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Effect l:of [~lls .:-'n breeding pE'rf c,rr.ICince Clnd nest distribution in 

Common Puffins 

J\bstrc::ct. C,· mmon Puffins (7rcterculCl <'rcticD L.) in :' l l 'Nfuundlend showed 

differences in breeuing success, bodywei[",ht ~t fledginp;. r.ncl utilisation 

IIf nl'stinr~ hebi tpt. associnted 'ri th interference by :,ulls Clt the colony. 

Breedin,,; success end "le[m fled.n;in~ 1 :eir;hts VTP.re: hir:hest ct cnlonif"s 

ld thout e:ulls. Tn the presence of ,~ll interference breedine; success 

Dnd buuy\'!eight tt flede;ing Hcre significantly higher e:t nests on maritime 

slopes close to the cliff t' 0~e, 1~here the flne:lc of slope is steep, th[m 

inlnnd on [,djacent level ground. 'rhese -l iffcrenccs Here due to differ­

entiel Exposure of eggs and chic!'.s to gull pre .-letion. tlt)d of parents to 

r{ bbing by ~lls Hhen te\·inr; f00<1 to ,'hic<s. ';'his suggests tbBt gull 

interference mny be ~n importDnt determinent of productivity and h~bitEt 

utilisntion in puffins enr1 other coloniEl birds. nEcommendGtions f l)r 

future resef,rch on p;ull r c::nngement and t.he effective utilisf.'tion of se~birO 

s[mctu[-;!'ips 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 vnowledge of the selective 

pressures involved is meagre. Analysis of data 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 Bay, Newfoundland, during the summer of 1967, showed that puffin 

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

(Larus marinus ~.) 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 and chicks, ani1 robbed parents 

taking food to chicks (i.~., cleptoparasitism or piracy). Later, 8 
I 

mul tiple regression cmalysis sho\'1ed that puffin nest density ,,,as negatively 

correlated with r.jistance from the <' liff edge, ane_ posi ti vely 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 adj a cent level ~round due to differential exposure of 

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

\>then taking food to chicks. Thus, during the breeding season, natural 

selection would act more strongly against birds nesting on level habitat 

away from the cliff edge t han against those nesting close to the cliff 

edge (the eKistence of a point inland from the cUff edge at which the 

probability of fledgin~ 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 are8S was collected during 1968 and 1969 at 

Greet Island ; breeding performance was then associated with characteristi cs 

of the nest-site. ~cause nest abundance was found to be greate~on 
0' 0 maritime sloping ground (>30 ) and least on level ground (~15 ). slope 

and level ground were considered as the two habitats for the purpose of 
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studyinv, breedin~ success. 

In spring, both babitats were occupied simultane ously and nest­

si te tenacity was e'.,ually strong in them, C's no birds <;han~ed position 

wi thin the colony between years. During settlement (prior to egg-layin~), 

the fre ,uency of fighting was higher and the peak reached ( 8rlier on slope 

habitat, but laying dates of ~he single-egg. clutch were similar. Males 

\'lere heavier on slope than level habitat, just after peak egg-laying, 

al though females "'rere similar on the two habitats, and there ,,'as no sig­

nificant difference between Vlinglength of the males. Thus, males breeding 

on level habitat appear to be of f j similar structural size to those 

occupying nests on maritime slopes, but differ in physiological condition, 

(e.g., fat deposits ())), a t time of arrival at the colony in spring, which 

may be indicative of past success in feeding and storing food (2). 
Comparison of so~e aspects of the breeding performance of puffins 

in the two habitats sho1t1 r'larked differences (T2 ble 1). Hatching success 

(i.e., ~ of eg~s laid 1>Thich hatched) and fledging success (i.e., ~" of 

eggs hatched \."hich pruduced fledged young) were higher on slope . habitat, 

due mainly to <: Im'ler incidence of er;p; disappearance durinp; incuhation 

and disappearance nf young before fledging. The only 'movTn reason for 

this mortality was gull predation, many examples of IThich were observed 

during the study. Slope-reared young were not only more successfully 

reared, but were also heavier just prior to fledging (c. 2-)~ days) than 

uirds 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 bodyweir,hts of fl edglings must be atbributed 

to differences in food supply. 

