
through shell
June 30

2 chicks

A addled
June 30

3 chicks
June 30

2 chicks

C shows bill

through shell

June 30

A addled

B chick

C pipped

June 27

A chick

B shows bill
through shell

June 30
C shows bill
through shell

July 1

2 chicks
June 30

A and B show
bill through

shell-C pippsed

TOTAL ' 27

3 2

—

2l 17

HATCHING RATE

89%

FLEDGING RATE

1.7 per
pair




COVERING OF TEN NESTS FROM 2040 ON JUNE 25 TO

53

TABLE XTIV

EMBRYONIC RESISTANCE TO NOCTURNAL TEMPERATURES

ol jO ON JUNE 26.

AIR TEMPERATURES: TEMPERATURE 2040: 17.8°C, TEMPERATURE olliO:

12.20C AND MINIMUM TEMPERATURE: 9.2°C
Information
Nest Clutch Clutch Clutch on Days of No. No.
No. OStarted Completed Size Hatching Hatched Fledged
July 9
' : A addled _
170 June 6 Juns 10 3 2 Chicks 2 2
July L
2 chicks
C shows bill
165 June 5 June 9 3 through shell 3 0
July 9
A died in hatching
' B chick
238 June 6 Juns 11 3 C shows bill 2 1
o July 9 '
221 June 7 June 10 3 3. chicks 3 3
July L
A and B show
: bill
210 June 5 June 9 3 C pipped 3 2
July 9 :
22l June 6  June 10 3 3 chicks 3 3
’ July L
) A chick
15k June U June 9 3 B shows bill 3 2
July 10 :
166 June 8 June 12 3 3 chicks 3 3
July L "
188 June. 6 June 11 3 A and B pipped 3 2
July 9
A addled
171 June 5 June 10 3 2 chicks 2 1
TOTAL 30 27 19
HATCHING RATE 90%
FLEDGING RATE 1,9 per

pair
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" When 1lifting the screened frames after four nocturnal 8=

hour coverings off the nests, more than half of the frames

were found partly covered by grass and straw., This indicates

that nest bullding can be active during the night during the

incubation period.

1.

2e

3.

5

Summary -of the Egg Stage

The bulk of egg-laying in 1961 and 1962 occurred in
the last week of May and first two weeks of June.
Marked females laid at about the same date each year.
No support was found for the Fraser Darling Effect
that there Qg_a greater synchronisatlon of breeding
at greater densities.

Egg-laying is uniform throughout a 2l hour period.
The mean egg-laying interval is 5&.86 + .63 hours,
For three members of the Laridae, egg-laying and
incubation take longer in larger birds with larger
oges. | |

The mean clutch size for 479 initial clutches in 1962
was 2.82 # ,02. The difference between the means of
thevclutch size iIn the first and éecond half of the
laying season was statistically insignificant. More
clutches with two eggs wers started in the second
than in the first half of the laying season. No
effect of density on egg production was observed.
Repeat laying occurs 11 to 12 days after the initial
clutch has been destroysd.

The share of the sexes in incubation varies from ons
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10.
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pair to another, but the overall effect is a rather
equal shars.

The strength of the brooding urge depends on the
length of the incubatlon shift, how far the bird is
advanced in the incubation period and varies in the

individual birds. Variastions in nest relief are

‘related to the degree of brooding intensity.

In close neighbouring pairs, the degree of aggressive-
ness of the individuals and the distance between their

nests are factors which determine if coexisting incu-

bation can be successful.

The incubation period is 26.9 + 077 days.
The discrepancy between the percentage attentiveness
during diurnal incubation (92% after the b- egg had

been laid) and the percentage of incubation effective=-

ness 1is large in the egg laying period., Thirty-one

and 53 percent of the full effectiveness of incubation
are obtained after, réspectively, the a- and b- egg
are laid, which results in synchronous hatching.

No adverse effect on hatching and fledging rate could
be observed in an experiment which prevented gulls

from incubating during the night.
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III - CHICK STAGE

A, Egg and Chick Mortality

The meadows were checked in 1961 and 1962 carefully and
slowly so as not to disturb the breeding birds. In 1961,
measuréments on growth were taken on meadow D3, which probably
increased the mo%é}ity to a slight extent although extreme
care was exercised (chicks were weighed in a bag and, afﬁer
welghing, 1f they showed a tendency to run their heads were
covered with grass). | )

Tables XV,iXVI and XVII show respectively the breakdown
for egg loss, chick mortality and fledging rates of 97 pairs
which produced 266 eggs in 1961 and 479 pairs which produced
1386 eggs in 1962. -

| ‘ "TABLE XV
- EGG LOSS IN 1961 AND 1962

1961 1962

Addled 48 eggs (18%) 140 eggs (10%)

Disappeared or eaten 2 eggs ( 9%) 59 eggs ( L4%)

Died during hatching 6 eggs'( 2%) 21 eggs ( 2%)

Pressed in air chamber,

died in hatching 3 eggs

Egg moved down slope 3 eggs ( 1%)
- Stepped on " 3 eggs
Small yolkless egg 1l egg

Total unsuccessful | 78 eggs (29%) 230 eges (17%)

Eggs hatched ‘ 188 eggs (71%) 1156 eggs (83%)
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" TABLE XVI
CHICK MORTALITY IN 1961 AND 1962

Week of Missing or Pre- : Total Number
Life . sumed Dead : Found Dead of Deaths
1961 1962 1961 1962 1961 1962
1 26 1L 27 50 53 (28%) 19k (17%)
2 320 W b5 17 (98) 65 ( 68)
3 2 10 7 28 9 ( 5%) 38 ( 3%)
I 2 ~10 5 20 7 ( 4%) 30 ( 27)
5 2 1 1 1l 3 15
6 - -- 1 7 1 [
7 - 2 2 3 2 ( 4%y 5 ( 2%)
8, 9 - -- - - - --

10 - - 1 - 1 -
Total Loss 35 187 58 167 93 (50%) 35l (30%)
Number Fledged 95 (50%) 802 (70%)

TABLE XVII
SUMMARY AND FLEDGING RATE

| 1961 1962
Total egg loss ' _ 78 eggs (29%) 230 eggs (17%)
Total chick mortality _ 93 chicks (35%) 354 chicks (25%)
Total number fledged 95 chicks (36%) 802 chicks (58%)

Fledging rate per pair of gulls 1 fledgling l.7 fledgling
per pair per pair

‘ In both years the greatest egg loss was of those which did
not hatch (or were addled) and most of the chick mortality
occurred dufing the first week of life. The differences in per-

centages 6f egg loss, chick mortality and fledging rate in 1961



58

and 1962 were significantly different (p is respectively
{001, (Ol and (001). The causes of egg loss and the rate
of the weekly chick mortality were similar within these two

years as can be seen from Table XVIII,

TABLE XVIII

EGG LOSS AND CHICK MORTALITY IN 1961 AND 1962

_ % Chick
% Egg Loss Mortality

Cause of Egg Loss 1961 1962 Week of Life 1961 1962
Addled 61.5 60.8  Week I 57 54.8
Disappeared or eaten 30.8 25,7  Week II 18.3 18.l.
Died in hatching 7.7 9.1  Week III 9.7 10.7
Other causes - b Week IV 7.5 8.4

Week V - X 7.5 Ta7

Total 100.0 100.0 Total 100.0 100.0

‘The summer of 1961 was hot and the nature of the rocky
substratum of the island asccentuated the heat intensity. Several
récords of maximum temperatures in June and July of 1961 were far
above the highest temperatures recorded in June and July of 1962
(The highest maximum temperatures in June and Jﬁly of 1961 were
respectively 81°F and 910F; these for June and July of 1962 werse
respectively 71°F and 75°F -- recorded by the Victoria City
Weather Office, 23 km. N. of Mandarte).

How the heat affected the incubation behaviour of the birds
in 1961 is not known. The checking of the meadows in these
weather conditions may also have caused more égg loss than would
have been the case in milder weathgr.

The majority of the chicks in both years hatched during the
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last week of June and the first two weeks of July. In this
period the embryos and chicks are most vulnerable to extremes

in weather. During the first three weeks of July in 1962, the
sky Qas often overcast and the number of hours of bright sun-
shine (Victoria City Weather Office) was lower in this year
(188.5 hours) than during the same period in 1961 (242.6 hours).
In 1961, the vegetation was nearly completely.seared dry,.leav-
ing less hiding places for the young as well as the older»ghicks
on the open meadows; in July 1962 green grass could be observed
to some extent and the shrubberj also showed much green colour
(in 1961 even the 1atter.was'scorched).

From Table XVI, 1t can be seen thét the number of chicks _
found missing was greatest during the first week of 1ife§ this
is due to the fgét_that the carcasses are hafder to find at
that stage and probably also to predation by gulls and crows,
Crows take chicks mainly in the first and second week of life;
after thgt the éverage chick becomes too big for crow predation.
The predatiqn by crows is probably very small, unless there is
human interference; after which crow predation increases.

