








INFORMATION TO USERS

This rnanusc:ript has been reproduced from the microfilm maier. UMt IiIms

the text direc:IIy from the CMigInIl or copy MIbmilled. lbuI. some thesis and

~ ccpies we in typIWriIIr &:e. while 0ChetS may be fn:wn any type of

"""""""_.
...._"'-_..__.... _"' ....
copy............. Broken or indistinet print. coIof8d or poor quality iIbRrations
and_..... _ ............ _.and __ con _

In .. unlikely ewnt I\8l: did not send UMI a complete manuea;pt

and ..... milling pegeI, wiI be noIed. Also, if unauIhorizecI

copyrighI materiII h:Id to be removed, • note wiI indicaIe the deletion.

a..-_l.·g.. __ )·.. _.,
_ ... origineI. begirIWlg _Ieft a>mer and CllfllilUng
fnmleft .. otghI .. _.

~_ ....._---­__ ...... CllPY. __ s·.9' ..... and_

~_.._lor...~or__

in..alPY for .. IdcIIanaI eIWgI. ConIIld UMI dlnldty to Ofder.

~1_andL...,;ng

300 NorIl Z8eb RoId. Ann Arbor, MI 481~1~ USA
JlOO.Q1.(1llO()

UMf



.+. - .......ole..-

==:.-=---­=ClNIU......

::=-­
~.

---~---e-.ClNIU"'"

"""*

The IlIIbor has groDted .....
exdusM Iil:eace aIIowiDI tbe
NlIIioaaI Library ofCaoada 10
reproduce.~ dislrihuIe or seD
copies of this tbeais io miaoform,
paper or electrooic formats.

The_.-0WllalIbip oftbe
eopyricbt io dlis tbeais. Ncitber tbetbeais liomit

_ be priofcd or otbelwise

reproduced wilIIout tbe _'s
pcrmissioIl.

L•autew alCCOfde UDC liceDec DOD

exdusM~.1a

BihliodIOqoe'- du Caoada de....-.Jdter._00
_ clescopies de ..... mac """
Ia forme de microficbeIfiIm de
reproductioo sur papier 00 "" formal
CIeclroaiqoe.

L·_--..Ia~du

_d·_qui ............ mac.
Nilamacaicles__
dec:cllo-ci .._~ impimCs
00__ reprodoils ........

IUIOrisaIiool.

0-612.e6743-X



ATLANTIC PUFFrN RESPONSE TO CHANGES IN CAPELrN ABUNDANCE

IN NEWFOUNDLAND AND LABRADOR:

AN lNTER-COLONY AND INTER-DECADE COMPARISON

by

Shauna M. Baillie

A thesis submiued 10 the School ofGraduate Studies

in partial fulfillmenl of the

requiremenls for the degree of

Masll.T ofScience

Biology Programme

Memorial University ofNewfuundland

St. John's. Newfoundland, Canada

March 2001



ABSTRACT

I compared Atlantic Puffin chick diet and reproductive performance at the Gannet

Islands. Labrador during 1996-98 [0 that recorded I) in a similar study undertaken during

1981-1983 at the Gannet Islands prior to a decline in capclin abundance, and 2) at Gull

Island, Witless Bay. Newfoundland where capelin were abundant. 1hypothesized that

chick diet quality and breeding parameters would be dramatically lower at the Gannet

Islands in the 1990s. During 1996-1998 al the Gannet Islands, puffin chick diet biomass

comprised 3 to 25 % capclin and only in 1996 was breeding success dramatically lower

(by 40 %) than any other study colony or year. Chick mass growth rate, and peak and

tledging mass were lower in the 1990s than 19805 yet similar to that at Gull Island.

Sandlance was the main alternate prey and was significantly higher in lipid, protein and

energy density than capclin at both colonies. Atlantic Puffins exhibited behavioural

plasticity with respect to foraging and reproduction in a temporally and spatially highly

variablecnvirorunent.
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CHAPTER ONE

GENERAL lNTRODUCTlON

Behavioural responses of seabirds 10 environmental change have been found to

occur at di ffcrenl temporal and spatial scales for pllf1U1lCterS such as population size..

clutch size. breeding phenology. chide growth. diet and feeding rates (Schneider and

Hunt 1984. Cairns 1987. MonlevC(:chi 1993). Though difficult to predict. changes in

measured seabird parametCl'S have allowed researcbcn to infer causal links between

variation in the marine environment and prey base (Ainley and Bockelbc;dc 1983.

