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- sludxed in order to compare the sexeg,m theu' patmns ul pnrenul act]

* ._differences in the rates of thes,e alti

or ppecles of fish per meal sug;
i

during the breeding season. Tif ylocntnon was categorized as on the slopi m

the burrow, an} away lrom the coluny Compared. to males, females apent more,

time m trsurrow dunng pre-laymg and incubation, and more tlme away d\mng

“the chlck—reanng period. With the excepuon\l\prelaymg, males spent more time

on the slope throughout the seuon than fem: ales ‘were mvo,lved ina
greater number of burrow mamtenance activities nnd aggremve int, nuons than
females, but because‘ males spent . more mne"on ‘the slope, lere.

ere ' 0o

ties. Females dehvered more] fish- meals’
chicks per season than did males. No s‘e{diﬂ‘eren_eu oceurred in_ the*number, size

have been-due to grenur time upeut !omgmg for_chick meals, Male and female: -
Atlantic Puffins both perform all ‘of the breedmg activities to some extﬁnc, and
probably <ontribute similar amounts of time pnd energy to reproductlve effort.

ing - that the longer nbsénée by t;males ‘may: .

Although™ females may cdntnhllte more tow: nrﬂs short-term breeding effort by

mvesung more in current yonng, males may i more towards long-t

breeding effort by investing slightly more in activities which serve burrow de!‘ensa

functions, »
. . . - T
‘This study also pted to.determi wheth‘er tra-pai g ions and .
te-guarding are imp o onents. of the’ Atlatic Puffing’ reproducnve
strategy. Males app. entl ted u)seﬁure Xtra-psir cop “ ‘» u397 of .

those observed on the wster durmg the pre—hymg stuge whcn,ed ‘more than one
‘female. Some of these males may hnve been mated as males spent nyra time away
from nates durlng pre-laying and the early part of incubation, bul this dllleuncs

o
decreased as the number of females yet to lay eggs decrgued emlle time awdy
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did‘ not\slmw this- ‘pattern. * Evidence. of mate-glurding‘ by males includes
> observations that mates spent more time pmed and were invelved in 2 greater-
mlmb;r ‘of synchronous arrivals md departures, durmg the prelaymg stnge than
o % “—lafter. Hawever,’guuter'tlme paired indlcates only 'ehter mate proximity; it does-
. not md)cuuhether one sex Was more ; responsible than the other for maintaini _‘gng ’
prﬂxumf.y In addition, there was no difference in which sex depsned or nrnved

« +  ‘first when pairs arrived and departed togelher Because s} cessful copulations

Appe red fo involve only paired birds, females may provnde confldenee of
pntermty by re)echng the solicitations of other males. . TN
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INTRODUCTION Ly

p e SR

In this tm; parental beh:vmugpnterns and the pounml for :xtu‘pur

copulations in the monogamously breedmg Alh.nm Puffin (Fmtercu[zr arct!ca)

"w.u be examined in an attempt to compare the reprodllctlve llnteglu of msla

and females. Generally, males invest more “in mating effort (sec\mng mates),
while females invest more in parental effort (caring for offspring). In monogamous
species, howefer, offspring survival demands consideub]q:plren!al care by both

§ P X :
parents (Emlen and Oring 1077). The, degree of equality in this contribution to

parental care by' the uexn,in not fully known,‘ and may diﬂer?mung‘sbecies:
i " v
Aceordmg to Tnvers (1072), *emnlu of monogamous species should invest

i sh'htly more than males. He'argues.that at any ume the sex that has invested less

thm its mlle should be:more mon;tr elected to dmn Thu is b{{ed on !he idea
that the segwhou curhulative investment éxceeds tlnt of ite, mate m-cnmnntted
to greater hnurz mvutment bee:\ue its losses vnll be Inghex if unsuccessful. . AS, 3,
result of the female's initially larger gametic conmbntxon, the. male should be
more strongly’ selected to™ desert, v,heuu,the femiale should be more nropg]y

selected to stay if deserted. Others have pointed out, however; that the amount :

of future investment a parent provides an’ 6ffspring may.not be determined 'by
that sl;endy mvuud but rather by the amount that will be reqmud by !

offspring in the future in rehtwn “to the cost of its replacement (Dawkins and:
CArIlslo 1976;. Beuclnr 1077). The u.maunt puvmusly invested is' only important
in that it de!emunel how much mors is required; if u not lmportlnl'ﬁh\ch sex dld
the mvatmg Thus, it would " not necessarily follow llnt fem:la of monogamous ,
species should be less likely to desert; or'should invest sll;htly more thQn mnles ln
parental fcare. This would be: elpacnlly,trne for a species which hys a umgle egg’,

per yearyand for which & replacement egg is only posslbla early in tlm season, It

may be Tess costly for both'sexes to complete investment in the first o'ﬂ‘spnng thm &

to attempt to replace jt, and risk nmng 10 oﬂspring thn year.

.




e "

‘anp;s (1972) def nes puenlal mveszment )s‘ 'An mvutment by tha
parent in an oﬂsprmg that i increases the o(‘fspnng s ehanee of survnvmglnnd hencé
reproductlve success) at the cost of the puents aluhty to mvest “n, other
' offspring.* Because this defmltmn t§5ﬁld‘u oply those sctivities: wlnch affect Ihu
_sm-vwsi chances of the current yo\\ng, it has been nrgued that l[l nppropmte
\companmn of male and fémale invesyments cannot -be ma&’e vdthout also taking

iiito account activities such‘as increased aggresslou “in defense of the nesb-sne and . °
: mate (Monteveccln pnd Kn"khnm 1980; Burger 1981A) Montevecchl nnd Kukham o
. suggest that’ for marine. blrds i pasticular, mvmcment may "be equal duu to-the

costs resultmg from slterehted activities which. a)'e more often performed by ~

miales.

o ,:" vy, § t0 l

. In order to. compare the entire mvestmenb patterns” of breedxng msles And
sductive éffort’ as ised of: l)
- ‘

femalakxt msy be P

_vshorme;m effort - . thos & lﬂ .
reproduttive’ sucnass, such 8y mcu\;mr he egg(s) and prnvumnmg thie chlck(!), LT
and 2) | long-?erm effort - tl\ose )chvims wluch may beneﬁt the mdwldual in the Y

~long term, sllch as estnbhshmg snd mamtsmmg 8 pqlr—bond ind- nésb-sne in those @ "\

specm whlch r/ehm the !ame mute and breedmg site for severul y;ya

Sex differences ‘in- the pﬁ‘rental eﬂon of monogamous specits mpy also be T ‘_"’L
less ihan Trivers suggests if’ the species is long- hved and shows strong mate
fidelity (Emlen and Onng ‘10771‘ Pairs” breedmg “together over:consecutive years

\nhen show greater synchromznhcn and C&ﬂ;meney, mulﬂng in hlgher reproducuve
" success (Coulson T965; Penney 1068; 1073; Davi\a 1976). /Th,\;x rmely ‘selfish

5 mtemchons should not be éxpected betweensmonngamous n‘futes as it may "be Lo

-

’ t}m advantagé of both sexw,thnt neittier becomes so energehcnﬂy taxed, as to o o
increase the risk of mortalny (Ldzarus and Inglis 1078 Montevecchi and Porl,er )
1980)‘, T - e e

