BREEDING BIOLOGY AND BEHAVIOUR OF THE COMMON
MURRE (URIA AALGE AALGECPONT.)) ON

GULL ISLAND, NEWFOUNDLAND

TOTAL
MA

SHANE PATRICK MAHONEY







4 7







" National Library of Canada Bbiothéque nationale du Canada

Collections Branch
Canadian Theses on " Servics dos thses cansdennes : =
wr microfiche .

Microfiche Servics

NoTICE

3, - .
The quality of this microfiche is heavily depéndent

upon the_quality_ of the original thesis submitted for
microfilming. Every. effort  has' been made to ensure
the-highest quality of reprodugtion possible. ,

If pages .are mnslnu. ‘contact the umversury which.
dégree.

gr:nud the
Some pages”may have inditinet. print “especially

if the original pages were typed with a poor typewriter -

ribbon or if the university sent us a poor photocopy.
e

Provicisly ‘copyrighted maerials {joumal articls;

* published tests etc.) are not filred. -

Reproducion in-full o i part of this film s gov-
emed by . the Canadian Copyfight Act, RS.C. 1870,
c. C30. Please read the' authorization forms which
accompany this thesis.

THIS DISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED.

Ottava, Canads
KIAON4

T AVIS

La qualité de Gette, microfiche ‘dépend- gréndement de

.- la qualité de la thése soumise au microfilmage.. Nous -

avons tout fait pour  assyrer une qualité supérieure
de reproduction,

S manaue des _pages, . veillez - communiquer
avec unversitégii a confiré fe grads:

La qunlms dumpmwnn de :mames pages peut
laisser 3 désirer, surtout si les ‘pages riginsles opt été

* - dactylographiées 4 I'aide d'un ruban usé-ou si I'Unjver. _
sité rious a. fait parvenir une - photocopie de mauvaise

qualité.’

Les documents. qui font déja. Fabjet d'un droit
d’auteur (articles de revus, examens publis, etc.) ne
sont pas microfiinés.

La reprodiction, méme -partielle, de ce niicrofilm
est’ soumise 3 la Loi’ canadienne sur le droit d’auteur,
SRC 1970, c. C30; Veuillez'prendre connaissance des
formules d'autorisation qui accompagnent cette thise.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L"AVONS RECUE

N30 (Rev, 8/80)




!
i

R

o i i
Breeding Biology and Behaviour of the Comon Murre
(iria aalge aalge {Pont.))
on6u11 Island, Newfoundland C

A Thesis

Presentedto | 0 L

The Deurmﬁnt of Kio_logy' i
Memorial UnigersTty of lienfw:ldhv_!d

In Partial Fulfillment
", of ‘the Requirenents for  the Degree

i . Master of Science

by

r © " Shane Patrick Mahoney e
s |- yaem -




Front‘i}sp{ece‘

- 3
One adult murre and three chicks. It is at approximately this.
stage of development that young birds leave.the ledges for the first
. -time. Usually the male accompanies the chick to sea and cares for it
during a period of perhaps two mndls The chick may not.return to
the land for two. years or- more.
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The bre;d‘ing biology and hehavimjr of ‘the Common Murre (Uria aalge
aalge (Pnnt )) was studied- on Gil1 ls\and waound]and d/v‘mg ‘May
through duly in 1977 and 1978. ' T

The ori gm of the Gull Island p'opula_ﬂnn’ was discus‘s:elj as were

/'the Tedge population ‘changes recorded over 'the breeding season. Reasons

fof' ‘the different patterns of attendance weire suggested.

éreediné phenol ogy was ﬁud|ed in detail, Eggs vere 'we‘ghed\'nnd ;
measured:and g number of their attribu},es, (shape, - volume etc.) were
determined. -Eggs.of known age were collected, their. E‘mbryos‘ removed

and their developmental patterns ‘det'emined: Numbers of ‘eggs‘\aié'and

“the chronologies of laying for both seasons were compared. Weights

of eﬁgs from replacement clutches and the time required to replace a
clutch were defined. ; ]
Chicks were m!asured to cal:u]ate growth curves for weight and

Nunbers of cmcks were compared -

a umber of cther body parametevs.

for both: seasons as were the grwth curves of chicks from both years.

. Fledging of chicks was récorded and observations were made on)adu'lg

and chick behaviour at fledging. Different fledging schedules for
both years were noted and possible reasons. for.the differences were

suggested. i

Breédina success , expresse;i as the numbers Qf pairs successfully
fledgiﬁg a chick, was recurded. : tauses of. egé and chick Toss were
recorded .and - the influence of - predation was discussed 1n detail. *

Obser'vatmns were made on behavinur with particular, attentiun

o




being paid to-those dis[ﬂqu which mvo]ved characters of aggression.
These displays were notéd and thetr postures illustrated. The effecté
of high density” nesting on the evolution of behaviour was discussed.
Resu'ltsindwmd ‘that murres on Gull !s'land attained breeding .
success rates comparalﬂe with other areas but Tower than most. Birds
breeding "at higher -densities and:on l1onger-established or “safe" 1edges
were most successfu'l Murres in this cnhmy denonstrate a wide range .
0 .of cnnﬂict behav1aurs with” numerous appensement d\splws functioning

to maintain low 1evels of high intensity aggr¢ssiun. -
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<« Introduction

Many regent seabird investigations have developed as rig_uruus-
enquiries -into the generatiprinciples of populations; adaption and
aevniu_t(onav_‘;/ ecology (Ashmole, 1963; Birkhead, 1977; Cody, 1972). Such
studies stand ouvt in'marked contrast to many of those conducted earlier
which had as their focal points ‘descriptions.of natural history phenomena
(Johnson, 1944). - Such a, transition has proceeded, with' (and grown out of)
the corxcwmitént emergence of the‘ socio’bia]ngk;] theme which has aétempted ’
a definition of the "terns of ‘reference” for inter-class comparisons *
(Wilson, 1975)% This modern’biological ambience has lent renewed importance
to ‘the study of social species. . . . B

Ll'he seabird family A]_éidae,’ Eo which t)\e Common Murre (Uria aalge
Pont.) belongs; ‘may have:been evolved by the Cretaceous (5:6;e_r. 1952).

The family is generally considered as belonging io the order Charadﬂfcrmes. &
but considerable. disagreement exists regarding its correct taxonomic position
and its relevant subdivisions.- Particularly, there is corsiderable evidence
that strong relationships e‘xist(betilem _the alcids and' the Sphenisciformes

(penguins) (Verheyen, 19583 Rabaéy, 1963; Gysels and Rabaey, 1964).

) Further studies are clearly needed to decide the taxonomic -position of

the groups relative to each other.
-_The genus_Uria is bispecific, with Common and Thick-billed (uria lomvia

L.) Murres being sympatric over parts of their. ranges. Essentially the

" Thicka\'Hed Mdrre is the more. fnortherly species with various eco1og1c§\

and morphological adaptians which.serve to: reduce competition where both *

species overlap (Bedard, 1969; Spring, 1971).: Gk
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- The Common Murre breeds in colonies of up to-a million individuals

and is one of the most numerous seabirds in the northern Hemisphere, -

- (Tuck, 1960). Recent studies of this species have included an'examination,

of its population characteristics’ (Leslie, 1966; Birkhead and Hudson, 1977),
functional and morphological adaptations (Spring, 1971) and dispersal
(Birkhead, 1974). Further investigations have examined the effects of

various environmental contaminants.on the species (Scott et al. 1975

Brown et ai: 1973) and considerable attention has been paid to its breeding

’ biology (Ni\hams, 19747 Birkhead, 1977; Greenwned 1964) Serious

studies of the species" hehavlor have. been much more infrequent with
Birkhead's (1978) study representmg an obvious: exception. .
Comiion Murres- aFé d%stributed over the North Pacific and Atlantic
Oceans.and characteristically c’ame fo sea-cliff colonies in spring for,
breEdi;lg. In the Pacific they are found from California to Maska,
through islands. in the Bering Sea and south.to Hokkaido Japan. In the
eastern At]annc their range extends northward ta include Ice]and Bear -+
IsTand, Novaya Zemlya and the Murmansk coast; suuthward they breed in the
Baltic, the Faroes, Br1ta1n, gre]and and ‘even in the Berlengas (Cramp ef.al.
1974). " In Ché western North Atlantic th.2y breed’frum Newfoundland (15‘\aﬂd)

and the Gu]f of: St. Lawrence to about_ 56%N in Labrador, with a small colony

*in Greenland Just south of . the. Arctic Circle (Tuck, 1960)..

This species habitually nests in dense groups in close bodily contact
and has been shown to 'share ‘a number of common: features with numerous other
seabird -groups (Lack, 1966). Such features include long expectation of

Tife, ‘deferred maturity and low reproductive output.

The objectives of the present: study pere (in general). two-fold. 3

| T
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""Firstly, to ‘examine the breeding biciogy of this ‘species in what is a

recent and .small (abaut 600 breeding p;irs) colony and secondTy-.to

* examine the social behaviour of the sperries\. For, the latter 'ende‘avnr_?

¥ s -
emphasis was placed on those displéxs which showed characters of- -
ik, 5 v e ' /%

aggression.
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Materials and-Methods -

LI The s tudy was catelad dut on Gull mand, Witless Bay, Newfoundiand
(a7°15°N. 5z°as W), during the summer's ‘of 1977 and 1978, }
Gull Is'land 27 km south of St dJohn's, ‘Newfoundland, is the nurthernmost
of-3 islands whlch comprise the Wltless Bay Seabird Sanctuary, and is
g Tocated 2.41 kin. from” the nearést point of land. : It 'is -approximately 5
1.6 km long and .8 km wide with the ’1vong axis running in a true north-south
»- line (Figure 1). The island attainsla maximum elevation of 96 m (C.W.S.
Map, 1969) and. is heavily wooded except for a grassy perimeter (”Mfin
‘s1cpesv“) and rack surfaces (Figure 2).
A.census of theemurre breeding population on Gull Island was carried .’
out in hnth 1977 and '1978. Caunts were made from the is]and and by
compassing the island in a fifteen foot inflatable Tuya raft outfitted with a
_9.9 horsepower .Johnson Outboard Motor. The murres were :ounted several times,
i . " during the course of the breeding season and numhers of:-eggs and chicks

were also employed as populatign mmcators y g \

Egg- 1aymg. incubation, and fate of eggs were mvesﬁgatea by making i
regular observatiofs at a nuﬂ:er of colonies with special attention . .

being paid to numbérs 2,3, 4; 5, 7, and .9 (Figure 3). To facilitate

£ identification squares of numbered masking tape and (or) nail polish were
¢ 2 e

positioned on the eggs.  These labels indicated the number- of the egg and

° Lhe date on which it was laid.- rEggs reg1stered in this manner were used ok
to obtain mformat\an on mcuhatmn period, egg dimensions and on.weight

. changes ‘during incubation. Egg dimensions were recorded using d,w1ders

and a millimeter ruler.

i . : Egg voluries iere ‘cll.cu'latedemp]o_y!ng a number of ‘equations (outlined JT @

N




Flgure 1 o

Hap of Newfnund'land show!ng 1a:|t1on of study.area.
set

shows the area in detail.
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N .
in table 6) and. thruugh water d1splacement experiments using 500 m1 Pyrex °

beakers. Egg shapes were deternined using the method outlined by Preston

(1953); and by reference to Palner (1962). .
Fifty known-age eggs were co'l1e:ted in 1978 for & study of emhr_yos.
Eggs collected for this purpose were: injected with 10 pericent f/!rmalln

and returned to the laboratory. Here tney were cracked and thé snens

and extraembryonic membranes dissected from the embryus which & ere dryed :

|

/
ona paper towel-and weighed using an Oaus 2610 g capacity triple beam
v o

! ba!ance\sznsnive to 0. 1 g‘ F!gure 4 shows the regjuns of the deye\op1ng i
. . ~

embryos that. uere measured. ’ S -
Marked eggs were checked” daily in 19777 and less often (usuaﬂy every
secmm day) in 1978 t6 determine hémnng dates and p1pp1ng times. -Once

ch(cks appeared- they :were numbev’ed by p1acing color bands and tape on’ the

tarsj. - Forty-seven ch!cks of knnwn age were weighed and measured every_ <
secand day in 1977 with twenty more chicks: being . subjected to simﬂar
analys\s in 1978. In the 1atr,er season chicks were we1ghed less frequently
in an effort to re,ducey chick Toss. due to_human interference. °

Ghicks were weighed in a cloth bag. suspended from a 300 g capaci;y g
Fesnla 97‘1"9 balance (sens1t‘lve to 1 g), "Measurements taken with a
“.millimeter ruler and dividers included cuimen length and depth tarsus,

hand furearm and midd]e toe. Wing chord measurements were taken a!ong

° the outstreéhed contour of the wing,. the terth (outermost) primary was

measured from the pomt the fleshy sheath,emerged' from the -skin ‘to the tip

of the feather. A recard of feather development _fmm hatching to fledging .

was also kept
Rectal. temperatures bf chicks of known age were recurded using'a YSI

- T e ¥
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; o 7 model’teletheriometer with #423 insert probe.
Vw0l Cdentification of food ftens brought fo chicks-was made via direct
‘observati/un of . the prey in the adult murre's beak or by retiiéving unconsumed
speclmgns from the Tedge surface. !
Observations >nn behavior were conducted from vantage points ‘at various
distances from Several Tedges.  Sites were chosen so.as to minimize dis-
'Lurban'ce in the colonies.. The 6hlique nature of the puffin slopes above’ S
the murre Tedges and the. presence-of rock, outcrappings aTlowed the'.

observer toget,, in.some cases, within.10-15-m of the nesting murres without

causing disruption of regular breeding activity. Observations were &
b » conducted using 7 x 35 Muyfﬁir binoculars and/or a 15-60X Bausch and Lomb
spotting. scope, without: the use of a blind. .Most observations were

conducted from distances greater than 50 m.




Results and Discussion i

Part I: Breeding Biology ; .

Population. | -

‘. The distribution and.numbers of Comon Murres in eastern North America "

.are shownin figure 5. The species has generally increased in this region

during the past forty years and Tuck (1960) associates thiswith a general
warning trend in the marine environment (Hare, 1955).

The Common Mufre population of Newfoundland ds presently increasing,

with' an-estimated 600,000 pairs nesting dlong the island and Labrador coast-

Tines (Brown et al.,-1974). ‘The'species first colonized the Witless Bay

Islands in about 1936 when:small numbers were observed to breed on-Green e

< Island. By 1958 this population'had reached approximately 50,000 pairs,

a large, but not unsurpassed ; increaise; Tuck (1960) records an’ increase
on Funk Island of more than AO0,000 pairs for the same period.

The urre colony on Gul1 Tsland s a dood deal more recent’ than that
of Green and almost certainly. represents an. overflow from the latter ~
poblation, Figire 6 dasiinsErates thie, fncyeuses ‘that havaocdurred on. _'
both islands; several poipts are worthy of n_ote.

" Fron 1941, when Peters and Burieigh (1951) recorded 3000 breeding - "
pairs, until 1958, the Green Island population increased to 50,000 pairs
(Tuck;1960). Between 1958 and 1974.-the population further increased by
approximately 24,000 pairs resu1t|‘n’g/in‘an estTmatéd totaT population of‘
70,000 breeding pairs for the latter year (Brown et al., 1974).." The
second .periot’ of ‘increasé (1958-1974), vhiTe of-similar duratfon, was only
one,_ half the magnitude of th‘e‘ }’irst (1941719‘57). I.f these f;gu;‘es do

adequately reflect the permutations in this popqlatinn, then, certainly

'




Figure 5~ ) 2

Distribution and nusbers of Common Murres in eastern

. K North Anerica (af ter Brown et aZ. 1975

p= pi

» 1= 1nd|v|duals

= is1 .

Colony # & Location Size -~ Censis . Authority
- year B

1 Nunarsuk I. 150p., 1953 - Tuck 1961
2 Quaker hat. 195 o
3 Herring 1. a5p.- - 1982 . % .
4 (uter Gamet I.- 17,700p. 1972 Nettleship & Lock
5 Gannet Clasters 17,500p. 1972
6 Wester Bird I.- 1953 Tuck 1961

7 Little Bird I. & .125p 1972 Nemesh‘lp & Lm:k
8 Bird I. 250p 972

9 st. Mary's I. 4,120 .1972. Nett]!ship & Lock 1973b
“10 Yolf ‘Bay 3 15101 1972 ©

11 Carrousel I 4. 1972 % L

12 GullcTiff Bay. Anticosti I *’h' 1972 Nettleship

3 Heath Point, Anticosti I. 2 1972 ° -

14 Shallép R., Anticosti I. 2 1972 L)

15 Bonaventure 1. 2 17, 162p. 1974  Nettleship & Taylor
16 Bird Rocks, Magdales 500-1000i 1973 Nettleship

17 Grand Collllbler I, St “Perre40i - - 1964 - Cameron

18 Cape St. 2,500p. 1959 . Tuck, 1961

19 Western Hend Sl Mary s‘Bay 1001 1973 . Nettleship

20 Great I, Witles 2,800p. 1973 A

21 Green L, Niﬂsss an 74,000p. 1973 N

22 @1l I., Hl tless Bay 687 p 1978 - Mahone;

+ 23 Baccaliey 0 p.
gg South. Cabot T.(= Utt'le Clbot)? DUDp‘
26 Guyvy Istets o S 25!

1959 ° Tuck 1961
1973 Nettleship

000p. ;1959  Tuck.1961
#1973 Nettleship
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_since 1958, the rate of increasehas experienceda marked reduction:

It shouTd be noted howeyer, that accurate estiates of cliff-nesting
populations are often difficult to obtain and the nu;nhers they. produce

always involve some margin of error (Lloyd, 1968; Tuck, 1960). Nevertheless,

the trends indicated ‘certainly agreed with personal observations (Threlfall

and Tick pers. com.). i
The'calony dn Gu11 IsTand -began in the early 1960's. - While: Peters, and
Burleigh (1951). reported 50 pairs breeding on &1l Istand in 1942, Tuck
(pers. com. to Kaycock,. 1973) observed loi tering murres but no éggs or
chicks from 1951 to 1961. In ‘1962 four or fivé,pairs bred on the is\and‘

and from that point onward the population has increased substantially. »'One )

" hundred and thirty:six pairs were counted in 1969 (Haycock, 1973) ‘and during

the 1978 season a breedmg papu]atmn of 678 -pairs was recorded. Table 1
remrds the population changes that have occurred at the various sltes since
1971. Figure -7 shows how the murres have spread argund the island during
this same period.

The popu'latwn increase ‘recorded” for Gu11 Is]and is beyond that passnﬂz
for the arigma] (19@2) population. As figure 6 indicated there exists
a difference of 356 pairs between the actial population recorded for 1977

and the predicted-one.based on a generous accumulate- breeding success

- estimate of 60 per cent. Therefore, not only does the Gul1 Island -population

increase start very close to wheré the Green Island population's rate of
increase begins to subsvde, but ahvmusU recruitnent from $ome external
source must contmuany be invalved to sustam the phenomenal race of

increase which continues to nccur on Gull Island: * Whilé confirmation of

"this movement awaits banding studies, circumstantial evidence suggests
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the-Green Island population as the sour & me murres br!ed"lg on l’(
Island. > / S L T

Murres , Tike-man - )r/ﬁablrds (namzﬁss. Coulsin and thite,
1956) show_a-seasonal pattem of cos nﬁ-m In overview this

w!uny after” a period of absence, initially by

“popuTation Changes occur as responses-to a muber of factors including
egg—laying. dncubation, chicks, feeding strategy and weather. The 1unature"
non-breeders “leave the :tﬂ(‘my earlier in"the season than breeding M/‘rds/mrd"’

are’ joined by 4one fafled breeders. This exodus precedes the major departure

which ocaurs at the tim of ﬂ/dging/ and- results (n lnrge segments of the
_ popuTation 1eaving wmm- a retatively short period cf tine (Figure 8).

‘On Gul1 Island and igjhfw_nd]and generally, mrres. usually return
to Tand'in March and take uﬁ'mside}{’cg in- April.or May. Even at these
latter dates. they may Sometides Teaye the island for periods of a couple
of days or more. This situation is very much'different f;'u tigat umich'
occurs in Bri tain where-the birds return to the ledges in October or early
November and essentially remain at sea only during the moulting period
(Birkhead, 1976). il T

The seasona] pattern of attendance on Gull Island is represented in
figure 9. Parta of this ?Igjxre illust}ates the .populltion changes-shich
occurred during ‘the pve-)ayl‘ﬁg veriod and “shows that ‘numbers alternated

between high and total ibsence No regular cycle of lctivny comnanb]e

to Birkhead's (1976) five to sik day permdicity was observed for the:Gu1l
Island poyulatinﬂ. This greater irregularity may be due tn the Tater
return of the Newfoundland birds and their degnsequential lower level of

s

lers-and later by immature non-breeders. Once on the ledges,

\

\
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Composition profile of a "“general murre breeding population. -
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i acclimatization. At-this stage weather exerts a strong influence on colany
; attendance (pnge 33), sametMng B(rkhead (1976) also noted fnr the Skomer
« ¥ poputation. -~

ith tha’wopaivanch G eggs aid EHCKS 118 Trreqular parters at

attendance are Tost. :At these stages the murres are involved with the

an_d 9c show the more regular pa‘tterns of attendance during these ‘prehatch\'ng
- and p'osthatcning periods. “As the first of these figures indicates
.. - " attendance becomes more regular as the/ number of layings. increase and more,
‘hi;-ds‘ bégtn Ancibating, - = 2
 Attendance was also quite regular during the brooding period
(figure 9c). Daily fluctuations did occur but they were‘ of smaller amplitude

than those observed for the pre-laying period especially and for the

incubation of eggs ard‘the brooding and feeding of chicks: Figures-9b . (
3
i

early incubation period as well.

Birkhead (1976) noted a general increase in murre numbers on the ledges

. up until the time of fledging as a result of the piecemeal-arrival of

" .- ‘occurred almost exclusively in c]uhs. i.e. in loafing Yiens away ‘from

!he breeding ledges.

oo fmature birds. This'was. not the case on Gu1l Istand wiers Ehese”binds ':tg
|
N Patterns of attendance over. tl«e]ve to fourteen hour periods for an l
. individual ‘ledge were also recorded. I figure 102" the population changes |
_for site fumber-five during a continious twelve hour' period are recorded. }
Henks nimbars are ndicated For the early-woraing and Tate shteviopns Witles
the assumption is. certainly interpretive, the pattern evidenced may indicate -,

N
“that. at this time, many birds spend the hours of darkness.at sea. If so,

|
i

»  this vould agree in part with Birkhead's observations which suggest that

=y o © . {:




F' g)re 10

] nayllght pnturns oi atmdance at site 5 during the - - T g
pre-incubation, -incubation lnd brooding periods. Fo &y 28 <% J
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in British p and brooding birds spend the
night away from tbe ledges

" During the incubation and brooding periods (figures 10b, 106) mﬂmy

nymbers gradually increased throughout the-day reaching their maximun levels
late in the evening. The. lower levels recorded during early morning ob-
servations might mean that a number of birds had departed before the counts

began. -Certainly the steady incmase in the late evening hours suggest

- that the greater percentage of the birds do remain on the ledges overnight.