MacCall 1984. Harris and Hislop 1978. Haney 1991, Montcvecchi and Bcnuti 1991.

Cairns 1992. Monaghan 1996). intcr-spccific and intra-specific competition (Baird 1991,

Bryant 1998), predation (Cairns 1985. Craik 1997. Russcil and Montcvcc;:chi 1996),

breeding habitat (Nettlcship 1972) and human disturbance (Ollason and DuMct 1980.

Rodway and Montcvcc;:chi 1996).

This thesis is concmM:d with variation in prey base and how that effcds breeding

seabirds. In broad tcnns. the optimal foraging theory suggests that foraging animals

should not nvc) further than ncccssary &om the brccding colony 10 find their food

(Cairns 1992). Despite being constrained to a central place during the breeding season.

seabirds appear 10 have considerable capacity 10 buffer effects of changing food

availability (Burxer and Pian 1990). However. as food supply dl:c::rcascs, birds may



spend more rime and effort foraging{Caims 1992). Studies on long-lived seabirds lead

us 10 expect lIlat parents which reach the point where free time is exhausted will trade off

current for future reproductive success. reproductive perfonnance may detCfCl)rate or they

may completely abandon breeding ancmplS because perceived risks to their survival are

too great (Monaghan f!I a/. 1989a. 1989b; Cairns 1992. Wemham and Bryant 1998). I SCI

out to establish a food supply link to foraging behaviour and reproductive parameters of

Atlantic Puffins Fratf!TCUla Qrctica in the Northwest Atlantic. My study began after lIle

virtual evacuatton of capdin Ma/lolw vi/losw, !he appaRnt main prey of puffins in the

Northwest Atlantic. from the sourthem Labrador coast (see Page 6). Compltle breeding

failure under these prey conditions was thought to be eminent. thus I anticipated being

able to observe either the threshold where Allantic Puffin trade off current for future

reproductive success or how they buffer the effects of food stress. Originally, I sought to

quantify Atlantic Puffin rime-activity budget with electronic temperature logging devices

(Stowaway Tidbit. Onset Computer Corporation) which produce unique a signature for

each. activity ofnying, diving and resting on the water surface, on lIle colony slope and

inside the nest burrow. Unfortunately, the temperature logging devices proved to have a

greater effect on puffin behaviour than the food stress event as the devices were too heavy

and bulky.

In recent decades prior to this thesis, puffin diet and reproductive success in

Witless Bay, southeastern Newfoundland supposedly was not extremely variable. The



proportion ofcapdin biomass in puffin nestling did at Great Island, Witless Bay, for six

ofseven years between 1969 and 1984, ranged from 7810 94 % capdin, 1010 15 ¥,

sandlancc Ammodytes spp. and the remainder was ilTltl1alW'e gadids or miscellaneous

items (Neuleship 1972. 1991). Rodwayand Montcvca:hi (1996) also found that Atlantic

Puffins at Gteatlsland. Witless Bay fed nestlings a did of83 % (by mass) capelin

between 1992 and 1994. Alternate prey consisted of mainly sandlancc 13 %. and the

remainder was immature cod Gadus and Boreogadw spp. « 5 %) and misccllaneous

items. This low variability in prey harvest at Great Island over decades made it scan that

puffins were preferentially selecting capclin and that they employed. nearly fixed

foraging strategy. MIlCh of the ~ird rcscarch in Newfoundland was conducted in

Witless Bay and the tdationship between capelin and puffins was so strong apparently

lhat Nenleship (1991) hypothesized that the distribution and abundance of capelin was

homogeneous throughout the east coast of Newfoundland. However, capclin biomass

estimates rqKM1ed by Carscaddcn (1984) showed that capclin abundance in Witless Bay

(NAFO subarea 3L) were uniquely high. In fact. capdin biomass estimates were higher

in Witless Bay than estimates combined for eastern Newfoundland and southern

I...abr.tdor, area 2J3K. To establish whether Atlantic Puffin did and the distribution of

capelin were homogeneous required further study of puffins and their pee)' at

Newfoundland colonies other than those in Witless Bay.