From the dead chicks found, the death causes can be summar-
ized as follows:

1961

L2 carcasses found, death cause unknown

12 pecked to death, and eaten by gulls
crushed by observer
maimed (cause unknown)

dropped down cliff
maimed and droppsed down cliff

S
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1962

90 pecked to death, and eaten by gulls

62 carcasses found, death cause unknown

eaten by crows _

died, while wandering far from territory

caught in vegetation by aluminum band

dropped down cliff

died, of which the symptom was a loss of equllibrium
caught in crevice

died as a result of dwarfism in the Tth wesk (—th of
the size of the average chick of that age)

HEMDNWWW

In 1961 a greater proportion of dead chicks were found than
in 1962. This is probably due to the fact that the smaller 1961
area was visited more often during the first two weeks after
hatching than the extensive 1962 area. Once the dead birds
reach a certain size it is hard to miss them.

In 1961 the.préportion of "unknowns" was much larger than
that of 1962. From the 42 "unknowns" 33 were found iﬁ the first
two weeks after hatching. The large majority of these "unknowns"
are thought to be casualties of weather conditions in 1961, u
since no clear extérnal peck marks could be detected, which were
found on the majority of dead chicks in‘1962. Also th§ 1962
weather conditions left much more vegétation on the open meadows
for shade and hiding places. From inspection of the islénd be-
yond, the meadows on the east side and from the presehce of large
flocks of fledglings on the water in 1962, I observed that they
were much more numerous in 1962 than in 1961. '

From the abéve it is‘concluded that one of the main factors
affecting chick mortality and fledging rate in§1961 and 1962 was
the habit of the adults to attack strange chicks while the other

mein factor is thought to be the weather.. Paynter (1949) and
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Paludan (1951) also aséribe most of the chick mortality in
Herring Gulls to this éggressive behaviour of the adults,

In 1962 the chicks were considered fledggd after they were
seen at the age of four wesks -and older (constant checks in
1961, up till August 30, revealed that only relatively few died
after the fourth week). In 1962, the "North East" area (see
Map I) was thoroughly surveyed till August 12 and after that
period the meadows were only searched for birds which were not
over 30 days of age and for dead chicks, which were relatively
saslly detected at this time. 1In some cases, chicks were seen
only two or three times during the first four weeks of 1life and
if they were missed during the fourth week, they were presumed
to be dead, although some of them might still have been alive,.
Probably relatively few died after the fourth week which were
not recovered. Therefore the véry few which werelcounted dead,
but may still have been élive, probably balance the few which
were regarded as fledged, but died and were unrecovered after
the fourth week. _

Of 479 initial clutches on thé "North East" meadows in
1962, 401 ¢/3 clutches (clutch size of three) produced 1.79
fledglings per clutch and 70 ¢/2 clutches (clutch size of two)
produced .99 fledglings per clutch. The differencg is signifi--
canf (p <3001)o
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FLEDGING RATE RELATED TO CLUTCH SIZE AND TIME OF BREEDING

Number

Initial Clutch } Number of - Fledging Rate
Size of Cases Fledglings Per Clutch
three Lol | 716 1.79
two 70 69 <99
one 8 2 .25

Total L79 787 1.64

Initial Clutch

Size Before Number Number of Fledging Rate
June. 3 of Cases Fledglings Per Clutch
three 216 397 1.84
two 19 21 1.12
one 2 0 -
Total 237 418 1.76
Initial Clutch v
Size From ' Number Number of Fledging Rate
June 3 on of Cases Fledglings Per Clutch
three | 184 319 1.73
~ one 6 2 «33
Total 241 369 1,53

The L0l ¢/3 and 70 c¢/2 clutdhes produced respectively .6

and. .5 fledglings per egg.

significant. (.20) p) .10)

The difference did not prove to be

The ¢/2 birds did not prove to be less effective than the

¢/3 ones in raising fledglings.

It is shown in Table XIX that

237 clutches started in the first half of the breeding season

produced 1,76 fledglings per clutch, whilelzhl clutches initi-
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ated in the latter half produced 1.53 fledglings per clutch.
The differencse is Significant (p <.05) and is probably mainly
dus to the larger number of ¢/2 and ¢/l clutches from June 3
on. (The difference between the number of fledglings produced
per egé in the first and the latter half of the season was not
significant. .30> p) .20) |

Itvhas been observed that the habit of adults attacking
strange chicks was one of the maih factors affecting chick
mortélity. Chicks from nests within the shrub periphery of
the meadows might suffer less from this typé-of.aggression aﬁd
therefore the fledging rate for ﬁesté within one meter of and
inside the shrubbery was calculated. The fledging rate for
121 palrs, which had nests within the shrubbery of the "North
East" area in 1962 was 1, 69 per pair, which-is rather similar
to the fledging rate of 1.67 per pair for the whole "North East"
area. ‘The proximity of the shrubbery was therefore not as )
advantageous as expected, although it may play an important
role in a hot summer like 1961, when most of the meadows were
seared dry. The 1961 material was too small to make a s%milar
analysis. _ |

The fledging rﬁtes on the adjacent meadows D3 and Dg (with
reSpectively 128 and hh pairs of gulls) were respectively 1.8l

and 1.77 per pair. The average territory size on meadow D3

(19 m per pair) was almost twice of that on meadow DS (10 2
per pair). The difference bet%aen the fledging rates at these
densitieé did not prove to be significant (.80> p) .70).
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In 1961 the whole meadow D3 was not checked as was the cass
in 1962, but comparing the 1961 and 1962 material for the similar
area shows the differences in fledging rates even more than when
comparing the 1961 fledging rate with that of the whole "North
East" area in 1962, The fledging rates in 1961 and 1962 on
meadow: D3 were respectively .98 and 1.84 per pair of gulls,

Approximately one chick per pair fledged from 10 nests
on .the higher part of the beach in 1962. The sample is small
‘and the rings wers not easily observed on these chicks, since
their 1egé were often covered with water, and therefore they
are not included in the calculated fledging rate.

The twelve replacément clutches in the "North East" area
in 1962, produced from 31 eggs, 15 fledgings (fledging rate of
1.25 chicks per clutch)., Two of these clutches started on
June 30 (the last day of egg-laying in 1962) produced success-
fully one fledgling each. - |
‘ Comparative figures from Paynter (1949), Paludan (1951)

and Drost et al., (1961) on the fledging success of Larus argenta-

tus are shown in Table XX,
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TABLE XX

REPRODUCTIVE SUCCESS IN FOUR GULL STUDIES

Average .
Fledging
. Sample Rate Per
Colony and No. of Pair of
Specles Study Period Pairs Gulls Authority
L. argentatus Graesholm, 1944 87 5. Paludan,
' ' 1951
" Kent Island, 1949 100 .9 Paynter,
| 19449
" o Wilhelmshaven, 1956 107 .7  Drost et al.
' A ‘ 1961
" | Wilhelmshaven, 1957 132 4 n oo
" Wilhelmshaven, 1958 127 ¢ .7 oon
L Wilhelmshaven, 1959 139 9 neooom
L. glaucescens Mandarte Island, 1961 97 1.0 This Paper
" Mandarte Island, 1962 479 1.7 " "

From Table XX, it can be observed that with respect to

fledging, Larus glaucescens in 1962 was more éuccessful than

Larus argentatus in the studies undertaken at Graesholm, Kent
-Island and Wilhelmshaven.

B. Growth and Chick Addition Study

Growth -- The Glaucous-winged Gull is omnivorous in its
feed;ﬁg habits. A great variety of'maringiinvertebrates, insects,
fish, small mammals, discarded food and material from both gar-
bage dumps and ships are devoured.

Table XXI and‘Figure III summarize weight records of 65
broods in 1961, up to 45 days of age (29 broods with one chick,

25 bfoods with two chicks and 11 broods with three chicks),
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All chicks included in Table XXI and Figure III reached at
least 30 days of age aﬁd were weighed periodically till at
least this age. As can be seen from Figure III, most of the
growth occurs during the firét four weeks of 1life, after that
the growth curve starts to level off,
The average weight at fledging for 55 birds in 1961 was
899 grams, with a range from 737 to 1403 grams (ses Table XXVI),
Thirty-one breeding adults in 1961 had a mean weight of
1051 gram with a range from 737 to 1403 gram.
| These figures show that the average young gull at fledging
reaches 86% of the weight of the average breeding adult,l
. Table XXII gnd Figure IV summarize separately the weight
records of the 29 broods of one, 25 broods of two and 11 broods
of three chicks, formerly.included in Table XXI.
From Pigure IV it seems that the growth of broods of one
'differs from broods of two and three. Older chicks were ob-
served to compete actively for food while the single chick has
no competitor. On the other hand, we know.that the parents maj
ad just the frequency of feeding to the begging frequenc& of
their young (von Haartman, 1953). 1In view of the above, and

without showing the difference in growth statistically, no

conclusion can be reached at: this time;
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TABLE XXI
GROWTH OF THE GLAUCOUS-WINGED GULL IN 1961 (AGE IN DAYS, WEIGHT
IN GRAMS -
Age Sample Mean Range Age Sample 'Mean Range
o 67 65 L46=77 23 53 610  334-8L49
1 54 70 Wh-93 | 24 3y 63,  L16-801
2 59 79 §7-119 | 25 = 52 667  1430-863
3 38 97 58-147 | 26 31 697 LL41-906
l 51 1o sy-167 | 27 W1 681  379-906
S5 38 137 85-18, | 28 Lo W5 L67-976
6 33 150 76-212 | 29 33 746 453-1005
7 31 189 93-258 | 30 L6 756  L73-l047
8 25 206 95-317 | 31 31 771 557-1005
9 o oo izeszs | a2 T 4131047
10 32 265 153-368 | 33 35 798  529-1019
11 37 271 113-396 | 3L 33 764  L425-1039
12 25 31 175-430 35 32 78M 4,81-1075
13 39 325 129-495 36 27 8ol 552-1010
14 35 369 229-509 37 39 811  538-1047
15 25 L2y 195-552. | 38 21 831  566-1104
16 43 431 289-566 | 139 28 . 828 591 -1110
17 26 L6L  337-637 | Lo 15 830  580-1110
18 47T 469 . 272-623 | L1 17 789 580-1133
19 26 502 320-651 | L2 16 791  538-1133
20 39 527 311-750 | 43 15 857  637-1067
21 41 587 379-750 Ly 1y 8Ll 546-1047
22 27 599 481-750 | 45 9 913 665-1075
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TABLE XXII
GROWTH OF 29 BROODS WITH ONE, 25 BROODS WITH TWO AND 11 BROODS