The seasonal aspect to these daily’ fluctuations; may he explained in
terms of ‘the gradual develumnt of an mcrea;ing'ly affectwe tie to the
Tand. As. the breeding cycle progresses the uppearnnce nf eggs and chicks
holds more birds on the ledges at all times of the_d_ay. N )

The most striking difference in colony attendance hetyzeen fthe

British and Newfoundland populations is seen in their respective arrival

dates at the breeding site...The British populatiofs return to the ledges

after only a brief period of absence (approximately -three months), while

the Newfoundland birds remain away from the land for seven months or more.

- Birkhead (1976) views the early return of British pow]a_nar{s as be:lng

dlosely associated with. competition for nest sites, and cites the works

of Dennis (1967) on Faire Isle (Scotland) murres and Nelson (1964) on

Bass Rock (Scotland) Gannets (Morus bassanus L.) in support of his thesis.

In both these instances wpuht-im; increases have coincided with earlier

returns to the breeding ledges. - In these situations the birds return to

the cniony'snon after completion of the mmmi to ensure mainte_nange of

their nést-site for the oncoming-breeding season. 3
Certainly in situaﬂons of |ntense competition, ear]y estahhshment % ’
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of - nest-site ownership would be advantageous. HWhy then don't the
Newfcund]ai\d popu]atidns.ﬂvmi:h breed at densities comparah)e’ to, -and even .
greater than, the Brit%sh populations, return earlier to.their breeding
Tedges? B 5

The mean annual air. temperature for the month of January in the Skomer
region is about 6°C (Crar}i} et al., 1974) which is higher than that for the
month of May in the Witless Bay area. Furthenwre, Tedges in Newfoundland
co'(umes are covered with ice andsnow for extended perwds of time and

thus offar a-sharp contrast to the situation in Britain... Weather then, might

certainly be a factor in keeping Newfoundland murres at ‘sea for Tonger periods

of time. It should be noted- here that U.a. hyperborea frequently lays its
‘eggs on ice and’ snow. (Belopolskii, 1957) but murres here may simply not

have evolved this capacity. Possibly, if m§u1qtians continue to expand,
selective pressure may favor earlier return to the colonies, but in v.rie.b
present; situation new coloniés are being established and populations of
Tonger residence continue to expand. : These facts indicate that while certain

colonies show very dense popilations rodm for expansion does exist. .-

The' varying schedules of tolony attendence shown ‘by different
populations are undoubtedly responses ta mulhphclty of factors. At
present our km:w1edge of seasonal var\atlons in diet of seahwds and the -
)ﬂstrubutmn of their prey is meagre. In fact, even the dlstrlhntwn of
seabi‘rds themselves in the nOVlI-bl‘eedl'ng season is. only generally known
sl ibanding eacovery data conststently presentsw blaséd view: Consequantly,:
I aFFRtaE TR ot thaVary Iy REtEEFRE oF Colohy attandince Reua g skatehy.
Much work is needed to elucidate the "why" of seabird movements and“to #

“round out our knowledge of their general biology.




Subspeci_es

46f the.seven recognized subspecies of Commop Murres (salomonsen, 1944),

those breeding on Gull Island belong to the suhspedgs U.a. aalge which
occupies a wide geographic range strechingMrom eistern Morth Hnerica across

the North Atlantic to 6reat Britain. Intergradation of this suhspeuzs

" s~ with others occurs at vesteraplen. with U.a. hyperborea, in Scotland with

% "
Ua. albionis, and at Shetland with U.a. spiloptera (Tuck, 1960).

“Nest Sites" g .

Common Murres nest on a variety of ledge surfaces which 1ncl;Jde
flattened outcrops, beneath overhangs and e“;an under ‘boulders..(Belopol'skii,
1957). +On Gu11 Island they ﬁest in a diyersity of ledge locations.

. In site 9b (figure 3; plate 1) mirres were found nesting in a’ very
protected crevice uh‘!ch was approximately-one half meter wide. The ledge in
this’ case was. nvemung by a large rock formation and eggs were cradled
nmtectwely in the seam. Belmv this ledge the cliff fell inwards so that
the entire ledge formed an overhang, making it hard to imagine a more secure
place for a bird to raise its young. i a5 X

Conditions were very much different in site 5 (figure i; plate 2).
Here a very broad gentle slope (agpmxtma'my 65°) ran two thirds the
ua-yAdmm to the sea and then dropped a distance of 15 meters to a jumble
of ‘sea-washd rocks below. Here birds, eggs and chicks were very exposed.

Lying somewhere between these two extrenes were. most of the other

nesting sites on the island. In sites 7 and 2 (figure 3, plates 3 & 4).the,

.murres were nesting adjacent to the‘ turf and in the former site a newly.

“exposed ledge was belng Gsed nainy a5 a resting platform. This platform

still retains a covering of topsoil although the turf has been lost. The
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Plate 2 .

Site 5 showing the broad sloping ledge and the sed-washed rocks
below. The crevice noted jn-the center foreground and extending
three quarters'the way up the slope was frequently follwed by} young
murres on theéir way to sea at ﬂednlng,







L BE N -
- = b
s . R i > o
g g ) 3
' ,Pht’e 3
* "..Site 7 showing how the murre -(and K!ttluko) nesting ledge extends
. 'upto the "puffin slopes" above. The turf platform referred-
bi

to is
upper dark lmt noted running lnngitudinany :cross the 'ledge.
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riesting of murres nn topsoil or even turf has been prevmusly reported )
(Tuck, 1960) .
EventnaHy this topsnﬂ will be ernded thruugh natur‘aT processes and
the scraping and wing -beating: of xhe resvdent murres, The end result-will
/E; a typical (and new) breeding ledge. Murres are one of the few species

which“ "create" their own habitat in such fashion. ~ . . -

Egg’ |ay|'r;g‘

l;| 19]-7 Taying commenced on 14 May and‘con‘t(‘nued until 29 .‘!\'me‘, the.. ;
1978 season differed sTightly fron this with inftiationand termination
dates of 21 May and4 Jl}ly respectively. Table 2 compares these dates:
‘m’th those obtained for the species. in.various other localities. ~ In 196?

Haycock (1973), during an ecological study of the island, noted the first

murré egg on 3_0 May with laying.continuing until 17 'Julj Such protracted
% 7' "laying periods are certainly. the results of relayings and the delayed arrival
» of first time breeders (Tuck,1960). Figure 11 shows the distribution '

of Tayings for sites. 2, 3, 4,7 and 5 over the course of the breeding season

on'Gull Island.” . w

The chronology of 1aying was very dl‘fferent in 1977°and 1978. 1A

i
|

the first year laying was gen_eraily intense from 16 May until approximately

iD June (85 % of total egg prodnciicn) while 1978 showed a very restricted

and intense burst'of Taying From 28 May until 5 June (46.% of total egg

production). While it fs difficult to account for anyphen )
. influenced vﬁy so many factors, slight differences in weither in the early .
wwe . .parts of both seasﬁns'may well have been one of the. contributing factors .

Tabl‘g‘ 3 -gives values for somer relevant meteorological paraineters for the .

o 8

“month of May in 1977 and 1978. The differences between the two years do

¢ v -




B Table 2:

Eastern Atlantic

Shetland Islands

. Farne Islands
Faeroe lslands

St. Kilda

Wales “(Skomer 1.)

- Yorkshire

‘Channel Islands
France (Toulinguet)

Western Atlantic

Labrador -
- Bulf of St. Lawrence

Newfoundland
Newfoundland
Newfoundland

Nesting phenology. of the Common Murre (after Tuck, 1950)'

Sea-going Date

July 12, 1946

<y 11, 194

August 3, 1953
July 27, 1930
July 14, 1952

duly 11, 1977
July 20, 1978
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Weather Pauletevs For The Month of May 1977 and, 1978

3"

Plr-eter

Mean DL(. Temperature-

" .Mean‘Min. Temperature

’

Y

Mean Wind Direction and Speed
Total Frecipmnan (R.Mnfa'l'l) 76.0 m 4
Total Prec(pmt nn (Snowfall) . 2.1mm

Min: Tanperature

.. Mean Temperature

Date f Min. Temperature

1977
8.7°C
0.6%"

WSH/19.6Kn/h

-4.4%
o % L

2
",YZ

- 1978
9.2%
0.2%

wSH/2z. 1kt

10,2 m

4.9 mm

“s.1%

4.7%

Hay 7 &y

“+” Departure Date From Gull Island in 1978

31




_ Chronologies of egg-laying

Note: '{:s& Figurés do not represent total egg production for these
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not Sppgal' signiflcm; and yet a phenomenon observed on Gull Island in (
1978 indicates that perhaps enough Vd(fferwce existed to meaningfully
affect the population. 8
On 7 May, 1978 the murres- (and puffins) deserted Gull Island.

Observation of Green Island indicated that very few birds were present
Shere either. Although admittedly circumstantial, it-is interesting. that
this exodus occurred on ‘the day of the month (and of the entire breeding
:season) with the lowest tenper;:ture (-6.1°C) and followed two v..iays of very

., cold northerly winds. .Th'e murres had most definitely been actl’ve on the
ledges, previous to this and had been 1n‘vn1ved in courtship aé‘tivlty. Possibly’
this‘ one very cold day and nigh{ and the “two p’rev‘iou‘s cold days with

northerly winds drove the birds from the island. Conceivably this departure
and disruption of breeding site contact, might have reyarded feiH:u\ay
development and‘ resulted in -Iuter laying’ dates. This could easily be seen
to differentially affect the population so that essentially only those

) birds which would have 1aid early would be affected. The overall result
iherefm_!. would be to compress the layings by having early layers i
(affected) and later layers (unaffected) all lay at the later dates.

5 Uspensh (1956) has provided evidence that murres are subject to rapid
gmad r!crudescence and that at the begmning of ‘the breeding season their
‘gonads are not quy developed. Given tMs fact, and the tight schedu!e
of murre breeding activity, the two day absence from Gull Island (May 7 & B)
could senously effect the entire cycle.

E Certfinly other interpretations are possible, For example, it is

well known that the tie to land is gradually developed in murres (Tuck, ‘

1960). ‘It is-quite possible that the nurres-ad initially returned to the
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istand:at a“later date in 1978 than-in 1977 andhad therefore been much’
more e#sily driven from-the ledges. Such a situation would autu_vnat:icall)"
have led to a later beginning ;o .the Taying per’iod.

It .is also. possible Qhat the intérise’synchrony of laying in the second
season (albeit belated) meant “that fewer eggs' were 1ost and replaced because
of greater assiduousness of incubation. This, difference could have
expressed ‘itsel f in the critical first, few days of ‘incubat on when most

,eggs dre Tost, -and after wmch, eggs, when lost; may nut be rep]aced

" The postponement of 1ay|ng in 1978 had other ramifications. Total

_egg production was less for the sites examined in 1978 than in 1977. This

" was most probably a reflection of there: being Tess time over which ta-lose
and then relay eggs. !\n‘ sqcia] species; where density wu}ks to affect
V§riuus aspects (;f the\breed}‘ng cycle through social facilitation (Wilson,
1975), the collapséd time frame evident in 1978 could have reduced- the 1ikeli-
hood of rélayings as the season progressed. s o

The Toss of eggs.in a murre colony is substantial and breeding

success wou1d be- very much Tower than 1t is if ‘these: birds were-pot capab'le o)

of rep]acement Tayipg. - Table 4 presents data from three intensively

-studied Tedges. In 1977 the mean percentage of relayings for all three “ g

Tedges was 84'per cent, a figure greater than Uspenski's (1956) value of ‘._v
77.3 per cent but Tess iﬁan Kaftanovski-'s (1951) of. 100 per cent.
The values recorded for 1978 are very nuch lower and can be related
;tu those factors prev{ously‘ d{scu;sed regarding e‘gg’-'layivv\g chronology. ‘
. Eggs laid as replacements are smaller than initial iayings' the
" mean weight of rephcement eggs (N= 30) was 10.43 g less than that of nu N

fir

t eggs’ laid. The mean time between d(sappearance of one egg and the,
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laying-of a mplacement was 15.54 days (ranje 14:18), a figure in general
agreemem. with that of Uspenski (1522 days):.

Factors influencing relaying and the duration of intervals between
successive c1utches include food canditiﬁus in a particu]ar yea’r or area,
the age composition of the colony in question, and the hangth of mcuba‘ﬂun
of Tost egas (Slepstor, 1948; Tuck, 1960) .

Regarding this last factor, Kraftanowskii (1951) r'eported that eggs:
incupaéed for twelve to fifteen days were not usually replaced, if lost."
On Gull Island however, eggs incubated for sixteen days and more were
frequently replaced. : i

In reference to the first factors one can only say that thg' age com-
position of Gu7! Island, being (presumably) an overflow pnpul'étion, wouvid
be expected to o high proportion of inexperienced breeders. Prey species
appeared to be abundant during both years although Capelin (MaZlotus villosus
Miller) did ‘not enter Hitless Bay inas great a punber. in 1978.as in-1977.
mthou‘t detaj‘led information on the latter factor it is difficult to

suggest causal relationships. -

Fags

“Two hundred and eighty~;evenb eggs were weighed and measured during
the 1977 field season. ‘Analysis reveiled a mean weight of 108.39 g (S.D.
9.24) -with maximm Tength and breadth ﬁaving means of 82.67 mm (S.D.-3:58)
and 50.87 mm (S.D.- 2.16) respectively. The figure quoted for mean.weight |
underscores the large size of this eggrepresenting as it does eleven per
cent of ‘the adu]{ female body weight. ‘These figures are very sinifar to
those quoted by numerous other researchers \for this species. Thus Uspenski

(1958) stated mean Tengths and breadths of forty-four murre (U.a. hperborea)

et e s st s s B

i
|
i
]
i
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eqgs in Novayd Zemlya.as being 84.1 fm and 51.4 mn respectively.

This same
author noted a mean egg weight of,111.7 g representing 10.6 per cent of the .
mean adu1t body weisht for U.a. iyperborea. . Mean dimensions i;|'ven by Tuck
(1560) foreggs of four Uria aalge subspecies are also qui te simﬂar to

those recorded . for GulT Island birds with nean 1zngth havlng ‘a value of

82.?4 mm ($.0. 1.76)- and mean widthraf 50.86 mm (S:D. 1:07)7; Table' s

conmpares measurements of Gull Island eggs with those fron other areas.

£9gs collected on Gill Island demonstrated the cheracteristic murre
shape having one very blunt end ‘avnd one very tapered.one. Nevertheless,
as plate 5 demonstrates considerable variation exists regarding the exact
outline of the egg perimeters with the long pyriform and Tong oval
desigmations.of Palner (1962) being the most - Frequently encountered. The
c]assw furre eqg is represented by the fnrmer appel'latinn,

Methods for . describing in a precise m;nner the . Shapes of Mrd . €ggs
have been the sub;ects of cons\derable investigation. Kaftanuvski (1941)
described the egg forms of all auk groups aécourding to.index F, i.e. the
Tength of the pointed half in proportion.to the léngth.of the broad half.
The resuTts 6f this indexing. proved Common Murre eggs t6 have the highest

mean values of F or, in other words, were examples of the typical pyrifn'm; .

‘ egg being most removed (of all auks) From the more normal elliptically- .

shaped egg. ' . 0
Preston (1953) developed a more rigorous. method for detemining the
shape of any eag which employs paranetric equations il i detemma}:wn
of. values for three-variables (g‘, Cps C3). . The first tio variables “1\
CZ') are general expressions ‘of hod far removed the egg contours are- fron a

sphere’or, mre exactly, how closely they resemble the simple ovoid. More

e Bl
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Tt e
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: : Table 'S
Conparative Measuréments (mm) of Common Murre eggs
P (after Tuck, 1960)
" Suhspe.cies Number in sample Hean. Dimensions Source
aalge 64 81.0 x50.3  Bent (1919)"
B 287 . 82.7 x 50.9 This study - -
g 100 Bl.7 x50.0  Witherby et al.
albionis # 100 B1.5 x49.7  Witherby et al.
califemica 74 © 8.2 x50.2 . Bent.(1919)
hypertoreas 4 8.1 X514 Uspenski  (1956)
. 29 8.5 x52.5°  Le Roi (1911)
J 2 85.6 x.51.9 -
» i F gm

asm” A
(1941)




“as.follows.. ,Mean area 'of the eggs ‘was.107.53 cm'

N -39

specifically ':hé.'C1 term ig\\an expression of h}nw‘ much the broad ,er‘\d contour
of :the egg is removed from the simple oval~ as C, increases the broad end
qf the egg becume_s more expansive. 62 "\is al‘sn\i called the Biconical Term and
;indicates the tendency of both ends of the eqg to be slightly nbre conical
than in the: Simple Ovoid shape. Accordmg to ‘the Jargon deve]aped by
Preston (1953) the Standard Avian Egg Shape refers to eggs which possess
significant values for only these first two terms with C3 being usually -
zero or negligible. '

C3s where it is expressed, emphasizes the attenuation, of one end of

“the egg-and the blunting of the atl;er. Preston discerned sizeable values

of C3 only in murres and their allies and called an ovoid in‘which C3 is
impuvjtant an A]clfd Ovoid. Thus using Preston's.scheme murre eggsghave a
very high €, tern (have a broad-upper end),a very small C, term and a high
Cy value. - . ' ’ . "

The shape. of a bird s egg is probably acquired whl]e it is in the magnum
Df the oviduct (He\ty, 1962). The diameter of the oviduct, muscular tension
of its walls, the packing. of visceral organs ar;d the shape of the pelvic
bones, have all ‘been implicated as factors in its particular geometry (Welty,
1962).. The shape of the murre pelvis which is very shallow,indeed agrees

w1th Rensch's (1947) -correhtwn of the deeper tne pelvis the rounder the

egg. .
e sy o e 1 " »
* Other aspects of*the eggs investigated and their determined values are
?-with egg density averaging
1.067 g cm™”: Average shell weight was\»9.597 g and shell density was

-3,

determi‘ned to average 2.076 g cm A1l of thesp values were ca]cu]ated

usmg the equations of Pagane'l'h et al. (1974) (\'able 6d). . .
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Allometric Equations For Determination of Egg A
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Characteristic & - Equation” ,'
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shell Weight (W,,,.9) T Mg 4.82x 102 112 i
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“Murre Egg Volume Calculations: . Methods and Sources Lo YL
Method - N suree
V= 0l445 182 . S0 T L bergtold, (1929) 7R

Ve gy g2, presioh, (1974) -

Paganeli ot al.; (1978) .
* “rosbbets, (1927) .




. 'L.)." Indeed recent investigations into-various aspects of egg weight Inss'

a

Egy volumes were calculated qﬂoying a pumber of methods (Table 6b).

* -Results ranged from 95. 19 c- (Bergtold) to 111.885 cm®" (Preston) with the '

Paganelli et al. equation yle!dmg 2 value of 100 cl . . The actual volume -

-as determined by water displacement .experlllen(s‘ (N="10) ‘was 95.88 ml (ﬂs)

(5:0. 11,37). Presumably, for murres at least, the Bergtold equation most .
accurately deter-ines volume, It should be puh{t‘ed out, however, that eggs
chosen’ for '.he water displacement experiments were szlecud as representlng

the widest range of murre egg shapes. This fact, together with the small

-.sample sizé, could result in a-.non-representative mean. If this is the case,

personal observation’ ngg'esis that the mean uou]ﬁ in fact be greater than
that ca'lcu\ated. with the Paéane]h‘ value being a likely corréct -ﬂq;nre.

It has long been apprechud that during 1n:ubat|on il\ egg loses weight,
and that this weight loss :an be ascribed almost kxcluswely to the Toss of
nqter vapor (Drent, 1973). The average weight loss recorded for fifty murre
eags on ull Island was 20.53 per cent'(,S.D.- 2.83). Tu‘ck (1960) stated that
ch: egg loses approximately 20 per cent of its weight during embryogenesis.
S:inﬂar figures have been: recorded for omeir soeclex_l's -eil with Barth
(1953). obtaining a figure of 21.8 per, cent ft?r the Mew Gull (I.;ru.u canus

(mjent, 1973, Ar et al., 1974) indicate incubation time ;nr a given egg !
weight \to be inversely proportional “to the water vapor conductance of the
egg shell, with all eggs,~regardless of size, losing approximately 18 pgr.
cent of their inith'l weight during mcuhagion.

blwter vapor cnnductunce for murre eggs in this study was found to be
16.62 mg.Hzo‘duy'l

.78
" by0” 03 W >

torr Hzo as calcu!ated from the fo’nwing equation.
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uﬁere/S" = uater vapor. conductance of the egg (mg Hzo.day -1 mrr'luz'o)
and W= 1mt|al weight of the egg (Rahn and Ar, 1974). The water vapor,.
conductance of the.egg is in turn set by u:e pore arez and thickness. of the
shell with 'mean values of 3.01 -:2 and .43 mm respectively being deriyed
for murres on I‘u'ﬂ Island. These va\ues were détermined using the ﬂzmﬂng
equations:r- s

YL L= sax m".w"'“s
where L= thié:kness. m; the egg shell (mm) and W= the initial weight of . the
eggs (g) and : s 5 g .

Ap= 92.1075.41+236
where Ap= total functional ppre area (mm) and W= initial weight of the egg

(g). Both equatinns are. frnm Ar st al, (1974).

The predicted 1m:uhahon time for murres based on the eguation of Rahn
and Ar (1974) where incubation time (I) is equal .to 5.2 times the quotient
of initial weight 6f the egg () divided by the water vapor conductance of
the egg (6 qu) is 33.9 days.  This figure is quite close to tbe 32 day
actual value determined during. the present ‘study.