In 1992·95. Russcil (1999) found evidence from breeding Atlantic Puffins that



contradicted the hypothesis that diets of piscivorous seabirds are homogeneous

throughout eastern Newfoundland. Allanric Puffin nestling diets at Baccalieu (subarea

3L), Small and Funk Islands (subarea 3K) located on the cast coast orinsular

Newfoundland contained very diffcm'lt proportions of capclin depending on geographic

location (Russell 1999). Russell (1999) fotmd that breeding pcrfonnance was similar in

regions of high and low capclin availability because Allantic Puffins were able to utilize

altema!e prey. At Small and Funk Islands, o-group post-larval sandlance and l;uvall­

group capelin successfully replaced mature capclin as part of a prey suite including

juvenile shannies, 5Culpins. herring, and white hake in addition to several species of small

miscellaneous pI'CY (Russell 1999). As was reported in othet-studies. Russell (1999)

found that larval gadids were apparently selected against and had low dietary value

(Barrett et al.1987, Russell 1999. this document). Unlike studies in Willess Bay

(Nenleship 1972, 1991; Rodwayand Montevecchi 1996), Russell (1999) found high

inter-annual variability in Atlantic Puffin chick diet as the nann. A study by Birkhead

and Nenleship (1983. 1985) at the Gannet Islands, Labrador in the early 19805 showed

that puffin chick diet included 17 % by mass capelin in 1981, 74 % in 1982 and 70 0/. in

1983. At the Gannet Islands, mature sandlance (64 % biomass) replaced capelin in 1981

with no evidence that Atlantic Puffin reproductive performance was inhibited or

enhanced. Other prey taxa in the Gannet Islands Atlantic Puffin chick diet included

Arctic Cod BoreogaJl1S saiJa. l;uval sandlance, crustaceans and other unidentified small



prey species (Birkhead and Nettleship 1985). Contrary to popular opinion and excepting

the Witless Bay area, Atlantic Puffin prey assemblages actually exhibited high

interannual variability between and among regions with no instances of breeding failure

and puffins used alternate prey to rear young successfully. Atlantic Puffins in the

Northwest Atlantic appear to resilient to prey variation with the cost likely expressed in

foraging time and adult energy expenditure. There was one documented case in Witless

Bay. Newfoundland in which the proportion ofcapelin fed to Atlantic Puffin chicks at

Great Island from decreased from 80 - 100 Die (by mass) in previous years to 10 % in

198\ and caused total breeding failure during that one year (Nettleship 1991). However.

no ooncensus has been reached as to whether total breeding failure actually occurred.

Extreme cases ofbreeding failure have been docwnented tor seabird communities around

the globe, for example guano birds in Peru (DufIY 1983) and Black Guillemots in the

Black Sea (Bergman 1978). However, the only known instance ofcomplete breeding

failure of Atlantic Puffins occurred at R0st on the central Norwegian coast. This

breeding failure was apparently directly related to a crash in the Allantic-SCandian

herring stocks (Anker-Nilssen and Rostad 1993).

A dramatit.: change in abundance of capelin before the onset of my study allowed

me to test hypotheses on the resilience of puffins to a variable prey environment.

Capelin. a small smell, are known to be a principle prey of seabirds in low-arctic waters

of the Northwest Atlantic (Brown and Nettleship 1984). Capelin were the object of a



traditional Newfoundland inshore fishery for centuries and in 1971 an international

offshore capelin fishery began offNewoundland waters (Netlleship 1991). As a

commercially important fish resource, infonnation on biomass, distribution and age class

struaute ofcapetin an: studied in detail by the Canadian Department ofFisberies and

Oceans (DFO). However, relatively linle islmown of non-commercially imponant

pelagic forage fish such as sandlance. Capelin mignue from offshore banks of

Newfoundland and Labrador to inshore coastal waters and beaches each spring to spawn

(Nakashima 1992). The spawning aggregations consist of3-5 year old fish (gravid

females, spent females and mature males) mixed with immature or I-group fish as well as

young of tile year ().group fish. In ICNAFINAFO subarea 3L, capelin from the Avalon

stock: spawn 00 beaches of the Avalon Pmninsula. Newfoundland in June and July. This

spawning aggregation coincides with the chick-rearing period of seabirds at the Witless