\ ) =

In monogamous species, sex dlﬂerencu occu? not only in_the ‘smoun®of hme

Qpent in parental activities, but in the stage in the brgedmg cycle at whnclg these "




S &

diffrences occur. In Gasnets (Sule bassanue) (Kirkbam 1980); Herring Gulls -

(Larus argentatus) (Burger 1981b), and Northern Mockingbirds (Mimus
polyglottos) (Bremmcb.el al. 1988), both parents contnbueed to chick feeding but
the roles of the uxu changed with the age of the yaun; In Ring-billed Gulls

_(Larus dslnmremu),_mn.lu were more aggressive in defense of .the territory and

br!)od (Southern 1081), and in Lsughing Gulls (Larus atricilla) both sexes
exhibited aggression, but there were sex differences in the frequency of different
_ aggressive behaviour patterns (Burger and Beer 1975). Male Black Skimmers
_(Rynchops niger) -did more mcubnnon and broodmg of young,.and were more
_ aggressive prior to hnchmg, whereu females delivered more chick meals and
‘were more :ggr&m’!ollowms hatching (Burger 1981aj In Western Gulls (Larus

acndantalu) males fed chicks more often and Were ruponslble for most of the

Jerr!u)ml_ defense !j:ro)lghout the breeding. season (Pierotti- lﬁﬂli, in Gredt Black-
backed. Gulls (Larus mun'nua),’femnlés -did more of the-incubation td males,
éxhibited more :gonutu: b:hnvmur during ‘the incubation period (Butler- and

+ Janes-Butler 1083). The. results Imm many of These studies indicate” different
patterns of pnenul time investment, but an equal, if not greater, investment by
. males than femllu In order to compare the reprodllcuw effort ol mllu and

we

lemds in a monogamous lpeclqs, -emphasis should therefore be mlde on the

overall pattern of puenul activities !hmu;honl the breeding season.

» S

Asocu&ed with Trivers' nmdel is the ldea that, due to ;‘reaur mvutmeht\

by females; males are pnmded mth PP ities to attempt extra-pai
copulations. MIIB should pursue a mued repmdncnva strategy whereby they

contribute helﬂly to pumtql care vnth one female while numptmg to mate with-

3 I‘enulu to whose. oﬂlpmg they contribute no care. Becuue the potential for

t ions in- & lation also ificreases the.risk that mnlu may

P P pop

lnvu? in unrelated offspnn;, it has ‘been" "argued 'that- certain male behaviour

pnnnrnu nceumng prior ‘to .egg-laying’ (ag m-trguudmg) are counm— s

ns to euekoldry
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" Behaviour patterns interpreted as evidence of mate-guarding during the

female's fertile period include males following*nd remaining close to their mates

(Horn 1970; Birkhead iﬁIO; Birkhead et al. 1085), increased nggl‘éssion and

territoriality (Barash 1976; B;u-ger 1981a; Morris and Bidochka 1982), and higher

incidences ol synchronous anuls and departures of pairs-(Hooglatrd and Sherman

.. 1978). A mnle may also protect his pnternny by being capable of recognizing and 'i
i *'rejecting a female which has alrendy})een inseminated (Erikson and Zenone 1976), )

and by cop with a mate i

a N .
after an extra-pair copulation, as Ry

there is evidence that the last male to copulate with a Mhale will {emllzs the
g most eges (Compton et al. 1978 Cheng et al. 1983). '

The leniale‘s role ‘and her ity to participate-in extra-pair
huv‘gener‘ally been overlooked. Fitch and Shugart (1984) suggest that it may be
erroneous to me that- mcrensed male attendence during the fertile period’ is v
evidence -of mate-guardmg or of the necessity for mnte—gundmg They found no
‘mcreue in malé Herring Gulkaggremon during this penod é? Ared to the  pre-

. fertile period, althotigh Morris and Bldochkn (1982) found 8 hlgher freqnnncy of

2 aggression m)’He}nng. Gulls during the fertile parmd than dunng incubation. -
: More importantly, however, Fitch and Shugart found that extrs,-pmr eopulatmns e

‘occurred with unpaired females who lppenred to participate wnllmgly, pslred
females neither copulated with nor solicited other males.: Fitch and Shugart
suggest that strongly-boﬁded females may provide confidence of paternity simply

" by }ejecting the solicitations of other males. ,

Confidence of pntermty provxded by fex;mles may be expected to occur
particularly in long-lived, monogamous specles in which females are physlc:lly
capable of resfiting the mstmg[ attempts of other males. In some species, the
necesslty for - mate—gumdmg may be real if inseminations by otlier males afe’

e . _successful desplte the. female's unwxllmgners In Common Murres (Uria aalge)

" Tati 4

pair. ¢op gecur on y

RP: nestmg ledges where females

may luv_e. lirnited opp ities to escape, especi if miore than one male is .

.
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involved (Birkhead et al. 1985). Thus the risk of cuckoldry, u rwell as the
selection for mate-g ‘; , should be id, in terms of the ‘ecological
constraints on the potentfal for extra-pair copulations in a given species.
«

Atlantic Puffins are long-lived, aexually hi seabirds
belagging to the Alcidae, a family comprising 22 s;)eclw restricted primarily to

oceanic regions of the northern hemisphere. Atlantic Puffins breed throughout the
o
North Atlantic on offshore islands, and more rarely on undisturbed coastlines, to

* which they-eeme-ontyo-breed. The nestesite is a burrow or crevice among rocks

in which a smgle egg is laid. Birds first breed at 4-5 years, and show strong mate
and burrow site ndehcy They probably disperse-widely over. the open sea during
the wintermonths, although their distribution at this time is largely unknown.

The bulk of scientific kugwledge on Atlantic Puffins comes_from research-
conducted in Great Bfitain. The first completé investigation-of this species was
made by Lockley (1934, 1953) in Wales. Since then, cm’-nprehensi‘ve work has been
carried out’ by . deveral otheu, including . Corkhill (1872,. 1973)1 Ashcmft (1976,
1970). and"Harris’ (e.g., 1982 1083, 1984). Tnformation from the wesgimlannc .
comes largely from Nettleship (1972), Pierotti (1983), and Rice (1085). Most
research on; Atlantic Puffins has occurred “during the breeding ;emn, and much
of that has concentrated on feeding ecology, patterns of growth; fledging suceess,

and gull-pul'ﬁn interactions. . LR

Much less work has been done on the patterns of sex differences in
_bebdviour if relation to differential reproductive investments. Lockley (1034)
l‘ound that lemales mcubned more, and data colleczed by Corkhxll (1013) suggest
that females feed : chicks shghtly more h-equently than do males. Most, of the ™

beh b

patterns iated ' with p, and burrow mamtenance and

defense, are shsred by the sexes, but to What extent they are shured has not been

= documented




‘Objectives .

o

{108

This study documents the patterns of pueilnwlv investment behaviour in
Atlantic Puffins throughout” four stages of the breeding season: pre-laying,
mcnbmon brooding, and chick-rearing. The followmg components of breeding '
activities are considered:

.

