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Fffect of gulls cn breeding perforriance and nest distribution in
Common Puffins

Abstrect. Crmmon Puffins (Tretercula orctica I..) in Yewfoundlend showed

differences in breeding success, bodyweipht ot fledging, end utilisation
of nesting hebitet, associated 'sith intcrference by rulls a2t the colony.
Breedine, success end ean fledeing relghts werc hiphest ¢t celonies
without pgulls. Tn the presence of gull interference breeding success

and boudyweight ¢t fledging were simnificently higher &t nests on maritime
slopes close to the cliff ¢dgme, tthere the angle of slope is stecp, then
inlend on «djacent level ground. These iifferences were cdue to Jdiffer-
entiesl exposurc of eggs and chicls to gull predation, and of parents to
rcbbing by gulls when te<ing food to ~hic<s. "his sugpgests that gull
interference may be an importent determinent of procuctivity and hebitct
utilisation in puffins end other colonizl birds. Recormmendations for
future resezrch on gull reanagement anid the effective utilisation of seabird

sanctueries are given.



Effect of gulls on breeding performance and nest distribution in

Common Puffins

Disturbance by gulls of colonial birds during the breeding
season has been often observed (1), but our “nowledge of the selective
pressures involved is meagre. Analysis of date from Common Puffin
(Fratercula arctica L.) colonies with and without gull interference has

demonstrated how gulls can affect breeding success (i.e.,? of eggs

laid which produced fledged young) and dispersion of puffins (2).
Preliminary observations of puffin colonies at Great Island,

Witless Bey, Newfoundland, during the summer of 1967, showed that puffin

nest abundance varied and that interference by Great Black-backed Gulls

(Larus marinus L.) and Herring Gulls {Larus argentatus Pont.) occurred

during both the incubating and chick-rearing stages of the puffin's

breeding ~ycle; gulls ate puffin eggs end chicks, and robbed parents

taking food to chicks (i.e., cleptoperasitism or piracy). Later, e

multipie regression anelysis showed that puffin nest density was negatively

correlated with distance from the ~1iff edge, anc positively correlated

with angle of slope (2). This suggested that close to the cliff edge,

where the angle of slope is steep, breeding success is significantly

higher than on adjacent level ground due to differential exposure of

eggs and chigcks to gull predation, and of parents to robbing by gulls

when taking food to chicks. Thus, during the breeding season, natural

selection wbuld act more strongly against birds nesting oﬁ level habitat

away from the cliff edge than against those nesting close to the cliff

edge (the emistence of a point inland from the cliff edge at which the

probability of fledging young approaches or becomes zero can be assumed).
To test this hypothesis, the breeding history of some 600 nests

in low-density and high-density areas was collected cduring 1968 and 1969 at

CGreet Island: breeding performance was then essociated with characteristics

of the nest-site. Because nest abundance was found to be greates on

maritime sloping ground (>30°f and least on level ground @:150), slope

and level ground were considered as the two habitats for the purpose of



studying breeding success.

In spring, both habitats were occupied simultaneously and nest-
site tenacity wés ecually strong in them, &s no birds changed position
within the colony between years. During settlement (prior to egg-laying),
the fre-uency of fighting was higher and the peak reached e¢zrlier on slope
habitat, buf laying dates of the single;égg.clutch were similar. Males
were heavier on'slope than level habitat, Just after peak egg-laying,
although females were similar on the two habitats, and there was no sig-
nificant difference between winglengfh of the males. Thus, males breeding
onllevel habitat appear to be of & similar structural size to those
occupying nests'on maritime slopes, but differ in physiological condition,
(e.g., fat deposits (3)), 2t time of arrival at the colony in spring, which
may be indicative of pest success in feeding and storing food (2).