gxperiments and observations ... rere made to determine causes of 

the differential e~ loss, chick loss before fledging, and condition just 

prior to fledging, in the two h8bitats (TEble 2). It was found that the 

frequency of eggs displaced from the nest chamber t owards the burrow 

entrance was the same in the two habitats (caused by rapid departure of 

incuba t ing birds responding to surfa ce disturbance, e.g., gull cries), 

but that the fre uency of panic-flights (i.e., the mass de pa rture of birds 

follm'ling a disturbance ) was r,1uch higher on level habitat than on slope 



habitat. Thus the lii<elihood of c:n egg being exposed to gulls is greater 

on level habitat than on slope habitat. 

Just as thC" (1isappearancc of the eC;8 from the nest was attributed 

to gull predati on, so was rr.ost pre-flC"dging chic'z mortality. Experimental 

chicks ( captive chicks in artificial burrov:s) spnnt more tirre outside the 

nest chamber in the burro1'1 tunnel (<3-2)+/1 from burrow entrance) and rr'ore 

time in the section "losest to the burrow entrance (0_12/1) 1tlhen starvpd 

than when fed rc~ularly (2). Thus it is possible that chicks on level 

habi tat spent trore time near the burrm'i entrance, where ej(posun~ to gull 

predation is highest, ~,han chicks on slope habitat, because of a poorer 

food supply. , 
If a slower rate of provisioning chicl{s with food on level habitat 

is responsible for the ,:ifferences in numbers of chicl(s that disappeared 

prematurely between the two habitats, it may be due to differences in the 

gathering of food hy Cldults at sea or in the delivery of food. to the 

young on land. i''vidence for ~he former ~wuld be extremely (l1fficul t to 

obtain. JIll that can 'be said is that all bir0s appear to feed in the 

same v,eneral location, judging 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 Greot Island (Capelin Mallotus villosus 

MUller) is similar over vast areas of the east coast of Newfoundland (4). 
Alternatively, a difference in rote of provisionin~ chicks might be due 

to the effects of 8ulls upo~ adult puffins at the colony, since gulls 

persecute food-carrying puffins more on level habitat than on slope. In 

fact meol si~e (i.e., weight of fish per meel) Given to chicks was the 

same in thf: two habitats, but the rate cd; ,,,!hich meals '··'ere Clelivcrec to 

the chic~<;s WclS higher on slope habitat than level habitat (Table 2). ThE' 

rates of feeding ore b8sed upon observations on only three nays and so 

must be accepted as n0 1 0re than an ;indication that throughout the fledging 

period chic1rs are provisioned at c: faster rate on slope than on level 

habitat. Trble ~~ also shows that parents nesting on level habitat '..,rere 

both attacked and robbed more fre~uently than those on slope habitats. 

The difference in vulnerability to gull attack appears to be 

related to the gr(·c·ter exposure of the level nesting birds as they fly over 
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the slope to the level FlreCl of ehe colony, to their greater difficulty in 

landing precisely at the ir burrow entrance because of the angle of the 

ground, which influences the ris}: of beinG; seized by an attacking gull, 

ana to their inability to lift off lC:'vel ground to escape an attack (they 

must run bacl~ to ~h~; crest of the slope in order to fly off) (;~ ). Thus, 

a lDnding on level ha bi tat is a final " ommi tment, l'ihereas a bird landinR; 

on a slope may just "bounce' back into the c::ir if the burrow entrance has 

been rt1isS8C or 0: gull attad;: is imminent. In addition to l-he higher loss 

of meals to gulls from birds nestinr; on lC'vel 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 '1uantificd, but the pressure exerted by a higher gull attack 

combined with a significantly lower chance of escape if attacked, clearly 

ma '-:::es it crucial for birds \'lith chic'r<s on level habitat to lantl only Hhl-m 

conditions are near perfect (flight speed and direction to burrow, position 

of gulls) to ensure a swift entry into the burrm1 entrance. Therefore, on 

average, ITlore 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, chicl< provisioning, 

resting, etc.). Tnus the slower rate of food provisioning on level habitat 

appears to be due to v,ull interference, either directly by clept.oparasitism, 

or indirectly owing to the large amount of time spent avoiding gulls while 

en route to the burrow. 