1. Time that males and females spend on the slope, in-the burrow, and

away. : ,
!
2. Time that the maig spends on the slope while the [emnle is in the burrow

- and vice versa. . . 5w .
3. Number and rate of bur i > and aggressi  behaviour in -
ma.les and lemnles ?

‘4. Number, slze, and species of fish delivered per meal, and number of meals -
) delivered over the sesson by males and femalee

5. The relationship ol'_nest-site tenacity wiih the “reproductive s’trétegies of
males and females. r

Because males of monogamous species m{y adopt a mixed reproductive
strategy in which they invest slightly less than their mates while attempting to.
secure extra-pair copuldtions, attention is given to the potential for such matings
and to evidence of nmte-gulrdmg It is predlcted that males should »pent( more
time away than females early in the season when other females are fertile. In

order to assure certamty of pacermty by preventing access to” mates by other

“males, it is also predicted that males should spend greater \m?pnreg with mntes
. prior to egg-laying than after, ahd that mnles should depart and arrive after
. + > X ‘




\ . necessity for mate-guarding in terms of the female’s role is' i ed. The

" following objectives are considered/

B o8 »
LA comparison of the proportion of time that males and females are away

until lhe estimated.date that most females have Imd

R
2. The proportion of time that *mates, afe t.ogether thmughou', th?

reproductive cycle.

LI 5 co
3. The number of synchronous arrivals and departures of mates throughout
the repmduchive cycle. ’ N B
P o
4. A comparison of whlch sex departs first when pms do so together during, !

ol T the pre-[aymg stage L . .

s. Solieiuﬁon behavioubof males on the water durig the pre-laying stage.




METHODS

Fieldwork was conducted Qn Gull ls‘lun‘d,\ Witless Bay, Newfoundland (47°15'
N., 52°46' W.), one of three islands comprising. t!xquitlen _Bfny{S_eal‘:ird Sanctuary
(Figure 1). Gull Island is Iocated 1.6 km from the nearest point of land, and is
approximately 1.8 km long and 0.8 km-wide. Most of the island is densely vloode‘d

with the exception of open grassy areas around the perimeter where Atlantic -

Puffins nest. The study site was located near the southeast corner of the island

on a 28° grass-hnmmocked slope. A total of 16 pairs of pulﬁns were abse’ved from
a canvas blind (0.9 x 09 x 1z’m) situated 8 ters from the nearest study ..

burrow. The study lnmows enccmpassed an area of 40'm?.

During the summer o(‘ 1984, ﬁeldwor‘k‘wua directed primariix to\ﬁrda

capturing $i marking birds, ln 10985, wntchu ranged in length from ‘4'to. 17

hours, and occurred on 80 dxys bet‘wem lS -May nnd 14 September for a total of
960 observation hours. Dunng incubation, watches, were generally I‘rom dnwn to
* “dusk for two to three consecuhve days [ollowed by a one to two day break during

the chick-rearing pemd, watches lasted one to two consecutive days followed bys

one to two day break. In 1988, a two week visit was made in énrly May to

observe pre—lnyiﬂg behaviour .patterns as a means of conﬁrmi‘n‘g the sexes ol\

marked birds. i - I
¢ <

Birds .were.either

wire sttached with ‘nylon line nooses. These weré placed at burfow enmnces and
snared birds as they walked over them. Birds were banded with one or_two.
. plastic color-bands and standard® numbered ‘aluminum- bands supplied by the

Canadian. Wildlife Service. The' identification of color-bands is difficult during

Yo
ught.in. the burrow, or, with 0,5-m.squares of chicken-.. ..

the chick-rearing period as the arrival and departure of parets delivering-foodto-——--

chicks is rapid. Therefore, 'in 1985 ;aiiul'.s ‘were rec&ug

eight. to nine days




followmg chxck hltchlng, llld their. breuts mnrked\wuh picric acid, Mnluhnce

Green dye, or Rhodamine B Extra dye.. The two dyes  were' combined with” l%

Terglw_l, a wetting agent. Due to the possibility that the be epaviour patterns of’
.. birds were affected by this treatment, individuals were excluded from data
- 'Jnglyaes until three days following handling. Personal observations indicated that

three days was an adequate length of time. j
. S - !
_Bexing Technique

Study birds were .sexed using both morphological and behavioural

. _’ ‘differences. Male Atlantic Puffins are on l\iernge slightly larger and heaviet than

females. In particular, males_have significantly larger and deeper bills (Corkhill
1072). Ina prev:onu study a discriminan functlon was calcul; from three bill

nieasurements taken from bu'ds of - known sex and. used to sex birds cnught ‘at

Scottish breedmg colonies (Harris 1979) A similar ‘endeayor gas . made in-this

study using 112 birds caught A:cidentsl]y in_fishing néts around the colomes; b

Since pllffms davelop grooves on the outer_portion o! their bills n they age and

probably do- not breed until they have uqul'red at least two g;moves (Harris 1981),
_oniy birds with-two or-more grooves were included in the sample. Bhdﬂ.wére_

sexed by dissection, and culmen length, depth, and gap’e (Figure 2) were measured

with Vernier cnlipe'rs (estimation to 0.1 mm) and“used to calculate a'discriminant t

lunctlcm ‘The same three bill measurements : were tuken from study-birds and the

funetlon was used.to predict sex.

Copulatlon in puffins generally occurs on the water, maklng observatloni of

|
this behaviour a difficult means of sexmg study birds. Mn]es, however, often

* performa pre—copulswry display on lhe slope tonsisting of a dwtmcuve head ﬂ ick
ud wm;-ﬂutur directed towards another mdmdual, presumnbly a female .

(Taylor 1084) Observations of this behaviour ‘were recorded and, in’ combination

with tho iserimil functmn lculated from bnll 3 -used to sex

. ;;tuv:.ly birds.

K4
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Breeding Stages
. B
The breeding’season was divided into the following four stages for nnnlysu:’

l]_Pr:;ying - This covered the period prior to egg-laying, and rfanged from
’ﬁvg to ten observation days depeﬁding on the timeof egg-laying.fn individual
burrows: ~ Due to the extreme sensitivity of puffins during this period (Lockley
1934; Ashcroft 1979), burrows ‘ﬁ“ not inspected for eggs. Instead, egg-laying

dates were estimated by subtracting 41 days from hatching dates. Because
incubation ranges from 3to 43 days (Harris 1084), estimates of laying dates are .

accurate within +2 dajs. Fourteen pairs were observed during this period.

. 2) Incubation -‘This covered the period from egg-laying to chick-hatching.
Hatching dnt;s‘equnl the date ofthe. first arrival of a parent with fish to the

burrow less one day, as the chmk is ofteu not fed during its llrst duy (Harris
1984) Fourteen pairs were observed durmg this'period. e

3) Brooding - This 3overed the period _lrom chick-haiching'quntil chicks-were,. /

present alone in.the burrow for more than 50% of. total .time. The end of

brooditig was defined by percent time the chick as ttehded because-the lonfth~.— -

of intensive brooding was variable among pairs (X4-SD =817 + 2.59 days, range

=4-12). Only lenu-s were observed during this period because one pair lost its

egg just prior to hatching, and one lost its chick just after hatchmg g
~

4) Chick-rearing This ‘covered the time !rom\ “the"end of brooding to the

depamlre of chicks. One pair failed at the start of this stage, and two new pmls

were added. Thus 13 pairs were observed dlmng this period. »

Dita Collection and Anuly-u . ; g

Reproductive Effort *

; o 3l ? .
1. The arrival and departure of ‘marked birds from the slope, and their




ranks test.