WITH THREE GLAUCOUS-WINGED GULL CHICKS IN 1961 (AGE IN DAYS,
WEIGHT IN GRAMS)

29 Broods with one 25 Broods with two 11 Broods with thres
Chick Chicks Chicks
Age Sample Mean Age Sample Mean Age Sample Mean
0 19 65 -0 27 65 0 21 65
1 15 69 1 18 72 1 21 70
2 16 76 2 27 80 2 16 79
3 12 101 3 12 99 3 1l 91
Y 12 102 L 26 102 L 13 110
5 10 108 5 11 135 5 17 133
6 9 152 6 16 14l 6 8 159
7 9 199 7 13 187 7 9 181
8 9 205 8 10 203 8 6 215
9 11 231 9 18 232 9 8 .223
10 10 293 10 8 247 10 1L 255
11 1L 259 11 19 283 11 L 25
12 9 349 12 12 289 12 L 30
13 11 341 13 16 317 13 12 = 322
1l 11 393 1l 1y 357 1l 10 360
15 8 LLl 15 9 La3 15 8 406
16 13 449 16 19 . Lot 16 11 416
17 5 506 17 11 459 17 10 448
18 1, 167 18 23 . L76 18 10 Ls56
19 519 19 9 452 19 9 541
20 8 548 20 17 531 20 14 511
21 1 60l 21 15 563 21 12 597
22 6116 22 11 595 22 11 582
23 15 647 23 26 598 23 12 592
2l 8 713 2 1 582 2l 12 61
25 11 661 25 2 681 25 13 628
26 7 780 26 13 652 26 1l 698
27 9 731 27 20 675 27 12 65l
28 13 774 28 15 687 28 12 786
29 792 29 13 751 29 12 711
30 13 786 30 19 Thé 30 1y 740
31 9 82 31 13 748 31 9 735
32 11 778 32 23 738 32 13 736
33 8 854 33 1l 791 33 13 770
3l 6 811 | 34 17 759 | 3L 10 745
35 12 8L 35 12 725 35 8 784
36 5 940 36 1l 785 36 8 751
37 10 848 37 19 806 37 10 782
38 5 965 38 11 808 38 5 746
39 Ly 979 39 17 815 39 7 775
40 L 962 4o 7 758 Lo L 824
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Generally the A and B chicks hatch before the C chick,
but this does not mean that fhe first chicks sustain domiance
in growth over those hatched last. From 1l broods of three -
chicks, in four cases the B chick; and in five.cases the C
chick, was heavier than 1its siblings at the end of the.chick
stage. The individuals of the other two broods of three showed
about equal growth. From the 25 broods of two chicks, in ten
cases the B chick gained more weight than the A chick; in seven
casesbtheiA chick gained more weight than the B one, in eight
cases it Qas hard to decide which was heavier, or they gained
welght at a similar rate. Figure V presents a typical example
of the variation in growth of the individuals in. one brood of
three (brood no. - H6: A and B chicks hetched two days before
the C chick; the chicks were not always weighed on the same day,
sometimes it took ‘several days before a chick was caught again).

Chick Addition: Because of the growth curves in Figure IV

showing no difference between growth in broods of two and three,
a chick addiﬁion study was started in 1962 to test Lack's hypo-
thesis (1954) "that the clutch-size of each'species of bird has
been adapted by natural selection to correspond with the largest
number of young'for which the parents can, on the average, pro-
vide enough food". The evolution of clutch and brood size is

an important one, since it is closely related to the question
of whether selection takes place on the individual 1éve1 (Lack,
1947), or on the group level (von Haartman, 1955). |

One- and two-day old chicks and pipped eggs were added to
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97 nests on meadows Dg, DSA’ E,_B, A and C. Nine supernormal
broods of six, 65 supernormal 5roodé of five and 23 supernormal
broods of four were created in this manner, (of course the
added eggs and chicks were not considered in the production
figures of Tables XV, XVI and XVII). The addition was done when
the original eggs in the nest were!/at the point of hatching or
if the latter oceurred, the chicks in the nest were one or two
days of age. Table XXIII shows 50 from the 97 supernormal
broods in which more than thres chlcks of each brood are con-
sidered to have fiedged successfully. The first and second
figure in column two indicate respectively the original and
added number of chicks present in the nest right after hatch-

ing.



TABLE XXIII

SURVIVAL OF 50 SUPERNORMAL BROODS IN 1962

Brood

71

Age range (in days) of the

Number of young gulls in a brood, when
size after chicks last observed all together
Brood No. hatching fledged on the territory.
L7c 3+3 6 50 - 52
Reddie 343 6 46 - L7
Sorie "3 + 3 5 49 - 52
456 3+3 5 Lh - L6
01l 3+ 3 5 30 - 31
457 3+ 3 5 W - b6
E 343 5 43 - Lk
250 3+ 2 5 35 - 38
248 3+ 2 5 Ly
239 3+ 2 S 29 - 30 (4 of 5 chicks seen at
| L2 - L43)
1463 342 5 43 - 45
0ld 100 342 5 27 - 28
01 85 3+ 2 5 he - U
218 3+ 2 5. 29 - 30 (L4 of 5 chicks seen
| . - at 33 - 3L4)
18l 3+2 5 45 - b6
151 3+ 2 5 52 - 53
202 3+ 2 S 36 - 39
153 - 2+ 3 5 31 - 33
101 3+ 2 5 Lo - 41
231 .3 + 2 5 29 - 30 (4 of 5 chicks seen
at 36-37)
27h 3+2 L 39 -1
L1 341 I 52 - 53
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TABLE XXITII Continued

L

33
a

46 - 47
48 - 49
52 - 53
L5 - 46
S - 55
37 - 4o
48
37
b1 - Ll
28 - 30
32 - 33
38 - 39
29 - 31
33 - 35
36 - 37
35 - 37
4o - 41
38 - 39
41 - 43
- 34
- 32
L - 46
Ly - 45
29
9 - 50
36 - 39
32 - 33
h2 - hh

72
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The adding of pipped eggs and chicks was done to nests in
which laying had started before June 3.

That the chick mortality and survival of the supernormal
broods is similar to thaf of normal broods i1s shown in Table
XXIv; where the former are compared with normal broods (normal
broods in which egg-laying had started before June 3) of one,
two and three chicks,

TABLE XXIV

COMPARATIVE ANALYSIS OF MORTALITY AND FLEDGING RATES IN NORMAL
AND SUPERNORMAL BROODS (Bj TO Bg INDICATE NUMBER OF CHICKS PRE~-
SENT IN A BROOD DIRECTLY AFTER HATCHING)

No. of

Chicks : :
Per Brood By Bo B, B), Bg Bg
No. of

Nests ‘ 10 38 96 23 65 9

Mortality 3 (30%) 24 (32%) 87 (30%) 30 (33%) 1ok (32%) 11 (20%)

No. of :
Fledglings 7 (70%) 52 (68%) 201 (70%) 62 (67%) 221 (68%) L3 (80%)

Fledging Rate
per Brood o7 . 1.y 2.1 2.9 3. .8

Not enough broods of Qne'and six are present to make & compar-
- ative analysis. But the adequate numbsers of broods of two, thres,
four and of five show no statistically significant differences in
mortality rates (.99 p) .98). |

Of the 145 unsuccessful chicks in the supernormal broods, 75
disappeared, whils of the 70 dead chicks, the death causes can be
summarized as follows:

35 pecked to death by gulls

25 carcasses found, death cause unknown

3 dropped down cliff

2 died of disease, of which the symptom was loss of
equilibrium ‘ '
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were thin and probably starved?:
eaten by gulls

caught in vegetation by aluminum band
diseased.

-

No chicks of the supernormal broods were weighed, to avoid
disturbing them, but judging from the 1961 growth experience,
they all seemed to be in healthy condition when last observed,

Only two meagre chicks in the 97 experimental broods were
found dead later. This may have been due to starvation.

If there was ‘a difference in weight between the fledglings
of normal and supernormal broods, the éhances of survival for
the fledglings of the supernormal broods after they had left
the island may have been less than these for nérmal broods.