If this conclusion is correct, it is to be expected that on islvnrls 

with no gull interference but where the food supply per bird is the same 

as that on Greet IslClnd, breeding performance would be distinctlyhif~er. 

This expectation lJas tested by examining breeding performance of puffins 

on Fun\ and Small Islands, two colonies also situated on the east coast 

of tlewfoundland. There is no interference from gulls on either island, 

and food conditions may be presumed to be similar to those at 0rcat Island 

because capelin abundance is relatively uniform along the east coast of 

lTcwfoundland (I~). Since nesting was nonfined to level habitat on both thE.' se 

islands one mi~ht expect breeding success to resemble success for nests on 

level habitat at Great Island. However, data for egg survival, breeding 
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success, and fledging condition, all indicate that puffin br0edin~ 

performance at funIc and So. all Islands far surpasses that recorde(1 on 

either slope or levd habitat at Great Island Crable 3). In addition to 

the fact that breeding success is lower among birds breeding in the presence 

of gull interference, a further dec~ea3e in thejr productivity ~ight also 

occur if survival after flec1.ginrs is related to bodyweight at time of 

fledging, as has been found in other birds (5). 
These results are of considerable importance to the ecology of 

colonial birds. TLe conclusion that selective pressure due to the effects 

of gulls (predation and cleptoparasitism) limits the nesting space con­

taining suitable nest-sitt:'s (Le., those '·/hE:'re 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 kinrt 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 food-hosts. 
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Much c rr phc sis heS bc'e n placed on cher' i r:21 poisoning 

(pesti c ide s), oil pollut i on, t nd ulj~eti c ch2nxe s t o ~xpl a in t he 

obse rved rJc:c l1.n.-' in n:: ny s (?Dbird populc t ions, bu t little E. ttc-n tlon h £l s 

bt: E:' n d rawn t o t he possibl e adve rse e ffcr:ts of sur;ce ssful (lpportun i s t i c 

spe c i e s whi ch h c:. v ..:' "ex ploded " in numbe rs 2S El oonsE''1ue n c('; of mcm's pol­

lu t i on of thE.~ environment. I hav(' t ri E'cl to show in this r e port h o\,; 

de l e t e rious tht' gulls I3' r (~ t o breeding popul a tions of puffins and t he 

three t they pos e to pll c ol onie l ' spec i e s. 

The n ortheast Herrinr-; null popul r.tions h[' v ,~ inc r ec s cd by r. 

fe et or of 15- ,30 in t his ce n t ury (-) ) (' no hc-ve cxpe ri e nced similar r r. pio 

increa s f"s in othC'l' c r C'E! S of "hpi r r pn g' (10). I t is impossibl e to ,,-,,, ive 

£I n 8ccure1:e pred i ction of t he popul c:,tj on tre nd for futurC' y<:a rs, but it 

is r ec:. s on" ble co expect ,~ont inup.d j n CT'E'8s C'S :i n 'gull numbe rs, 0spcc i f lly 

since gf rbege and S('WD p,e frotT' hurren popul pti ons ( c::ppEirently "he I11El in 

,' ,- use s of gull incr E;[. s e s ) a re n ot l:i 1iely to s ta bilise or decline in the 

n(:'8 r fut ur€' . '('t'lis meens t he t the inc i dc- n ce, of Cia mage by '2;1..<lls to othe r 

(:oloniLl s eabird s ( " .p;., au '(s, terns ) , in thE. f orm of predation of ('rnS 

e nd y oung, ' c l e ptopa r asitism, e nd phYSical d ispl E' c f'men t , will £. lso c ontinuE 

t o in c: r E'2 s e . Thus, it is imper<: tiv6 th2t s c£ bird (; olonie s be ca r e fully 

mana ged, e spe cid ly l co rge breed inp; col oni e- s, \'/h i ch 2ccount for a signifi­

cent proport i an of thF' producti vi ty of t he tot e l bree ding popule ti on. 