-md rate of -ggruﬂv‘s interutmns .

o b\,

N entnnce nnd‘mt from bnrrows, were recorded and used to compute time (hr)\\
thnt each | bird spent on the slope near the burrow entrance, in the burrow,” and

away for each breedm; stage. Time that males and females spent in these three N
categories for each stsge were compared using : 16 ilcoxor matched—pau-s signed-

2..Time on the slope, time awiy, and time in the’burrow were compared

ovenythe four stages for each sex using Friediqan 2-way tests. Because observation
tlme dlﬂ'ered between® breeding stages, the proponlons of time spent in each \ B

nctmty per total time. observed were used.

!

3 "Time spent on the slope and in the burrow were totalled for each bird for
the entlre breedmg season A compawon of ‘time spent by ‘the male on the slope
while m mate ‘was_in the burrow, with time spent by the l‘emnle on the' slope

while lf.s mateé was in the bunow, was made, using the Wllcoxon mnwhed~pam

'slgned-ranks test

e

. g s
" 4. Th ghout pre-laying and incubation, instances of burrow-maintenance

activities were recorded During pn.rlaymg these cohsisted primarily of digging

. And7 expelling “dirt lrom the burrow; d\mns incubation it consutg.nf a bird

pullmg ‘grass from the slope and carrying it into the burrow ‘where its ma_te Was
in‘cubnting ‘The Wilcoxon matched-pairs signed-ranks test was used to test.for a )
sex dlfl'erence in both the number and rate of bouts of burrow-ymtenance

activities. . e e N
2 R .

. 5. An’ attempt- _w.u_'mn:i_e to record aggressive: behaviour throughout the '
breeding season. Aggressive interactions usually resulted from a bird wandering
near- ano',heru burrow. The burrow owner chased and/or attacked the intmder,
who' ocemomlly rehluted and a full grapple ruulted “The’ Wilcoxon mntched-

“pairs slxned~ruks tut was used to test for a sex difference in both- the number
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m During the brooding and chick-1 ﬂumg panods data were also callected

on the wnu of food deliveries and tHe sex of the parent delivering the meal The : H
species and length of fish, and the number per meal, were determined -through "
observation when possible. Length was estimated by comparison of the-fish with ’
Jhe depth of the brra’k\b.llL ‘Wilcoxon matched-pairs signed-ranks tests were *
performed to compare sexes in the total number of chick meals delivered pgr
seaéon, the mean number ‘of fish per meal,”the mean length of fish, and the
k numbej‘of Capelin ({Wallolua villosus) per total num‘ber_o! fish.’ -

7. For the period 1984 to 1986, the mate-changing rat; for 50 pair-years is
reported,’m well as information on the nesjrsite tenacity of males and females
ﬂhen'matgchnnging occurred. i
X ‘ § B . I~ B i
: " . Mate-guarding and Extra-pair Cop_‘ullliuns _- // 3
| . :

L Pel_rcent time away for each sex was plotted ugaiqst‘ﬂazg for the pr'fé 2 / *

laying and |incubation stages in order w‘cqmpnre the sexes in their pattefns of
time away. \Note‘wu inade of when' mb;t females in the Ipopulu.tionvshould have
finished lay%ng To establish a rémgh estimate of when this would have occurred
on Gull Islsnd seven days were subtracted from 8 June, the date of the first
observation |of a puffin carrying fish. This number was arrived at /éy taking the
maximum u‘lcnbntmn length (43 days, Harris 1984), from -the spread of laymg
dates record‘ed for Newfoundland (35 days, H: and Birkhead/ 1985). Becu.llse

not all pairs.were repruented on all days, the mean proportion of time nwny n

three to four, day pgriods was used. f\

2. Time that mates were paired on the slope and in/the burrow was taken -
" for each breeding st;ge, and divided by-the total obseryation' time. It. was not
pos_siblé !:oAknow whetl;é{_g not’ birds were together when both wete away,
although it i.s‘ likely that the majority of time was spent loraging af.ses, and that
‘mates were umble to remain in contut with each othér over such long periods. -

Thus; the time that both birds were nbmnt was not inéluded.2s time pmed The




-

13

ignificant dﬂ'[ersnce

/

£ = Fmdm z-wny test was performed to test whether
occurred between breedm‘mgo and the] pmportwn of time paired. /
= B 5 §

3. For each pair, the number of times thurmgta arrived and departed

together was’ for each breeding stage. These were divided by the-total

, umber of arrivals and departures of birds (both singly and with ﬁ:ates) for each
jm; stage (o insure that any changes in the synchronous arrivals and
departures of mates did not simply reflect seasonal changes in,ﬂ/le total number of
. s¥rivals and departures. The ‘Friedman 2-way test-was then’/used to compare the
s prop&nion 6_! synchronous arrivals and departures betwulr /!ha four periods.
s e 2

4. The Wilcoxon mnleh‘ed-prin signed-ranks test was used to test wl;ether
one sex departed first more uften than the other when pairs did so together. -
‘These ‘data were taken from unly the pra—lnymg stage ‘When \Srotecuon of .-
: Ppaternity by mlte-‘u:rdmg is expected Oo‘bceur.

+. 5. During the pre-laying period, 56 males were observed-on the water in 10-
mmwéhes Males were identified by head-flicking and wing-fluttering -
. displays directed at other bnrds. indicating soliciting behaviour (Taylor 1984). The
number of birds solicited, of attempts to- ‘mount by the male, and of apparently
successful copulations, were recorded Apparently successful wpnﬁthns were
E those in which the female did not immediately dive or swim away, and which
‘. lasted more than several seconds. . =

All analyses were made using Statistical Packaoe for the Social Scuncu, .
Tenth Edition: (Nlo et al. 1083).
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. o,
RESULTS R

. Bexing of Study Birds a

Of the 16 pairs observed, 14 were sexed using behavioural observations of

) _ male pre-copulatory displays at the burrow entrance. Discriminatt function
. predictions were in accordance with these observations in all but on‘e"cue where
both individuals were predicted as female. For the remaining two pairs
behavioural observations were not available and birds were sexed using the

di function. In th the diserimi scores and p ility levels ™

were reliable. = o

Reproductive _E!!ort. .