Lack (1948, 1954) tried to show that the survival rate in larger
broods of Starlings was less after the birds had fledged, but’
the differences were not statistically significant. That in the
Glaucous-winged Gull the éurvival for young gulls after departure
from Mandarte Island in 1962, for supernormal broods was not less,
but rather higher than in the normal broods is shown in Table
XXV for 51 juveniles.

TABLE XXV

COMPARATIVE ANALYSIS OF THE SURVIVAL -OF 51 YOUNG GULLS AFTER

DEPARTURE FROM MANDARTE ISLAND IN 1962 (F1 TO Fg INDICATE THE

NUMBER OF CHICKS CONSIDERED FLEDGED IN A BROOD BEFORE DEPARTURE
' FROM MANDARTE)

Number

Fledged :

Per Brood Fq Fy Faq F) Fg Fe,
Total No, of ' ’

Fledglings 47 146 171 120 90 12

No. Seen in '
Vancouver _ 2 7 13 1l 13 2

% Seen per Young :
Fledgpd v .OLL 005 008 w12 ol)_l .17
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The 51 juveniles (from nests in which laying started be-
fore June 3 in 1962) were seen in good health in the Vancouver
area by R. F. Oldaksr (reading of band numbers and colour
combinations by telescope). The survival of the observed 20
juveniles resulting from normal broods, which fledged two and
three chicks, is significantly different from that of the 27
juveniles of the supernormal broods, which fledged four and
five chicks (p <.05). The number of juveniles observed in
Vancouver Is relatively small, but-the_survivai réte Qf this
small number is higher for the larger broods. It may be, that
in the larger broods there has been a gradual and better ad-
justment. for the acquisition of food.in the chick stage due to
competition of a larger number of siblings.

The results of this test do not éeem to support Lack's
(l;c.) hypothesis for this species. Lack (l.c.) argues that
in the northern Larus, the upper limits of a clutch of three
was originally set by the food requifements of the young, and
the evolution of large eggs and three distinct brood-patches
have mersly provided a secondary reinforcement of this.' The
reason why the ciutch is usually made up of thres eggs 1s still
‘unanswered, but it is probably not due to the evolution 6f large
eggs, since in protracted laying a fourth egg can be prdduced
within a similar interval as that between the laying of the a-
and b-, and b- and c- eggs. It seems that the three brood-
paetches play a primary'role for limiting the clutch size in
the Glaucous-winged Gull as does the one brood-patch in the

Laysan Albatross (Rice and Kenyon, 1962). . In several cases
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Rice and Kenyon added an extra egg tb an albatross clutch, but
in no case did two eggs hatch and they conclude that albatross-
es are unable to incubate two eggs. |

In a small scale experiment of addition before egg-laying,
three eggs were placed into four emﬁty Glaucous-winged‘Gull
nests (in three nests a clutch of’twb, and in one nest a clutch
of three was produced in addition to the eggs added) and threse
of these supernormal clutches were observed during hatching
time. All eggs were addled. Rice and Kenyon's (l.c.) and this
study (although~the sample is small) seem to indicate that the
brood-patches play a primary role in determining the clutch
size of the Laysan Albatross and the Glaucous-winged Gull.

However, Rice and Kenyon's (l.c.) made a small scale chick
addition experiment with the Laysan Albatross., In 18 additions
of one chick, they found that in 15 cases both chicks died, at
one nest a single chick died and in two nests both young survived,
but one set was so emaciated that their survival to fledging was
improbable. '

The results of the chick addition experiments in the Lay-
san Albatross and the Glaucous-winged Gull.are hardly comparable.
Due tb the limited feeding frequency in.the albatrosses
(Richdale, 19523 Rice and Kenyon, l.c.) it is not expected
that more than one chick per brood could survive,

with respect to Glaucous-winged Gull chick production,

1962 was a favourable year seemingly due to the weather. There-
fore more/data are needed on gull chick addition, preferably in

adverse weather conditions. Weather conditions may affect the
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fesding behaviour of the gulls. It is unlikely that food
supply as such played a role in the greater chick mortelity in
1961 than in 1962, since Glaucous-winged Gulls are omnivorous
and have an extensive feeding range.

Two males and a female’weré observed on the Vancouver
Garbage Dump, respectively on July 17, 1962, July 19, 1962 and
July 30, 1962. On these dates they had broods respebtively of
13, 39 and 31 days of age. Both before and after these datses,
these adults were seen to attend chicks on Mandarte. This
indicates that adults still go conéiderable distances (67 km, )
while rearing flightless chicks,

To measure the frequency with which parent birds bring
food to their young, a.large series of observations is essential.
No time in 1962 was available for a study comparing feeding
frequencies between normal and supernormal broods.

C. Parent-chick and Chick Bshaviour

Feeding -- After hatching, the frequency of mew and long
- calls increases when the chicks are stirring or mo§ing around.
There is much feeding and nest building activity and often
chicks are presented nest material instead of food. Both male
and female feed the chicks., | |

The feeding pattern may vary. A parent may go to the
chicks, while giving the mew call (chicks can recognize their
parent's méw call from all others over considerable distances)§
the chicks may peck at the bill, chest or even at the eys
region; but will peck mostly at the bill tip of the parent which

is nearest.(When the chicks grow bigger, they seem to peck most
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often at the whole bill, atvthe corners and inside of the
bill). The parent regurgitates the food and may hold it in
the bill 6r drop it on the ground. Pecking does not need to
pfecede regurgitation. In some cases the parent may mew and
regurgitate a fish and drop it and the less than a week-o0ld
.chick will peck at it on the ground. Often a food item may be
too large or too tough for the very young chicks to ingest<and
the parent takes off tiny’bits and let the chicks take these
from the bill tip., The male may still feed his mate at the
early chick stage and when the male is feeding the chicks, his
mate may sometimes come in from outside and take the food. 1In
Several instances; the female took a fish aﬁay which the male
" had just regurgitated in front of the chicks. The male would
attack his own mate violently, while the latter would drop or
walk away with the fish and swallow 1t at a certain distance
from the nest. Those belonging to the same brood can all be
fed at the same or at different’times, often depending on how
hungry and thersefore how aggreséive each individﬁal is. It is
not‘uncommon to see older chicks‘fight over a food item and
pecks may be exchanged between siblings, but 1little harm seems
to be doné. The parents may swallow the regurgitated food a=-
gain béfore the'chiék has had a chance to get it and they'often_
try to avoid the food-begging young when fhese grow bigger. 1In
some instances the consistént pecking of a chick seems to
irritate the parent, which tries to avoid it and the chick may

be pecked at.
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Flight =-- Chicks try out their wings and attempt to hop on the
meadow at the end of the first week, this increases with age
and when there is a bfeeze it becomes more frequent. In the
last week before fledging the jumps become higher. Meny of

the fledged chicks land the first few times on the wrong terri-
tories within their meadow or on other meadows after they have
been away, but most of them are able to return to their own
territory. When a chick lands on a strange meédow; it 1is
pﬁshed and pecked from one territory to the next by both

- adults and chicks. The chick isvmoving like a pinball till it
leaves the meadow ("Pinball action“:;/€7'¥§§.4/22_. is centrs
~of a territory, —2 1s chick's movement). If a chick lands
.on a different territory of thé meadow where it was brought up,
a short pinball movement occurs till it arrives on 1ts own
territory. .The five to seven week old chicks will peck ét and
chase even adﬁlts'other than their parents, when these come
close or enter their territory. When flight is first attained
and thewgull‘chick land3>on.the water, the calling parent may
accompany 1it. Many. other gulls may join in the ekcitemént énd-
the parents attack any guli which is landing close or pecking
the chick in the water. The parents may defend thelr chicks
any place outside the breeding territory on the island. Chicks
often leave the parental territory before they can fly and when
disturbed swim away from the shore. A few will be swept away
'by swift tidal currents, but most of them make it back to the
shoreline and on some occasions the parents will accompany

them on their return journey.
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Chicks hatching from nests on the higher part of the
| beach swim away from the shore when disturbed, even when they
are in thelr second week. These come 1nto contact with water
several weeks before the chicks on the meadows and therefore
the adaptation to the water for thq former is a gradual one.
Hiding -~ Chicks on the MGadows,.at checking, usually
hid during their first four weeks, many stopped doing so in
their fifth, sixth or seventh week, while others still went in-
to hiding right up to fledging or on rars occasioﬁs one or two
days after fledging. Some chicks would hide very.close,to the
nest, others would go long disﬁances in the bfush. Some chicks
which were partially blind, fledged in an apparéntly healthy}_
'condition.- The latter often came out of hidingvat an early
stage and were usually belligerent, probably dﬁe to the,many-.,
attacks by adults.