Comparison of some aspects of fhe breeding performance of puffins
in the two habitats show marked differences (Teble 1). Hatching success
(i.e.,”> of eggs laid which hatched) and fledging success (i.e.,? of
eggs hatched which produced fledged young) were higher on slope . habitat,
due mainly to ¢ lower incidence of epg disappearance during incubation
and disappearance of young before fledging. The only known reason for
this mortality was gull predation, many examples of which were observed
dufing the study. Slope-reared young were not only more successfully
reared, but were also heavier just prior to fledging (c.2-% days) than
birds reared on level habitat, although winglengths and fledging periods
were similar. Since the microclimate and length of residence in the burrow
are similar, the difference in bodyweights of fledglings must be atbributed
ito differences in food supply.

Experiments and observations were made to determine causes of
the differential egg loss, chick loss before fledging, and condition just
prior to fledging, in the two hzbitats (Teble 2). It was found that the
frequency of eggs displaced from the nest chamber towards the burrow
entrance was the same in the two habitats (caused by rapid departure of
incubating birds responding to surface disturbance, e.g., sull cries),
but that the fre uency of panic-flights (i.e., the mass departure of birds
following a disturbance) was much higher on level habitat than on slope



habitat. Thus the likelihood of &n egg being exposed to gulls is greater
on level habitat than on slope habitat.

Just as the disappearance of the egg from the nest was attributed
to gull predation, sc was most pre-fledging chick mortality. IExperimentsal
chicks (captive chicks in artificiél burrows) spent more time outside the
nest chamber in the burrow tunnel (0-24" from burrow entrance) and more
time in the section rlosest to the burrow entrance (0-12") when starved
than when fed reczularly (2). Thus it is possible that chicks on level
habitat spent more time ncar the burrow entrance, where exposure to gull
predation is highest, “han chicks on slope habitat, because of a poorer
food supply.

If a slower rate of provisioning chicks with food on level habiiat
is responsible for the ‘ifferences in numbers of chicks that disappeared
prematurely between the two habitats, it may be due to differences in the
gathering of_food by adults at sea or in the delivery of food to the
young on land. ™vidence for the former would be extremely daifficult to
obtain. All that can be said is that all birds appear to feed in the
same general location, Jjudging from the initial flight direction of birds
departing from the island, and that the distribution and abundance of the
chief food item for chicks at Great Island (Capelin Mallotus villosus

Miller) is similar over vast arecas of the east coast of Newfoundland (4).
RFlternatively, a difference in rate of provisioning chicks might be due
to the effects of gulls upon adult puffins at the colony, since gulls
persecute fobd-carrying puffins more on level habitat than on slope. 1In
fact meal size (i.c., welght of fish per meel) given to chicks was the
same in the two habitats, but the rate #t which meals were delivcred to
the chicks was higher on slope habitat than level habitat (Table 2). The
rates of feeding zre besed upon observations on only three days and so
must be aécepted as no "ore than an indication that throughout the fledging
period chicl"s are provisioned at & faster rate on slope than on level
habitat. Teble 22 also shows that parents nesting on level habitat were
both attacked and robbed more frejuently than those on slope habitats.
The difference in vulnerability to gull zttack appears to be

related to the greater exposure of the level nesting birds as they fly over



the slope to the level areca of the colony, to their greater difficulty in
landing precisely at their burrow cntrance because of the angle of the
ground, which influcnces the risk of being seized by an attacking gull,

and to their inability to 1lift off level ground to escape an attack (they
must run back to Lhe crest of the slope in order to fly off) (2). Thus,

a londing on level habitat is a final commitment, whereas a bird landing

on & slope may just "bounce' back into the zir if the burrow entrance has
been missed or & gull attack is imminent. In addition to *he higher loss
of meals to gulls from birds nesting on level habitat, the time between
arrival at the island and actual landing at the nest-site is probably
greater. The concentration and flight patterns of the birds prevented this
from being ~uantified, but the pressure exerted by a higher gull attack
combined with a significantly lower chance of escape if attacked, clearly
mazes it crucial for birds with chicks cn level habitet to land only when
conditions are near perfect (flight specd and direction to burrow, position
of gulls) to ensure a swift entry into the burrow entrance. Therefore, on
average, more time and energy is probably expended by parents in reaching

a nest-site on level habitat, one obvious conse uence of which is a
reduction in time for other activities (e.g., feeding, chick provisioning,
resting, etc.). Thus the slower rate of food provisioning on level habitat
appears to be due to pull interference, either directly by cleptopsrasitism,
or indirectly owing to the large amount of time spent avoiding gulls while
en route to the burrow.