1 Males spent’ slgmhcun}ly more time on- the slope than females during

bati (Wnlcoxon tched-pairs signed-ranks test, 2=-3,23, n=14, P <0:01),
brooding (2=-2.98, n=12, P<001), snd chick-rearing (2=-3.04, n=13,

. P<001), but no significant difference cccurr\ during pré-laying (Figure 3). Por

. the stages combined, however, lemnles spent only 2% of their total time on the

.. ) slope, and males only 4%.. s
. - . e

2. Females were present in tl{e burrow significantly more than males during
pre-laying (Wilcoxon matched-pairs signed-ranks test, Z=-2.51, n=14, P<0.05)- *
‘and incubation (Z=-2.35, n‘=l4, P<0.05). Throughout broodmg and chick-
rearing there were v

sex differences in time in.the burrow (Figure-4). For the
7 stages combineg/ females spent 33% and males 30% of their total time in the ~ *
v g 1

burrow. by




15

females (Wilcoxon matched-psirs ‘signed-ranks test, Z=-2.48, n=14, P<0.05),

whereas females spent significantly more time sway, during chick-rearing .
(2=-2.34, =13, P<0.05). Throughout incubation an ing there were no

~" sex dilferences in time awsay (Figure 5)’. For the stages combined, females spent
65% and males 86% of their total time away. &

4. For the sexes i 2 signil ip occurred between
breeding -stlge and time on slope (Friedman tw}wny test, A*ﬂ_i.n. dr=3,
P <0.001), time in-burrow- (Friedman two-way test, X?=51.11, df=3, P<0.0ol),
and time away (Friedman two-way test, X2—4800 df=3, P<0.001). Figure:

'\nd 7 show the seasonal pattern of time spent in these activities for Q?h sex.

- During incubation, time away md _time in the burrow cqmprised {he majority of

during ;;re-lnying and ehlck;rnuring' the majority of time was spent away (73%
Fi g

and 02%, respectively). Time on the slope ised & ively small p
thmughom (range =2 - ll%) : g

5. Fox the brzedmg stages combined, time spent by the male on the’ s[ope
while the"female was in’the burrow was greater than time spent by the female on
" the slope while the male was in the burrow (Wilcoxon matehed-pairs signed-ranks
test, Z=-3.31, n=18;, P<0.001; Flguu 8). &Fhis was upecll.lly e during
- incubation. - - B

8. Males performed a greater number of boits of burrow-maintenance
activities during the pre-laying and incubation uug;a than females (Wilcoxon
matched-pairs signed-ranks test, Z=-2.55, n=14, P<0.05), However, there was
no significant sex dll(erencd in tlla number of bouts per tirhe on slope (Tab]e 1).

time allocation in similar proportions (46% ‘and 51%, reepecnvely), whereas "

Sy

] : 7. Mnles weke involvulﬁn.‘n -higher fi of. agg
B throughout. the brkeding sesson than were females (Wilcoxon mnwhedq);g»s
ngned ranks test;Z4=-3.3, n=14, P<0. 001), whereas th&a was no signfficant sex
difference in the n\mber of lurusm interactions per timb on ﬂov: (TAle 2).

.




.

S - “ The numbers recorded_ per indivi'dual are loy, probably because some l.nterncuons' - §
were missed. However, lt is pomb‘ls that males were involved in a greater number *
" Niof grapples, which occur pnmlrlly during burrow estnf:hshment Since grapples - i

are more (;‘bvlons Qhun other’ sggressive behaviour, s g'remer numiber .of hmnle

‘aggfessive behaviour .may have been' ovetlooked thah ‘male, ‘More d'au’ are

thgrel’ore requujgd in order t.o accurately establish sex -roles differences in’ these

* interactions. - . o
P C - .. At P E .
8. Pefhales (‘leli'vered more ﬂsh.inevnls per season thag did malés,(Wilcoxon

matched-pmn.slgned-ranks, 7=:2.13, =14, P<0.05). Of the 1,488 fish mieals -

. dehvered males were res’ponsllﬂe for 43%, with ‘an average (+8D), of L: 8911 93 o T ue
g C RSN
meals dehvered. per day, whereas females were responslble Inr 57%, with an | -
§ - ) * average (iSD) of 2. 5512 34 meals delivered per day. Of the 1689 lndmduul  fish &

dehven!d males and females dehvered 4% nnd .56%, myecuvely Capglin’ .
. ' compnsed the major fish syecles, w:th females delwerms '58%: 'nnd males 42% of” f
: this species | (Table -3). There weré no'sex differences in* the mean number of fish /
per meal, the mean quxth of ﬁh, or the number of cnpelm per total number ot
fish (stle 4). " This- suggests that no- sex ’dlﬂere?ly?es oceurred in the method'ol’ =
EN hslnng or quality of ﬂshx,meals delivered to chicks. The high number of

unidentified fish species was due to birds entering ‘burrows rapidly, p}esumably in
ordeho avoid sttacks by. 'Hemng (;:ﬂ.s thus making xdentlﬁcmon of fish !pecle!
often dlﬂ'lcult . ’

P -

i

9. Mat&chung-ing' occurred 'm‘22%'(11/50 pair-years) of the c‘;us where
both birds were banded. Iiseven cases this may have résulted from the death of
v © one 8 the pair, as it4vas not seen the following sprfhg. Three males and four - :

;! females disappeared; of the return‘ing .m,at'es, 'u;ol! the malés ;nd’twa of the, '\\' G o
females retdined -their burrows. When considerfig only those cases where both N / S
‘birds were accounted for, the ‘divorce-rate’ was 9.3% (4/43). In two of ‘these -

ct';su, thve male retained the burrow \yl{ile the lemnlu‘;re-x'nut_ed at a nearby site;

neither of these pairs had failed the yenr.bel?reA In the remaifling two cases both ——

MRS

J ) 5 Tt
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f
individuals moved to nearby burrows where they re-mated. This relocation may

- have beei teldted to low quality nesting sites, as one.pair had bred in an
. extremely ghort burrow and had failed the year before, whereas the other pair had

bred in a burrow located at the edge of the colony on more level slope and had

failed for two years prior. Although the sample size for separated pairs is small,

"males retained burrows 71% (5/7) of the timé, whereas females retained burrows
™ 25% (2/8) of.the’time,:and only when the mae had disappeared. -

u-f.u-gnrding and ixt.n—pur Copnl.ntionl

L Flg\ue 9 shows the patterns ol' male and female time away ‘through
mcubstmn Males were absent more than females lhrough the first two weeks of
incubation, slthongh it was during pre-laying and the earliest part of incubation
“that this difference was greatest Male and female patterns of time away were
‘similar therea{ter & N\

A compumon hetween breedmg stages of the propomon of time, palred
both on theslope and in the butrow (wlnch does not include time that both were

away) wns slgntﬂcnnt (Friedman - two-way . test, X’—?lﬂ& df=3, P<0.001)."

Flgure lﬂ shows that the-pre-laying stage was highest in this measure, followed by

a, decling through the breeding season. For all stages, however, time together

: :\‘v.{féunied for-only a small proportion of total time. This is due’in part to the

lprse proportion. t;l_-time that one or both birds were away (Figure ‘11, and pp.