The f ollowinlZ; (dscussi on ,,,:i ll consider the e col ogica l i mpli­

cn ti ons c,f th(.~ s e c onclusions find offe r recor,'mend8tlons f or future 

r e s ef' rch on n;ull rnrna p:E.'mcnt a nd the e ffec ti VP utilis1:!L on of s eabird 

s E' n ctm r ics. 

Bi ol ogy of Puffins 

The "'iul t '1 orta li ty rate of puffins is n ot we ll " n Olm. In 

Russi c n popuL:.ti ons it is belic-ved t o be cl os e to 5 pe r cent (11), , . .,h e r ea s 

at GrE' e t Tsl nnd , Newf oundl£nd , only 77 pe rc ,o.n t of the bre€din~ birds 

b~ndpd c. no. col our- code0 in 1~68 r eturned t he f oll owing s ec s on, which give s 

c rr10 r tR lity n .tE' 'if 23 pe r C'E' n t . Pc:r' t of thE:: h i gh mortE'li ty r e t e for 

puffins El t Greet Isl ,md o£, y hov e bf'c'n caused by ba nd loss, l E'ck of de tec­

t i on, or chDnr-;c uf ne s tinp- c ol ony (n o missing 1968 col our -be nded birds we r e 
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observed in I)the r locations C' t Gr62t Tsl;:mo), but the size of the differ·· 

ence sugp:ests the:. t " t least somE' of it ca n be attributed to <.. r ea l diffe r .. 

enti21 mortc:: lity rrte between popul~tions. If ~he ~ortElity rate of ,ault 

puffins [,t Ore< t Islcnd is t[. l~en t o be 10 perc0nt, this rnecms thEt c 10 

percent recruitment i'·f new breeders is n(-edcd annually to maint?in the 

popul r tie,n. Thus. on e'vere'ge, <'-ach 2dult pfir nEeeds to raise two young; 

in a breedin~ period of ten ye~rs. It is unlikely th8t birds nesting 

et CreE.t Jsl,nd 1·'l ill succeed in raisinp: his number of young, since 

breedinp' SUCC(·~ ss is 10H on slope hE'bitft (43.J.1'~ ) ,md even l('ss on lcv,~. l 

hE~bi tE t ( ;')0.6-; ). In ordtr to "lC'.intein populetion eQuilibrium, survival 

to first breeding must be near to 50 percent for slope-reared young ~nd 

virtuE lly 100 percE'nt for level-reered birds. '('r'e likelihood of this 

survival rate being re~lised is low (b8sed on post-fledging survlv21 rEtE'S 

of other seabirds), as is Ghe probebility of there being sufficient 

surplus slope-rec::red birds which move into level hc.1bi tat to br8E'.d to 

offset the lower productivity of birds on level habit2t. It seems more 

probable that the populc:tion ~':ill docline, which is likely to lead to 

a de creesed amount of nesting on level habitet. FUrther non-8'luilibriurl 

due to !ontinued gull incref.ses m.sy be' expecte d t o limit puffins to 

certp: in nes ting hEl bi tn t (mE. ri time slope) (Jr mB intain puffin numbers ne~ r 