Departure Before Fledging ~- Some chicks wander far from

their territory before flaﬁ;ng and probably most of them dise,
but some survive. One of three siblings on meadow A arrived

one day on the camp bsach, while the othef two sibliqgggtill
remained on the territory for another two weeks. This 47 day-
old chick Yé,‘seemed to be emaciated when it'arrived.and was
nevér fed by-adult gulls as long as it stayed on the beach.
Bread crumbs were occasionally thrown on the beach, and Yé,
fledglings and adult would utilize them. wa dig it adquire

its meals besides the occasional food remains which were distri-
buted? This was made clear, when it was observed that when a

gull fed its fledged young on the camp beach, Y6 would jump for-
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ward at the moment of regurgitation and dash off with a part
of the foodj chased by the adult. Not only Y6 would rush up
to the food distrubution, other chicks on the camp beach did
the same. They seemed to watch the food begging of the chicks
and fhe onboming swelling in the neék of the adult very closely,
from a certain distance, and at the time of regurgitation,.they
would dash in. Y6 seemed to be very successful with this type
6f feeding at .the times observed. After having spent about ten
days on the beach, it seemed to be healthy. |

Adoption -- The young gulls YL, and YS were siblings on a
territory at the shore edge of meadow D3. Y, fledged there,
but ¥5 disappeared at the age of 32 days and was later seen on
the south club, where it was probably‘swept by a tidai current.
It appeéred to be emaclated and did much food-begging at the
shore of South Rock (See Map I). Séveral observations later,
Y5 still séemed very hungry and it often approached an adult
on South Rock, which was on a territory and had an.unbanded
chick of its own. Although Y5 was‘very aggressive when thers
was a food distributioh, it seemed to be avoided and oﬁly its
'own chick was fed by the adult. Oné day, both chicks approach-
" ed the adult and started food-begging and Y5, being the more
aggressive or hungry one, swallowed all, After Y5 had moved
some distance, the other came closer and startedvfood-begging,
" but being not as aggressive as Y5, it wag.nbt fed. On another
day, both chicks were observed to share a fish regurgitated by
the pafent. In the first instancés, Y5 probably jumped forward,

in the manner of Y6 on the camp beach, when there happened to be
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a regurgitation for the other chick., Later on, the parent of

this chick probably grew accustomed to Y5,

Y5 appeared healthy after some time and on September 12

it was observed in Vancouver.

1.

2e

3.

Summary of the Chick Stage

There was a statiscally significant difference in the
percentaggs of egg loss, chick mortality and fledging
rate in 1961 and 1962, which was thought to be due to
the ﬁeather. The other main chick mortality was due
to the habit of adﬁlts attacking strange chicks. The
causes of egg loss and the rate of the weekly chick
mortality were similar wlthin these two years.

The fledging rates in 1961 and 1962 were respectively

1. and 1.7 fledglings per pair of gulls.

The ¢/3 clutches produced significantly more fledglings
than the ¢/2 clutches in 1962, which seems to be mainly
due to less eggs in the latter and not to the c¢/2
parents' inability to raise less fledglings because

the c/2'birds did not prove to be less effective than
the c¢/3 ones in raising fledglings.

The Aifference between the number of fledglings produced
from clutches started in the first and second half of
the laying season was statistically significant. The
difference probably is mainly due to the larger number
of ¢/2 and c¢/1 clutches present in the second half.
Fledging rates of nests in two different habitats, the.

open meadow and shrubbéry were similar., No statistic-
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ally significant difference was found betwesen fledg-

ing rates of nests at different densities.,

From comparison of fledging rates in Larus argentatus

and Larus glaucescens, the latter seems to be more

successful,

Most of the growth iﬂ the Glaucous=-winged Gull occurs
during the first four weeks of life. The average
young gull at fledging reached 86% of the weight of
the average breeding adult in 1961,

Although in 1961, the growth rate of broods of one‘
differed from the growth rates of broods of two and
three chicks, no difference in growth Seemed to occur
between broods of two and three. _

Fifty supernormal broods in 1962 produced more than
three fledglings each., Causes of mortality in normal
and supernormal broods were similar.

Mortality and fledging rates in normal and super-
normal broods were similar. Survival of juveniles
after departure from Mandarte wasApossibly higher
from the supernormal than in the normal broods. The
results of the chick addition experiment do not seem
to support Lack's hypothesis that the clutch-size of
each species of bird has been adépted by natural
selection to correspond with the lérgest number of
young for which the parents can, on the average, pro-
vide enough food. |

The limited number of brood-patches seem to play a
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primary role in limiting the clutch size of the
Glaucous-winged Gull,
12. Parent-chickvand chick bshaviour have been discussed.

_Adoption of six week-o0ld chicks occurs.
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IV JUVENILE STAGE

A, Age at First Flight and Departure

Age at First Flight -- Table XXVI shows the age at first

. £light of chicks in 1961, which is based on observations of
first trial flight, the time of first departure from the terri-
tory and weight measurements taken for the last time. The
average age at first flight for 67 p£}ds was 43.8 days, ranging
from 37 to 53 days (the average weight at fledging for 55 birds
was 899 grams which 1s 86% of the weight of the average breed-
ing adult; see Chapter IIIB on growth),

TABLE XXVI

AGE AT FIRST FLIGHT RELATED TO WEIGHT IN THE GLAUCOUS-WINGED
GULL IN 1961

Age at First Flight (In Days) AVérégSiWéighﬁ at Fledging (In Grams)

Age No. of Young No. of Young - Weight
35-39 3 36 906
Lo-LY 43
45-4o 20 19 .. 885
50-5 1 |
Total 67 ‘Total 55
Mean Age 3.8 Days  Mean Weight 899
Range | 37-53 Days Range 566-1133

Thirty-six and 19 of 55 chicks fledged at 35-L4); and L45-54
days respectively and reached a mean weight of 906 and 885 grams
respectively. The 19 fledglings (L45-5) days) had reached a
mean weight df 833 grams when last weighed at 35-44 days, which
differs significantly (p<(.001) from fhe mean weight of 906
grams of the 36 birds (which fledged at 35-4l days)., From this
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it appears that the age at fledging 1s influenced by the rate
of growth of the chicks.

Age at Departure =-- Indirect evidence on the age at colony

departure is given by the age at which healthy young capable of
flight were last sesn oﬁ Mandarte. All fledglings were easily
observed and all were presumed to leave the 1sland. A biassing
factor may be mortality instead of emigration causing the dis-
appearancé, but this is small because dead fledglings are not.
likely to go undetected due to their size, - |

Table XXVII shows 38 1asf sightings over the period 20-28
August, ranging from MB-SS days old, with a mean of 56, the age
at presumed departure. - Some individuals probably escépéd
notice:on days after their "last sighting", and that this figure
is somewhat too low i§ showﬁ by the ages of 97 birds still pre~
sent on the island the last two days of observation, 29 and 30
Augﬁst. The ages here ranged from L6-67 days old, with a mean
of 56, i.e. identical to the group presumed sesn on their last

day on the island.
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TABLE XXVII
LAST SIGHTINGS OF GLAUCOUS-WINGED GULL YOUNG ON MANDARTE ISLAND
| | ~IN 1961
Age (In Days) 20 - 28 August Group 29 =30 August Group
b5 - 49 3 9
50 - 5l 13 32
55 - 59 16 | 37
60 - 6l 5 15
65 - 69 | 1 L
Total | 38 97
Mean Age . 55.7 Days - 55.5 Days
Rangé ' | hB-éS Days 46-67 Days

Thirty-five young seen for ﬁhe last time before August 30
(August 30 was the last field day spent on the island in 1961)
remained on the islahd after first flight for én'average of 14
days, fangingvfrom é to 27'days. This mékes the éverage bird
58 days 0ld at presumed departure from the island. LFrom the
above and the results of Table XXVII,van_estimate oflan average
age of 57 days ét departure from the island seéms reasonable.
Herring Gull juveniles at tyéical colonies-leave about the same
age (Goethe, 1956) as contrasted to the much longer period at
Wilhelmshaven colony studied by Drost (1951; 1952) where breed-
ing and feeding grounds are adjacent. '

During the two weeks after first flight, the fledglings
wander over the island. Short trips occur first between the
parent's territory and the shorse. Later more wandering occurs
along the beach. In the last few days some individuals were

seen in the séme day on the north and south end of the island.
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Some visit neighbouring Halibut and Sidney Island which are
respectively 1 and 2 km. from Mandarte, and may come back,
but when once beyond these, they did not seem to return.

B. Diqpersal‘and Family Tiss

Dispersal =-- One of the areas ﬁhere sewage and garbage
attract large numbers of gulls is Vancouver (67 km. to the
north of Mandarte). The bulk of the banded juvenliles after
departure from the islénd in 1961 and 1962 were observedbby
Oldaker (telescope observations on band numbers) in Vancouver
in the latter half of August and in the first half of Septem-
ber, from then on the obsserved numbers of banded Mandarte
juveniles decline rapidly, presumably due to greater dispersal.
The average ageée of Ll banded Mandarte juveniles for the first
time observed in Vancouver froﬁ August 17 to September 6 in
1961 and 1962 after departure from the island was 63 days,
ranging from 53 - 73 days old. The shortest time'inﬁervalbfor
a banded Mandarte juvenile between respectively last and first
sighting on the island and in Vancouver was three days.