It is unknown .)ne;ner the increase in pore area with:weight is achieved
by increasing the number of porés or tﬁ;ir diameter but Tyler_ (1969) suggests
a tendency ?f increasing complexity in pore structure nith_egg size. Both
‘{uck {1960) and Belopol'skii .(1957) have m!%)ted on the signi‘ficance /of’
the egg shell thickness and porosity. Tuck (1960) has pointed out ‘that the
egg shell-thickness reaches a maximum of’O.S'D.B mn at those places where

the ‘egg comes into contact with the rock surface. The thinrer. po'rtinn of

the she!l located at the large end of the egg has a thickness of 0.4-0.6 mm ,
(Uspenskii, -1958) a Figure, ;:lase‘to that deterniined for the Gull Tsland birds




a3
" using the Ar et al. (1974) equation.
’ Kaftanovskii (1941) and Krasovskii- (1937) both commented on the great
porosity of murre Egg’s» Accord1n§ to the former author the average number
of pores ln the egg shells of murres is~2-2 times as 'Iarge as that found
in shells of the Herring Gul1 (Zarus argentatus Pont. ) and Black Guillemot
(Cepphus grytle L.). Undoubtedly this great porosity facnitates embry_dni:
respiration under situstions where the egg is covered with a sliny coating
of excrement or is half submerged in a pool of ‘watér and bird droppings-
conditions which are more the {u]e t\har\ the exception on murre ledges.
Kaftanovskii (1941), in support of' ‘this statenent, emphasized the fact that
eggs of Puffins (Frateroula aretica L.) and Black Guillemots maintain a
normal porosity as do those of seabirds whose eggs are. deposited in‘ separate
) nests which are kept nﬂatwely c]ean As will be discussed later this high
- porosity is complimented by cerbam behavmrs which also perfoml adaptively
to ensure development of “the. enbryo under. the normal 1y extreme conditions.
of mrre incubation. '

Tremendous variation exists ir; the colors and patterns found inv murre
eggs.. As.plate § demonstr:ates background color “Can vary from w?;ite (Munsell
notation.N 9.5) to an intense blue—gréen (586 8/4) with-pale 'yel]uws (10v
9/1) and pale greens (56 9/1) also occurring. To :unpl}ment this }:qckgraund
the entire. edg surface is most‘ frequently ‘strewn with streaks and aloéches
of disparate shapes and sizes. Such markings are often concentrated at the
blunt end of the egg, a not\ uncommon phenomenbn 'in'birdsAeggs generally
(Welty, 1962). ¢ The colors of these surface markings range from bldck (N 2.0)
through mediul:\ brown (5YR f/ﬂ) to very dark brown (10YR 2/1).

Belopol!skii (1961), commenting on the varying.colors and patterns.fouhﬁ




showing ‘the great variation in-
r markings. - ¥
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i the eggs of seabirds, stated that ‘while the \Dtht ground .colors of murre
eggs could not be considered cryptic the patterns of streaks and blotchés
certainly could be. Uspenski (1958), on the other hand, maintained that
"it is possible to explain such variability in colour.of eggs...by the fact
that this characteristic has 1dttie or no significance for the species, not

being firmly linked to natural selection." This same author maintained that

- the éggs were in fact made conspicucus by their surface appearance and that

the assidudus incubation typical of the murre species was to be given a

" further measure of -significance as a preventative means of keeping such-

arrestive morsels out of the sight of predators.

Experiments co’nducted by Tuck (1960) on egg selection by the Greater
Black-| backed Gull (Lazvus marinus L. ) demonstrated that for 77 per cent of
the trials (N 9) th1s specles selected a plain white puffin egg in preference
to a,co]oured murre's egg. While t_rns evidence certainly is not defmitwe
it dne§ suggest’ that the variations of colour and markings lend some survival
valiie to the individial., .

With this degree of variation it is surprising that'murres do not appear
capable of distinguishing their own eggs. . While numerous aut‘hors have
compented nﬁ th!s fact (Tuck, 19605 Uspenski, 1958) only one has provided
evidence: to the contrary. Tschanz °(1959) stated that members of a pair
behave se1ectwe'|y toward the1r own egg on the basis of colour and pattern.

However, in the same study birds were seen to adapt to eggs of a-new colour

-“and pattern if the appearance of the egg was’ changed gradually. Tschanz

(1959) also stated that there wasacémhiner\i affect of area and egg, the-two
factors per‘fuming'mutua!’ly to produce the.strongest-inhibitions against

incubating a- foreign egg.



& : 46 -

During the present study eggs were substituted in five separate incidents.: )

In a]‘l Leases the‘ eggs exchanged ‘varied a great deal in sha‘p‘e, color and siée

Snd, in all cases, the murres involved unhesjtatlihg'ly incubated the new egg,'

In one of these instances the egchange‘invo]ved a Herring Gull egg which was
, incubated and successfully hatc}md by the murre ;‘ostev‘ paren_‘t.

While it is difficult to explain the singularity of <schanz's findings

 certainly his.coment concerning the affect o \area on the acceptance of a,
strange egg is agreed with. Occupying,.as f.hey‘ do, a very small area of.ledge
amongst a dense group of conspecifics, murres hdve strong in‘hib\‘tions toward
trespassl"ng‘. This will be discussed at length Tater in this thesis..

Embryology . 3 .
ll'ar the .present study weights and measureme;xts of twenty-six embryos

were taken from the 6th dﬁy‘after laying, .until 28 days or just before

hatching. Embryo weight attained 50 per cent of the embryonic mérimu«m at. )

25 qays (approximate'lyvs days before hafching). As demonstrated in figure

13 weight increase up until day 20 was quite gradual (b= .320) as‘compared

with the increase ‘shown for days 21-28. (b= 3.66, p(.05).. The general’shape

of the weight gain curve compares r/avo_rabjy with those obtained by Haycock

(1973) for Herring Gulls and Maundev: (1971) for Kittiwakes (Rissa tridactyla

L.). The average rate of weight increase recorded d‘n thi; study, 1.9 g per_

day, is very close to_ that obfained by Harris (1964) and Hay:ov;kv(1973()

for H‘errl‘ng-Eu'I‘Is. their values being 2.0 g and 1.9 g per day respectively:
Embryos at, 6 days (p"late 64) showed very pvinnounce;i cerebral ?velop- .

ment witr’\‘the mesencep_halon‘heing much e;aggerated. The' 5rosencéphalon and

rhonbencephalon'were easily discerned, as were the. front and hind 1imbs. .

While the digits had not yet begun to-tifferentiate the distal portions of

\ ) 0y
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- Heﬂ'ghts of ‘murre "sinhryos ovér “the Course of their d,:v‘elup[unt’. "
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‘a well-defined lens. As Is typical of avian-embryos (Hamﬂzon

in eyelid dimensions, the eyes had begun to close. . Nails could easim{pe
.discerned on all three toes as projections beyond the per\'.meters of the

" webbed feet. The bill had increased in<length reaching 50 per cent.of the

- 3 : 49
the 1imbs .had broadened. The eye at this stage was pigmented Qd mamfested

I

1955), the v,
head at this stage was the most prominent section of the body with the beak
just beginning to differentiate from the general héad mass.

By eléven days the midbrain had begun to lose its prominence and
the general contour-of the brain. had, taken on d more equable form. ‘While
pterylae remined undeveloped; tiny protuberances.could be dxzscemed over
the general bodylv surface, marking the sites of future follicular eruptions.

Digits had now begun to differentiate on the forelimb with the pollex being

parncular]y nohceable. The beak had furthzr lengthened with the -egg-‘tooth
having appeared as a hny white protuberance ennrc]ed by a fasc'la of pigment

granulations. The eyelid had increased to.cover approxmatﬂy 50 per cent

of the eye.. All three digits of the hindlimb had_become distinguishable

vdth their distal- ends having become ﬂatteped foreshadowing - the appear;née J

of claws. e : ‘ i
The small protuberances first noted on day ll had, further develnped

by day 17 (plate 6b) and had extended to. regions vmere prekusly they had *

been absent; sucn regions included the eyelid and head region gknerally

and_ the e;tr’ev/naties of both hand apd tar‘sus. Along the humeral, dlar. spinal

and femoral tracts feather eruption had taken place and; due to the increase

embryonic maximum with the white centrum of th‘e egg tooth having.expanded
to dilute the pigment circle so pmihent on day 11. Further, the upper

manible had taken on'a decidedly hooked appearance, a somewhat' surprising




_“swelling noticeable om day Zl. The Tower nndlb'le contour had now develond

tevelopent considering the very straight Tines of the adult beak. Shoulder 1
to tail and arm dime_néims‘had 2lso attained 50 per cent of ﬂ\e’mbtynnh:
seximm. S )
= Further Ch}nqes in the bill*had lppeared by day«21 (plate 6¢) with H
~the distal partion of the Tower fandible showing'a sTight snﬂ"ng. The
hook on the upper mand\ble had become much more prominent as had the egg
. umth. Fhese deve1opments and - the hardening of the entire bill structure
all indicated prepuredness forlemerggnce from the egg. The eyes were '
comp]ete’ly c1osed by now and’ fﬁathers had appeared on all body reginns‘
Large h]pudp vessels were quite noticeable at thls stage particularly |n

g V'zg arrlacking general |nteg'un!r|tary pigwntation or mchermg - e.g. tnrsi.‘
fect, Jloweraddy. Ear openings were clearly visible. Claws had further

developed, havhg taken on 2 definite White-coloration. _The e had - J

5"'\/\’

o do-' ir' ased beyond 50-per cent of the esbryonic maxinm and 2 thin strip
. of vebling had developed on its undersurface; This webbing is retained
in adifts of

s species whose members do’not possess 2 hallux. .t

By day 25 kpluz 6d) the entire body surﬂce was_ mvered -nr.h down - e
feathers ‘of awToxiuuly m L] |n Tength. These nuussuptb'l es were dark

‘on the’ dorsum, Yight on the be“y and showed a gndatinu of shades aloﬂg <

the s‘des» The. "sﬂyerirlg evident in newly-hatched-chicks (page 65) was )
ubs:ryed at.this point with nmﬁemns «ﬂ"rk down. fnthers having a lighter

aspect alnng their surface. The distal pnrﬂon_s ‘of al] claws were turning. ¢
aarker as was the ‘m,st distal one third of. the‘uppa'r‘mndihle. I;lgmé;uoatlnn

was just appear: ng 1n the hmer mandible which had seen a reductinn In the .

Cowitha dpé \at tf m(tmz distal end over which fitted the hook of v




the upper jiandible. Scaling on th& tarsus was apparent at'this stage with '
‘the anterJur scutenate and. posterior. reticulate patterns bemg clear‘]y o
defined, T R R
3 “The tarsus and foot had taken on the characteristic greyish hue and
. the tgrsa] sg:aHy_lg had been completed by day 28 (plate 6e). _ The bill had
turned darker than in earlier stages and/ the égg tnoth_appearéd much as
it does ‘in newly-hatched cn‘m;A The hook on -the upper mandible was sti‘l]
present but the lower maridibTe now. appeared of:very ‘even contour.ﬂ The:
neossoptile covering was noticeably mx;re densé thari was the ‘case ‘on day
is\and the Iength’ of the down feathers na‘d increased to approximately 16 mm v
; Figure 13 presents growth measunements for the various embryo. regions
. recorded durlng thls study.

; Incubation e 7 i . i
= Murres are assiduous incubators and commence “sitting" on their eggs
_.immediately aft.erl la‘yinm Such eérly.incubatiun results in the precariously js

placed egg being offered inmedi'aﬁe pruteétion from_the weather, predatorS

and roHIng from the ledge surface. On Gul'l -1sland, as in-other areas, site,

tenacity increased markedly with the onset of Taying and even newly=laid"

eggs, were seldon Teft unattended. - P !

The duranon of the 1ncuhatlon period is quite variable and undoubtedly
_the Tedge micrnc“mate pldys.a key vole in its deteriination (Tuck, 1960)
.The shortest period recorded fnr th{ species is 28.days mth -the- longest

helng 35 days. + Individual per'ods recorded for GuH 45]6"(1 ran from 29 *

- t035 days in 1977 (N= 50)" with a mean of 31.9 and fmm 29'to 33 days with‘_

a mean of 30 lll 1978 (N- 40)

N Im:ubaﬂon period |n this sr.udy (and‘ in those previous) was the time

i
|
|




JFigure 13 Y
erth measurenents of the various enbryo regions £
recorded for this study. »
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interval between laying of the egg and emergence of the.chick (Heinroth, |

1922)..
variation reported for incubation periods_is atﬁ:utah’le to the varfation ~

This definition has- ¥imited accuracy for murres as much, of the o ]

in pipping times. If incubat\:nn period: w&%\ieﬂn d,as terminating with
appearance of the First pipping hole, reported incubation . tines would
certainly be a good deal less variable. "!f this is done for the 1977 ‘season
on Gull Island the incubation period range decrease;\by 3 days (to become
29 to 32 days) while the'mean incubation period-decreases_ by more than 0.5,

of a day (to become 31.3 days). { % ¥

Besides the ledge microclimate (noted above) individual differences
between birds mist also be considered to afféct the range of incubation
periods. As well, it should be noted that eggs used for the incubation

Conceivably

analysis were not differentiateéd as first layings or re-Tayings,

this could affect incubation time because of egq weight/incubation relation-

ships. naied earlier. = Furthermore, there may well be a behavioral changé

in the adult associated with a replacement clutch. Uspenski (1958) noted - i
that Tosses of eggs and chicks from a'second.laying were.much mgher than ’
frum a“first.

As incubation proceeds the site (egg) tenaci ty expressed by myrres
becomes .more and more pronnunm: On numerous occasfons. this author was
allowed to approath incubating murres to within ’Iess than''1 m. . Indeed,
while eggs were being weighed and measured, some 1ncubatmg murres remained
with theIr charges \for u'to half an hudr. In these sttnatwns the greatest.
‘agitatwn was shwn when the nhserver stood erect or attempted to move hehind

the birds. Such’ observatlons imﬂcate that cauhon ‘4" approachmg the’

nesting ledges can effectively reduce mstur[nnce h! co]on{es. Thus, when




i
i
i

* doain settle on the egg. The only other activity noted during, incubation
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this observer appmched‘ with his body flitt;ned against the rock face,
the murres conscious of his presence would back slowly off their eggs, turn
and face the sea, and eventually depart. Infrequently birds having moved
lway from their eggs would return and settle down on them again viﬂmut

ever Teaving the ledge. ' |

¥ien approaching their egus \the murres would often spread. their wings

"sTightly so & to protect the egg if it Started ‘to roll. Once settled on

|
the egg they would fold their itingé and pocket” them. When backing away P ]
from their eggs they aftethted a similar posture. i

Murres often 1n~gubated eggs for lengthy periods of time without being . ‘

reldeved. Continuous observation at site 5 on 25 June revealed that seven

. murres remained on their.eggs for periods in excess of twelve hours. Such

lengthy periods-of inactivity were broken oily by stretching movements;
infreqiently the bird vould stand erect, strech out its neck and pafnt. its
bil1 towards the’ _lel"ﬂ'cal. shake its head with its gape distended, -d
rapidly flutter its wings. After this process was completed the bird ml? :
was preening. Self-preening was usually carried n;k shortly dfter inculgtlnn
commenced. The bird involved would be only $hortly returned from the ses
and the preen(ng would serve to arrange the feathers and to waterproof :-m-. \ l
The- Tatter ﬁmcnnn was carrm out by first rubbing the bill under the tail {
and qresmhly contacting the umpygia'l gland and then rubbing the bill over } if
the fea!ners. Allopreening (the pre!mhg of one_bird by u;wther) was n]sn b

uccasional]y observed dur'ng 1ncubatian. This sometimes 1r\vo'|veﬁ two '
incubating birds o more usually two embers 6f a mated pair, one of which

would ‘not he‘ncublting. . In over ninety, per cent of the cases- observed
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(n= 325) it was the latter which preened 1'ts‘qincqbaﬂng partner.. Reciprocal
allopreening ( Mutal vreemngi was smnetimes observed between menpérs of
a mated pair, one of wmch was incubating. = /

lee one firre was mcubatmg the egg its ﬁar—tnzr was usually at sea but
often the two could be seen. together on the ledge-. Changeovars of incubation P
.duties were usually casual-affairs with the incul;ating murre rising and
moving aside as its mate moved to take cnarge of the'egg. \]’hﬁ elaborate
ceremony described by Uspenski (1958) as Susudte where thelegg is transferred‘

fron foot to foot (i

his species the egg _is not |n:uhated on' the ruck ‘
but is held on the webbing of the feet) thween the amr]:s was seldom ; . g
observed on Gu1| Island. It may be that in- very crnwded, sloping IEdges i
this manoever reduces loss of eggs. " The fact that chese conditions are

rare- on Guﬂ‘ Isiand probatﬂy explains lhe Tow frequency of this m%wr

In‘certain irstances the incubating murré did not appear mr.qmed to . J

Teave its charge and was in such cases litera]ly forced off the egg..
one such’situation the relfeving murre, after several times pldcing its /

bill beneafh the incubating bird, ‘placed it:s‘upper body beneath its mate's -

) pedk and forced upiard displacing the iy‘\cubaung bird. The newcomer then .

asmmed incubation. After being re]ieved most birds ﬂew out to sea wlchin \\
a few minutes. Some re'lieved birds did remain on. t]n Tedge in excess of !
one hour, but this occurred for less than fiye pér cent of .the nhservat1ons : |

Incuhatlon pnsltnw varied for Gul'l\TS'lamf birds #ith both the prone ’ ]
and upr\ght stances being frequem.\y nbserv,ed. " Tuck (19‘50) s‘ta‘ted fhat . !
‘the p}-one position was more characteristu: of i ck- b{l]ed Murres while ' g
the Common Murre most f\-zquenﬂy adegts l;he uprlght.pns_it'lou. the 'Ii\‘.ter‘ ¥ l

being an adaptation to’crowding.. Evidence from fhis study supports the. .,
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suggested association between incubation pu;ition and nestfng‘denslti‘es.
Murres nesting-on Gull Island do so at densit‘(es far below those ‘found in’
many larger colonies: Because of this b1rds can mcubate in the prone
pos'ition “without mterfenng with the bird nearby. Furthermnre. the hroad
Tedges which fonn many of* the Gull Island sites (e.g. 4, 5, and 2) are sloping
and lndented 50 that they-are actua'lly step-like. Such formations are’
conducive -to occupancy by single rows of blrds wlth enough space available

for sprone. incubation. * Dbservat‘lnns at s1tE$ where the 'Iedges differ from ,

= the above (e.g. 1 and 9b) and where déns-n:xes are ‘higher \ndlcated a much

higher percentage of birds incubating in the upright position’(75% vs. 25%
at site.4). Apparently Comon Mirres can adopt whichever incubation pos ture
ledge conditions dictate. In situations where space is available the'prone X

_position will be favoured. <% X .

Murv‘es do nnt appear capable af d1fferent|atlng between fev‘tllwld *

A\nferme eggs. dn ten occasions at-site 4 alone-murres were nbserved

(ncubatmg eggs which were infertile or which, because of their pnsnian,

could not possibly hatchs seven of these eggs were incubated: for periods

of time in excess of the normal incubation period. ‘Four of ;hE'eggs were

positioned in crevices and -therefore were. not being succeésfﬁﬂy brought |
into cnncgét"with the brood patch; three of these were abandoned after
appruxln\ately twg 'weéks but ond v_fas_ incubated for thirty-six. days. ~Hhy
\Kinﬁ willd contine ts fncubabe such éggs Ts STFRICUIE 16 understand -

such wastage of enei‘gy is se]dﬁn tolerated in nature. Presumah]y the low
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embryonic development.” This indicates that the incubating ni»ra possesses
adaptations enabling the embryos to be'maintained under these optimal

E conditions. - Furthermore,, the embrya itself produces heat which should act -
as a feed-back mechanism to assure the parent. bird that ity efforts aren 't |
being wasted. For the Herring GuT1 Drent (1973} showed that embryonic heat ‘
- production begins. to. exceed euporatwe heat loss at about ten days of age. i
If avsinilar ting frane. operates for murresethen the abandonments noted '
. nhqye a},‘fapnruxlmate!y two weeks cnu!d _represent responses’ to negative signs !
Y ,“(la%:k-of heat)vfr.om the egg‘snat‘ ‘this stag'e? fh;'percentage' of birds nbandnm‘ng
A » sﬁau‘ld not. be :onsidered indicative of, the number which Eecngnize and leave
U7 Uinfertile eggs. Aumerous infertile eggs could possibly be included in
) tifose lost through breakage and"predation. Tuck (1960) smn:rly noted |
murres incubating eggs which could not posswly ‘hatch.
On two occis‘lons incubating murres were observed to bréod chicks which J
4 had \ﬂmered ever to them.. The sxgnificam of such altruistic activities

i1 be discussed elsehere in this thesis. '

lhtchmg

Hatching in murres can be a ‘long process. um\ mean piwing time for

3 A " Gul1 ‘Island birds being 2.7 days (5:D. 1.21), Table 7 shows the various ‘.
k i durations nf% pipp.ini (froin the First ﬁunétufi of the shell to epergence
'n; the chick) and the nimbers of -eggs in.each group. Clearly there is, i
% * much variation in pipp{ng tiue and presumah]y there is no strong selectinn
pressure favnuring rapid dzparture frum the e9g. The sﬂ.naﬁon is much LTl

\ different in mny charadrjiforn" (and other) species where synchrunuué

" hatching of entire broods occurs within a few hours (Vince, 195

Hairline fractures, -so frequenﬂy reported by rasearchgrs for other

s she Lk £ ; . A
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species (Maunder, 1973; Orent, 1973) as preceding the formation of the

“~pipping hole, were not observed for the murres during the present study,

Their “absence” may have been a-mechanical factor due to the thickness of
the shell or it simly may have been that the coloup3 of the eggs made sl
these fractures difficuit to observe. Other researchers have also failed L
to report  their presence. ‘

0f sixty fggs observed only ina single |n.‘snnce was the pipping hole
discoveréd on the undersurface of the egg; in all others it appeared on
the upper surface-of the blunt end. This :mnpares favorably with obszrvations
on birds generally and this consistent pattern of appearance:'Gf the pinpmg
hole in the most advantageous position has led to speculation as- to the
mtlmds respﬂuslble. Tinbergen (1953) considered the dual roles of ~parent !

ind_d\ick. observing that the former must for some reason cease unming

the egg after apipping hole has appeared and that the chick must initially

select'thie uppermost portion of the egg to pierce. Regarding the parent's
behavior, Tinbergen discovered, t;rwgh the means of egg "dummies” that
it was not: the sight of the pipping hole itself 'm: was the influencing
factor but rather itwas the 'éeeph-g' vocalizations of the chick.” The

chick's abiTity represented a normal response to gravity.