—. 45-48).,

3. There was a significant relaﬁonihip between breeding stage and pércent

nrnvuls and deputuru of.mates together (Fnedmsn two-way tesl, x"_ls 86;
df=3 P<001). Figure 12¢ghows the brnkdown mw arrivals md departures,
wnth the pre-laying stage similarly high for both relalwe to other stages with the
"“exception of broorhng, during which the number of depa.rtures together increased,
Howaver, the-arrivals and depsrhn‘es of mates together repr

: pruyortlon of the4tal numher of nmva.h and depan\lm, with the hlghest dunng

pre-lnymg equlllmg only 21% ' . 5

nted ohly.a small * i




4. Neither sex showed a tendency to depart first significantly more often
when pairs left the slope togethéx (Wilcoxon matched-pairs signed-ranks test,
Z=-0.47, =14, P=0.84; Figure 13). L

*5. Of 56 males observed on The w:term the pre—llyiné stage, 30% (22)
solicited more than onﬂ:mlle thgoughout a 10-minute watch (Table 5). In total,
100. females were solicited; mounting attempts occurred in 34 of these cases, 26%
(9) of which zppu.}ed to lead to successful copulations (Table 6). The mean
length of successful copulations was 24.5 sec (range = 5 - 35 sec). In all
lppnenﬂy'succful copulations the male solicited onl} one female and the two
birds did not separate throughout the observation periedqsugguting that they
may hayAbeen paired individuals. : )




DISCUSSION

Puffins were sexed on the basis of sexual behaviour patterns and 8

"discriminant function taken from bill measurements. This method proved

successful in all cases, and serves as the basis for the following discussion of
reproductive effort and the potential for extra-pair copulations i Atlantic

Puffins.

Reproductive Effort

Female pulfins spent significantly ‘more time than n;ales incubating the egg
and feeding the chick. Throughout most of the breeding season males spent more
time on the slope and were involved in 8 greater ‘number, but not rate, of site:
rgted activities. However, dupm the slgmﬁcmt levels of these sex differences, *
both ‘sexes’ ibuted sub ly to ductive effort at aR stages of the
breedin,

cle.

Although. the female spent more time in incubation, this may not have

resulted jn a d ically greater energetic contribution. Incubation
requires heat, which comes from the #chnl bird's body and at some-point from
embryonic metabolism. However, there is eyidence that the el’urgetic reqn‘irementa
of an ilicnbning bird do not exceed tRe resting metabolic level (Mertens 1977;
Walsberg and King 1078). Puffins incubate only a siigle egg, and as compared to
open-nesters, also have the advantage of natmg in burrows where heat loss may
be dramatically reduced. The fact that mcubltmg birds often desert the egg for
short panods (Hmia 1984; -pers. obs) further indicates that heat-loss is not a
ml]or problem, and thnt the -emergy requu'emenu for " incubation* may not ba
considerable.




Qe

The greater female Iin;e/nwny during the chick stage may reflect greater
time afd e'nergy spent foraging. Females delivered more mealg, but the quality of
meals did not appéar to differ between the sexes. Higher rates of chlck {eedmg by
females has been observed in 'other species. Burger (1981a) found that female
Black Skimmers brought back more fish to young. Male Northern Gannets ‘fed
chicks more often during the first four weeks, but a reversed trend occurred
during the ining nine weeks (M hi and Porter 1980).

P .

/ It is possible ths{t‘h‘e greater time spent incubating is energetically taxing to

" the female in that it is time not available for foraging. The greater female time:

away. duying the chick-rearing period may then be in part die to the need to -
forage more for .herself in order to make up for supplies depleted (relative to ’
males) during he} more burrow-attentive incubation period. However, Barrett et
al. (1985) found that, although'both male and femdle pnlﬁns lost considerable
weight during incubation, these Josses ogeurred at similar rntu, :nggestmg that '

ener%‘y

-Further, mnles speiit significantly greater time on the slope while the femnls was

diture is relatively eqlml for males and females:during' incubition.

in the burrow than vice versh. Although it was not as great-as the dl!lerence in
time spent incubating, it“was time thnt the- male-could have otherwise, spent
!aragmg, and may be costly to the male in terms of predation risks.

Although not measured in thu study) one cost to female' puffins which males
do not share is that resulting n'om egg production. Génerally, the eggs of :
precucgal species are-comparatively large, with larger yolks and higher enen’gy
levels than those o(}ltribinl species. The, egg of the ;ltricinl Gannet is relatively
small with a small yolk ll‘ld low energy leével (Montevecchi and Porter 1980) In

comparison, the egg’ of the prefoclsl Leach’s Sborm-petrel (Oulmadrama

leucorhoa) is relatively large with. a lyge yolk and hlgh energy content

Because puffin chicks develop seini: i and are i

*(Monteveochi et al. 1083). Howevgr, on the basis of metabolic rate estimates, it

appears that for both species the egg is emergetically inexpensive to produce.
. uffin ¢ e 1t

of gannets
- . . T >
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and petrels in terms a! ‘egg and yolk size (Bnrkhead and Nenleshnp 1984), it is

' possible that the single egg does mot rep a large getic jo 1
Howevgr, measurements of adult metabolic rates and -egg en"ergy levels are
required in order to better estimate the cost of egg production to' female puffins. '

4 “ N . ) &

#Although it comprised only a minor proportion of their time, .males were on
the slope overall twife as much u females. This accounts for the fact that males
were involved 'in a greater number, but not rate, of site—relaieq activities.
Because individuals spent. most of their time in the immediate vicnity of their
bur?dw{whén observed on the slope,‘any aggressive interactions probably serve )
burrow defense functions. “Most non-breeders have returned to the colony by the '
chick—rear‘ing period; and be’ing’ unassociated with a specific site, spend time
wnndenn; over the slope investigating. burrows. It may be bévantageous toal
“male-in the.short term if his presence at or near the burmw entrance discourages
these prospectors from entering the burrow, as they may efther drive out a chick,
or the chick, if bung-ry and ekpecting a parent with food, may be sumulated to
come ‘to the bnrmw entrance. Both of thuu raponsu could eully result in

R predunon‘ by Hernng Gulls

The greater time pxesent'nenr the burrow inay also benefit.the ‘male in the

of burrow both within and between breeding seasons.

:Neuluhip (1872) suggests _tlin male puffins secure and defend burrows whereas

females® choose. among \inpaired males with burrows. *Observations from the

present study confirm t| Five females were observed visiting unpaired ‘males
who occupied  burrags. The male initiated bill-clapping and encouraged the
female to enter tHe burrow by looking down the hole and periodically raising his
" hesd, activities assocjated with pair-bond formation (Taylor 1984). If the female
wnaered to snothgr burrow, the male did not follow. Further; Ashcfeft‘(llom)

found that birds without hurrows showed no sig:_{s of ‘being paired. Thus it is

likely that a sex difference oceurs in the obtainment of-burrows and that pairs are
" not permanently formed: each year until & burrow site is established. ‘A similar
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situation occurs in Manx Sheuwnters (Puffinus pu fflnun), in which males spent
more time at the burrow during the pre-laying *)enod when they may be visited
by females (Brooke 1018) 5 | ,
That the burrow-site may be more important to males is further supporlted

- by data on mate-chanBing. Although the sample size was small, where mate-
changing occurred males retained the bufrow more often than did females. I the
two. cases whgre males moved, they did so only when the former burr‘ows
npp'enred’ to Bé of low quality, and when they had fajled to fledge young the
previous year. ‘A higher rate of burrow mov\emen't following breeding failure,

possibly as a result of the unsuitability of the burrow, has algp been re orted for .
P

the Manx Shearwater (Brooke 1978) and Leach's Storm-petrel (Lien et al. 1971)

Higher reproductive success, as a'result of nest-site tepacity has been

récorded in Adelie Penguins (Pygoscelis adeliae) (Penney 1988) and Leach's’
Storm-petrels (Lien .et al. 1977). Although-not yet documented for Atlantic

E P\!fﬁns, it is possible that retention of a suitable I_:llrro_w over conqecutivu_ years.

leads:to greater xjei)rﬁdnctive success in this'species as well. This is supported in ’
part by evidence that most of the higher-quality nest-sites are occupied (Asheroft .