The farthest recovery of a dead juvenile of Mandarte was
from San Francisco, California.v This juvenile was killed by
flying into an object in San Francisco on November 8, 1961
after it had been observed on Mandarte on August 30, 1961.
Occasionally they stray far inland. A juvenile which was banded
on Juiy 19, 1959, on Christie Island (30 km. N.N.W. of Vancouver)
ﬁas recovered wounded on June 2, 1960 at St. Paul, Alberta.
Other juveniles (and later as adults) show philopatry to local

feeding grounds; they have been observed in the same local aresas
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for years in succession., Table XXVIII gives only a few of many
~ examples.,

TABLE XXVIII

SIGHT HISTORIES OF GLAUCOUS~-WINGED GULLS FROM TELESCOPE OBSERVA-
: TIONS IN VANCOUVER, B.C.

Date | Location
No. 587-7526l, banded as chick on June 30, 1957 on Mandarte Is.

Pebruary 6, 1959 ' © Victoria Square
December 9, 1959 to Feb. 15, 1960 "

December 21, 1960 to Mar, 13, 1961 " "

May 2L, 1961 City Dump (Marine Drive)

December 16, 1961 to Feb. 27, 1962 Victoria Square
November 22, 1962 to Jan. L, 1963 f

No. 597-09367, Banded as a chick on August 1, 1958 on Mandarte Is.

January 30, 1959 , Stanley Park

April 16, 1959 ) City Dump

May 11, 1959 Stanley Park

November 21, 1959 to Mar. 12, 1960 " "

February 2, 1961 "- "

May 16, 1961 City Dump (Marine Drive)
‘December 3, 1961 - Stanley Park

December 2lj, 1961 _
No, 597-556L6, banded as a chick on July 27, 1959 on Mandarte Is.

March 30, 1960 Campbell Avenus Docks
November 22, 1961 " " "
January 25, 1962 _ " " "
February 5, 1962 " " "

No, 517-04226, banded as chick on July 15, 1956 on Mandarte Is.
August 12, 1959 City Dump (Marine Drive)
November lj, 1959 to Dec. 8, 1959 " " " "
February 18, 1960 L " " "
June 17, 1960 " " " "
August 3, 1960 Mandarte Island
November l, 1960 C%ty Duwp (Maﬁine Dr%ve)

April L, 1961 -
May ll, 1961 1" ' n " n .

August 25, 1961 " " " "
March 1llj, 1962 " "o " "
August 1, 1962 ‘ n " " "
August 27, 1962 ' " " " "

October 29, 1962 | " " o "

Few one-year=-olds, but more two- and threes-year-olds, which
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were banded on Mandarte as chicks were seen on the island dur-
ing the breeding season in 1961 and 1962. Two- and three-year-
oids on the meadows were sometimes observed carrying nest .
.material. Few chicks banded on neighbouring islands bred as
adults on Mandarte Island (three of 75 banded gulls observed in
1959 and 1960.on Mandarte by G. F. van Tets were from the
neighbouring San Juan County). |

Family Ties -- On September 5, 1961, two colour-banded

siblings from Mandarte were observed being fed by an adult on
the Vancouver City Dump. At the time of the observation they
were respectively 57 and 58 days old and were last seen on
Mandarte on August 30, 1961 at the ages of respectively 51 and
52 daysbold. The unbanded adult, probably thelr parent, which
fed them on Sepfember 5, chased other juveniles which tried to
got a share of the food. On September 16, 1961 another two
siblings at the ageé ofA65 and 63 days o0ld (last seen on
Mandarte on August 30, 1961 at respectively the ages of 58 and
56 days o%d) were observed'together on the Vancouver City Dump.
This points to a strong bond in cértain,families aé occurs from
time to time in the Herring Gull (Drost‘1951, 1955).

In certain cases feeding may go on for a long time after
~the juveniles have 1eft the breeding colony. Oldaker observed
how an unbanded juvenile was fed by an unbahded adult on |

January 12, Pebruary 6 and again on March 12, 1962 in Vancouver.
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Summary of Juvenile Stage

The average'age for the Glaucous-winged Gull at

first flight ranged from 37 to 53 days, with a mean

of L4l (43.8) days. The age of fledging is influenced

by the growth rate of the chicks.

Young gulls start to leave the island at the age of
50 days, most are gone at the age of 60 days. On

the average they leave the island at the age of 57
days.

After departure from Mandarte Island many young gulls
arrive in Vancouver for the first time at the average
age of 63 days, |

There sesms to be no general rule about the range of
dispersal; some.young gulls disperse far after first
departure from the breeding ground, others show |
philopatry to local feeding grounds. A substantial
number of two and three-yesar-olds (banded as chicks
on Mandarte Island) visit Mandarte Island.

In certain Glaucous-winged Gulls a strong family bond

oCcCcurs,
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V_POPULATION CONTROLS

Adult Mortality -- Fifty-nine of 68 colour-banded aduits,
trapped on thsir territories in 1961, were seen again in the
summer of 1962, Since the island is densely populated and the
gulls did not all come back toithe same nest site, i may have
missed a few., The majority of the observed banded adults on
Mandarte were raised there, this being the largest known breed-
ing éolony of Glaucous-winged Gulls in British Columbia. A
few bred on Mandarte, which were banded as juveniles on other
islands (see chapter IVB). Once the gulls have bred in this
relatively large colony, the probability that they will return
to it later is high.

Tinbergen (1953) concludes that the Herring Gull in
Holland uéually returns to the same colony. Gross (1940) gives
similar evidence for the Herring Gulls of the 1argé Kent Island
colony. '

( The adult survival for one year of the 1961 breeding birds
was at least 86.8%. Drost et al. (1961), calculated the annual
mortality for all banded adults, breéding_and-non-breeding
Herring Gulls to be 10%. The avérage annual mortality of adult

Kittiwakes, Rissa trldactyla, has been estimated 12%'(Coulson

and White, 1959), between 11 and 12% for the Arctic Skua,

Stercbrarius parasiticus (Williamson, 1959) and 13% for the

Yellow~6yed Penguin, Megadyptes antipodes (Richdale, 1957).

Thus the figures for five species of sea-birds are very close,
Twenty-four birds of the 68 colour-banded breeding adults

in 1961 were seen in the Vancouver area in 1962 and 1963. None
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of the nine colour-banded adults, which were not observed oﬁ
Mandarte in 1962, were among these 2, birds seen in the
 Vancouver area. This shows that the probability of a breeding
bird appearing again on the island after a year's absence is
rather small. Since the minimum annual adult survival in thse
Glaucous-winged Gull is 86.8%, and that one or two individuals
may héve-been overlooked in the colony, or reﬁurned.after a
year'!s absence, (according Drost et al., 1961, this happened
'in-tﬁe Wilhelmshaven}colony) an estimate of a lO% annual mortal-
ity of adult Glaucous-winged Gulls seems reasonable.

Applying the formula e = gég (where e = average‘expecta-

tion of further 1life and m = peréentage annual mortality) used

by Lack (195}) and knowing the mortality (m) to be .10, I find
that the 1life expectancy (é) is 9.5 years for adults which
start breeding for the first time. .

From telescope observations on bands, I foﬁnd several
gulls breeding in their fourth year. In 1962, while observing
incﬁbation‘shifts on meadow C, I noticed four banded three
year-olds, but none had a territory there and, from their be-
ha#iour and plumage, it seemed unlikely that they were breeding
"birds. Only once, in May 1962, was the copulation of a banded
three-o0ld female on a territory .~ seen. She may have bred that
year, These observations indicate that three-yesar-old birds
rarely breed. (

From the above, I conclude that Glaucous-winged Gulls start

to breed first in substantial numbers at the age of four. Drost

et al., (1961l), found that the Herring Gulls of Wilhelmshaven
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began breeding when they were from three to five years of age.
Since the 1life expectancy for first-breeding adults has been
calculated to be 9.5 years, the Glasucous-winged %ﬁ%%kﬁﬁ%ﬁ%?Lﬁlﬁi::ﬁgb
reach an age of 13.5 years, on the average, i.e., four years
as immatures and 9.5 years when mature. These figures are
identical to the ones obtained by Drost et al. (l.c.) on the
Herring Gull, which are the most reliable for this species.
The oldest Glaucous-winged Gull recovered was 21 years
(Canadian Wildlife Service Files). Drost and Schilling (1940)
record six Herring Gulls which, in the wild, lived betwesen 21
and 26 years., That the potential length of life in large
gulls can be highef than the actual one has been shown by
Steenstrup, 1847 (cited by Paludan, 1951), who mentions a

Great Black-backed Gull, Larus marinus, on the Faroes, which

lived 64 years and spent a life of partial liberty; it bred
freely in the wild and in the fall it would return to ths farm
where it had been reared.

Population Controls -- Available counts of the Mandarte

colony (main island alone) run as follows (compiled by Drent

and Guiguet, 1961):

1915 L50 pairs (incorrectly given as 225 in
the above - pers. comm.
R. Drent)

1921 350 pairs

1923 600 pairs

1927 (1000 pairs), a questionable estimate

1936 534 nests, a total count

1955 1500 pairs

1957-61 1800-2000 pairs
1962 2200 pairs
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The estimate of 2200 nééting pairs in 1962 is based on the
knowledge of the -average territory sizé and the total number of
breeding pairs in the "North East" area. In 1962 there were
four t imes as many pairs as 26 years ago. This indicates an
average yearly increase of 5.5% froﬁ 1936 to 1962. Knowing
that the.gnnual adult mortality for 1961-1962 was 10%; a theo-
retical 1000 adults at one year will result in 900-adults the
year after. But if the present rate of increase contlnues
1000 mature birds at 6ne year will result in 1055 birds the
year aftsr.