[
Drent (1973), in his sibstantial work on Herriig Gull incubation, ’ :
that ‘weight Z t in_the egg is responsible for the
embryo, which has assumed a rélatively static and muracter‘lstlé position X
a few days before hatching, peckinj)l hole fn the uppér surf:‘a‘ce of the. egg.
Furi‘:hermre. for the Herring 6ul1 at least, the embryo does‘nat rotate on - L |
jts” axis wi thin the egg to eventyally,sever ft in to. - for this md certain ‘

other species the separation of the shell into halves: is accomplished via.
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head rotations only with the circular cutting patterns being essentially.
dictated by embryo position. The cut thus made is usually about 120 degrees
only. * s

Personal .observations ‘and those of Tschanz (1968) démonstrate. that
_ murre embryos ‘do move through a complete 360 degree turn-while hatthing.
A-similar pattern has been observed ‘in the Turnstome (Apémm interpres
L.) (Bergnan, xslaj,whi'l‘e the Black tailed Godwit's (Zimosg limosa L.) *
strategy resembles _that of -theHerring Gul1 (vide ‘Drent, 1973). Presunably
no fl‘x.ed pattev"n has, been: determined for this phengxne‘non in the cljaradrij—'
formes. B )
Regarding mod\hcatmn of parental:behavior Tschanx (1968) Stated
that “the calls and hﬂl activity of the chick (in the egg) stimulate the
adnt to Fise frequently, ol the egg, itter an-'egg acceptance’ call and
to *feed’ the egg.” In the establishment of a parentichick'bond these last -
fen days of iricubation are, ther, of extreme inportance - in such a nisting *
. situation where. qunbers are dense and territories are small. the mutua!
‘recognition of pa‘en and chick is of much significance. = The ab‘lhly to
find one's own chick " (parent). through vocal means (impripting which occurs
F umle the :Mck is still'in the egg) remains important throughout the pre-
fhdging ‘and ﬂedgmg permds. It ar,tamg acute s1g!|1f|cance in sn.uanons
vhere -the chick has wandered away from fts hatching area (which sometines
occur's after the ﬂrst few days)- and at the timé of seagoing: Vince (1969)

has also reported on the s1gn1ﬂcance of ‘pre-hatching vucahzmons, staing

that the :wrdmat!on shnvm by many- species -during’ synchronuus hatchmg B P

of entire glugches is achjgved via sound. sagnals exchanged” by chicks while -

sti11 i the egg. - »
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! ' The chronologies of - hatchirig for the breeding seasons on Gull IsTand

are illustrated in figure 14. As would-be expected from the Taying chmm:lngy- L
3 outﬂned-earhe\ (Figure 11) the 1977 season showed an earher heyinmng
to hatching. In this first season sixty -six per’ cent of«aH Chicks- emerged *
within the first week of hathing »;'nh smaller numbers appearing h}e into
.the —sea;on. The 1ast recorded \hatching was Jily.16.. In1078 Ae4ghty'per>
cent of al1 chicks appeargd within one five day/ period with fewer chicks‘"
.béingﬁrxordéd over the total hatching: period than in 197‘7,/ Both of ‘these .
Tatter results (which of course are themselves interrelated) are“ex‘})réssiuns
-7 of the reduced mumber of relsyings resorded in the’ i's7.s saason.”
- fggs hatched at all tines Of the day with there beirig no__indication
i that weather was a ﬁdifying in’f’luence‘ -Maunder (1973) gave evidence that

. weather might have a modi fyIng affect on hatchmg dates of md1 dual eqgs .

" for Kittiwakes.

The hatching ‘i tself ‘was tym cal, with clnck activity patterns bemg

© 0t of varying duration and auemmng with. peibds of rest. Ch1cks were quite

ol " yocal thrbughuut( the entire hatching period and are presunably affurded thfg; Tt
* :xqravagam:e by the mtense 1ncubat|on of the parent bird and the advantag:s .
g * which accrue to both chick and adult as a result of pre—pﬁkh’mg vncahzamns.
4 ’ E .. Parental assistance of hatching ch1cks, s reported by Tuck, (1960)°¢

“and Belopol 'skii (1957), was mzt -obsérved durmg this Study. T
3 Ohicks v p ' “ J . g

¢ hicks: emerg!d dioh e eggwith reminants oF the yolk'sac “StiiT attached - -

| Tt and relied on these nutrients for Lhe first two days The chicks were ™ A

L ptilopaetic, hatcinng mth a comp]ets covering of dowri-with a mean hatching

. E xengtn of '8 mn on the head and 11 m on the back (w 30). . Chické hatching
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| "Figure 14

Chmnulngies of hatching at sites 4.and 5 for 1977 and 1978."

‘Note: these figures do not represent total chu:k production
or these ledges.
—~
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day 01d mrre chick showing. mchancceristlc prone posluan.
Chicks of tMs age are umable to maintain an upright s
tipped feathers of the head and neck reginn are clearly v|s1ble.

Ssilver-
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*. on’ Gull Island were consistently charcoal-grey on the dorsum with a white
ventral ‘aspéct-and suffisions of tan appearing dn-the neck region.. The -

, belly white extended as an inverted "V" into the darker throat reginn‘anq
the egg tooth was very prominent at'this stage. .The head feathers-had a
silver-tipped appesrance which extended to the neck ana)n%oat fegion (p1ate

‘7 a,b).

By day 6 neossoptiles had disappeared from irge. portions of the wing
(and ather body regions) and contoir feathers were emerging over the general
body surface.. By-this t‘ll‘ﬂ the egg tooth had faded and the yolk sac was’
comp'lete‘ly resorbed. :
The development of -the 'mesoptﬂe" plunage (Bedard; 1969) continued. ’
" and at about'twelve days of age cantcur dEathEE Ndhe 1T davelties

K everyw[lere, except on the-head and neck. -In the latter area the tawny
band of neossopt iTes. remained. Plate - 8 shows a chick at approkinately
this stage of development wlth the or\gmﬂ neossoptile plumage. bemg -
pushed outwards by. the deveh:pi ng contour fEathers

At approximately i fteen days of ade advanced development of the nesophile
Plumage was oted Viith the white of the belly being almost contimous vith

the more recently, developed »ihvirte.nf\‘the throat and’ cheek regions. A sﬁarse

. band of ‘dark néossaptiles usual Ty renained in “the throdt region at this

stage. Feathering-in of the culmen and eye regions had been completed and

in"many chicks a ‘proninent black stripe could bé observed running: fron the

culmen, -throwgh the eye and fnto the dark plumage at- the back of the head
and neck. This stripe was very conspiciigus as it ran betwsen the white.
area-along the cheekland the grey aréa on the head (plate %.h). The egg

tooth, when present, had become v!ry scale-like and often rubbing the "cooth"







3 Pldte 7b
A three rhy old mm mjcé Note the prominent egg-tooth

I‘nd
- the silver-tipped head and throat: featﬁers and_how the futhtrs in
these areas resemble hairs.

:







A twelve dqy old murre chick showi
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being _pushed out hy the uveloping nesolee ph-nge.
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‘A fifteen dI_v old murre chick Mnﬂ deta
pmnunthlack sMpe r\lning M and

g
i G







Sl W

", ‘consumed. Of the. remaining food_itens only Sand Lance (Urmodytes ahericarus)

2 ﬂle chick: Had dlfﬂcu'lty maninu]a

, would cause ‘it to ke oe. Smigor plumage developments had al1 been

* completed by this time apd from this point until’ fledging energy allotted
to plumage was presumably invested only in"growth of the feathers (and
“possibly conditioning them for continious’ inmersion in water):

"+ Murres iave ‘baen. shown to feed on ' mimberof priy’ species (Pearson;
"1968; Cody, 1973; Uspenski, 1956) with the diet of particular populations
reflecting ‘local -abundances. Thus si'rnghegc (1976) and Pearson (1368) report.
-h?yjn percentages of Clupedgae (Herri_v:;s) and, Atimodytidae (Sand, Eels)
respectively in the diét"uf murre cmcks' in Great nr‘mimwhﬂe in, the
wastrn Urfted States En FouTidEs (ockavies) dre the wost fnportant "iten }

Y fed'to the ydung (Scott, 1972 Cody, 1973).., !
Ti. - food ftems mtumed t0'the breeding Tedges by sttt murres on Gull_

.Ishnd and "the »ercennges of ach are snnun In table 8. As me table
R ‘mdl:at.es chick d|¢t ns very slllﬂar over: both seasons with Capelin (Maliotus
. villosus-Muller) represzm.ing ninety-four per cent of the total food o

“was observed being eaten. Short-finned Squid (Ittex illecebrosus (Leseur))

although mfreqngnny brolight '€ ‘the. Tedge by adults were cénsistently refused
by'the chiicks. - Presumably. the latter speciés-was brought to the chick when
‘other. prgy items were difficult to procure and/or squid were Jery abundgnt

Ewenence mn a captive-reared-chick also indicated prefex'ence for :qu.. bt

the early (1ess than seven days) stages of its devﬂopment :

ng_ items. of certain texture:and, although

hpmgry. would be’unable to plck up, or even in some cases, swalTow, mnrsel’s:

which had a greasy surflce. Th!s parti:ular hamﬁ:lu resu'lted in an nbserved

preference in tMs ‘one capt‘lve bird for cocktail sausages over calmﬂd Sardines

L 3




or regurgitated and/nr partlany demmposed Cape'\m For chicks on .the

. Tedges however, the refusal of squid was probably a mechan)ca1 fun:twn.

this food “iten being simply ‘too Targe for' their gullets. . The preponderance
of Capelin in the diet is easily explained by the fact that.during the period
the chicks. are on the Tedge this superabundant. species is ysually close
inshore for its arinual spawning (Winters, 1966).

Birkhead (1976) found evidence,’ on Skomer_IsTand, Wales, that adult

birds were se'lect"n"ng fish of .a:certain size to feedtheir chicks. "On Gull

3 £ , L A
Island-a similar phenomenon.was recorded in’'a somewhat exaggerated form

where adult murres were observed with Capelin which. they had severed befnre

returmng to the ‘Iedge. The frEquency of this ncr.urr‘enr.e was appreciable,

\* representing approximately ten per cent of all returns with fish. On Skomer

the .proportions of fish spé:ies involved in ‘fish-presentation differed

significantly from that fed'to chicks. Fish-presentation is an inter-mate

behavioral phenmilennn to be discussed Tater. For this study the selectfun
of Fish species was similar for both chick diet and fishi-presentation al-
Lhough squ)d were never reccrded for the latter.

On twu pccaswns observatlons of ‘chick feeding activity were cundur_ted
over fourteen hour periods (figure 15). On 'both days feeding activity

gradually incréased in‘the early morning and tailed off: in the late ‘even1ng,

‘peaking between mid-morning and late ‘afternoon. Comparison of this figure

_with number 10 shows how more and more birds leave the ledge to feed  (them-

selves ar!d the chicks) ‘as the morning préceeds and then begir; to return to
the ‘ledges in the evening to roost overnight.” Fhe difference in total numbers
of fish brought to-the ledge on the o gk v{y reflect a decreased rate
of feeding for older chicks.. /Birkhead (1976). observed that older chicks

v, =
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|
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1977

i Table 8

Fnod items. resurned f.o the: Tedges by uduh mms
-on Gu" Island 1977 and 197! 8

Mallotus villosus

N % total
170 92 9%)
»350-(94.1%
520 (93.7%)

e

species ;
n Titex 1
TNZ total N % total
-4 (2.29) . 9 (4.9%
Y11 (2.95%) . 11 (2.9
1502 2 (3061

s Total

183
555 .
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Figure 15 . 7

Chick feeding act\vﬂy fnr sites 4 and 5 rer.urded over’ 14
hour: periods.on- 'Ju1y 12 and 16, 1978.




Nos. fish per. hour
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50 N=302
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were. fed Tess often on Skomer. " This ‘same author discovered a small peak
of chick feeding soon after first Tight with there being a significant
(t 3.74 IBdf p<0,002) dlfference between feeding rate in the morning,
0.257_feeds per chick per hour, and in the afternoor, 0.193 feeds per

cm:k per haur .

Mean Feeding rates were determinéd fron the contifiudus abservations
on ‘the 6 and 12 July (reférred to above) and from observations conducted
over ‘shorter periads of, tine on five different occasions.Table 8 dutliries
the.duration and timing of each of these observation periods and records
the ‘individual mean feeding rates per hour and per day (actual or extra-
polated) as weu as overall hourly and ‘daﬂ‘y avéraées of f:eding"activ‘lty.‘
A1 observations on which. analyses weré performed were conducted at site
5; supportive observations Were inadeiat sTte 4. i 5

"The data gathered over these periads idicated a meaf hourly feeding
rate for forty chicks (aged 1'72 weeks) ‘of 0.231 feeds per chick per hour.
Foé consumption over the entire daylight period {taken as fourteen. hours)

was calculated to be 3.25 feeds per chick per day (5.D. 0.806).This Figure

-is thought to:be a 1ittle too high and it§ exaggeration results from over-

stated nean hourly feeding rates determined for the shorter observation
ﬁeriuds and _the dependent (:extrapolated) est‘imnt‘ions of .daily feeding
interisity.” "A moce accurate figuré would be in the order of 3,00 feeds
per cm‘:l‘( per day. ' ; ! %

- Birkfiead (1976) found the food canswgp‘ci‘un of a total of sixty chicks
(average age 9.9 days; range 1-20)-over ‘the entire.daylight period (e!ght-
een hnurs).to average 3.23 feeds per chick per day (S.D. 1.42) with a

mean hourly feeding rate of 0.23 feedsper chick per hour. o
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The mean weight of Capélin in the Newfoundland area is 26.5 g (Winters,
1966). - As this species: conshitites greater than ninety pér ce’;t of all
food items brought, o chicks the fiean daily feeding rate of chicks aged
1-2 weeks transTates into apprékinately 79.5 a'of Fish per chick per day.
O Skomer, Sprats (gju’pea oprattus 1.) formed 95.4 pt;r cent of the total
prey items and, with a mean weight of 8.8 g, Fesulted in a daily food intake’
of 28.4 g of fish per chick per day (Birkhead, 1976).° The\prey diménsmns

on Skomer agree with those reported by Pearson (1968) and Scott (1973) for .
the Farne 1sTands and Yaquina Head, Oregon respectively, but are ‘ynaller

than Uspenski's repor‘ted 15. g mean weight fov‘ _Novaya Zemlya b!rds d the

259 figure quoted by Tuck and Squires (1955) for Tmck billed Murres

AN

tained for the present study although the préy species were different with

Akpatok Island. This.las¢ figure is very close, to the 26.5 g figiire ob

Polar Cod (Boreogadus. saida: (Lepechin)) r?vresentlng 345 per cent of an
food items brought to chicks-on Akpatok. ¢ .
Chick-‘growth. was calculated using the foﬂwing equation (Banks. 1959)
¢ . R= 2.3 log Wz-'lug He
5 W v
where We weight and t,-t; equals the time 1nterva'l ih days; 2.3 15 a factor
" used to-convert logarithms to the base 10. Data were .combined into two-day
+ periods 5o as to allow for:better comparison with.Birkhead is (1976) data.
The overall R is therefore a summary (mean) R for the entire “Nestling"
period. For the Gull Island cmcks R was calculated as 0.063 (S.D. 0.056)
in 1977 ‘and 0.062 (s. D 0.043) in 1978
Table 10 gives a cnmpansvn of patterns of weight 1ncrease for three
.populations, namely: Gull Island, Newfoundland, (this study); Skomer Isiand,
wGreat ér(taiﬂ (Birkhead,. 1976) and ‘the -Farne Islands (Rearson, 1968). While

|
|
|
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\ sites .

SR Nesiiné'oens|t1es of Murres at various sites on Gull 1Island

x

Notes:

1=

3=
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Table 11

. Demsity e 5

iy 3 L
: i . s
X ¢ i
X t
i X
X : :
: S

X b = !

: g
X -

Sparse- 2-3 prs./mg &

Medium 3-4 1)75./:1\2 e
High 4-5 prs./m" *

I = site deserted both seasons - *
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a
different pat}.erns of weight {ncreaj’are indicatéd for the three groups

durmg parhcular days, the overall growth rates (R) are not s\gniﬁcanﬂy

different (1= 165 ar= Toco.05). The different patterns of weight fficrenents

probably reﬂnt day o0 day variations in c)m:k feeding ‘rates which may-be
influenced by weatNer and/or prey- dvstnbunon in the different areas. Birk-
head (1976) showed a significant negative relationship between feeding rate
and ‘sea conditil}ns (r=10.563; p<£ 0.01) which accounted for tv;iriy-twu per
cent of the va?iation in provision’ingLrate The .provisioning rate of chicks

ghest durmg calm sea condltlons when;- supposedly, .the ab|th of ‘adult

murres to capture food is greatest.
It should he noted at this point that all chicks for which growth data
mpresentad were from 1edges in sites’4 and 5. Coulson (1968) has: suggested
theremay be dlfferences in the quality of birds nesting 1n “central” a
“peripheral" sites. .Both of the above areas have shown continued increase:- .
in bird numbers over the past ten years andiat present represent two of the
largest on thg island. Furthermore, the breeding suecess (table 17)- for
both these Tedges compares Favorab'ly W‘H:h others on the ‘Ishnd their pupu'lat-
ions being more groductwe than the majority. Nestlng densities for areas
4.and 5 (especially) were among- the highest for the istand (table 1) but ’
this did ot appear to.affect breeding success in aqy~cons|ésfent manner’.
Thus for tr}e Gull Island _situatién at Iéast, an exact distinction between
"central" and "peripheral”-sites, and the connotations these terms carry;
remain undefined. . Considering breeding success 'to be a good ingﬁc‘ator of
~habjtat quality it can safelybe assumed that chicks used in growth analysis

for Gull Island were from areas more "central” than "peripheral". The

possibility that human disturbance’ affected growth rates is considered slights "




' claw_Tengths all have a mean value at hatching.of greater than forty per

“are ngt present.  This is in part a result of combining the 1977 and 1 E

2 80

Birkhead (1976) found Tittle difference in development of chicks visited

reqularly and those visited only’ oice or twice during .the "nestling" period: .
Between days 1 and 16 chicks increased approximately 144 g giving an

average increase of 8.78.g.per day. ‘With a daily food intake of 75.5 ¢ !

of fish this gives a conversion rate of 11.6 per cent; 8.59 grams of fish
were required to i)uIIq one gram of body weight. Chicks nn- Skomer (Birkhead,
1576) averaged an increase bf 9.25 g per day, showed a conversion rate of
31.3 per cent and required 3.2 g of fish to produce ‘ane','gra'm of body“Weight .

The development of various body regions’for sixty-five murre chicks- =

is depicted in figure 16. The-graphs differ from those recorded by previous '

researchers-in that definite asymptotes and/or pre~f1edgjng weight recessions

data; figure 17 shows how the 1977 and 1978 growth curves differ and for ' ' J
1977 weight. an'd.tar's_us ésymPtutgs (but not pre—f'lédéing weight recessions)
can be seen. ’ ) )

p . 2 g i
For the six body regions presented in figure 16 a nranuuncedldivisiun

is+ immediately apparent between- the development:of the ‘foot .(= foot and

tarsus) region generally and all other body areas. . Tarsus, middie toe and.

cent of their vv;e,an adult values. Culmen 1ength‘, v)gight and wing chord,
on the other ham'i,k‘do not -attain forty per cent of adult valués even at
fledging. By the‘ éimg c!!'lcks are ready to go to sea the tars‘us. middle
toe and claw are all in excess.of seventy-five per-cent of their adult
dimensions - S et

Such; non-uniform allottment of energy is found in many species.of

diverse phylogenetic position. .Ground-nesting altricial passerines, for
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Figure 16 . o

- A I!evelnnunt of 'var ous body regions of 65 murre
5 X expressed as l&ll! size in 1977 and. 1978.
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example, also show marked differential growth of body parts with strong
selection for early development of the feet (Maher, 1972). Clearly those
attributes which afford the greates survival value to the developing or-
ganism are selected for and, at this critical stage, rqthér than evenly
distribute its energy, the organism allows for rapid growth of those essential
body perts and functions which aTlow for continued development of the chick
under Tess hazardous conditions.

For murres the fget not only provide stability uh%]g on the ledge but
also are required by the chick to swin away from. the cu]on'} at ‘the time
of fledging. As murre chicks, like the'aﬂu]ts, rest on their tarsi, all
three "foot” parameters are intensely selected for with the middle toe
indicating how fast the foot generally i3 deveioping and. the claws being
advantageous for climbing about the ledges and maintaining a hold under
slippery conditions. e

The lairge size at hatching of these three body regions suggest their
confering immediate survival value' to the hatchling1.e. while it is on the
Tedge. Certainly for the claw it is difficult to imagine what advantage
this ‘structure would offer birds while in the water; selection in this case
must be’seen to operate almost totally for survival on the Tedge. The tarsus
certainly is of great value while the chick is on the ledge’and is also
fiportant at sea. The Tength of the tarsus should control the Tength of
the ‘oot stroke during swinming and thus exert much control over the power
of ‘the forvard thrust. Furthernore, the length of the tarsus may be inportant
for the leap from the CIHffs at the'tine of fiedging. At this time tre
chick must Jeap nutwards and away from the cliff face i"d. a’lthough aided
by the small wings once airborne, the initial force during leaping comes
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fron the Teg and foot regions. ncreased leverage at this p‘nl‘nt wohid !
certamly be desireable. g i

The broad flat surface of the foot webbing offers mich stability to’
the chick while it is on the Tedge. In‘the water; the propulsive force of |
the swimming -stroke would be dependant on the cross -sectional. area of the
foot surface (and tarsal length). Thus smmg selection for deve]opment
of the ‘tarsus and fuot pmbab'ly occurs. for- Tife on the ledge as we]] as in
the pater while claw dimensions express functional. significance cn'ly while
the chick.is on the Tedge. . ) .

The perc?n{age of alult dimension that: each of these parameters attained
by the time of 'seagoing .is illustrated in table 12 (data are combined for
1977 and 1998) . It order of increas ing percentage of 2dult size are the
claw (72.3%), tarsus (78.4%) and middle toe (91.8%). '[herlatter is taken
as.indicative of how tﬁe foot “webbing is developing. Obviously those
parameters most, important for 1ife.at sea have reached greater relative .
(per cent adult) size at'fledging than those which are either more ifportant
whiIE on the FIédge (e.g. clav;) or are_not ifmediate'ly essential to the i
survival of the fledgling (wi ng and ‘beak dimensions). After:nedging the
cmck is accompamed to sea by a single-adult which cares for it over a
permd of t\me probably exceedlng two months (Keighley and Lock1ey, 1947)-
This period of continued chick dependancy and adult care allows the chick
time io develop bill and wing . Tengths sufficient for the undervater-pursuit
and capture u_f_ prey. * By .

In_many species o_f bird the weight of growing young increases to a

* peak above riormal- adult weight and then decreases before 1 edging. _Ricklef's

(1968) intensive work on growth "\‘n birds indicates that such weight recession
Ay ,




Table 12" P B 1,
F]edging and adu‘lt values of gruwth parameters for =
GuTl IsTand Hurres
Parameter W . H F‘ we o e e o

Adult 992.5. 68.8 < 174.7, 48l ° 39.6 45.2 1.2 433 12 -
Fledging.  240.5- 2.6, 315 "1%.2 3.3 415 8.1 W6 93

¥ Adult 2 9.9 18,0 281, 78.4 9.8 - 723 338 65.8 i
Notes: W= Body Weight’ ' Summary values (£%15.0.):
H= Hand (a) For all ying parameters: 25.3 ¥'6.4
<« F= .(h) For 211 Tarsus, and. Foot parameter§
W : 9.9

T= T % (c) For"all bill parameters
« MT= Middle Toe + 22.62
C= Claw (on Middle toe) - )

Ck= Culmen length

CD= Culmen depth




is restricted primerily to oceanic species and to me' Hirudinidae (swallows)
and Apodidae (swifts). Sealy (1973) in his review of post-hatching ~
developmental patterns in the alcids found that ‘supra-adult” body weights
were not usuelly achieved by alcid nestlings. This same author stated that
a pronounced pre-fledging weight recession was exh"ﬂted i;y the semi-
precocial alcids ‘and éven in the Razorbills and l\ll'res.