Bay Ecological Reserve, southeast Newfoundland. Funher nonh in southern Labrador

(ICANFfNAFO subarea 2J), Stock A capelin rypically migrate nonh along the beaches of

soutll Labrador in late July and August and are availabile to seabirds provisioning chicks

the Gannet Islands Ecological Reserve. Atlantic Puffins at both the southeastern

Newfoundland and the south Labrador colonies typically fed chicks 6().80 % (by mass)

capelin (Netlleship 1972. 1991; Birkhead and Nenleship 1985, Rodway and Montevecchi

1996). Then a dramatic change occum:d in the spawning migration panern of capelin in

Labrador. During the late 1980s, capelin exhibited a population shift offshore and south



to the Northeast Newfoundland Shdf(J. Anderson pcrsoanI communication); capclin had

ceased 10 spawn in Labrador in 1992. Thus, IS far as we know, for atleasl five

conscquctive years at the Gannet Islands prior to my study, puffins were unable 10 access

spawning aggrcgabons ofcapclin during Ibc breeding scasofl.

To restate. the purpose of my study was 10 examine Al1lf1tic Puffin breeding

response 10 a depletion in prey source at the Gannet Islands, Labrador and determine

whether or oollhey were able to effectively rear young using allernarive pfe:y. I

compam:l Allantic Puffin dlick diet and growth., productivily and adult mass al1hc

Gannet: Islands, labrador during 1996-98 10 that in a pr'Cvious stUdy condUCIed by

Birkhead and Nettleship (1985) in 1981, 1982 and 1983. Additionally, I conducted a

simultar1COus intcr-eolony comparison of puffin feeding and breeding parameters al Gull

Island. Witless Bay, southeastern Newfoundland and the Gannet Islands, Labrador.



CHAPTER TWO

RESPONSE OF ATLANTIC PUFFlNS TO A DECLlNE IN CAPELlN ABUNDANCE

AT THE GANNET ISLANDS. LABRADOR

Abstract

The chick-rearing period of Atlantic Puffins breeding at the Gannet Islands

typically coincided with the occurrence of inshore spawning aggregations ofcapelin in

south and central labrador. Canada. During the late 19805. capelin, the main prey of

provisioning puffins, exhibited a population shift offshore and south, away from the

seabird colonies. At the onsel of my study in 1997. capelin apparenlly had not spawned

in labrador waters since 1992. Infoonation from a previous study of Atlantic Puffin

feeding and breeding ecology in 1981·83. made possible my comparison of Atlantic

Puffin reproductive parameters before and during this movement of capelin from the

Labrador coast.

At the Gannet Islands, Atlantic Puffins delivered 40 - 60 % (by mass) less capeIin

to their nestlings during 1996-98 than in 1982-83. Virtually no adult capelin appeared in

the 1996 chick diet and O-group and unsealed I-group capelin did not occur in 1996-98.

Capelin increased from 3 to 2.5 % of diet biomass from 1996 to 1998 partially due to an

increasing proponion oflarger individual fish. Puffin reproductive parameters were

lowest in 1996 and highest in 1997. Adult capelin were smaller and post-larval sandlance



much larger in 1996--98 than in 1981·83. Proximate composition analyses showed that

post-larval sandlance delivered to young puffins were higher in lipid content, protein and

energy density than capelin. In 1996--98, median chick hatch was four days later and rate

of mass gain, peak mass and fledge mass of chicks were significantly lower than those

recorded during ofthe 19805. During my study Atlantic Puffins did not experience a

dramatic reduction in breeding parameters in response to changes in capelin abundance

and puffins effectively reared young utilizing alternative prey. My study confinns the

suggestion that Atlantic Puffins do not depend on abundant capelin for reproductive



2.1 Introduction

Avian marine predators prey on invertebrales and fish on their breeding (Cairns

1992, Montevecchi 1993) and over.wintering grounds (EJliot el 0/.1990, Rowe el al. in

press). During the swnmer months, foraging activity of breeding Atlantic Puffins

Fratercula arclica in the Northwest Allantic is constrained to areas within 100 km of

their colonies. Breeding adults experience increased energetic demands as a consequence

of the physiological stress of reproduction, clevllled inter- and intra.specific competition,

and the requirement to provision young as well as themselves (Erikstad et 01.1997).