The fledging rate was 1.6 fledglings per pair for 1961 -
1962, this amounts to 800 fledglings per 1000 adults. Of 800
fledglings produced per 1000 adults, 1055-900 = 155 new adults
must be recruited if the rate of increase 1s constant. This
is a 80% mortality between fledging and maturation.

Maturation-of the average Glaucous-winged Gull takes four
years, It is assumed that the mortality in tﬂe second year
approaches closely the annual adult mortallity, which is kpown
to occur in many birds (Lack, 1954). Tﬁerefore, around 70% oﬂ
the total 80% mortality of the immatures should occur in the
first year after fledging. The Herring Gull in Denmark, Fenno-
Scéndia and the U.S.A, have a mortality rate during the first
year after fledging of respectively 62%, 57% and 60% (Paludan
1951, Hickey 1952, Olsson, 1958)., After the first year
mortality, these authors! figures disagree, especially in re-
spect to adult mortality; The latter may be partly due to the

fact that their data are based on the evaluation of the re-
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coveries of dead birds, of which a large percentage was shot,
or may possibly be due to the fact that the Danish gulls are
sedentary, while the American and Fenno-Scandian gulls areb
migratory.

Capildeo and Haldane (195L) give the relation between
fecundity (f), adult survival rate (s), and the age of breeding
(a), when the population remains stable from year to year, in

the following formulaz

.If the adult survival and the'age of breeding remains unaltered,
the fecundity in a stable Glaucoué-wiﬁged Gull pdpulation will

be .10 = .15.
.90t

.The fecundity (f) at the present rate of increase (using
Capildeo and Haldane's (l.c.) formula as applied by Coulson and
White, 1959, which iﬁterrelates fecundity, popuiation changs
and average age at which a female starts to breed) is equal to:

Number of young,liv1ng one year produced by each female _.
2 X Annual adult survival

1.6 (1L - .7) _
X (1 = .10) ~ 27

where 1.6 is the number fledged per nest and .7 is the pro-
portional mortality in the first year of life. Therefore the
population will become stable if the present fecundity is re-
duced by approximately one half.

There seem to be two main factors concerned with the control
of the Mandarte gull population, an annual fluctuation and the

. population increase over the years. One of the main factors
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playing a role in the annual fluctuation in the years 1961 and
1962 was the habit of the adults to attack strange chicks and
the other main factor is thought to be the weather. The most
attractive hypothesis for the gull increase over the years is
that man is responsible through protection of the breeding gull
colonies and through increase of the food supply during the
winter.v In the winter, the low tides fall mainly at night and
adults and inexperienced young birds have litfle opportunity to
utilize food from ths intertidél zone., This has been offset
by increasing numbers of garbage dumps, extension of harbours,
and other human activiﬁies. Since gulls show a strong site
tenacity, and tend to breed where they have been raised, it is
fairly likely that the rise in the gull population in the Gulf
of Georgia is not a result of immigration. Gulls are also
khown to have increased rapidly in Europe (Coulson and White
1959, Drost et al. 1961, Goethe 1956, Olsson 1958) and Eastern
North America (Gross, 1955)., From census data on breeding gulls
in Finland theyvappear to have doubled thelr numbers in ten
years and Grenquist (1961) ascribes the increase to the avail-
ability of fish scrabs, garbage and sewage. More data, however,
are needed from isolated gull colonies before'the proposed hypo-

thesis about causses of gull increase over the years can be

. firmly established.
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GENERAL, SUMMARY

Sumﬁaries will be found at the close of the first four
chapters. The last chapter mainly is a summary in itself, It‘
will suffice here to mention briefly the more important results.

1. The Glaucous~winged Gulls cen maintain a strong pair-
bond outside the bfeeding colony. Pair formation occurs
on the territory. It was usual for pair~bonds to last
for at least a year. Philopatry to the nest site was
observed iﬁ the majority of cases.,

2. No sﬁpport was found for the Fraser Darling Effect that
there is a greater synchronisation of breeding at
greater densities, Egg-laylng is uniform throughout
a 2} hour period. The mean egg-laying interval is
5u.86 + 63 hours. For three members of the Laridae,
egg-laying and incubation take longer in_larger birds
with larger eggs. The mean clutch size is 2.82 + .02,
The share of the sexes in incubation varies, but thé
overall effect is a rather equal share. The incubation
period is 26.9 + .077 déys. The incubation attentive-
ness after the b- egg has been lald is 92 percent.
Thirty-one and 53 percent of the full effectiveness of
incubation are obtained after respectively the a- and
b- egg are laid.

3¢ One of the chief causes 6f chick mortality was the habit
of the adults to attack strange chicks and the other
main mortality is thought to be due to the weather.
Fledging rates in 1961 and 1962 ﬁere respectively 1. and


http://Fledging_rat.es

99

1.7 fledglings per pair of gulls. Fledging rates of
nests in two different habitats and at different
densities were found to be similar. Gfowth occurs
mainly during the first four weeks of 1life. At fledg-
ing 86 percent of the weight of the average breeding
gull is reached. The results of the chick addition |
experiment 4o not seem to support Lack's hypothesls that
the clutch-size of each species of bird has been adapted
by natural selection to correspond with the largest
number of young for which the parents can, on the aver-
age, provide enough food.

The average age at first flight is Ll days, at island
departure 57 days, at first arrival in Vancouver 63 days.
The age at fledgihg is influenced by the rate of growth.
There 1s no general rule about dispersal of the juvenilss,
A strong family bond can occur after island departure.
Annual adult mortality was 10%. Average longevity is
13.5 years., Mortality between fledging and maturation
if the present rate of population increase is maintained
is 80%. There seem to be two main factors concerned with
the control of the Mandarte gull population, an annual

fluctuation and the population increase over the years.,
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APPENDIX

BROODING TABLES

Nest No. Wide 1962
Brooding Time

Observations in Minutes No. of

Date Period Mins, Total o 9 Shifts Remarks

June 13 0655-0930 155 120 72 49 6 1l egg at 0930
" 14 0600-0800 120 59 59 -- 1
" 15 o740-0930 110 104 72 32 2
" 16 0615-0930 195 191 191 - 1 2 eggs at 0930
" 18 0615-0930 195 195 195 == 1 _
" 19 o545-0845 180 180 136 Lk 2 3 eggs at o845
" 20 0610-0845 155 93 58 35 2
" 21 o0645-0830 105 105 -~ 105 1
" 2l o540-0845 185 185 185 - 1l
" 25 0515-0830 195 195 195 == 1
" 26 0630-0930 180 180 -~ 180 1

Total 1775 1607 1162 LLS

Nest No. L7 1962

Brooding Time ,
Observations in Minutes No. of
Date. Period Mins., Total o 9 Shifts Remarks
May. 25 0530-0830 180 109 -= 10 2 eggs at 0830
V%3 oB30-5035 155 113 65 18 5 opgs at 1035
" 27 0600-1100 300 286 181 105 3 eggs.at 1100
" 28 0600-0800 120 118 89 .29
" 29 0615-1030 255 255 93 162
" 30 0630-0930 180 180 130 50
" 31 0630-0937 187 187 60 127
Junel 0630-1030 240 239 21% 25
June |l 0600-0930 210 210 98 112
" 6 0600-0900 180 179 152 27
" 8 0550-0920 210 210 128 82
" 10 0600-0900 180 180 145 = 35
" 12 1510-1810 180 180 115 65
" 13 0630~0930 180 179 118
" 1, 0530-0830 180 180 180 -~
" 15 0630-0930 180 180 58 122
" 16 0615-0930 195 195 12 183
". 17 0630-0930 180 180 129 ©51
" 18 0615-0930 195 195 -- 195
" 19 o545-0845 180 - 180 112 68
" 20 o545-0845 180 180 -- 180
- " 21 obli5-0845 105 105 89 16

Total 4122 4020 2168 1852

DO EIVE S VN VIV S VIVINVAVE RV VAVE VI VI VAN BV )

A hatched -
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Nest No. 19, 1962
' Brooding Time
Observations In Minutes No. of
Date =~ = Period Mins, Total & Q@ Shifts Remarks

May 27 o0600-1100 300 209 80 129 7 2 eggs at 1100
{1 egg at 1000

: ‘ on May 26)

" 29 0615-1030 255 251 123 128 a

" 30 0630-0930 180 179 39 14O 3 3 eggs at 0930

" 31 0730-0937 127 127 63 6l 3 '
June 1 0630-1030 240 240 133 107 2

"2 0730-0945 135 135 135 @ -= 1

" ' 0600-0930 210 210 210 - 1

" 6 0600-0900 180 180 116 6l 2

n 8 0550-0920 210 210 97 113 2

" 10 0600-0900 180 180 50 130 2

" 12 1510-1810 180 180 -- 180 1

" 13 0630-0930 180 180 150 30 2

" 1L 0530-0830 180 180 93 87 3

" 15 0630-0930 180 180 -~ 180 1

" 17 0630-0930 180 180 -- 180 1

" 18 0615-0930 195 195 61 134 2

" 19 o545-08;5 180 180 -- 180 1.