_The first weight increase flgums for murres were -published by -Johnson
(1944) and certainly are not detaﬂ!d enomgh to indicate any géneral trends.
Neither Cody (1973) nor Be'lnpu’lskx (1957) reportet any. weight “loss prior

Lto ﬂedgmg and B1rkheud (1976) found that the d‘lfference between peak
‘weight and fledging we(ght anouinted to 1ess than two per cent. While Tuck
"(1960) reported - pre-fledging weight.Toss of seventeen per cent for Comon
Knrus, his data isan in_terpretatim of Johnson's (1944) figures. . For the

present. study no weight recession before fledging n;s abserved (figures
17 and'l&) Thus it appears that 3 pre-ﬂedging weight loss is not consist-
ently expressed in this specles. sl *

--lack (%968) has attempted to explain the diversity af growth rates in
birds by arquing that growu\ rate per se-is flexible and d|rectly responsive
to selective nrvessures‘ Frm this’ perspecuve growth rate is seen ta_have

“a direct influence on reproductive success; growth requires energy and its

rate thus- affects the number of 'offsprigg tﬂaf can be raised. In short, the
number of surviving offspring is Timited: by the, amunt of energy the parents
.are capable of supp]ymg as food. e :

In contrast to Lack ‘s view Ricklefs (1968, 1969) " has suggzsted that’

" tha sronth ate of s spaties 15, deterwined, IR narrouHINICS, by it
body size and the precocity of development. Under this hypothesis gruth



rate is diiven to a physiological maximum rather than adjusted to some
z:o]_u‘gicél optimum, with nestling ‘mortality being the driving selective
force. Cody (1971, 1973) has-also cons 1 dered predation ~£n be an impur”tint
factor in the evolution of short nestling periods. Sealy (1973) disagreed
with this pointing to the fact that seabirds'generally colonize islands
w)‘n'ch lack-at least terreéstrial predators.: The 1au.elj author furthéer noted
that predation on nestiings.of the "open-nesting" murres and Razorbills i
Tow wuh mortality being largely resmoted to the'egg stage. .Thus the
departure of “ydung. of these twe species when an]y one-Fifth gréwn is because

‘both " young and adults can then forage over greater areas offshore than would

_be possible if the young remain in the nestand are fed by the parents until "

fully grown. .

Birkhead (1976) cpni:luded from foraging and energetics data that if
amurre chick vas to remain at the nest site until it attained adult weight,
its food vequirenents would-rapidiy exceed that which its parents could
transport, Thus, as lack (1968) and ‘Séaly. (1973) have suggested, the short
_nesth’ng period and Tow f1 edgiﬁg weight, ‘do enable the adult to. take ‘the
chick to feeding ar“eas where it can continue its development. Birkhead
(1976) also considered'it 1ikely. that one parent murre’ remains with'the
ch\'ck, at.the nest—site, :; guard it from predation. This effective{y means -
that only one adult at any. given time can forage for the chick. The nest-
Ting paribd in nmrres\may well be affected by both predatiop pressure and
the ability of the adults to feed their chicks.

. The energetics data presented for 6u11 Island and Skomer show a marked *

“difference between the daily food intake and conversion rates of chicks inl

the two localities.. Two possible explanations of the mechanism. involved




present themselves. Firstly, as Ricklefs (1969) has shggesteﬁ. internal

constvtaints set by the design of the growing organism, may be limiting

the rate at which.the young grow. Such & modus would explain the R values'
of the two groups which are  quite similar despite the disparity ini. the
afounts of fooddelivered daily to the chicks and ‘in the, Conversion rates

for ihe two groups.. Ricklefs (1968) has_;ﬂscnveréd for a 'm-beri of passer{ne

species that while poor nutrition reduced the mgnitude of growth there was

. no'evidence that the rate of ‘growth “was s1m|1m>.' afi!c‘ted.’ gt W@

The secand expTahation has'to” do with -the relative energy requirenents
for madntenance and ‘groth -of ‘chicks lin d'F}erent geographical locations. .
Ceriaihly mos t- maintenance requir“ements shoulq be cqnstant mgardless of
vhere:'a chick s but the cost of thermoregulation. can reashnably be ex- - ‘

pected to change with location and ambient air temperitures. Energy drnns

-due to thermoregulatory processes can be quite subsnnna'l. Royama (1966)

noted ' that daily maintenance- costs for Great Tits (Parua major) chicks

" more than doubled over a two day period when rapid development of the

chicks* thermoregulatory mchanis-::as nccﬂrring. Tuck (1960) considered
intreased demands for thermoregulation to be responsible for- the smaller =
size of ﬂzdg'llng murres at-Cape Hay as compared to those at Akpatok Island
farther south. - : -

. Comparisons of air tm’\peruures at Skomer and Gull IsTand for June and
.|u1y are shown in tahle 13.  These data indicate- substantial differences
between the two lncaHtVes for the month of June” especially, wich mean
femperatures and mean minimum temperaturas being npprnximnte]y 4°c and 5°C
(respectwely) warmer on Skomer than on Gull Islund The majnrllty of
chicks hatchmg on Gull Islnnd energed during the fast; tho weeks -of June
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Comparison of air temperatures for June and July )
d at Gul IsTand and Skoner ’ !
B ¥ Gull 1sTand Skoner
wean Tenp, (dune] " 10.4% . v
Mean Hininun Tenp. (June) "%, . 010.8% '
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(figure ‘14) and it was not until the end of their first week.of 1ife (see

below) that ‘their thermoregu Tatory mechanism had becone established. - It

is therefore quite:probable that Gull Island chvcks expended greater amounts

o energy in themmoregulation than was the case for. birds on Skomer.
Hhich of the above hypotheses best explains the differences between

the fwo populations it is difficult to say. ~Intuftively, intrinsic

Constraints on chick growth seen logical and would explain why greater food

“intake did not result ina higher R for Gul1 Island birds. * Increased energy

demands for thermoregulation (at lower temperatures) is also an acceptable |

postulate. Detailed experiments on energetics of this species ard clearly

needed - to resolve the question.’ Certainly it may well be an interaction of
both factors which surfaces as the underlying cause’, )

The body ‘temperatures recorded for developing murre chicks on 6ull
Island are graphed in figure 18. The pattérn indicates that from ten days
of age omward these chicks were mintaining body temperatures of ‘greater
than ninety'ber cent of the mean adult valu“e‘. AduTt body :emperat{‘re was
considered to be the same as that recorded by Iversen and Krog (1947) for
U.a. californica (ringe 40.7°C - 42.5°C, pean’ 41.7%).

! Chi ck temperatures and the ages at which they were recorded are seen
in table 14, Temperatires of chicks were taken over a variety of ambient
temperatures and therEfure selecting the age at which homeothermy aétual]y
developed was a ‘subsective decision. - Neverthéless the appearance: of an -

asymptote at appruximate]y day 1Q-and the conspicuous reduction in dev(ations

- about the: mean for tMcks of this age:and older both indicate that at this

stage \chicks are exerting a great deal of control over their body temperatures

These data show marked snni‘lamty with those of Johrison and' West (1975) who
' . N




Figue 18 - ;

] 2 G 3
Recorded body temperatures expressed as % adult value for developing
mutre chicks. Note the asymptote at approximately ‘day 10 and rednmon
<in the deviations abuut the mean after this date.
¢
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Rectal temperatures of developing murre chicks M.I‘ Gu11 Island 1978

e (3) % Adlt

Chick Age' (Days) Mean

.957151129 0w Dm0 e

ORI SO G mon

\ i
oo =) =l

\01l752729455555656905. 3
i e B i e i e S s B

NOUNTMANAAHOC OO -~

Number of observations

Tesperatures in C.

= Standard Deviation

LHnoVON
RIS

5
2
4
5
5
8
6
1
1
7
5
7
14
8
6.
8
5
3
1

ﬂﬂﬂh%ﬂﬁ%ﬂywnﬂﬂwunnunuuu

7
.7
.1
-9
B
.0
.5
7
5
8
7
8!
8
.9
.6
2 7
.5
.4
4
4
i &
9
9

ANMFNONONSHNNT RN ONS N D
A SONDEERRRARRNR



F1edging

tained Flight. Usually this activity ocours at'dusk and is. fn.a‘very real

discovered via mm:h more stri ngent’ ’experimenf:anun that sustal:ned honeo-

themy developed - jn U.a. twrmm at hetueen six and eiqht days of age. -

Tuck (1960) suggested that :nmp]ete hcmenthenrly in murre chicks was nut
attamed until nea\‘ly sea-gu"\g Ro1nik (1948) reported chat the "semng

1n" nf thermoregulation fnr . aalge ch\cks qccurred at tnree days of agé’ *

» but he did not meJtvun when the shift was cump]eted o

Young murres, leave' the nestlng ledges while sti11 mcapable ‘of sus-
sense a cu1minati‘on to the breeding season, the phenomenon hitneﬁseq §ein§
one of interse erLrQy and excitenént imolving chicks as well'ss adults.

In 1977 fledging comenced on 6 Ju]y and cnnnnued \mtﬂ 20 July. mth
peak numbers of chicks 1epv|ng "| t,he first fen days of the sea- gmng and
numbers fai]i;lg off as the f1edging perm p‘mgressed. Eiglhty-h‘vé per.
cent of all cHicks had departed the, island py 200uly. Thé mean Stay of .
chicks- on the 1edges b}as 2.2 .days (S.0. 2.27) which is precisely 3ne_ day .-
earlier than that mcorded by Birkhead (1975) fur birds'on Skomer. 'Table' %
15 shows -the numbér of chicks ﬂedglng per date in’ 1977 while the ages at
fledging of forty chicks are" presented in table 16. The-mean f'Iedging
weight of chicks (N= 40) ‘in this first season was 216,32 g (S.| D 10. 13)
which is greater than the 179.9-g ddtum of Swartz (1966) for Alaskan birds *
(v.a. inornata) -but cnnsiderably less than Béluvo\'skii"s (1957) 2749 .
figure recorded for murres- (U a hypex‘buraa) in the Barents $ea regvon

|
Birkhead (1977) nnted a mean’ fledging we!ght of 214.97 g for lmrres on Skomer.

The delayed initiatjons of layi ng nnd hatchhlg in the ‘second season’

resulted in a delayéd onset of fledging as well. Thus in 1978 fledging




Table 15 -
Mumb‘ers of p_hic_k's Fledging ‘per day. '1n,1977 ‘gt site 5
T Date « - “

" Nos... Chicks




2 ; .
comnenced on 10 July and by 18 July. (nine day interval) sixty per cent |

z
of alT" chicks had fledged. This compares with 1977 when 61.5 per cent
of all chicks had departed the island in the first four-days of : fladging
i.e. by 9 July. -This observation underscores the fact that the fledging
perfod of 1978 showed no real peak for numbers of chicks Teaving the
fslands instead chicks departed in twos and” threes (per evening) andin
general remained on the Tedges for longer periods (mean'stay on the ledge

was 26.7 days S.D. 3.21). As well, 1978 chicks attainéd greater weights

“than did_chicks of the preceding year with a mean fledging weight'for

Fifteen chicks being 260 g ihile five chicks, aged thirty days, were all
in excess of 300 9. o :

e ‘expe;ienrfed a protracted sea-going in 1978 it s
difficult to say: Certainly, in'terms of developnent, many of these
second season's chicks were at ‘the time of mdging considerably more ad-
vanced than had been the c‘hicksb of 1977 (ﬂigurﬁ 17).  Furthermore the.
greéater synchrony.of hatching in 1978, (figure 14) meant that st‘éggered
hatching of chicks, which could. congeivably have affected the.length. of the
sea-going period, vas: not a factor. Given these observations and that the
ledge microclimate at the time of fledging was similar over both .seasons
(table 3) it appears likely that water temperatures might well have ‘been
the factor responsible ‘for. the‘ observed differences between the two seasons.
Certainly this is not meant to_ imply that the chicks in any way "knew"
what the water temperatures were in this second (or any other) season. How~
ever the adult hi‘rds are very much involved with the sea-going and: complex
behavioral Jinteractions between adults and chicks occur diring this time

which result in a heightened activity level for entire ledge populations
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" Table 16

» MNos. Chicks

<\ Fledging Ages of Murre Chicks at.sites 4 and5 in 1977
o Chick Age {(Days) :
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(see below).  This synchronous excitement of both adults and chicks is

_believed to be of much impoctance in stimulating chicks to fledge.. Con-

. ceivably,, therefore, water temperatures may affect adult behavior and thus

' ° jthe sea-going itself, ; ’

" iComparison of water. temperatures for both years indicated a difference
of 1.5% (18.75%) ‘at ‘the beginning of July with 1978 being the year.of cold-
er vater temperatures. By the middle of the month this difference had
reduced to 1 and by the end of the month temperatures were the sane (11°C).
Whether or not this d'eg'ree' of d_w'ffeé‘ence cound vdsite v ene dlspaents

 fledging schedules noted above % impossible to state with any ceptainity.

As”Greenwood (1964) has noted, however, weather can affect the sea-going

in mirres but whether or not Tocal populations have adapted ‘to, very narrow

ranges for, any c"lima‘tic variaples e simply do not know. Greenwood' (1964) - .
has observed high winds (and heavy seas) as_preventing the fledging of murres

but these conditions were not in evidence on Gull:Island during the sei-

going period.
 Mhile quantitative data are.lacking, personal observations indicated
T6we¥ nunbers of Capelin in Witless Bay in 1978. - Whether prey abundance
and distribution in the immediate vicinity of the colony, and hei; the
distances chick and adult msst move after fledging, may affect sea-going
remains unspecified. As will be discussed later adult behavior is signi-
Ficantly altered and its intensity Tevel much heightened:during the sea-
going. The tfmuli which trigger this behavioral change remain unknown
but-food and water temperatures.may wéll form'palE™6f the camg‘lexvu.f, inter-
acting forces which is responsible. Further observations.on the exigencies
of this particular species are essential to elucidate- this ‘and other aspects

» E gl l
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- of its ecology and behavior. . I
On Gull Is'land fledging, with three exceptions, commenced at approx-
-imately 20. 00 haurs and- tem\inated at darkness or about 22.00 hours. TMV %
timing.is in general agreement with the majnri ty of prévious nbservatmns
on this phenomenon (Greenwoad, 1964; Kay, .1947; Norrevang, 1958: Starer.
1952; Tschanz, 19595 Tuck, ISGD)Amth Pennycuick's’ [1?56) observation of
fladging throughout the day:on Spitsbergen and Wil1tans' (1975) report of
17.15 < 05.00 hours as a Fledging’ tine on Bear Tsland being, sqmewhat unusuar
Al vin’gm. observations were not carried ouf_cn Gul1 ‘Is'lami but watchies werg
continued until 23.00 hours-and certainly 'the characteristic calls a‘s@ocia’teﬂ
with f'ledg_l'ng viere not heard,aﬂ.er darkness fell.: It therefore- seems uﬁ-_ 5
Tikely tfnavt chi:ks'ﬂedged after this' time. Furthermore, early morning
b counts of chicks at the various’ sites faﬂed to reveal ‘any disparity: between
the numbers of chicks present then and on the preceeding evénu;gs.
The few exceptions to this timing occurred at wndday and- po good reason
, is offered for this observatfbn Such anomalous fledgings were also repnrted
on Lundy ls'land, scuthwest England (Greenwood, 1964).
Numerous authors (Tuck, 19603 Perry, 19445 ‘B!rkhead, 1977) have comment-
e_d on the predatﬁon of murre ‘f]e&glings at the time 3\‘ sea-going, Quégest{r\g
“that the Fledging of mirre chicks at, twilight has definite sutvival-value
as it affords protection fron predators '(and marauding gulls especially): |
h srée_nwsod (1964) working -at Lundy, England and Handa, Scotland, recorded -
_ three out af'eight; chicks which é]gdged before 21.20 being taken by predators
(hereas all .twenty-twu' which Fled/ged after that time survived. He attn:buted

_this-'to the poorer 1ight conditions at the later time interfering with the

depradations of the gulls. This same author‘suggested that the synchronization®
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of fledging was an adaptationto "swamp" predators with an overwhelming
number “of prey. Data gathered on Bear Island (Williams, 1975), suggesting
that the chance of a predation attempt being made on a fledgling was greater
before or after the peak fledging period, supported this premise.

On Gul1 Fsland predation on murre chicks at fledging was never actuaily
observed. Three mirre_chicks were however found at the nest sites of two
pairs of Greater Black-backed Gulls after fledging had commenced in 1977.
These observations suggest -that predation of newly-fledged mirres on Gull
Island occurs infrequently. This was further suggested when in 1977 an
unaccompanied mrre chick was observed'in the water near.site 5 for over
three hours (13.00 - 16,30) without it once suffering the attention of
nunerous ‘gulls in the vicinity.. During the entire observation ithe chick
was-calling Toudly; in fact, it was the vocalizing-of the chick-which init-
fally caught the observers attention. )

Greater Black-backed.Gulls al$d prey on adult murres on Gul1 Island.

* Threlfall (pers. comm.)-has-on three separate occasions observed single

adult murres at the nest-sites of these birds and in all instances a gaping
hole had been torn in the abdominal region thus yielding access to the
viscera. .

Accounts of the-intensity of predation on fledgling furres suggest
considerable variation with locality. Tuck (1960) reported a near doubling.
of the numbers of predators at Akpatok Island between the early portion

. of the breeding season and sea-going stating that there was 'great danger''
to fledglings from gulls. Swartz (1966) however, in describing murre fledg-
ing in Alaska, did not mention predation as a cause of fledging failure.

Greenwood (1964) worked on two Separate populations and presented data for
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a
Razorbi11s,  Comnon Murres and “unspecified' auks of one or the other
species.” ‘As his results Showed no major differences between the tio

species, the data presented represent his combined- totals per colony. At

" Lundy ‘¢hree out ‘of. forty-seven fledgling auks-wére killed by predators -
while ;é\ﬂanda not a single predation attempt was noted for 384 chicks which
attempted fledging. - At séamsunq,‘w\'mams (1975) recorded fifty-seven
chicks out of a total of 326 attempting fledging being killed by predators:
Two factors present themselves as possible explanations of why the
"incidence 6f predation varies so much between-different colonies.. The first
of these is the proportion of Zarus gulls to mirres at the various colonies.
Greenwgod (1964) considered ‘this to be the uiderlying cause of the striking
difference between the predation-rates on Handa and Lundy - on the latter
island the ratm was abnut 2 5:1, whereas on Handa it was at least 70:1.
Following this line of reasoning he stated that féod for the gulls was far-
moré abundant throughout: the ‘season on Handa and therefore the need. o use
the resource provided by fledging cH1|:I§ was not so great there as on Lundy.

Terrain, the second factor, was considered* by Williams.(1975) to be the major

reason for the difference in predat’:ion‘!evﬂs between the British colonies
ar:d the one on'Bear Island. ‘In the fanlte;- colonies chicks could leap directly
into the ‘sea and were thus provided the safest situation for fledging. The
_cliffs.on Bear-Island were skirted by exposed rocks or beach and ‘such places
were favoured by gulls, the main predators, as restmg and watching places:
Furthennore 43 of 57 (75.4%) fledglings killed were:caught on the rocks;

beach or. imediatély after entering the ater: In all these cases predation
vas ‘probably, fact}itated by -the suitability of ‘the terrain for the: predators.

Exc]udi;xg these"terrain-faci'litated predaﬂons only six chicks of 267 (2.2%)
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Cape Nay and at Funk

#1960) cited strong evidence_ tha? chicks are rarely, if at all, accompanied
to sea by one of their parents. ‘His experiments.a
Island with color-marked birds revealed color-bard

tq the nesting sjites as ’Iang_ as-two weeks after th sea-going and m-urked
adults swimming at sea with color-banded chicks. e‘

0{| Gull Island chicks were always accompanied t‘o sea by-at least one
of their parents l;ut sometimes three birds were ubsjrved a:cowan;ing a
chick'to sea. Thls observation and those noted above suggest a consider-
able inconsistency in the hehm}mr of these h1rds afj the very crucial |
period of the sea-going. 'While: further hwesﬂgay:iu is essenﬁ_a] it may
well x;e that.the sheer number of birds involved fas nnside,rabla bearing

on whether- or not adults other than parents ‘accompany chicks to sea. It

.appears that in instances where-this has been reports thE colonies studied

_have been Targe ones (Tuck for the Funks (500,000 pailrs) and_Cape Hay (400,

000 pairs); Perry for Isle’ of Puffins (19,000 pairs))l. Furthermore, Green- |

wood (1964) noted that on Lundy chicks fledging alone|were never joined

by adults and, they soon Tost all sense of direction and got washed towards
the rocks.. On Handa (the much Targer colony)-however, ary Tone chick be-
cane the object of attention”from individuals among u\F rafts of adults
awaiting at the base of the cliffs. The latter authorldid pnini out that
}n no case was su:hfh chick seen to become permanently {linked with an adult
other than mth the one that descended with it from tha cliff (lts parent)
Birkhead (1976) recorded cm]y parents taking chicks to §ea on‘Skomer and

stated that it is the male whlch accompanies_the chick tn sea. The latter

‘nhsewanon supports .that nf Scott (1973) who :o'l’lect:d sing)e adlnt and

clnck groups at sea (N= 17) and found that all adults were males. It may

adlnts remrmng nlon: >
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reaching the sea were killed by predators. This figure is very similar .
,

to those recorded for the British.colonies.. Swartz (1966) also noted the
inportance of terrain stating that it influenced the failure rate of ‘chicks
attempting to unite with their parents and hence affected the ml:‘dence
of abortive fledging.. b, ’

0n Gul1" Island the ratio of Zavus gulls to murfes was 3.6:1'and because
of the géneral topography of the island few gulls nested in the immediate
vicinity of murre Tedges. Certainly:for qulls on this istand food avail-
ability présented Tittle problem as both'a fish plant.and a fish-meal plant

at Witless Bay.provided .vast. amounts’ of easily procured offal. The situation

was therefore similar to that on Handa and murre fiedglings’simply did not * -

cnns_ti tute any s.ibgnl'ﬂcant food resource. 'However, if there had n'ot been .
a surplus of food available to the gulls; predation of murre fledglings-
'wou‘ld've%y Tikely have bgen sigv;if\'cant. This fact stems f@ the terrain

of - the " seaward-facing ‘(east side)jnesting 1edées which was sloping and,

Tike ‘those of Bear Island gave vay to rocks and broken contours below.
Swartz (1966) stated that the major causes of ahartive fledging of'
murres in Alaska was failure of the chick to unite with |ts parent and injury
to,the chick during |ts descent. Greenwood (1964) similarly reported that-

at Lihdy, afght and 26 Handa™ fortyote chicks 416 ot fledge successfully -

- because they failed to unite with their parents. These observations ‘and

those of Perry (1944) and Tuck (1960) are ‘at odds regarding whether or not
murte’ chicks do unite with their parents before swimming out to sea. The
former author stated that-a chick, orice fledged, moved. quickly out go. sea
while one and sometimes both its parents ;:unt'inued to return to the nesting