a levei below which gulls cannot secure sufficient food from puffins 

(prede-tion of eggs and young, f'nd cleptoparasiUsm) to satisfy their 

energy re ' uirements forcing them to explJit other food supplies. One 

final factor which may tempor~rily compensate for low pro~uctivity 2t 

colonies vd th gull interference: is co lC1rge immigration rate. However, 

if predation E:nd cleptoparasitism by gulls on puffins is not P. local 

phenomenon (c:vElilable evidence SU!';;1;csts thC't it is not), then all lr.rp;t: 

breeding Golonies '.,..ill eventu2-11y be exploi tec1 (Dssuming gull increasE. s 

c.ontinue), and thE: hiP'PE'r breeding success of puffins E't small colonies 

vlithout gulls ( c .g., T'un1( Emd Small Islcmds) will certainly not be suf­

fici e nt tc ~&ke up for these papule-tion declines. It is evident that 

deteiled resear8h nn p:ull management is necessary to find effectivE' 

control me2 sures for preventing the deterioration .snd possible destruc­

tion of s et bird populetions in C8nad&. 
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Propos ol f J Y' Gull Cont r ol 

P_t t e mpt s t o reduc .. , gull numbe rs OVE.r " lt r [';8 pe r t cf t h e ir r cm[l;f; 

ha ve been unsucce ssful. ~n Holl r. nd and easte rn 1 nited Stetes, r on t,r 'Jl 

progr 2mme s t o signifi cantly r e du ce:: the tota l H0 rY'in~ :-'ull popu18tion 

pr0vcd to b8 f u t ile a s l ocn l dcc lin- s we r e offset by ipfluxe s of i mmi­

n;rC'nt .~lls. At be s t , the se p):-ogrnmme s con t8 ined t otc; l gull numbers 

ove r t he wh ol e e r ea a nd c8usecJ de clinE_s in l ocal populctions. It is thi s 

12st point which is importa nt Clnd pe r hc ps ind icE'te s <:; fe~ sible ma n8gernent 

progr emmc . If l a r ge - s ce l e r e duction is not possiblo due t o h i gh immi­

grat i on r a t f:' s fr orl 8 Y'l'2 S whe r E' p;ulls F r e not c ont r olled Fn~ -chere f or c 

still incr ea sing, then control shoul d be e xe r c ised on a l oca l l e ve l 

(whe r e control meE' surE:'S h8ve been shown to be e ffe ctive (12)) e t rnc:j Ol ' 

r; ~' l onie s If thrlo!a t en (-d sp<=-c i e s t o c nsu r (' high pruduct ivity c:nd (} suff'i -

hmt supply of ne1J i nd iviou[' ls t o th( breedinR popule ti on. Sin CE;; sm[' ll 

col onie s ,.f some persecu ted s pec i os (e . g ., puffins) c xempt fr om gull 

inte rfe r ence expe rien ce h i p;h bre (~ d i.ng success ( r 1 t h ough r e l pti ve ly uni rrl­

port~mt ,,,hen t ot c:: l pro,~uction r.nd numbe rs E! r e conside r ed ), i t s (;emS 

e vide nt ·tha t the mos t e ff e ct ive m~tl jod of prot ecting e ndc nge r cd spec i e s 

from s e ri ous !!,till dame ge i s to 8radi cnte gulls at ma j or c oloni(; s s u t hat 

a highly produ ctive cE n t r a l stoc l{' exists Fhi ch would p:;uar2ntee -the It s c f c-ty -I 

of t h e spe~ie s end he lp to ·)ffs e t popu1 2tion decline s caused by gulls 

e lSEwhe r E: • 

~':ffe ct ive o1lJnrgement of thre2tened I::ol onie l s e 2birds cc: n be 

initiated a s foll ows: 

1. I dF nt ify t hrert8ncd spec i us (i. e ., r e r e , inter~ sting or end2nger ed 

spf~ c i e s whos E. pr odu ctivity is, or is liKe ly to be , E. dve rse ly a ffe cteo 

by gulls ) . 

2 . De t e rmin e:: mcj or col onie s of thrf'e t ~ ned spe ci(; s ( i. e ., col oni e s im­

portClnt to a spec i e s' tot c l producti on). 