1979; Birkhead 1985). This may be because burrows i requn-e a great deal of

maintenance 'and new oies pmbnbly ‘take several years to estabhsh, an
observation whlch has also been made for the Manx Shearwater (Storey and Lien
1985). s .

If burrow-site tenacity‘is an im;‘m‘rtnmt factor in long-term puffin breedi}lg

female may to be able to mate with another male and thereby gcq\nre a new

\succus, it may in part explain the male's greaber time spent on, m‘ slope. A

" burrow, whereu 2 male may hnve to either dlsp[nce 8 msle lrom mdther burrow, a

ncquu'e an-empty -one, or. dig'a new one.. In those cases .where burrows are

_ suitable, i of ership hout the season may therefore be

advantageous to male puffins in the long term if it helps to insure ownersh\p the
following year.
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The male appears to apen& llightiy more time in site-related activities which

may be beneficial in both the short and long-term, whereas the female's greater ]

time spent incubating and feeding the chick contribute to her short-term breeding
effort as they benefit her immiediate reproductive success. Howév;er, if males are
chiefly respanuhwor obtaitment of burrows there is the posmhllny that the
quality of a female's egg and chick-related behaviour one year mny influence a
}'nnlen ren.dmen_! to mate with her the fpllowmg year. Aﬁmrmng the burrow is
Fuitnble, those activities which affect a female's short-term success could therefore

iaffect her long-term success as well. S
d .

Mate-guarding and Extra-pair Copulations
. F

Behs.vmunl observations 8f birds on the water indicated that some males
wllcu and nunlpl to mount several females, but that femnla may réject males
‘that. are not their mates. Itis pos.uhle that some of these solxcnmg males were

* 'unpaired, as {om-yenr—old non-breeders return.to colonies- at the start of the "

%4 geason und three-yelr—old’ non-breeders return dunng the lnymg period- (Harris
«

(v&ﬂd Blrkhesd 1085). Males generslly spent more time away than females during

e pre-laying and the early put of incubation, but this difference decreased as the

estimated number of fertile females in the colony decreased. It is possible that the e

absence of mated-males at this time may have been “die to their attempts to

gecure extra-pair copulations. -
A

§ kgud ess of whether. the majority of males seeking extra-pair copulations
are breeders or non-breeders,. the potential for extra-pair copulauons by mated
fen»la, ‘and therefore ,the risk of- ¢uckoldry to males, appears to- exist. Thus
ceunter-ndnputmns by ‘mated males should be expected . However, not all tha
~.,' \'A g e
The greater time puud on the slope und in the b\mow, and the greater number

~results are. consutent with what is genenlly d evidence-of

of synchronons arrivals and departures of pairs durmg pre-laymg, mdlcste that
pam remain in ¢loser. proximity during this period than during ﬂmse Iollowmg
-However, time  paired represented: only a small proportion of total time even
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dunng pre-lnymg In uddlhon, females did not depart first more often than males;

-

which would be expected if males were jardi paternity by foll wi g and

remaining close to females.* The increase in depaitures of mates together during
brooding may reflect the start of Herring .Gull harrassment resulting from

Because h by gulls often results in a mass exodus of
puffins from the slope-(Nettleship 1072; pers. obs.), pairs in, or at the entrance !o
.s the burrow ‘may have exited and taken flight slmultmeously N

There are severAl reasons why it mny be to the advantage g! the female, as

well ag the male, to maintain proximity, and why mate-guarding may not beas

Recessary a means of securing confidence of paternity for male puffins as it is in
some species. The advnntnga accruing to a strongly-bonded female who
participates in ext ,'. i  are tionable. Tt has been d that

females who have extra-pair copulati pmd\lcﬂi etically “diverse offspring
V(Wi]lisms 1975; Gladstone 1970) This -explanation may‘ ot be as applicable to a
species such as the Atlantic Puffin which raises only a smgle young per year. ‘It is
also * possible that a femile may benefit from extrs-pzur copulations by»bemg.-
fertilized by & genetically superior male (TnversAlWZ, Mineau and Cooke 1979),

or that she may -be insured of laying fertile eggs in case her mate .is sterile
, (Buitron 1983). .Ho)v.ever, becau§é copulation occurs on the water; it may be

difficult for a female puffin to assess the quality of other males and their ‘burrows.

It has been d that icipation by females in .f pai if

may function s an-anti-infanticide ndapmmn (Crook and Shields 1985). A female
who copnlates with ueveral males, .and whose mate. dies, may benefit if one of
_ those males has mhered some of the offspring and assists in' raising them rather
- than killing, them. Given that copulation occurs on the wuer, such ndnpuhons
are unlikely in p\l{ﬁns, 8s-it is probable that a male who secures an extm-plu

copulation with a mlte“em_ale has no' aqsogmhon with that female’s ‘burrow; ,

It has also been pmpoaed‘ that females' engaging in_:eitm-pair copulations-
may fisk desertion by mates (Tr‘ivm» 1072; Dawkins 1076). In Rihg\llovés

A
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(Slre‘plop&l-’a risoria), males showed less courtship and.more aggression towards
females that had prior exposure to other males than towards females that had no

. exposure (Erikson snd Zenone 1976). ' Desertion by the male could be

disa;lv-nugeou toa fem;le puffin’s long-term as well as short-term Quccn, if, as
discussed above, it is possible that by retaining the sathe mate she will retain the
same burrow:This assumes $hat the burrow is a suitable one. It should be noted,
however, that there is no direct evidence that participation by female puffins in
extra-pair copuhtlom n?.y result in dmmon by mates.

'In terms of the nbility of female puffins ta ovide confidence-of paternity
by successfully rejecting other males, those who are unwilling to participate in
extra-pair-copulations are probably capable of rgsiating - such .{umpu.
Copulation ogeyrs on the ‘water whil’eithe. male stands upright on the Iem‘ml?'s
bnek, an_ unwilling: female can'simply dive or swim away. Often a male was

" rejeeled several times and then t\u-ned his ntenhon to anotherdemale or drifted
- aWa) __yhen sppnont’ﬁ luccu{ul copulations did occur, the birds were paired

throllghou! the observation period and the female lppmed to" be responsive.
This would indicate that althongh :xtn-pnr copulnmu are attempted, they are

rarely’ “successful. Thus female pulfins may provide confidence of paternity by

rejecting the solicitations of other males, in which case selection for mate-guarding
in ‘male pyffins should be !urly weak. -

When present at the colony during prelsymg, pairs of puffins alternate
between time on the slope where conrtsh{p, resting] maintenance and defense of
t[l_e burrow occurs, and time on the water whér ing, feeding, courtship, and
copulation occurs, -In order for matés to reinain in contact once they leave the
slope, “they should qapm together, whereas their Sypchronous arrivals may
indicate that Qhey had been-paired on the water. The fact that neither sex
showed a greater pmpanmy to follow the other dnnng the pre-laying penod when
the arrival-and departure of mates together ‘was most frequent, suggests that they

may be equnlly d in ning imity. This may be due to.relaxed .