Tedge as Tong as a fortnight after départure of the young bird. Tuck  —-—




be that the female uses this time to regain any vitality that laying of

the egg(s) has drained away. ) . .
. Thus, regarding this most interesting question of whether "non-parent"

adults accompany chicks to sea (and-care for them while at sea”for sorie

" period of tine.prbasy not'eiceeding two.months) it is inpossible, at this
Jjuncture, tn make any generally.applicabie statements. Certaimy however,
 the significance of such a behavior, if evolved, would be immediately
obvious when one considers the improbability of parent and chick uniting.
at hiige .colonies such as those'at Digges Sound where a chick may alight
on the'water amidst 10 1000 milling adilts. Even the auditory cues which
have repeatedly been referred to as being crucial: fn uniting the adult and.
chick (Tschanz, 1959; Greenwood, 1964) at this time, must be considered

. deficient in their purpose with the clamor raised by this many birds.
Furthernore, and this is an important supplementary, such altruistic acts are
7ot alien to the behavioral repertoire of the species - the brooding of
foster chicks by incubating adults has already been noted and observations
of a single. murre brooding two, three or even four chicks were recorded
for this and other studies (Tuck, 1960). -

One further point associated with chicks failing ¢o unite with their
parents is the premature Fledging of chicks which are sti11 ncapable of ‘ther-
moregulating. Tuck (1960) reported obsérvations in which such chicks went
to sea and then attempted to regain the land where they eventually perished
during the night. . Swartz (1966) descrives the behavior of many chicks which
"failed fo unite with their pavrencs“' and stated that many of these'returned
to the'shore in a weakened condition or died in thé watef. From such

descriptions it appears that many of the chicks which perish due to failure
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: ’
to unite with the parent.may im fact hav_e)‘,’rgune to sea prematurely.
Intensive work with ‘color-banded chi:yand aduTts (at Targg and snall

colonies)-would go a long way towards’ resolving thipﬂ,question.' On GuI1*

Island ng ‘chicks were observed gréring the water before they Were suff-
jciently therméregulated. . Sy
The fledging of murre chicks on Gull Island was preceeded by-a marked

iricrease’ in activity amongst both ‘adults ‘and chicks. The:iatter] which

for several days prior to fledging had been bro_oded.much Tess ﬂr‘equentiy

than during the first vieck or-teh days after hatching, were clearly visible .
on the Tedges and weré-observed to frequently strech upaards and wing flutter
ina @aﬁ}\er vérx,s‘i/m11ar to the strechi[{g moveients of the adults.” Chicks
were also“seeri to scramble about the ledge. Such movements initially suggest‘ed
a lack of direction (frequently chicks would scramble short distances up i
the ‘1e'd/ge) but eveﬁtua] 1y the chick would settle on a course either following
.or being fd]'lwed»by‘ the parent‘and v_AouId Teave the ledée, leaping into :

the sea. pther activities of thé chick included bobbing and bowing motions

and utterance of.a "peep-peep* call. These varfous activities were some-.
Einbti ffersperssd with short bouts of braoding.
Deep bowing dvaRants 5 the woTe body were: Fregusnt 1n.the dule.
* These bows were most often madé in the direction of the sea and this vas
particularly true after the.activity had beeri ongoing for sometine. When
the adult Ted the chick to a particular position on the ledge prior to

fledging (see below) it often adopted and maintaired a deep bowed position

and shuffled along in & manner remini of penguin (
1975).. The adult frequently uttered a low, gargling'call. ; i
These pre-flight behaviors displayed marked social -facilitation
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(Greenwood"(1964) has described them as contagious). Thus, at first just
a few birds were involved but eventially large portions of a given ledge
woild bécome caught-in the.excitement until the entire ledge was oné maze
of movement, noisé dnd genéral activity.. At this point even adults with-,
out chiicks often became fnvolved. I the “swamping® of predators at this
‘time (Greenwsod, 1964) does in fact occur theh_'cer:ai.ﬂy this synchronization
of pre-fledging activity through putual stimulation could be of ‘great
importance.

‘Sometines chicks which appeared intent on Fledging ere forced by
adults into the brooding position. In such situations the. adults would
“continually change ‘position, mth their mngs drooping and sTightly splayed,
50 as 'to position thenselves: betwesn the chick and. the open sea.. On Gull
Island this was observed on four séparate occasions. ’

In situations where adults were not observed preventing chicks from

_ going to sea there was usually intensé exchange and seemingly, reciprocal
stimilation between the young bird and {ts parent. Thus billing and mutual
preening were very fredlient activitfess such behaviors are probably ‘inport-
ant in strengthening of the pair-bond between members of - pair -and
between"chicks ‘and parents. as. well. oy B

Where chicks moved to a particular position on'the Tedge fram which
to jump they Would often cross the territories of several: pairs of murres.

In such-instances the adult would sometines Tead the way but at other times
the chick would ‘take the initiative and move off Fifst, with the adult
 trailing behind, While moving across the ledge the yoing bird was often

“ sirrounded by éeveraj ‘dultbisds} , Uainity, upontentering arik Favritary

the’ chick was greeted by the resident adult which gave a deep bow apd uttered




.be described later), such as frequent\y occurred between adults.
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the gargling call. Often the adult would peck at the bill of the chick
and nudge at its posterior. Such peckings were never intense although
confrofitations between the parent accospanying the chick and the adults
whose F rritories were being trespassed upon were often quite heated.
Significantly, the chick ns‘ ne\’(er confronted with a threat wsmrﬁ (to

Upon reaching the point from which it would ’Ieuve the chick often gave
s:verﬂ very deep bobs and/or buws before 1eap|ng into the sea. On Gull
Island all’ chicks either lept frum the ledge accompanied by the parent or
shortly. v;fter the parent had f1nvm down to the sea. In the laiter instance

the adult would call from the water or rucks at the'base of the cl1iff,

entlcmg the chick to depart from t.he Tedge. ’ i

The following excerpt from the field notes for 12 July. 1978 describes
the fledging of a l\urre :nu:k_ ull Is'land. " >
- At ZU’!}DTvTadult murre flew down from the ledge and alighting in
the water at.the base of the cliff began calling loudly and swming back
and forth. After five minutes 9f this activity its chick moved away from

the other parent and began to move towards the brink.of -the ledge. X At

“this point the parent in the water moved up onto the rocks at the cliff-

" bise and continued uttering the Tow, gargling call. At 20:32 an irruption

toe

" of Kittiwakes frightened the chick which retreated back to its original

pnsi/tinn where it was brooded by its parent.. The other parent (on the rocks)

returned to the ledge as well. %
‘At 203 42.tne chick, apparently taking the initiative, started to move
away from its parents, It soovg found itself amongst a grnup of several

murres through whose territories the young bird and one of its parents
i
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e thar oving. - These Pradidant® miveis' gapeds /gavestis aaigVivg el
ang.pecked Tightlyat the chick. . The acconpanying parent pecked 9t these
birds. The other parent renained at, the “nest-site"

By. 20350 the chick had foved a distance of .approximately 5 m; its
progress was quite slow as-it-frequently! stopped; ‘bowed; wing Fluttered s
and stretched. The accompaiging pavent at such: tines pecked Tightly 3t
its bi11, nuzzled it and preened it. Its-progress was further siawed by
confrontations with other adults. . ’

J " The chick eventually (21:10) reached a crevice located approxindtely: -

10 m'north of its original position: Both it an ts, parent‘moved down

. the crevice until arriving at the brink of the ledge.. At'this’ paint -an

adult Kittiwake which was brooding two chicks pecked dt. the adult bird
and forced it from the ledge. After its pgrent had dep‘arwd the:ﬂl‘tk %
MVEA slightly closer to the edge (and the Kittiwake). The Kittiwake

then, grabbed the chick at the back of thé neck and, after-flying'a short

: - distance seaward, dropped. the young murre onto the. Focks: below. The chick;”

i ©unffected by this a1l of approximately 10 m, scrambled from the rocks

and swam Bt seh] A, the yourd bird connnua;n; uttered the * s

= 'peep-peep’ call while its parent’ uttergd the gargling calt and ‘swam

| ‘towards it. Parent and chick qpickly ‘cane togebher 4 m\| proceeded out

" to sea. The other parent remainell on the Tedge.""

Certainly many of the fledging behaviors of adults and chu:ks are af

i " consideraple functional sfgnificance. The vocalizations in particular can
| be important at smaller colontés (1ike Gu1l Island) {n guiding the chick-
and‘the adult towdrds each other: ande at sea.. The exchange betieen the

“birds véha on the Tedge < also Tgraely of a voeal nature.. The importance




of- the vocalizations in uniting the birds at sea was reported by Tschanz

. (1959) and agreed with by Greemsiod (1364) who noted thet, chicks céased
to call whén Joined by the adult.- Norrevang (1958) describ;ad the b\'r‘u«of
o the-adult as a flight-intention fovement and Greenwood (1964) agreed ¥ith
, this assessment but noted the fact of its r_ituaHzed form.: The latter qutho:'

simitarly interpreted the chick's bobbing as a jumping-intention. movement.

’ . The significance of the billing and preening behaviors between the chicks

and their pSrents have been already mentioned.

i Frequent1y during ﬂedgipg adults other than parents wpuid be. at tha:'
e base of the 51M‘1Hng. Similar observations have been reported by . "
Greenwood (1‘554). and Tuck (1960) although the former author noted.th'at d’n
Lundy, -"due to the small.size of the'colmiies/ there", no such congregations :
of murres wére seen. Small numbers of such birds ;lere observed during fledg-,
ings on Gull Island although -the intense interactions described for larger
colonies (h;v;ass-nt of the parent-chick pair, mcf/att’a:ks etc.) were not
recorded.

Breeding Success o % 2 X
Breeding sucu‘ess déu, expressed as the perce;vtage of adults success-
» ! 'quy fledging a cMclf, is prefev;ted in table.17. The ledges n‘!entione‘d
therein were chosen because most other sites di’d not offer, vantage points
. § fron which accurate assessnént of chick numbers could be made. - These sites'
’ iy \represent both medium and high dens(ty. nesting conditions and in this, and
in" their relatively open ledge posit1on.‘were representative of the usual °
murre nesting situation. ‘Breedmg succes‘s values fnr‘ the other ledges are
5 nof presented beyond the stah"ng of estimates obtained from {m'ﬂ\rect evidence
and/or infrequent (and difficult.to obtain) counts of chick numbers .




is discussed below. o .

110
Repressiting as 1t does the quantified expression of the culmination
of all previous aspects of the breeding cycle and their interactfons, it . .
?'S not surprising that a great many- fl;:!n!s have been demonstrated to affect
breeding success, ‘These may be split into intrinsic and extiinsic factors
with'the former representing characteristics of the reproducing organism
such a®age, genetic make-up and physical condition and the Tatter-involving

enviromental paraneters such as’ food availability, predation, competition,

»hahvtat quality and meteorological factors (Coulson, 1971; Horn, 1968; Perrins,

1970; Tenaza, 19713 Tuck, 1960). Further determinants which are expressions .

4 pecuhar to colonial species mc'lude position within ;he colony. colony.size

and nesting density (Coulson, 1971; Belopol'skii, [QSF\Kg_ftanovski. 1938).
l]ua_nﬁfll:atinrl of all these parameters would, represent a major: study in
itself and was beyond the scope of the present effort. However, hecause

predation uas “di reclly observed and was- such 2 significant factcr in_the

- ecology of Lh! Gull Island population during the h'mmanon period its impact

The total absence of chicks fron sites 2 and 3 is primarily a result -
of Herring‘sulllpredatim‘ These Tedges were particularly susceptible in  °
th'ls r:gard as the broken terrain |-sednmy ahuvr Lhun offered numerous
platforms which served as Herring &1l nesting and resting sites. Conseq-
ently murre abandonment of the ledges for any reason was imediately noted _
by gulls in these aress and exposed eggs were quickly picked up and e
sumed: Predation was also-facilitated by the Kittiwakes nesting in the
area.. These were much given to irruptions which were at times a response
to the approach of tna observer and at times occurred N'thwt apparent cause.

Almost invariably such irruptions uau1d result in the murres. hastily depapting

i
L
|
|
I
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“the ledges leaving their eggs exposed. At site number 2 oné such incident |

: O " :

resulted in two Herring Gulls, consuming sTventeen murre eggs - all the eggs |

on the ledge at that time.,

Murres were also absent from the ledges when the resegrcher was
occupied in weighing and measuring éggs and/or chicks and the birds did 2
: ' fiotreturn inmediately after the observer had departed. In the iterim,

- bétween departure of the researcher and return of the murres, heavy Tosses
: " of murre eggs to gulls often occurre&

These ubservamons are not meam. to 1mp1y that all gulls or even a
'Iﬂrge percentage of gulls were actively engaged in- the predation bf nurre:
eggs on Gull 181and.  In actual fact, of the.approxinately 3000 pairs of
Herring Gul1s breeding on the island only six or’seven pairs were seen to
svec'lanze in this occupation.
i - The'intensely opportunistic nature of this predation wes well i1]ust-
rated when during observation ane very warm day an incubating murre was . .

| "séen to leave the Tedge, dive into the water and return to the Tedge. after -

. an absence of flft_y seconds. During this hme two Hermng Gulls swnnped
| “down and devoured its.egg. -Most frequently egas were remoyed from the ledge
and taken to'a P?rticmar “feeding-site" where theywere consumed. Such
. feeding-sites were often Tittered with the shells of five, or more, eggs.
g In over ninety-per centof the observed predation attempts (N= 26)

) »
i gqulls sought 6 take (or took) exposed-eggs, but on two occasions incubat-

“ing murres were approached by "gulls which attempted to dislodge: them from
their egg.’ In such situations t‘{e murre jabbed at the'gull and continiually
turned to face the ‘would-be prgdator‘ as the gull attempted to get behind

i
1

it.. In one such instance.(at site 6) the gull departed the ledge after




- for a Herring 6u11 to land to retrieve an egq.

1z
@ E
one and one half hours of tryirng (unsuccessfully) to dislodge the incubating
mrre. urn Te in thigesame 'mstance other- murres , lr\c'(udmg the harassed i

bird's mate, pa1d Tittié if. any attentwn to the gull, on another occasion

_'lat site 4) a pumber of incubating murres were observed tojab and thrust

their bills towards a Herring Gull attempting to “take an abandoned egg
from their midst. Interestingly, during almost a1l predation attempts vacant
Kittiwake nests were present in the imediate vicinity but these (and their
eggs) did not attract the attention of the gulls. The well deve]oped. meb.—
ing tactics in this species may have been a strong deterrent to gulls preying
on their eggs. : Furthermore in’ some ,‘ but not all, situations the _tnpographx ¢
of the Kittiwake nest‘ing areas was such that it would have been difficult

Birkhead' (1976) reported ‘even ‘more intense interactions between qulls J
and murres on S‘komer. At this colonyulls vere seen to actually grab murres
and drag at them until the egg (or chick) was exposed and could be snatched
‘up: On 6Gull Xslanduslfch‘encuunters were not cbserved and it 'Seems likely
that gulls here have not "sbecia)ized" in ‘the robbing of murre eggs and chicks
to quite such’an extent a5 have the birds on Skomer. The abundance of. food

available to ‘Herring Gulls on Gull, Island probably means that only those

eggs and-chicks which can be obtained w\ith a very minimal expenditure of
enerdy are sought and taken. Furthermore, the majority of gulls involved -~ . ;

in this activity (the actual removal.of incubating birds from their eggs) 3

on Skomer were Greater Black-backed Gulls with Herring Gills béing much .

Tess. adept at this and dumg so only infrequently.” Greater Black b;ked

T

Gulls were not observed preyi'ng upon. murre eggs on Gull Island and theiigy

predation of murre chicks, as- noted prekus]y, was considered minimal and’




restricted to’the Fledging period. .

Ravens (Corvus coraz L.) haye been reported to steal murre eggs -
(Tscj\anz 1959“ Tuck, 1960) but.this was not observed.on Gul] Island.
It is of course possible that predation did occur but simp'ly was not nb-

served; this wnss|b1hty was suggested by the.fact that Ravens di

on the island and were frequently observed flying along the edges of the
cliff-tops. '
T o The smaller ledge populations.suffered .the highest losses of eggs‘and N

basically two reasons are suggested-for this. Firstly, birds nesting in'

these situations were much more restless La,t all times during thé breeding
season and were therefore much more easily driven from the ledges .‘ Conse-
/ quently their eggs were more frequént1y exposed to marauding gulls. , Storer
. (1952) made a similar observation stating that group size Qas proportional
to the amount of disturbanoe necessary to make the b.irdvs 1eave the ‘Tedges.
This idea was statad somewhat differently.by Johnson (1938) v;ho noted that
birds were dependant on’their Vieighbours for assurance; thus birds in
_smaner ledges” could reasonab}} be expected to'shbw considerably more
"a{ertness”- (= nervousness) than those in 1av;ger groups s\"mply because of
the dxfference in “the ‘number of individuals capable of warning thetr
_nelgnbnurs of danger. This "assurance" hypothes's was suppor‘ted by ob-
servatwns on Gull IsJand where bawings (wmch are considered susmcwn
or alarm reactions) by a single bird were nften seen- to spread across a“"
. ledge giving a cqlmunaa wa}ning of a potentially danﬁerous situation. On
smaller ledges (e.g. 2 and 3) once th'}s posturing was begun by one bird

it invariably indiced”a similar reaction in the entire ledge population

- while on Targer ledges this was not consistently the case and where "this
: ~
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did occur it:was .usually restricted to ea;]y in the. breeding season when
all birds showed a high Tevel >uf uneasiness.” ¢

Birkhe‘ad (1976), in.an effort to determine whether the-greater uneasi-
ness. of birds in Tow density areas'was due to the simple Tack of near
neighl}cu}'s or vulnerability to predation, noted the amounts.of time spent
bowing and sleeping in two low densit;' groups one pf‘which was not vulner-
able to®gull predation ‘and the other of which was. ” The results indicated
a significant d‘iff’erence (XZ’ 77.8 df= 1P<0.001) in the amounts of ‘timel

spent in these activities by the two §roups, with the. birds " in the group

" vulnerable to predation.spending more time.bowing and less time sleeping
v .

. %
than the "predation-free" area.. This observation coupled with the fact

/ : p .
that.a comparison between the Tow density "predation-free" site and a high

density one revealed no “difference between the amounts of time spent bow-
b

ing that a murre's in sparse groups was a result of
potential wuinerability and not the lack of ;:unspeci fic pmxim;ty per se.
EarTier workers have apparently not. considéred the lunging behavior
of murres: to be an effect’!ve anti-predator strategy, however nbserva_};jon; = 4
made during this study and t?mt of Birkhead (1976) suggest.that dense groups.

of breeding nurrescan be quite effective in preventing loss of eggs and

‘chicks to marauding gqulls. in both these séudies gull predation wés re-

stricted to areas of low density. On Gull Isiand, for example, unattended
eggs were very quickly taken from Tow density sites and the presence of

incubating murres did not result-in the eggs being saved from the gulls.

, However, at site5 (high density) during one continuous twelve hour

observation two abandoned eggs"‘mre seen and , although clearly visible,

neither ‘was taken by gulls. Similar observations (of shorter duration)
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were made at this siteon a numher of different occasions and, while it

may simply have béen that spec1aHst feeders were 'Iackmg in this vicinity

at these particular times, the pussibih‘ty that the presence of large

numbers of murres and their potential anti-predator strategy acted as a

deterrent to"any would-be predator cannot be overlocked. Certainly in

the instance previously noted, where murres -lunged at the gull attempting

. to steal an egg from their midst, the gull was most careful-to avoid the.

murres' beaks.  That murres can be accountable adversaries was indicated,

by Tuck (1960) who stated that "even an injured fiurre is not casy prey for

(even) a peregring or a'gyrfalcon. I (Tuck) have observed- falcon- and ‘murre,

cartiheeling along the beach™in a welter'of blood and feathers for nearly

. |
a'mile hefore the murre was subdued. More often than not the murre reached

the water and escaped."

Terrain was an -important factor influencing breeding success’ It

affected both the-incidence of predation and the accidental: loss of eggs

and chicks due 'to their being knocked fron thie ledge by adult mirres. - Thus

site 2,

which was exposed and offered an adequate and easily approachable”

landing platform for gulls, suffered high predation while site 9b suffered

little if any. At the latter sjte chicks"and eggs were protécqed in a crevice

out of the sight of gulls and” an overhang immediately above the Tedge

made, approach and landing difficult. = Similarly, the accidental loss of

eggs and chick's was observed only for the open, sloping sites such as 2,

next to

fifteen

(e}even

”3, 4-and 5, whereas the loss of progeny in thi$ manner would have been

impossible at” site 9b and was thought to ‘never'occur the_re. Only -
observations of such accidental losses were-recorded for Gu” Island *
. 5. 4 "
eggs, four chicks) but this almost certainly occurred mich more
e .
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' frequently as-the numerous egg shells noted on the rocks heln;w the nesting '
Tedges previous to the commencemient of hatching indicated: Accidental i
nortality also occurred as a result of eggs being knocked into puddles. of y
excrement and water. where they eventually rotted. Only eggs which had been

mved Very short distances were retrieved by murres on Gull Island and the '
\nss of eggs at.site 4 due to the1r moving greater distances and/or '

suffering mechanical damage as a.result.of their jostling was estimated

to be approximately twenty per cent.