3. Fst8blish m8 j or col oni e s os fede r 21 s onctue rie s or n~ti on~ l wi l dlife 

c r er' s . 

li . 17s timc~ te der.;r ct' of .o;ull -' cntrol r€' uired (c .g., ,I.'emov::: l of brecdin r ., 

popu12tion, redu ct i on in brl' rdinr, popu12ti on, prevL"nti on of f urt h E:: r 

gull inc r cf Sl' s ) . 

5. I~plc~ent ncc~ssE ry , an t rol mea sures. 
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U. D~' ternin\-,; r, nnu21 pOpUlE tion trenc1s cnc1 ,"ffcctiven8ss .)f contrl)l 

proc;rc:rrm(:s. 

T,)gether these p ':-l ints "lill E ssist in e v?lw:.tinfj the rnt:C-,surr~s 

r·" uin u .for L)c.::1 contr)l ' f :SUlls end perheps providE the prt, limimry 

infcrm8tion ne cpssary for the establishment of En effective niti onal 

system I) f p:;ull l'1c;nr:gemc·nt to protect s P;::birds in Cnn[ rio vvhich Dr, 

pot0ntially thre;'tencd by the .':1;(:01'1')( tric in~rc,,' se in gull nurrbers 

presently t8king p18cP in N~rth P~eric2 . 
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T[ b1 ,-· 1 . CUrrJpc:' r j s on . f thr breeding pe rf or rn;:mcc of puff i ns brec-dinr 

on s l;:,po rna lr: ve1 h, bi tct rt Gre<:: t I slcmd in the pre s en ce c.·f gul l s 

in 1968 <. nd lS69 . 

Slope 

to.h . of n, s t s 290 262 

Hetching success 20 :; (72 .0(~ ) * 138 (52 . 6- ~ ) 

Flcdp.;i. n p; success la6 (60 . X; ) * 54 ( ~c 1" \ )'j . ') 

Bre6din.:; su c::C'e ss L~6 ( i:3 . lV' ) * 5)~ (~() . 6.~ ) 

Y(,ung , t fl ·~clr;in cz; 126 53/541 
-

b 'Jdyw(" i r;h t , S. F . ( >'. ) 261.7 -~ .15 248 .1 + 
5. 88 x. 4( 

.-
(rnm) l hl.l + 0 .56 1 ill. a '-

0.68 x winr;l e nr;th, S,F . -
(d, 'ys) 

~ .-:-
~.z c ge , S. "4: . 53. 7 - 0 .79 5;~.5 - 0. 97 

* P'( 0. 001 

1 tv;" C' ns f or bodywc i p:h t End \'Tin~l enp;th ba s ed on 5) chi cks only a s 

1'l'!E:[ sure rn ents f or ,me r hic\, Just prior to fl c dp-;inr; we r e n c) t r e corded; 

s C' .... lpl c; size f ur r'1(2cm up;v c t fl edgini?; = 54 chi cles . 
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Tc blL ~' . Obscrv[t i uns of puf fin s nc:s ting em sl opC' r nd hvel h8b i t2t 

cssoc i [,t e d wi th r. ~i ffcrerlT, i £11 (' fT. !:; l oss , chi c~ l oss be f or e fl ed~in,::r: , 

<mo , ondi t i cJn J us t pri n' to fl e. dp; inp; , r. t Gr e rt I slf.' nd . 