Tf this conclusion is correct, it is to be expected that on islands
with no gull interference but where the food supply per bird is the same
~as that on Great Islond, breeding performance would be distinctlyhigher.
This expectation was tested by examining breeding performence of puffins
on Funx and Small Islands, two colonies also situated on the east coast
of Newfoundland. There is no interference from gulls on either island,
and food conditions may be presumed to be similar to those at Creat Island
because capelin abundance is relatively uniform along the east coast of
ilewfoundland (4). Since nesting was confined to level habitat on both these
islands one might expect breeding success to resemble success for nests on

level habitat at Great Island. However, data for egg survival, breeding

L



success, and fledging condition, all indicate that puffin breeding
performance at Funk and S'all Islands far surpasses that recorded on
either slope or levecl habitat at Great Island (Table 3). 1In addition to
the fact that breeding success is lower amonz birds breeding in the presence
of gull intérference, a further decrease in their productivity might slso
occur if survival after fledging is related to bodyweight at time of
fledging, a2s has been found in other birds (5).
» . These results are of considerable importance to the ecology of
cblonial birds. The conclusion that selective pressure due to the effects
of gulls (predstion and cleptoparasitism) limits the nesting space con-
taining suitable nest-sites (i.e., those where the probability of breeding
' successfully is higher than zero), and alters the outcome of any breeding
attempt by.puffins clearly underlines the need for more investigations
to evaluate the ultimate importance of this kind of interspecific relation-
ship, especially since continued increase in gull populations (6) is
likely to lead to a decreased amount of nesting, and certainly breeding
success (7), by puffins. Moreover, while these findings implicate gulls
only, they may still be expected to occur where other species are clepto-
parasitic on puffins (8) or other foocd-hosts.



Proposel for N¢search on Gull Menasement

Much erphasis hes been placed on chemical poisoning
(pesticides), oil pollution, &¢énd climetic chanres to explain the
observed dceline in rmany scebird populetions, but little ettention hes
been drawn to the possible adverse effects of successful opportunistic
species which heve "exploded” in numbers as a consequence of man's pol-
lution of the environment. T have tried to show in this report how
deleterious the gulls ere to breeding populetions of puffins and thc
threat they pos+< to 2ll colonizl' species.

The northeast Herring Cull populetions heve increesed by &
fector of 15-30 in this century (9) £nd heve experienced similar repid
increases in other ereas of cheir renge (10). It is impossible to give
an accurete prediction of the populetion trend for future ycars, but it
is reasoneble to expect continued increases in ‘mull numbers, cspeciclly
since gerbage and sewage from hurmen populetions (apperently ‘hc main
ceuses of gull increzses) are not likely to stabilise or decline in the
ncer future. This meens thet the incidence of damage by zulls to other
colonicl seabirds (c.g., au<s, terns), in the form of predation of ecggs
end young, - cleptoparasitism, end physicel displecement, will zlso continue
to increase. ‘Thus, it 1s imperztive that scebird colonies be carefully
menaged, especizlly large breeding colonies, which zccount for a signifi-
cant proportion of the productivity of the totsl breeding populetion.

The following cdiscussion will consider the ecological impli-
cations of these conclusions and offer recommendations for future
research on sull menagement and the effective utilisat.on of seabird

sencturries.