Regarding the influence of terrain (which is of course one very import<

i

i

1

i

ant aspect of habitat quality) Birkhead (1976), during his investl‘gations i
into density and breeding success, also concluded that smaﬂ‘ numbers of z

" birds festing on’open ledges were more vulnerable to predation than those f
nesting in dense groups. “Birkhead (1976) related-breeding success to the i
synchrany of Taying and discussed the relationship between the variables | J
by stating that "in dense grnups where the spread of laying is short (social i

fanHtanon) the chance that two or more birds may lay on the same day

are increased (thereby effectively increasing thé likelihood of greater
anti-predation- forces - non-incubating murres are not Tikely tu threaten or i
GEEREK s BaraUid GUVT, A TUPERRR aiaRtas SR SHCRYBRY T8 \that it means i
/rthat most chicks fledge over‘ a short perlod of time, and the chances that 7
. o singlebird guarding ¥"chick will be Teft-on the ledge at the gnd of the
season (a situation shomng a high im:\dence of predation on Skplner) are
reduced." -While fully detafled observations of laying synchruny\:nd
nesting density were not established for the Gull Island populatipn the
data that were gathered did squest a wider spread of laying for he lower

density ledges. . However, as with breeding success itself (as tab]f 17

|
S R |
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indicates), the relationship s not without exception. Furthermore,
this whole question s a fairly complex one since_the icier inbErs of )
‘birds at t‘h; “smaller" sites means that regardless of density there will
have 'to be absolutely fewer numbers of birds coinciding at any point in
the breeding ‘season"and there will always be fewer birds to vard off pre-
dators. ‘Consequently -there is a question of numbers of breeding birds as
well as one of density to be considered here. The implication remains how-
ever that the protective abilities of nesting murres increase with numbers,
Considering breeding success_for the entire 1sland, observation suggest
that while density was :ertaiql;a factor, “high dénsity did not consistently
result inhigh breeding ‘success, Certainly birds were more successful at
the larger sités (e.g. 4'and 5) and at sites like 9b, where ledge conditions
“were ‘extremely safe, than birds on the smaller more exposed ledges. In
no way v;as'a truly Tinear relationship between density ’and breeding success
noted for-Gull Island.  Thus there did not appear to bé a graduation in
breeding success from high through 1;\ed|um to low density :areas. Further—
more, certain -Tedges, for example number 7, showed high density breeding
conditions but were quite unproductive. Nhile it was difficult to assess
the actual number'uf birds bringing fish to the ledge‘ observations indicated
that probably not more than Four chicks were hatched there in 1978 giving
a breeding success estimte of thirteen per’ cent. On Gul1 ls]and ‘where
‘presumably the population represents one of less experienced birds it nay
well be that &t récently established sités, such.as number 7, high derisities
camot 'compensate' for inexperfence. ) o A
The cumhinéd breeding success for yledges four and five was 44.85iper

cent which was Tower” than that recorded by Birkhead (1977) for birds on
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Skomer: wmred\ignedium (5.5 birds/n?) and high (10 birds/n®) densities
(74% and 88% res,pective]y\b‘bnmger th‘an the 30 per cent figure he

— '
obtained for birds nesting in sparse groipings.(2.5 birds/nd). The datum

<y
for Gull Island is-very similar to that recorded by. Tuck (1960)_for Thick- -

billed Murres at Cape Hay (41%). Certainly part of the differeiice between —~— |

the figures established for Skomer and Gull. Island is .attr‘ihutab'le to the-\
human. disturbance caused in the latter colony by/ the researcher during the
weighing and measiring of chicks and eggs. Similar work at other colonies
has'resulted in appreciable egg and chick losses (Tuck, 1960; Belopolskii,

1957). This was_strongly suggested when in- 1978 four chicks fledged from

a small- portion. of site % which in 1977 had failed" to produce a single-egg..

ln the first year the ledte had been visited every two days while 1'!\ 1978
1'. was visited only twice. The pnpu'lat(an on this pnrtinn ‘of the Tledge
was the sare in both years. ) )

Thiis predation, at tines facilitated by the human presence, was a
mostsignificant factor: influencing the breeding success of mrres on 8317 °
Island.  “Optimum density' was not really a workable definition for the
GuTl Island situation because of the c010ﬁy's Drigin_s and the extremely
variable nest?site':onditians‘(habitat quality). However, observations

for the entire i5land did indicate birds to be most successful ifi Targer,

- Tong-established 5roup§ and where ledge cud“rtions were safest.  Smaller

sites offered easiest access to marauding gulls. Birds nesting in these
i
conditions left their eggs more frequently exposed and, as a group, offered

the least resistance to predators on the ledge. ' -




Part 11 4 Ce
Behavior

Introduction Tt

Hurres exhibit a definite predilection For colonial nesting and
Characteristical Ty breed at densities unattained by any other bird species .
The extreme of this tendency is séen when festing murres are’in physical
contact with'their neighbours’. VSuch .1ncraspeé1f(c proximity at breeding i
is somewhat surprising since once away from the hrgedlng sites murres are ‘
a “distance species” (Willians, 1972) and cach bird mé@tains an ares.
around i tself within which'the approach of another- conspeci fic causes
an attack or avoidance (Hediger in Crook, 1964). This ‘individial. distance’
i Tost once mrres'are in position on the breeding Tedges, ‘and the expected
result is a preponderance of attack or escape tendencies thch do not, ,

however,. occur. - Given that the spacing of members of any. named species

“is tga considerable degree regulated by conspecific response (Brown and

Orians, 1970), the cénsiderable change’ in murre spacing vith the onset of
m‘ee&mg suggests -that momal (= non-breeding) behavioral Sequences are
replaced with different systems once at the breeding sIﬁ, which a]]w for-
extrene crowding through inhibition of the expected tendencies for intense
aggn_zssicﬂn and escape responses.’

MDSQE bird species maintain territories (Hinde, 1956), with certain

] 3 . sl
essential: behaviour systems being operative, and identifying, for any 7'

truly ter‘iyitariahspecles (Tinbergen, 1964), The‘se systems include select—
i

jon of anti conditioning to the territory, a'tendency to attack conspecifics
intruding-upon this territory and a tendenéy to flee from other territory
owners once autside one's own territory. For these -Systems to operate

<
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effgctively territories are usuall_y.largef mﬂié" that overtly agq;essive
contact between two potentially cometetive conspecifics.can be allayed
via .Iulg distance and/or highly mobile warning and/or threat displays.
Furthermore, the sizes and spatial distribution of most bird territories
usually mean that approach of one's oin territory does not necessitate
direct novement through ancther bird's territory or fnce-m-fa.ce encounters
with other territory omers. =

In mirres however only a very small area (approximately one-square ngot)
around the egg is actually defended (territory type c; Hinde, 1956) and
thl'ls’ long' distance displays, and 'non-confrontative' access towone's terri-
tory ;re obviated. * Given - this fact, and that proximity of canspeé{fl:s
has been shown to ‘be an 1m;in‘i*tant factor indetermining ievels of aggression
(Hinde, 1974), the tendenciesto attick and flee could be expected to o{nme»
with very high frequencies. Strong inhibitions against sucﬁ tendencies
should, however, be ‘operating simltaneously.' Thus evevrt aggression '(e.g,
attack) is wasteful and potentially injurious and could cmceivahly' Tead
to extrﬂ:’ly high mortality of eggs and chicks. Escape behaviour, in its
turn, wuld only result in further aggressive encounters given the distribi-
tion and proximity of neighbouring territories. = The tension between a1l ¢
of these conﬂlt"r;g tendencies and inhibitions has been succinctly des-
cribed by Williams (1972) as r‘eprﬁsanung an agoniistic it.gasse ‘HMtﬁ may
express 1tse‘\1f to the tuman observer as a form of conspecific tolerance.

The problens presented by this.highly stressful situation have been
well defined by Birkhead (1977) and include enforced trespassing of
'neigh‘bauring te”rr'turhs‘. proniscuity due - to proximity of conspecifics
(Norrevang, 1958; MacRobérts, 1973), and preclusion of '1ang-disuncé'




“the Fortier' stands out as an extensive apprau sal of the forms and

oA Geot NPT

or, highly mhﬂe disp]ays. ‘ozner prthems include ‘the forcing of mates

to exist in c‘lose proximity fnr extended perlnds of time (under the intense
cund1tmns of’ c1ose conspecific pmx(mity) and the. putentially severe nest-
site, ‘competition ‘which probably result§ vm increased efforts for site main-
tenance and Fidelity. L '
More or Tess geﬁera] comients on.nurre. henalviour have, been. made by
numerous | researchers (Jnhnson, 19843 Norrevang, 1958; Perry, 1940 Storer; :
1952 Tscnanz, 1959, 1968] ‘but undoubud]y “she two mast intensive studies

hive: been those of Wi 1Tians . (1972).-and’ Blrkhead (1975) Of these two studws,

rigins

of the belaviours while the latter represerits the lone quantitative smalysis

of tée*subject. T1he present investigations were carried out.to fdd m; our, y
knwledge of Ehese basic paraneters in ; foxthest - Atlantic population .
(Williams and- Birkhead mrked in the northeast Ananﬁc) and to detemine - -~
whether differences in the behakur In a_new and sman colony cuu]d be ™

detected. a 2 s ‘

The latter endeavor concentrated on aggression as this fvactnrv was
thought to most likely be affected by the status and hreedlng densmes of
birds in this “overflow" population. ' /

The figures to follow illustrate: the must frequently encountered

+behaviors observed during the present study.' The €1 tles of these figures

are with the e)?uption of "fout—\ook’lng“ those used by Birkhead (1976).~

_The lone exception was adapted from blmia'ms (1972) - and was cons i dered:

a'mre accurate descri pﬂon of this hehivmr for the Eul'l ls'land cnntext. 3,




Figure'19 T

. Threat .+ .
Birds in thi‘s postire stood with feet widely splayed.: One foot
was usua]]y stretched in the dwectwn of the opponent while- the ather
was var1ous1y positioned but usuany it was nearly perpendicular to

the first. Such a wide-]egged stance provided support. Birds were

12

nusual!y‘standing‘ side to side rather than face to.face and were separated -

by an approximate 30 cm distance. The neck was stretched upwards and i
the bﬂ] was slightly.above the harizunta] L
* The wmgs were held out from the body but were not outstretched. As
jabs were: delivered the wings were flicked slmultanecusly Jabbing at
this stage was more Ntuahzed than actua) and was centered on the blﬂ
tip of the oppnnent Sometimes threats were termlnated by the birds ,
stretchmg farward until their bill tips were almost touching and then
breakmg of f the encounter by “head-shaking" and/or "sme—preemng."
Threat pnstures probably serve to- reduce. high intensity agg\"essm!\
.35, “level 3" encuu'nte‘rs(s-eé Aggre};s,ion) very seldom developed from the
threat ‘situation. More usually extreme agg’re;ssiun resu’lted from a very
spnntaneaus and 1n|tla] 1y intense encounter. The threat d|sp1ay may
¥ therefore serve the fum:ﬁons of aggresswn while ohv!atlng the essent-
‘}ﬂlty of highly injurious confrontatwns.

Threat was aften accompaned by @ Tow gargling call.. . i

‘\
T
1
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Figire 20
N Rape . * 5 k . R
During rape dttempts the bird being mounted refairied upright and did
‘ot adopt the prone position usiial. during copulation.  The rapist, confront-
ed by this up'rigﬁt stance, attémpted: to hook his head and neck aruu'pd the
breast of the other bird and thereby maintain his position.. Rape attempts
E s weré ysually aborted by (1).the resistance of the bird being mounted which

_turned and jabbed the more persistent rapists and (2) the-male partner.

i vigorously attacking the rapist. ;
i ' . ! Rape attempts régularly occurred on’ Gull Island and such promiscuity
is probably a_result of dengg.r}gsy.ing, "0ften attempts would follow a A wpw
i fight on the 1’edge and in such situations rape appeared to be almost an

outlet activity where ron-combatants became &xcited by the fracas and hoppéd

L on“the back of either a bird nearby or one of the anatgonists. In 'these/

instances males were sometimes mounted by other males and infrequently
¥ o

three birds were involyed: - . o
_Sometimes birds returmng from the sea would f]y rlght onto: the back

of a bird on the ledge and attempt cupuhtinn.
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o Fgure2r i,
Strech-away. and Turn-a‘way
Both ‘these gestures were frequently recorded appeasement displays.
- ‘The bird .in the ‘background 1‘s.show|ng “strech-away" which was per-
formed a’(mgst exclusively by incubating or -broodifg birds. 'lTP\E movement
consisted of fully extending the head and neck away from (but in 1ine
With) the body. Essentially this posture gavé the bird a pronounced

horizontal aspect while removing its (more conspicuou:

?) ve,yjn'cﬂ one.
Usually the ‘neck was maintained 1n this position until the event which
triggered the response had ended: Such events included being pecked
by.a conspecific and ‘the occurrence of a fight on the ledge close by.

“Turn-away" (the bird n’ the foreground) was a sinilar behavior but
was riore characteristic of nr;n-incl;hating birds and ‘most frequently
occurred after the bird had been pecked or simmy'cnreatem by another
bird." It very seiom occurred. in response to movement on the ledge and
it bears a striking similarity to the posture performed by canids in

S
similar situations (Fox, 1974).

i

;







“ Figure 22

Side-preening
This as the most frequent appeasement display recorded during this

-study. In this posture a murre would turn its head backward and .down

and dstensibly preen the scapular region. ~ This display. consistently
occurred (1) when a bifd returned to its site and (2) after.aggressive

_ encounters. By removing the bill from a potentially aggressive position’

this display presumably indicated in (1).a lack of aggressive intent

“and in (2) a submission or stoppage of hostile activity.

In over*ninety .per cent of the potential and actual aggressive

encounters where this display was given (further) hostility did mot

materialize. i «

r
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Post-landing Display

T071s" appeasenght HepTdy as acsisd by birds imnediately after
landing. During' this d1sp"lu_y the wings were held’outstretched and-
[P Backyard and the head was ‘tilted well ‘above”the hovizontal.  The
i tarsi were r;e'ld above the ledge surface. ‘The posture was ust;llly
S *. mntntained for o or-three seumds after lanamg and occurred in -
g _ over ninety per cent of the msnnces where bjrds anded within one.
’pr,er of conspecifics. Murres infrewm:];: perfonnd.cMs display
x even in the absm of\other birds.
A slight1y modified version of this dlsplny was usua’ny
performed when a murre returned to its’site and walked through a

H dense group of birds.







; ) Figure 26

.+ Ritualized-Halking (1)

127

During this appeasement display murres-held the wings outstretched

and backward.. The neck was outstretched and the billwas in the horiz-

ontal position or ‘slightly dowiturned. In sixty-Five per cent of the

servations both the "wings-up-and-back" and "head-down" components

were expressed but frequently (35%) the "wing-up" Component was abandoned.

On Gull Island this display occurred only when_ conspecifics were within

approximately a two meter distance and where a bird was.forced to walk .

past a group of birds.







absént. -

. = . Figure 25 R 5

Ritualized-Walking (11)
This display was adopted in eighty per cent of the cases-where :
a bird moved through a gfuup of conspecifics. It was very similar to

the "post-landing display” g){cept that in thirzy-seveﬁ,per cent of the

recorded instances fhe "wings-up-and-back" component of the pnsthre was

Aégress!m\ directed” towards birds which had assumed this posture

was infrequent and where it did occur was reélieved by “exaggeration" of

the display (Figure 26). i
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: ( Figure 26
Fo S
. Exaggaruud Ritumzed \mkmg (1) by =
Where mu addpted "r'ltlnllzedqﬁlklng ()" : nduere :hmuned o
ur;ttankad t.he}uould stretch the neck upwards unti'l it ran IS an almost-
‘verﬂcal Tine frbm ‘the body to the tip of the bill. 'mis vosture always -
. appeased fur hostility. 5 S % A
' - %
b 3 S o ) . :
: . 7 3
i 8 \ Nt e
<o’ e A *
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.
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® E ; : Figu're\-l»‘ St L

Bﬂ]-nrnng
Bill-arring occurred throughwt the season when a bird returned
to its mate at the uest-s!te“.'purmg this display both birds gaped
and exposed the yellow mouth 1ining. A gargling call was usually given
by both birds and‘ the bill clgs‘ning that ensued made 1:t appear as. though
each member of ‘the pair was attempting to grab its mate's bill while

Vat the same t'lme.preventlng having its own bill gripped. This display

usually continued for five to fifteen seconds and usually terminated

with "allopreening,t " \
Bi'l'l.-irr@; freqientIy‘nbserved after one member of a pair

had been involved in a “level 2" or “Tevel 3" encounter.
This display, in both of the ‘above contexts, may rev@sent the 7
rechanel1ing of aggression into @rierdly inter-mate display. -This

has_been postulated fﬁr the very similar fﬁwing beh{v.inr in the Gannet

.. (Nelson, 1966). The slmlarlties of this display with ﬂghtmg suggested

to Norrevang (1958) that lutes fwght each time they. let at the site.







H
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) k Figure 28 !

Allopreening .
This was the most fr;quentlj encountered 1nter—mte activity over

the entire hreeding ‘saason and infrequ!ntly it'was observed hatween

_non-mated birds. I’ the htter 1nstance all birds were incubat(ng at

the time of préen(ng. This activity‘ was usually restricted to the head
and neck regions and the bird heing preened frequently turned its neck
in such a uay as to ruffle its feathers in the target area. R

Al Igpreen!ng isa very common activity among bird species which
nest.in hich densities (and have restricted breeding sites) (Cullen
and Ashmole, 1963). * Between mates the activity is seen to function

g in str!ngthenirig the p{r-bﬂmﬂ and probably reduction intra-pair agg-

ression (Birkhead, 1976; llﬂson. 1965) -Its cmsplcuuus occurrence

among only incubating neu\bours (non«u :onspeclﬂ(s) 'lwlies (Ewk-
head, 1976) that in this- instance too aggression avcmnce is the prlnry
function.
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Figore 29. ' . .

Fcut-lcokl}/ LY

lTMs dlsplay occurred between members -of a pair-and was restncted

to the period befcre egg- laying and during incubation. It involved
one or both hirds bendlng fnmard and pu:king up small pebtﬂes or' pieces
(of. grass. Sometimes blrds would bh‘.e"one another's feet while in thise n
Po; wtlun and fredﬂently hoth hlrds wmﬂd place their bills down betweéh
e feet of one qf them. This pvsitwn was uften mamtamed for several

Aot

seconds. & LT S R s

Bowipg mo\{em&ntstmparab]‘e to “foot-looking" in rurrés. ard’ a w‘idé-
spread bhenognenon among m;'ny' E‘lj‘fferent ‘bird species. Van Tets (wyss)?‘
‘has- sugéested simflar behavior in’ the Peleci \;“fnnnei to have been de- '
"+ rived from nestsbuilding movenents and Tinb‘aﬂgen (}959) has sugge,st_sa

that the chok{ng display in larids. is dev(i.v;d f:rem ‘pecking at nest material

or frnm nest-buﬂdmg ‘lhat bowing movements might represent an aggressive

activity was suggested _by Nelson (1970) for Gannets . o

In myrres these npvements may revresent vesngm nest-building

: tendencies (sdppnrt’eﬂ ajso by observation of’ inbubating ‘murres p]acing

sman iebb'les beside the egg during "foot~1uokmg"). certainly any aggress-

1ve gomponents that m'ght once have been |nf'|uent1a'| 1n the evoluﬂon g

* of this d1splay havek‘dlsappeared.
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Rgonistic Behavior .
Pethngﬂ] s (1970) definition of agonistic encounters as-all hostile

activities from Overt attack to overt escape is the one used here. Such

" . encounters -are di Scussed . separately-as aggression and appeasement. s

Aqgress ion § .

While numerous speuﬁc responses have evolved in murres’ to reduce

“ s W grif:uency of overt agon1stxc encounters, the breeding densities char-
Lowe e McterTtit of thls swecies nevitably result in- hostiTe. confrontations .

+- The most " frequent expressmn of overt aggression recorded: for this
and previous studies was' ‘jabbing. 'This, involved one bird thrusting-its
\)ﬂ‘l towards. a ngarby cons"petlif,ic, snmet"mes with definite intent to make
contact and sonetimes in ‘a‘nore rnuanzed form. . In the initial stages
of any.confrantation such'jabs were directed only at the head and bi11
of the cpponent, but as the intensity of the r_nnfrnntaﬂun increased. S0
too did the viclousness, ‘frequency and pYacenent of jabs.

Contact aggression ("level 2" - see below) was, usually preceeded by -

threat display (fiél;}'e 19). -Here birds usually stood about one faot apart
fa‘cinlg the b'{iff and thus with their shoulders facing.. The heaif was turned

sideways to the'body with the neck slightly outstretched and curved towards .

. the opponent and"with the bill held a few degrees above the-horizantal.-

Essentially this posture maximized. the d'iémce between the two birds but

sull allowed the behavior to retmn funcﬂonn pw:ntia1 the posture ~

(a-nd spacmg) m|n|m1z

, for low key aggressive encuunters at, least, the ..
Tikelihood of sermus <injury but ma1ntnined the birds thn a_range where

’sctual phys1ca1 contact could occur. Once an encuunter lntbns!fled beyond 3

£ t};ls pmm: thws "eritical distance’™ was_broken duwn‘and highly intense
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aggression might ensue. .Tm's distance appeared well defined as observa-‘
tion of threat posturings between any tHo-birds greater than one half
m’et;r apart wa's recorded in only 3 (1.5%) Of 200 threat displays /nns;ﬁved.
In76 (3] Of these observations threat was accompanied by utteraice of
a low, gargling cail - .Threatdisplays seldom developed into 'level 3'
aggression; only in 4 (24) of ZOD threat displays did such intense
aqgressi%fu'l Tow.  This represented th\rteen per cent of the total
"eveT 3" encounters: observed (¥= 30).

Various intensity levels were identifi ed”for aggressive encounters .
In the first Tevel (Tevel 1) jabs were directed.af the opponent's bill
but contact was not actually ma;ie, IOnce level 1 intensity had been
surpasged, actual contact was observed (level 2) with the target area
hav;ing expanded to include the head and neck.. Up to this point birds kept
their mandibles closed during thrust§. The most intepse (level 3) agg~
ression involved birds jabbing with k‘half-ope»n beaks, locking bi11s and
then head twisting and beating one another with their wings.. Such extreme
encounters were Jfare, only 30 such observat'ions were recorded for both
seasons on Gul1 Islanq. Birkhead's (1976) record of 200 "level 3"
encounters ‘oyer four years suggest that very ir’ltense; aggression is more
fréquent on Skomer than 6ul1 Island. >

One fight on Gu11 Island Tasted: for over seventeen minites and ré-
sulted in blood appéaring on the hreasts‘of both bird; and on Lhe‘ under-
wing of one of them. The duratiun of this encaunber was unusua1 however
aas fights rdre'l_y exceeded two minutes in Tength. .- During longer bouts b r‘ds

often became fatigued and wuu1d cease strugg'ling for brief intdrvals, often

resting with their beaks sti11 entwined. Infrequently one bird would:manage
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to grip its opponent by the'back of the neck and invariably this led to
cessation of struggling. Such behavior could be of considerable v’alue
.as Birkhead (1976) reported a similar;encounter on Sk?mer which resulted
in "the severing of a major blood ves;e] in ‘the pinned bird.

The_low frequency of .thie very intense confrontation stiggest sfrovg
inhibitions against them. Such'inhibjtions, coupled With the gradations
in- the intensity of these encounters, work effectively in performance of .
the e:sen'tia] functions of ‘aggression (protection’of site: mate and self)
while at the same time prec}udmg the need to engage in the highly waste-‘
ful and injurious “1evel 3" interactions.

‘During "Tevel 3" confrontations Antagnni‘sts would seemingly lose’ all
inhibitions towards the cross[ng nf terr‘ltones and would scramble about
the Tedge, often with their beaks entwined, hlttmg other birds and-gener-
ally interfering with them. Incubating birds were never seen to respond
to these intrusions even’.though'at times théy were repeatedly struck by
the wings-of thg fig’hting birds.  Even non-incubating birds were seen to
retaliate only twice (6.6% of the occasions). Tr’1s absence of* retaliation
by §ncyba£ing (and brooding) birds prevents/the ‘endangering of chicks and -
eggs which their involvement-jn such encounters could incur. )

Differences 'in levels of aggression between. different categories of
birds were-also noted by B%rkhead (1576) and Williams (1972). . Both these
authors notéd findings slmﬂar to those above. On Gul11 Island’ this was
also nuted for trespassmg birds, b\rds passing th= nest-sites of con~
specifies seldom responded to attacks by -territory-owners, WilTiams

(1972) similarly noted that birds-with no adjacent site usually fied from

iedh :
*- agonistic enCounters. whereas site-owners on or near their sites retaliated




J or challenged.