. e~gs d ispl~c(rl by r api d 
dE:p(1 rture uf incubi: t ing bird 

1 
Pr ni e ,· fli ght Y'(,t e 

Poorl f e r t h e chi ck 

x m0r 1 Si Z8 , S. E. (g ) 

Inhrfe r c :1cc: by p;u11s of 
p~ rents t2kin~ f o o~ t o , hicks 

l andings 2ttsc~c d 

.' 12 :1d ings r obbLd 

* P.( O.Ol 

** P .(, O. 001 

13.7 (N=l17) 

6 

12 . l~ ! O. )~2 
UklS5) 

3. 6 ~ 0 .26 
(N=17 ) 

18. 8 (N,.,60l) 

4 . 1f (1'k60l) 

** 

* 

** 
** 

Ll vpl 
---

17 . 0 (N -=100) 

33 

12.7 + 0 . 6:-, -
U!-1)4 ) 

-' r: . It - 0.31 
(N-"lS ) 

39 . 0 (N '775) 

13.5 (N,-,77S) 

1 Bc: s uJ on 10 obsc rvc ti on pe ri od s ,~ f 60 minute s r}ur2tion (6 00 minute s/ .-, 
h2 bi ta t) r o c orde d simul t[.neously by t wo obsc rv('rs frl~m 8 "m] 1 c:: r r--e. s (36rn

L

) 

of sl upe find l (;ve l h[ bitE't c " nt8 ining [' t l CE' s t 30 puffins on t he,.- surf[.ce , 
through II !OSt of the incuba ti on pf:ri od (19 Mc y - 26 J une 1969 ). 

2 
~k'c surl:Cl by Obs"Tvinr; 17 n e sts on sl opo and lS nests on l e ve l h8bi t [ t 

during; the: ( ntire Cl8yli e;ht pe ri ocJ f or three c clDsc:cuti V 8 d E' Ys 0 1 ,Tuly -
2 hi[~USt 1969 ). FCJch ne s t . l'nt8 inC0 c chi c l ( 2t a pproxim2tcly t h e s ['r;;e 
st2r:(~ (I f cle vp lqllncmt . 



'. 

'T'rbh 3 . Cumpc:ris on l: f bn",' d in ",; p.-:rforPl.'1 t1 Cc rt c ' l onic s p i t h (Gr-:r:t 

I s l<.mci ) r n j "' i t.h out ( ~unk i' nd 3r'I ,~ 1l I sl a nds ) '.;u11 lnt:.e rfc r l:n cl in 1) 6<:; . 

(N .B., ('nf''!. IsL:: nd di"ta - bi F1 S un s l op!;: hr'biU'r, "nl y ). 

No . . ,f n c' sts 
. 1 

T!.r,g suI'vlv L. l ' 

Brc·s ding sue ce ss 

Young ~t fl e dg ing 

-x w in~l ~nGth , S. r . ( ~m ) 

* P L 0 . 001 

Gr pi" t l s I r n (5 
(Shpe ) 

156 U8 .0: ) 

101 ( 50 . 5~ ) 

101 
:+ 261. 8 -; .58 * 

140'. 5 0.62 

Fun', c nd 3. '21 1 
1 s12n (: s 
(L vel ) 

253 
2 JI '? (95. T ; ) 

2,:'·) (90 . 5< ) 

91 2 

,~51. :3 - 2. 55. 

141.5 0.67 

1 Be s ed lm t h r.: survi 'J2 1 ,', f f'gp.;s f or th·, , S['tnc l e ng th cmd p:n· j uri c f time:: 
Gr'E:i,t I s l c:. nd - 5 J unc> t o C) July (35 d"ys) ; ,J7un"r nd S. ,0.11 I s 12ncis -
17 J une to 19 July (33 dfryS ). The 'lis t2 n cc b\-tWE.l ~ n islc nd s prevl.mtu' 
thL drtc s uf t h c s t udy ~ riod fr lm coinc i din~ cxpct l y . 

2 F ' . f ' . i . t f l d ' . th h' 1 r: t Il d < , .r '.'J)m pc: r ls on 0 c cn Ol ~ l (ln p ,~ -e;l n g 11ll C lC I'S on " Y'U, S n n 
cnly fully f C'('Ch E: Y'cG. chi cks ( li t tle c r n o c10vm prE. s Gnt) t~ s ti P1" ted t r) bl 
wi t hin [' f ew d2YS of fled~ing W0r e u s ed . 
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