N
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mate-guarding in the male as well s an attempt by the female to contribute to
pair-bond maintenance. Such. an atiempt by the female may be advantageous if

-—= retention of a mate guarantees retention of a burrow site. For the same reason,

females may provide confid of p ity by osfull avoiding other malesh
Conclusions -
Differences in time alk to p lly related behaviour do not appear

to be very great in male and female Atlantic Puffins. However, there is a
difference in the patterns of parental care, and in the roles of the sexes towards
?he young. Females spent greater time in egg and chlek related -activities, while

males spent. greater time in burrow-site related activigigs. In terms of

reproductive effort, the female perfc d slightly more incubation and provided
more chick meals, parental activities which constitute shortrterm breeding effort.
These may also represent long-term-effort if the quality of investment a fémale

provides one year influences a male's tendency to remate “with her. The greater

\

time spent on the slope by the male may re]}resent both uhb}'t ~and long-term ’

breeding efforts. 'Providiﬁg nest-material 3;Id protecting the chick may increase

his immediate reproductive success,” whereas maintenance and defense of the

3 & &
burrow site may increase his future reproductive success. Although male N

behaviour pattérns on the slope may elp explain his greater time theré, time on
the slope comprised only a small proportion of total time.

®1i terms of Triver's model that females should inves} slightly more than
males, it is possible that the greater time that ‘males ’spen! on the slope and in
site-related activitieshoffsets the greater time that females spent in chick-related

activities. However, direct measurements of the ¢ ene:gehu.nsﬁhuuch_mmxxn—._.

required Tn order u: ndequstely compage male and female pareptal lnvestrnenta

-~ e

Successful extra-pair copnl;tions appesr to be uncommon in pulfins. Mate-

guarding may be less developeﬂ than it is in other species because females may
proviﬁ(conﬂdence_ of paternity by successfully rejecting the solicitations of other
- A 2 =




males, It is d that the di of mate-gudrding ina given species

should be considered in terms of the ecological constraints on the potential for
extra-pair copulitiom. It may be adaptive for female puffins to reject other males .
if it helps to maintain the pair-bond and reduces the risk of desertion by thg male.

\
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Table 1: Number of burrow

14 pairs during the pn-hyu; and incubation stages.

on slope, and rate of
burrow maintenance activities (number per hr on slops) by each sex for

50 Number Tige(hr) on slops Number per hr on slope

Pair Females Males Females Males ‘e Males

1 16 13 4.8 27.2 3.4 0.6

= 2 18 31 9.8 21.4 1.8 1.4
3 41 60 10.9 33.4 3.7 1.6

4 14 4“ 19.3 8.2 . 0.7 2.4

5 18 46’ 12.9 18.9 1.4 2.4

L] 8 26 6.5 13.4 1.2 1.9

G- | 12 2 20 1.4 £ 22,3 1.0 0.9

8 14 27 6.2 22.1 2.7 1.2

9 16 26 13.4 . 40.0 1.2 0.6

10 27 13 22.1 32.7 1.2 0.4

11 18 18 -~ 4.9 28.1 3.7 0.8

12 16 34 10.7. 41.4 1.4 0.8

13 23 36 10.4 ‘21.8 2.2 1.8

14 ‘8 29 12.4 26.8 0.6 1.1

" Total T 248 412 164.7 367.5 28.4 17.3

11.0645.08 26.7B+8.21  1.89:1.10

ReSD  17.7138.41  29.43:11.68

1.2420.67

£€
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Table 2: Number of aggressive interactions, time(hr) on slope, and rate of
aggressive interactions (number per hr on slope) by each sex for
14 pairs. = E s .
. % _

g % i Number Time (br) ‘on slope No. per hr on slope
Pair Females Males Fenmales Males Females Males
1 2 , 8 8.93 37.77 0.22 0.21

2 o 1 3 9.80 21.37 0.10 0.14 .
3 1 8 10.93 33.40 0.09 0.24
4 1 L] 28,87 33.33 0.03 0.18
1 T s 9 16.40 24.87 0.43 0.38
8 1 2 11.67 26.50 0.09 0.08
7 2 16 16.43 47.07 0.12 0.34
"8 - 1 8 13.80 43.57, 0.07 0.18
9 - 1 4 17.37 58.10 0.08 0.07
10 7 9 31.63 67.83 0.22 0.13
.11 o 10 .9.30 50.30 0.00 0.20
12 4 7 16.07 63.683 0.27 0.11
13 o 12 ' 16.77 40.63 0.00 0.30
14 6 21 17.43 32.03 0.29 0.668
Total 33 » 123 223.10 578.20 1.990 3.20
x:ﬂ_)’ 2.36+2.41  8.7945.03 15.9426.73 = 41.37+14.51 0.14:0.13  0.2320.16
i ¥ .
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Table 5. Number

No. females solicited per

(and percent) of times males solicited
1 to 6 females during a 10-minute watch.

10-minute watch No. (%)
. 1 a8
2 TR
3. 5 (9)
4 2 @
{\ B 3 (6
8 1. @
Total 66 (100) -




Table 6.

‘Number (and percent of total) successful
d 1

an
solicited 1 to 6 fen

Number of mounting attempts

No. females

when males

es during & 10-minute watch.

solicited per Successful Un‘li\lcclll!lli Total
10-pinute watch No. (%) o. (%) No &RzA(%)
1 9 (28 .9 (28)° 18 (62)
2 [ ? (18) 6 (18) - °
3 0 FIO) 3 @
T4 o 3 @ FENOR
‘s 0 2 () 2 (e
6 "o L2 ® 2 ®
Total 9 (26) 26 (74)

3

34 (100)
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Fi - et !
Map of Gull Island dwmng location of mdy‘sm. l.nd inset sho'mg o "v-
location of Gull lshnd in N!wfonndhnd . [
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Figure 27 =
Diagiam of threri bill measurements used to sex study birds. Gape was taken from
" the bill tip along the cutting edge of the mandibles to the anterior edge of the
cere; culmen depth was taken from the dorsal edge of the bill anterior of the cere
to the base.of the bill; nnd culmen length was tak=u from the dorsal edge utenor
. of the cere to the bill tlp % . # § %
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Percent time the male spent on the slope while the female was iin the burrow

(broken line) and percent time the female spent on the slope while the male was

in the burrow (solid line). % '
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Figure 10.
s
Percent hme mates were paired in the burrow and on the' slcpe lor four stages of :

the breedmg season. < 5
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’ Figure 11.

Pe@ time both mates were away for four stages of the breeding season.
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Figure 12. i
Percenl arrivals and departures of mates together for four stages of the breedmg
season.: Frnv:hons at top of columns indicate the number of nrnvnls md
departares of mltu togetmr per totnl mlmber of arrivals and depa:t\lns of birds
both slngly and wgather
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Figure 13.

Number and percent of total that each sex arrived and departed first when mates

arrived and departed together during the pre-laying stage.
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