. During challenge the bird faced its opponent with an alert posture ¥

Hfith the neck outstretched and the bill 5-10 degrees above the hori zontal .
" such a challenge was usuany ended by the "amb 1 guous headshake" (Williams,
d 1972) which simply consxsted of rapid 1ateral movements of the head . . For

. both this study and that of Willians ('1972) the ‘ead was lowered as head-

g . .shaking occurred unt}\,eventua'l Ty it tqu:he/d the breast or shoulder at
which point preening (an appeasement posture) .comenced. Thus head=shaking
was enuﬂf)yed as an -interim.gesture which connected the alert challenge

. posture of potential aggression with the appeasement: gesture signifying

. .passivity. B

Birkhead (1976) made some 1nterest1ng observations on head-shaking 2

and found that the frequency of expression for - this behavior was. similar

i’or both the winners and losers of aggressive em:ou‘ri‘ters. However, both

this and William's (1972) stu;iy indicated that this display was usually v
" perforned ‘before Confrontations reiched: the stage where a "winner" and

"Toser" could be defined. ' Birkhead (1976) thought that this m19'|;t bea A

comfort mm;ement and cited the work of Ainley (1974) who showed éhat in-" -

creased salt secretlnn in Adelie Penguins accumpanied “head-shaking™. during g

t 4 territorial dlsnutes. Tnus the high frequency of "head-shaking" during . B
o ’ agqnistic encounters ‘ll_ight be indicat’lve of hypersecretion of s3lt during e
. such situations. .

S ’ 3 Observations on Gull Is]and indicated that. this gesture occurred very

; frequenﬂy in non- agonishcs!tuat!nns as we11 . It was usually associated®

" with gape - distension in resting or incubaung bwds ‘and n this sitnatian

was interpreted as ‘a comfort movement. Certainly this may well he another

|
L
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example of a behavior which originally serweda maintenance function -

having been ritualized (in-muich the way preening has been) Inéo adis- -~

play. Body maintenance-behaviors.would seen 1ikely candidates “for -
ritualized appeasement gestures: as they contain no threat conpanents.

Both Willians (1972) and-Birkhesd (1976) have comented on the season-
al aspects of v’nurre aggressl'on behav(or. The former authnr stated that !
especiaﬂy during the incubation and ﬂedg'ng perinds urres had a tendency
“to turn and jap‘nmghbordng birds: without "apparent reason. After doing -

- -this these birds almost immediately began appeasement p‘t:sturing ;o that !

: u;h;an the bird. that had.been ‘atticked tirned to retaliste "{t confronted ‘a
bird inan appeasenent posture. Similar observations’ (N= 63) were noted
for Gull Island; Thée latter author reported: that Tevels of iggressiou and

F. appeasmnt were significantly lower in the pre<laying p\gried than at other
tine's and this too agrees with data gathered on Gull Island, This same
;uthur noted higher ‘levels uf aggréss‘un during the winter per'iod when
birds first returned to the ledges on Skomer.. He interpreted this as a

! “reflection of cmnpetiﬂnn associated mn re-establishment:of site mner-,”

! hlp. Such an interpretation was m keepwng with -his earlier noted con-

jecture that one function of such early return to the hreéding ledges was’

3 mintenance of the nest-site ‘under the higMy competitive cundit\un

gested to operate in that area. . If a similar situatipn operated on Guﬁ .

! Island then h1gher Tevels of aggression wgu'ld be expected in'the pre-]aying
S period and _this ws-not the case. " Thus varying Tevels of aggression with
first contact of the land repmse&vts 2 furtner d1ffgrence hetneen the- Britfsh
. and Newfnund]and (Gu'l] Island].sltuauan. 2 3 7~

S The vast majnﬂ ty nf aggressive ennounters were assncuted vnth defense,

sug-, " .




" kal\had (1916? has :onsxsely dichotomued murre appeasment disp1ays »
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of the nest site or.mate; the latter-was observed during* rape attempts.

Such®attenpts consistently resulted. in resistence by the femle and an .0

aggressive attaek | by ‘her nate on the rapist.

retaliate (n forty -two such- observations. " n . o7 ,
Aggresslve encoun ters betueen mates weré rare - only two such nbser-

* vatfons fere made and ‘both nf these ‘Followed cnpu!atwn attemts where the-”
femie jabbed at tbe ‘male. B1rkhead (1976) .noted a similarly ]nw 1éve1 5
of intra-pair aggression on Skomer.. i =

,Appeasemnt’ :

{{} EIemnts of lear are associated mzhﬁggresslon in many spec1es
(Hinde , 1956) and this was cermnly true of. the wirves on Gu]l [s'land
Frequently aqgressive gestures (e.g.. jabs) wnuld abruptly give way to .

appeasement and as noted previnusly aotua'l_:

-4 R
uere se!dw preceeded b_y threat disp'lays uhlch In the mjority nf cases
prevented highty ﬂnense aggression. , Obviousldy if strategies Tad not evol-~ .
ved for' th: mitigation nf aggress(nn. calnnianty could never have becmne

a su:cessful repruducn ve design, uhﬂe threat is 1tse1f a fom of aggres—

sion it represents a su-:cessfu'l/trade uff S a‘]esser of - twq ails. Euing *
one step further are the non- aggresswe dv'sp'lays uhi ch funétion to bridle

potentia'l aggresswn. Su:h d1splays~ are nf course appeasement gesture§

“and while nat one hundred per cent. successfu] tney result.ina surpr1s- e

mgly Tow level of high mtens']ty aggression inmrre, cn'lome

Rppeasement can operate in e1ther of. two ways = itcan pmvent th=

onset of aggresswn orit nan teminate aggressinn once 1t 1s sta’v-ted

The ‘latter was néver seen to
'“, b e %

i3, ericounters) - -




*- along these lines and describes the’ formier as. ";')assi've appeasement" and

the Iatt_er'as “active appeasefr;ent", Certain displays ca::: in d}fferent .
contexts, function as either active or passive appeasement.

Side-preening, the rost, freqiently. éncountered appeasenient posture
(figure. 22) oc'currea reqularly. in two ‘sjtuations. It consistently follow-
ed the return of abird to its site ‘and either took place “almost ‘lnmed\ate-
ly if7its mate was absent o ful]wed bill-arring (figure 27) if its mate

was. present Side-preening also occurred at the end of Fights and sone-

"+ times -in the midcﬁe of Mlevel 2" encounters as well as endmg threat- on'ly

confrontations. . The latter observation-underscores the fact that appease- -
ment displays do, not always work and ihat once 1"1“'eve1>3" aggression begins:
‘appeaserient displays do not usually take place until T T——
finitely ended(i.e. there is a‘clear winner). This once again (as did the
previously noted 1oss of nhibitions towards trespassing) points out the -
total involvement of fighting murres once "Tevel 3" aggression s reached.
. Willians (1972) suggésted that there was a direcuum component to
side-preening and that this-was related to dominance. Thus'in situations

where: both birds; side-preened. the dominant ‘indlwdua] (the winner- of an

. encounter) would preen its side nearest the opponént ‘Whereas the less

dominant, Bird (the Toser) would‘preen its far side. Birkhead(1976) how-

ever, found that no such diréctional component was detectable for birds

. on Skomer.. While specific investigation of this phenomenon was not.part

of ‘thi’ study,observations that were-made agreed with those of Birkhead
(1976). . N : N

- IR 7 ]
The “preening" executed during the side-preening display was™often

ofa foken'manner; embhasizing the ritualization of the posture. The
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-frnm b‘lrds near‘by (this ~study; Iﬂrkhead 19765 Williams, 1972).

"of the cases, actual jabbing of the new arrival occurred.

' not. re!;urded all birds’ d'ld go thraugh bill-arring.:

*birds.

y 140 .
Tatter is important.as' sudden movenents (such .as 1anding) elicit aggrgsslbn
The: effect-
wen!ss nf such dvsp'lays was manifest on Gull Is]nnd when threats against
returnmg birds ‘were 1.Mt{ated and then abandoned: once the' pnst“’land‘ng
display and/or side-preening were car:rled out.  In fact for 340_nb\served
returns. to s?'ce .in"311 (91%) birds sidepreened immediately or just after
bill-arring with their mates. .Of these returns with appeasément 167 -(54%) ;
saw nearby conspecifics adopt a challenge or t‘hréaf posture’ an& in-42 (25%)
In.all bu 7
(17%) of the Iatter instances aggression terminated with the awgasement
posture This means that of 311 returns to ‘the s1te, which were accompan-
ied by appeasement, only ‘in7. (2%) instances did post-. appeasement aggr-ession
occur. - Potentially all 311 returns could have- eucited “ggression. )
In'the nine per cent -of the returns to si;e e e ST R
For m;ﬂds returning
“to an unoccupied site fste absent) side-preening was always expressed.
This endence certam'ly suggests mm~mate cunspemﬁcs to be the pr|me
eliciters of side- —~preening. numng site returns.

Strech-away and turn-away (Figure 21) appeasement occirred after an
aggressive encounter (involving the bird showing appeasement or in resp'nn.seA
to a nearby "level 2" ot "level 3" encounter) a(;d in response_to the move-
ment of nearby birds. Stretch-away was performed mainly as passive appease-
ment (88% of a]l‘nhservat‘lnns N= 86). and was only performed by incubating
During active. appeasement:tije neck extension would some.tﬁmes' be
maintained éven while the bird suffered jabs from its opponent. This

projonged display was referred to by Birkhead (1976) as the "prolonged




_ stretch-away."” .

" Turn away ns observed very mfnwﬂy ls‘ passive appussnen!»lnd

in 95% (¥ 127) uf the observations it nccurred hmzd'alely after an i
aggressive 1eve] 2" or "fével 3° confrontation but only in 3% of. the cases
did it follow threat encouiters. In Five "level 2" encounters where, turn—'
away was used to terminate aggression the initial jabs were a responsé to
the stretch-away posture which had been _eni:niu_ul the movenent of 2 bird
nearby. Parodoxically in this situation one appeasement gesture had e’licit-'
ed aggress!un and thereby necessntated a further und dvfferent appusunent'
d1splay These” abservatlons (once again) underline’ the high tens(nn ins
herent in murre breeding lssnciatinnfind 'support the earlier-r nuted observ-
at.mtl of how sudden movements. often elicit conspecific aggression. - B =

" The |;nst-lanaing display (figure 23) was 2 totally passive appease-
ment display and it occurred in.ninety-per cent of the observed landipgs
where birds yligh!ed within a meter of conspecifics and/or followed hndin;
by savenent through the colony (k= 360). Murres landing on the periphery
and remaining there seldom performed a post-landing display.. The m&r
observation disagrees with that of uﬂh-s(lm) who stated that birds
returning to the Tedge performed this-display whether: or not conspecifics
were nearby. Birkhead (1976) found that birl‘ls vere more. l'ikg]y' to perform -

“post-landing-displays in the proximity of other birds.

- The origin of the dlspl.{y is probably a combination of the recovery
af:er ’Iamﬁng and the pnparedness for a number of antngmisﬂc tzndencies

4ncluding attack, defense or fleeing. Vln Tets (1955) has suggested a simﬂar

origin for the pnst-landing display of various of. the Pelecaniformes.

_ Williams (1972) .has commented on the balance (= recovery) aspect’ of the

-
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murre post-landing posture and -has also w_nsidend the bringing of fish
to chicks to have been an influencing factor. In this situation murres
hold-the fish in their beaks and have their neck outstretched to the fullest
with the bill above the ?ﬂrigontﬂ. The p‘osture is essentially the ritua-
Tized-walk (1) (figure 25) posture and presumably aids in prevention of
Fish stealing. Certainly this factor could ‘influence the “head-up" compon-
" ent of the display ind possibly the winqs-up -and-back" cmpon!v(inulq
représent the recovery aspect. - . i
Po;;-hnding displays ‘function as appeasement and may partly accomplish’
this by allowing conspecifics to recognize the alighting bird before 1t
enters their midst en. route to its site, Lorenz (1934) claimed this to .
be the case for the post-landing posturg of the !f’a;:k_-cmmed Night: Heron

\ (Hyeticoras nyoticinar (L.J)'stating that such habituation reduced conflict;

Dorvard (1962) considered the post-Tanding display of sulids to inhibit

molestation via a similar mdus. . =
Once having landed.mirres face the problen of. reaching thefr “nest-
site" which'may be a considerable distuée away, To get there they must
cross the territorfes of 2 nu‘u:;r‘nf potentially aggressive conspecifics.
Essentially two different contexts ;re possible here - either the bird can
move past a gmuﬁ of nt_:her-qr.res or through mé group. On 6Gull Island
_if the bird could walk past the group at a distance of approximately, two
meters or greater no posture was assumed, However, 11"the\‘b_ird was forced
to walk by the group at lassithan this distance it usually (78% of 207
observations) adopted the ritualized-valking (1) (Figure 24) posture which
consisted:of. the  *head—dom",  "wirigs-up-and-back" components. Where one

component was abam‘ioned it was always ‘the 'gings-up-and-back" -and this




occurred for 35 per cent of the obseryations. This suggests thdt the
'bead-dm aspect is the most ssenthl postion of the disphy and :
certzin'ly if, as Birlmeid (1976) sugges!s. the wing :upunent functions
to'draw attention to the moving bird, then it may well be that the post-
Iamﬂng display which has pre:eaded the rima"zed-nlkmg" has a:ump—
Tished this ,end already. y
Hhen I muru was forced to mnve through a dense group of nesting b{rds
it adopted the HtuaHzed-wa‘l k'ng (11). (figure 25) pnsture which was pract~ i
. : ically identical to the "post~ 'Ianding" ﬂisphy e)‘(cept that in 37 per cent
of the. instances (N= 63) the “wjngs-up-and-back" component. of tr;e'landir;g
pos‘ture vas absent.s This usually occurred 1:|| dense nesting groups where
possibly the “wings-up-and-back” aspect might have elicited aggression
from bl:rds struck by the wmgs'. The ivpease-?nt function of this display
i was de’mns’trﬂ‘éeﬂ by two different sets of observations. Firstly; of fifteen
2 situations where birds did not adopt this posture while moving through a
é $ group of birds, fourteen (951) resulted in their being threatened and/or
i engaged in "Ievel 2" encounters by conspeci fics. Semndly in ﬂght of
these slﬁlltMmS (57%) birds once threatened or attacked stntched the
neck Mghar and positioned the bill almost in a vertical pfane (figum 26).
. If the athcker s on their s'lde or behind them the birds mld hurty out
> of range but if their path vms blocked by the aggressor then tney would
stop and often accept several jabs without retaliation. Aggnssion vas

always aleviated by the "exaggeration of the basic posture olltlined above

and "level 3" encounters never developed in this context.
" Murres a_;'e aggnés'_vely colonial (Nelson, 1970)and each izreeding Bk

paiv“ may encounter strong resistance in seeking a territory close to other




" conspecifics.

This compression of territory and inter-pa'ir distances -

" means that 1ntense agon1sﬂc behavior should character!ze murr! breeding

trespassing .

> nf necessity, frequem..
However the very fact that murres do nest in such high. densi ties

1nd\cates that mthy intense (e.g. "level .3" aggression cannot be prevnent

. “strategies as ‘the use bf long—range Lhreut is prec'luded and’ hecause terri tary‘

as such a sttuatien would have led r.o aspacing-out- of hh—ds (Wi11dams, 1972)).

" Observations md1cate that Tow mtens‘ty aggression (,"leve'ls 1and 2") is

commonplace while."level 3" encuunters dre expressed less often in furres.

than in other colonial species (e.g. sulids ™ (Nelson, 1970))". The open

nesth\g habltsdﬂ murres: have undnubted\y been a strong selecﬂon favnnng

Tow levels of h19h mtens{ty aggression, i

3 Murres have, in effect, achieved.an equmbrium for aggmssion. main-

taming it largely. In an essentm]y ntuah'zed form (threat) for. the pro-
tection of nest-site and mate apd preventing !t via appeasement g;estures
which t‘hereh_'(l inbiibit. Tnjury to self.

) The, breeding situations characteristic of murres necessitate ummbiguous’

‘displays which clearly define the intentfons< of:the displaying'bird. How-

‘ever, the antagonistic -tendencies that operate similtaneousTy in colonial

- derived from overt agéression.

situations are responsible for the frequent expression of conflict.behaviors.
Su:h behav\or‘ often Teads to aggress'lon being directed at objer.ts otner
than the one wh'ich ehcwed the aggressinn. Thus in. murres. many of the

attributes of overt aggresswnv such as !ahlﬂn’g, bIl]-gripping and - head- twist-

‘ing are bseen in the bil1-arring between mates suggesting that a behavior

which'presumably now, functions in strengthening of the pair-bond has bgen

Allo-preening, another display important




i
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"in pair-bond maintenaiice, has similarly been suggested to reanSen; .
redirected aggression (Harr!sson, 1965) . " Restriction of the breeding R
- site has 1ed to the appearance of: both these behavior‘s, allopreening.
and a protracted greetmg {eremony, in mmerous, and taxonomica'l'ly, qu1te

distinct, spe:ies (CuHen and Ashlmﬂe, 1963; Ne1sun,‘1967)

The behaviors ﬂhnstrated and’ discussea _in the ereguing section do

not represent all the displays which have been ‘ldentlﬁed for Common . 7
Murres. Birkhead (1976) noted 1 ftéen duplays for th\s species on Skamer,
However, the-béhaviors d §cus§ed A_herﬂn have al1 been ones strongly ins
fluénced by aggression. g g T : 1

. \‘he behavwrs nbserved on Gull Isl and were also recorded by B|rkheAd
(1976) with orie possuh]e exception. The “exaggerated r1tuaI1zed-m1k1ng
(11)" disp‘la,v noted:on Gu11.Island’ bears a strong resemblance to'whas”
Birkhead (1976): called the “head-vertic‘av' posture and, which he: recorded

as acﬁurring almost exclusively in clubs. .He interpreted this' display. as

a'male advertising posture pérformed by non-territorial (nan,—matgd) males,

Tie posture, fiTustrated in the Birkhead (1976), study is apparently-identical

. to that ubserved on Gull Island and it may Well be 6nat the pasture

. functions -in both ‘contexts - “those of. male advertising and a\cﬁve appease-

ment, hnth situations hemg ones. r‘equlr‘mg conspicuously non-i aggresswe :
intent As detailed observations nf Hub birds were not ‘made on Gl
Island any, dklfferences which might be ‘expressed. in the different contexts.
(breeding Tedge.vs. clubs) ‘amait further study. ‘ ‘o
Indi:ati;ms from this -study are that (-"]E‘\.Iel 3") aggression. occurred
less frequently on G\m Island than nn’Skamer This is probably a reflect-
- fon of: the: status nf birds’ on Gu11 -Island: and the avaﬂab'mty of unnccup|gd
balntat that exlsts thare. 5 . . b
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3 / Final Discussion

The adaptive strategy of any species represents an eyolutionary
end-product , a balanced strategy for survival nﬁjgﬁ has been shaped

, by a-mutiplicity of interacting, and species-specific, selection :
. pressures.” The interaction of 211 these factors means that effects’

" on any. one aspect of a .species’ hirulogy are seldom isolated and usua‘ﬂy
‘ o

1nput at”any: pn'int along the continuum of orgahisﬂ-envi ronnent. exchange
results in a rehﬂnn:ing of all associated parametsrs. - i

The Emmun Murre 15 a species adapted for' 1ife in tun very differ-

ent enviroments and‘strategies operational in one situation a}e often, "

of necessity, nit‘lglted in .the other. Thus during the non-breeding
season this species ranges over the coastal and inshore waters and expl<
oits a vast foraging area where direct contact betweén conspecifics is

prevented. This situation changes abruptly once breeding starts and

‘Mgh density nesting conditions develop.

Both the density of hréeding birds and the lack of any.actual nest
have influenced, and been influenced by, predation, clutch size anq.

 breeding Success. The density of breeding birds Teads to vastly ih- -

creased conspecific contact and the tendency to maintain “indi Yiduﬂ
di‘stances‘ during t}ue non-breeding season translates. into urritnﬂﬂ
responses at huedh\g time M\icﬁ result in fraquent express'an of
aggresswn hehnvlour, Such aggress{un has been. a dnminunt force in the-

evolution of murre sociﬂ behaviour.

mrkhead (1976) has similarly noted the campmity of adaption in

" this species and considered body size and. the mrpmlogiul adaptations-
s 7 TALE




for diving to have been major inf1uences on-the ‘general breeding strat-
égy of murres. He noted that be‘caﬂse of gheir specialization for life
at sea, mrres are awkwird on Jand. One gonseq;nem:e of this awkwardness
15 that mirres are unable ‘to také off from 2 flat surface and ‘thersfore
nust_move to the edge of a cliff before Flying out to.sea.” As noted
ear'l{er, such situations ehut aggression" from nesting birds and there=
fc(e have associated yith thun well-defined lppeasmnt displays. ‘This
awkiardress on ‘land has also affected the abilities of murres to defend "
_the1r eggs and chicks as it preﬂudes the use nf any mobile defence such
as the dive~ bomhing tactics that gulls and tern\ emp1oy. Thus a sing'le ,.
fgctu:-. mrvhology, has influenced AJ range of responses “in murres. to
such ‘varied factors as predation, territorjality and social behaviour.
7} The high nesting dulsi"t'[es af‘s murres are ﬁroblhly an ‘adapta'ti_on to 4
predation; certainly large, dense groups-of murres can represent an
z‘ffectiu anti-predator de;lioe. These high densities .are adipti}ve also
“in that they function to synchronize ledge populations and thereby allow
for maximm numbers of chicks to be fledged and of course fledging
itself t_ikes' place just before dark when presumably a predator's “chances 2
of ta‘kingé chick are reduced. -l'he eggs too, while exposed, are given a
l%v‘ge messure of protection by i AsHId0TIS ChaMCtRFSHE O RikFa:

ir{éubatim. Similar ntentien 1s shown'to the chick and this places.

" constraints on the amount of fwd ‘that can be brougm to the young Mrd. '

|

This problem’ is qat:en iround by redu;lng the fledging period and
aHnwing the chick to Teave Lhe ledge at an early. age, Differential . 2oy
grwth patterns for various body vargs !uans that the chick is capable .

\of“f‘onwng the adult to sea. i &




‘\mrres as'a ‘gromr: have.bﬁen very- shcces%fuf'!n their exnlult\atiuﬁ
of the parine env_lronment and essentially come to_Tand only to lay the!r -
: . eggs ln;iE;ﬂse_ their chitks. "' Their ;dapiitioﬁ -to this vg‘y of ]"‘e‘ has
‘ been complete, to the extant ‘that on Tand they sre avkiard and have, of .

i necnssity, evolved cm'lex beﬁavtnur pamrns uhich furiction to reduce :
-1 ' v‘ﬂwse prohlems which this aukwardness and their high-density. nesung

i
hnve :mated. W!
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