Biology c¢f Puffins
The @4dult mortality rate of puffins is not well “nown. In

Russien populetions it is belicved to be close to 5 percent (11), whereas
at Creat TIsland, Newfoundlend , only 77 percent of the breeding birds
bended end colour-coded in 1968 returned the followinz season, which gives
¢ mortality rete of 23 percent. Pert of the high mortelity rste for
puffins at Grect Islend ey have been caused by band loss, lecikc of detee-

ticn, or change of nesting colony (no missing 1968 colour-bended birds were



observed in .ther locations at Great Tsland), but the size of the differ.-
ence suggests that at leest some of it can be ettributed to & real differ-
entiel mortelity rcte between populations. If the mortelity rate of zdult
puffins &t Orest Island is teken to be 10 percent, this means thet 2 10
percent recruitment of ncw breeders is needed annuzlly to maintein the
populeticn. . Thus, on everege, each #dult peir needs to raise two young
in 2 breeding period of ten years. It is unlikely thet birds nesting
at Creet Tslend will succeed in reising 'his number of young, since
breecing success is low on slope hebitat (43.4“)) and even less on levcl
hebitet (20.67). 1In order to maintzin populztion equilibrium, survival
to first breeding must be neer to 50 percent for slope-reazred young and
virtuelly 100 percent for level-reared birds. Tre likelihood of this
survival rete being realised is low (besed on post-fledging survivel retes
of other sezbirds), as is the probebility of there being sufficient
" surplus slope-rezred birds which move into level habitat to breed to
offset the lower productivity of birds on level habitet. It seems more
probable that the populetion will deccline, which is likely to lead to
a decreesed amount of nesting on level habitet. Further non-enuilibrium
due to ‘ontinued gull increzses mey be expected to limit puffins to
certein nesting hebitat (meritime slope) or meintain puffin numbers near
a level below which gulls cannot secure sufficient food from puffins
(predetion of eggs and young, #nd cleptoparasitism) to satisfy their
energy re-uirements forcing them to exploit other food supplies. One
finel factor which mey temporerily compensate for low productivity ot
colonies with gull interference is 2 lerpe immigration rate. However,
if predation and cleptoparasitism by gulls on puffins is not & local
phenomenon (available evidence sugzests thet it is not), then all large
breeding colonies will eventuslly be exploited (assuming gull increases
continue), and the higher breeding success of puffins et smell colonies
without gulls (c.g., Munk and Small Islands) will certainly not be suf-
ficient tc make up for these populetion declines. Tt is evident thet
deteiled research »nn pull management is necessary to finé effective
control measures for preventing the deterioration and possible :destruc-

tion of sezbird populetions in Csnadc.



Proposal for Gull Control

Attempts to reduce gull numbers over a lerge part of their range
have been unsuccessful. Tn Holland and castern 'nited States, control
progremmes to significently reduce the total Herring “ull population
proved to be futile as local declin-s were offset by ipfluxes of immi-
grant gulls. At best, these programmes contained total gull numbers
over the whole area and caused declines in local populations. It is this
lest point which is important and perhcps indicetes & ferssible menagement
programme. If lerge-scele reduction is not possible due to high immi-
gration rates from arces where gulls fre not controlled en? therefore
still increasing, then control should be exercised on a local level
(where control messures have been shown to be effective (12)) at major
colonies f threatened species to ensure high productivity znd a suffi-

ient supply of new individucls to ‘the breeding populetion. Since smell
colonies of some persecuted species (e.g., puffins)cxempt from sull
interference experiencc high breeding success (clthough relatively unim-
portant when totel procduction end numbers are considered), it scems
evident -that the most effective method of protecting endengered species
from scrious gull damege is to eradicate gulls at major colonics so that
2 highly productive central stoc exists which would guarantee the "safety”
of the species and help to »ffset populetion declines caused by gulls
elsewhere.

Lffective manegement of threstened coloniel seabirds cen be
initiated as follows:

1. Identify threstencd species (i.e., rere, interesting or endangered
species whose productivity is, or is likely toc be, adversely affected

by gulls). '

2. Determine major colonies of threatened species (i.e., colonies im-
portent to 2 specics' totel production).

3. KFstabhlish me jor colonies as federesl senctueries or netional wildlife
erecs.

4, Fstimate degrec of gull ~cntrol re uired (¢.g., removal of breedine
populetion, reduction in brecding population, prevention of further
gull increesses).