" 20 o5h45-08,45 180 180 52 128 2

" 21 o06L45-0830 105 105 13 92 2

" 24 o5L0o-o845 185 185 32 153 3 A hatched
Total ) 3762 3666 14L7 2219

Nest No., Sorie, 1962
Brooding Time
Observations in Minutes No. of

Date Period Mins., Total O @ Shifts Remarks

May 30 0735=-0930 115 101 2 99 2 2 eggs at 0930
: . ‘ (1 egg at 0800
' on May 28)
" 31 0645-0937 172 168 133 35 3 eggs at 0937
June 1 0652-1030 218 218 152 66 ' 3
n i 0600-0930 210 210 210 -
" .6 0610-0900 170 168 130 38
" 8 0550~-0920 210 209 62 147
" 10 0600-0900 180 179 52 127
" 12 1510-1810 180 = 180 8 172
" 13 0630-0930 180 167 -- 167
:? 1} o0530-0830 180 179 90 89
" 15 0630-0930 180 180 97 83
" 16 0630-0930 180 180 19 161
" 17 0630-0930 180 180 153 27
" 18 0615-0930 195 195 -
" 19 o5,45-0845 180 180 136 gu
" 20 oS45-0845 180 180 -- 180
" 21 o0645-0830 105 105. 72 33
" 24 o5h0-0845 185 185 108 77
" 25 0515-0830 195 195 103 92
" 26 0630-0930 180 168 73 . 95

Total 3575 3527 1600 1927

A and B hatched
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‘Nest No. 3L, 1962
‘ Brooding Time

Observations in Minutes No, of
Date Period Mins, Total o o Shifts Remarks
June 6 0600-0900 180 179 131 48 3 (Clutch started
, on May 27)
" 8 0550-0920 210 206 140 66 L
" 10 0600-0900 180 178 L1 137 3
" 13 0630-0930 180 148 73 75 2
"1 0530-0830 180 180 68 112 2
" 15 0630-0930 180 179 179 - 1
" 16 0615-0930 195 194 63 131 2
" 17 0630-0930 180 180 82 98 2
Total 1485 1hhl 777 667
Nest No. D, 1962
Brooding Time
Observations in Minutes _No. of
Date Period Mins, Total d o Shifts Remarks
June L 0610-0930 200 182 67 115 6 1 egg at 0930
" g 0620-0900 160 144 121 23 6 2 eggs at 0900
" 7 0550~-0920 210 210, 99 111 - 5 3 eggs at 0920
" 10 0600-0900 180 180 -~ 180 1
" 13 0630-0930 180 180 91 89 5
" 1l o0530-08l2 162 160 107 53 5
" 15 0630-0930 180 180 163 17 3
" 16 0615-0930 195 195 41 154 2.
" 17 o0630-0930 180 ° 180 74 106 2

. Total 1647 1611 763 848
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Nest No., A, 1962

, Brooding Time
Observations in Minutes No. of

Date - Period Mins. Total o 9 Shifts Remarks
May 31 0630-0937 187 1k -~ 14} 1 1l egg at 0937
June 1 0630-1030 240 167 31 136 3
" 2 0o730-0945 135 116 1 102 3 2 eggs at o945
" g 0600-0930 210 210 =-- 210 -1 3 eggs at 0930
" 0600-0900 180 180 15 165 3-
"8 0550~-0920 210 210 62 148 5
" 10 ©0600-0900 180 180 128 52 2
" 12 1510-1810 180 180 27 153 5
" 13- 0630-0930 180 180 71 109 2
"1l  o0530-0830 180 180 -~ 180 1
" 15 0630-0930 180 180 -- 180 1
"17 0630-0930 180 180 165 15 2
28y 0615-0930 195 195  -- 195 1
W “'o545-08L45 180 180 82 98 2
"208: o5h5-0845 180 180 20 160 2
"U2%i . 0645-0830 105 105 -~ 105 1
w2t osho-o845 185 185 74 111 2
"5 0515-0830 195 195 149 L6 2
" 26 0630-0930 180 180 -~ 180 1 (July 1: A and
" o7 0630-0830 120 120 -- 120 1 B hatched)
Total 3582 3447 838 2609
Nest No. Reddie, 1962
‘ ‘ Brooding Time
. Observations in Minutes No. of
Date Period Mins. Total o' Q Shifts Remarks
June 1  0630-1030 240 8y 84 - 1 1 egg at 1030
" 2  0730-0945 135 22 17 5 2
" L 0600-0930 210 208 93 115 L 2 eggs at 0930
" 6  0600-0900 180 177 167 10 3 3 eggs at 0900
" 8 0550~0920 210 210 210 - 1
" 30 0600-6900 180 180 180 - 1l
"i2 1510-1810 177 177 33 1hh 3
"33 0630-0930 179 179 164 15 2
"1 0530-0830 179 179 179 -- 1
" 15 0630~-0930 180 180 180 - 1
" 16 0615-0930 195 195 195 - 1
"7 0630-0930 180 180 111 69 2
" 38 0615-0930 195 195 lgl S 3
" 19 o545-0845 180 180 180 - 1
" 20 ~ o545-0845 180 180 180 -- 1
"ol 06;5-0830 105 105 105 - 1
"2 o5h0-0845 185 185 116 69 2
" 25 o515-0830 195 195 195  -- 1

(June 30 A hatched)
" Total 3290 3011 2530 U481 '




Nest No. M, 1962
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Brooding Time
Observations in Minutes No. of ‘
Date Period Mins. Total d @ Shifts Remarks
June L}  0610-0930 200 190 134 56 L 1 egg at 0930
" 6 0600-0900 180 177 -~ 177 1 1 egg at 0900
"™ 8 0550-0920 210 206 97 109 2 2 eggs at 0920
"10 0600-0900 180 179 127 52 L 3 eggs at 0900
"12 1510-1810 180 . 178 148 30 5
L 0630-0930 180 180 20 160 2
"1 0530-0830 180 178 93 85 2
"15 0630-0930 180 180 -=- 180 1
" 16 0615-0930 - 195 195 66 129 2
" 17 0630-0930 180 186 106 74 2
" 18 0615-0930 195 - -- 195 1
" 19 o545-0845 180 180 31 149 2
"20 o545-0845 180 180 1Lho Lo 2
"2l  ob45-0830 105 1OF 73 32 2
" 24 o540-0845 185 188 46 139 2 (July 3 A and
‘ ’ B hatched)
" 25 ~ 0515-0830 195 -- == 195 1
Total 2905 2883 1081 1802.
-Nest No. Bandie, 1962
‘ _ Brooding Time
: Observaetions in Minutes No. of
Date - Period Mins. Total g @ Shifts Remarks
June 13 0630-0930 180 171 58 113 L 1 egg at 0930
"1l o0530-0830 180 169 80 89 2 : ’
" 15 0630-0930 180 178 78 100 3
" 16 0615-0930 195 195 65 130 2 2 eggs at 0930
" 17 0630-0930 180 180 168 12 2
" 18 0615-0930 195 195 195 -- 1
" 19 o545-0845 180 179 135 Lk 2
" 20 o545-0845 180 180 50 130 2
" 21 o0645-0830 105 105 30 75 2
" 24 o540-0845 185 185 L7 138 2
" 25 0515-0830 195 195 75 120 2
Total 1955 1932 981 951




Nest No, F, 1962

* Brooding Time

105 |

Observations  in Minutes No. of
Date Period Mins. Total é Q Shifts Remark
June 12 1535-1810 155 135 66 69 5 1l egg at 1810
" 13 0630-0930 180 179 37 142 2
" 1l 0530-0830 180 47 45 102 3
" 15 o0630-0930 180 165 80 85 2 2 eggs at 0930
" 16 0615-0930 195 195 -~ 195 1
" 17 0630-0930 180 166 82 8 . 2 3 eggs at 0930
" 18 0615-0930 195 177 177 - 1
" 19 o545-0845 180 180 6l 116 2
" 20 o545-0845 180 180 -~ 180 1
" 21 o0645-0830 105 105 . 30 75 2
" 24 o5L40o~-o845 185 149 L6 103 2
1 25 0515-0830 195 179 179 -- 1
" 26 0630~0930 180 180 180 -=- 1
Total 2290 2137 986 1151
Nest No, H, 1962
: Brooding Time
Observations in Minutes
- Date - Period Mins., Total & @ Shift Remark ,
June 12 1655-1810 75 27 -- 27 1 1l egg at 1810
" 13 0630-0930 180 30 7 23 2 ‘
" 1) 0530-0830 180 145 -- 145 1
" 15 0630-0930 180 169 L5 12| 3 2 eggs at 0930
- " 16 0615-0930 195 185 103 82 2
" 17 0630-0930 180 180 -- 180 1
". 18 0615-0930 195 178 37 1h1 5
" 19 o545-0845 180 178 16 162 3
" 20 o545-0845 180 180 43 137 2
" 21 o06L45-0830 105 105 105 - 1
" 24 o540-0845 185 185 5 180 3
" 25 0515-0830 195 195 37 158 2
Total 2030 1757

398 1359
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