5. Tuplement necessery control measurcs.



)

0. Determine annuel populetion trends and cffectiveness of control

progremmes.

Together these points will fssiét in eveluating the meesures
re uired for local control «f zulls end perheps provide the preliminery
infermetion necessary for the esteblishment of ¢n effective nitional
system of gull menegement to protect secbirds in Caneda which arc
potentially threstencd by the gcometrié increese in gull nurbers

presently taking place in Ncrth Americea.
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Teble 1. Cumperison f the breeding performance of puffins brecding

on slope eénd level hebitet ¢t Great Island in the presence of gulls

in 1968 znd 1569.

Sl ope

Ner. of nests 290 .
Hatching success 200 (72.0%)
Fledging.success 126 (60.3%7)
Breeding success 126 (43.4)
Young ¢t fledging : 126

% bodyweight, S.T. (i) 261.7 " 3.15

x winélength, S.E. (mm) 1.1 ¥o.56 .

% ege, S.®. (doys) 53,7 < 0.79
* P<L0,001°

Level

262

138 (52.
54 (9.
54 (=0,

535 /54"
o481
1410

2.5

Ir 14

L

67)
1%

6.7)

5.88
0.68
0.97

. Meens for bodyweight end winglength based cn 5% chicks only as

mez surements for ovne chick just prior to fledging were not recorded;

seriple size for mean ege et fledgine = 54 chicks.

——

e
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ble 2. Observetions of puffins nesting on slope #nd level habitet

o

ssociated with differential egz loss, chick loss before fledging,

end condition just oricr to fledging, ot Grect Islend.

Slupe ; Level
" eggs displacerd by rapid 13.7 (N=117) 17.0 (N=100)
departure of incubecting bird
Penic-flight rate 2 -6 ** A%
Food for the chick
% mecl size, S.E. (2) 15,4 .00 .0 o6
(N=155) (N-94)
X no. mails/daye, S5, (3.6 - 0.26 * R |
(N=17) ' (N=15)
Interference by gulls of '
parents taking food to c¢hicks :
e landings ettacked 18.8 (N=601) == 39.0 (N 775)
" lendings robbed 44 (§=601). ** 13.5 (N=%75)
* P<£0.01
** P£ 0,001
1

Based on 10 obscrvetion periods ~f 60 minutes duration (600 minutes/ ,
hebitat) recorded simulteneously by two observers from e-usl ereas (36m")
of slope and.lcvel hebitet eontaining ot least 30 puffins on the surface,
through most of the incubation period (19 Mey - 26 June 1969).

& Measured by observing 17 nests on slope and 15 nests on level habiteat
during thc entire daylight period for three conscecutive doys (31 July -
2 fupust 1269). Fach nest (ontained ¢ chick at approximetely the seme

stare of development.



Te:ble 3. Cumpzrison of breedins performance ot colonics with (Great
Island) ond writhout (Funk #nd Srcll Islends) zull interference in 196G.

(N.B., Creet Islcnd date - birds on slope hebitet only).

Greet Islend i Punk end Sinell
(Slcpe) Islends
: Lievel
No. ©f nests 200 ; 253
g survivz;ll- 156 (78.03) + 242 (95.7%)
Breeding success 101 (50.5%) © + 229 (90.57%)
Young 2t fledging 101 : 912
% bodyweight, S.E. (g¢) 261.8 & 258" * L) 3 2.55

x winglength, S.7. (mm) 140.5 = 0,62 . 141.5 = 0.67
* P£0.001

Bised on the survivel of eggs for the seme length and péericvd of time:
Grest Islznd - 5 June to § July (35 days); Funk snd Siell Islends -
17 June to 19 July (33 days). The distance betwecn islends prevented
the detes ¢f the study period from coineiding exactly.
2 For comperison of ccndition #t fledging with chicks on Greet Island
cnly fully festhercd chicks (little or no down present) estimsted to be
within & few deys of fledming were uscd. :
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