Therefore Atlantic Puffins must optimize energetic return to first, avoid placing

themselves at risk of mortality and second, provide an adequate level ofcare to their

young (Cairns 1992). Puffins provisioning chicks appear 10 specialize on prey of high

lipid and energy content such as capelin Mollotus villosus, sandeel Ammodytes marinw,

sprat Spral/llS sprattus or herring ClII{Wa harengus (Harris and Hislop 1978, Barrelt and

Furness 1990, Hislop et 01.1991, Harris and Bailey 1992, K. Amey peTS. comm.).

Nevertheless, nestlings often receive lesser quality miscellaneous prey such as larval

gadids, squid or CNStaeeans in smaller proportions (Anker-Nilssen 1987, Gaston and

Jones 1998). In the Northwest Atlantic, puffin breeding perfonnance varies depending on

prey and oceanographic conditions yet the conditions under which puffins decide it is no

longer energetically feasible to rear young are not clearly delineated. Instances of

complete breeding failure in Atlantic Puffins are extremely rare but on Roo, Norway, a
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contiguous period of reproductive failure over 22 years has been attribuled to low

spawning yields of preferred prey. bcning, and !he absc:nce of suitable a1lernative prey

(Ankcr-Nilsscn 1981. Bam:n" aJ.I981. Barren and Rikardsen 1992). In Witless Bay.

Newfouodland!he reproductive failure of puffins in 1981 was attributed to a large scale

intemarionaJ capdin fishery (Nettleship 1991), however. no consensus on !his hypothesis

has been reached. Puffins in North Norway actually inaeased !heir inlake ofcapelin after

a decrease in the Barenls sea capelin stock by utilizing a separate capelin spawning slock

(Barrett and Furness 1990, Barrett and Ktasnov 1996). Capelin. a schooling migratory

smell. has been considered the preferred prey of chick-rearing puffins (Brown and

Nenleship 1984. Gaslon and Jones 1998) and central to food web energetics models in

the Northwest Allantic (Carscadden 1984). Brown and Nettleship (1984) opined that

there is no alternative prey 10 capelin for marine predators as specialized as seabirds. and

that up to a poinl!heir populations can remain stable but without capclin, breeding failure

and adull mona1il)' is inevitable. However. Russell (1999) showed that at several

colonies in insular Newfoundland, puffins successfully reared nestlings on diets wilh a

highly variable contribution of capdin.

HiSloricaily. a large component of Atlantic Puffin nestling diet at the Gannet

Islands, Labrador consisled of capelin (Birkhead and Nettleship 1983. 1985). After an

alleged cold watcrevmt in the late 19805 (J. Anderson pen. comm.).lhe capelin

population shifted south and offshore beyond the summer fOOlging range of Allantic

"



Puffins (Miller and lilly 1991. Mann and Drinkw.ter 1994). This population shift was

IX>incidcnt with delayed arrival of spawning aggregations and then in 1992 capdin ceased

to spawn off the south and central mast of Labrador {G. Rowes per$. comm.).

In order to investigate responses to c:hangcs in food supply. I quantified Atlantic

Puffin chick diet. prey nunient value. adult body mass. phenology, productivity and chick

growth at thcGannct Islands in 1997 and 1998. and incorporated data collected !Tom this

colony by my colleag\tCS in 1996. I had the opportunity to compare my results to those of

a previous study at the same sile conducted by T.R. Birkhead and D.N. Nettlcship in

1981,1982 and 1983 when capelin were: plentiful (Birkhead and Nettleship 1985). This

revisit to the Gannet Islands has permitted funhcr investigation ofthe rel.ationship

between capelin and breeding puffins and provided insights about the role of alternative

prey for this seabird species in labrador. 8ascdon. first, the magnitude ofthe deaease

in capelin abundance and initial observations in 1996 when vinually no capelin occurred

in Atlantic Puffin diets, and second. cumnt hypotheses about this seabird species' capelin

depc:ndence. I predicted that Atlantic Puffins at the Gannet Islands would experience: an

extreme decrease in reproductive SUlX:CSS or breeding failure.

12



2.2 Methods

2.2.1 Study site

The Gannet Islands, Labrador (S3'S6'N, S6'32'W) comprise a group ofseven

islands, five of which are located within 500 m ofeach other, GC I • GCS (Figure 2.1).

The archipelago lies 3S km offshore from Cartwright, Labrador, Canada. My study was

conducted on GC2 which is 16 hectares in area, a relatively steep-sloped island with a

maximum elevation of 40 m covered with low cropped ericaceous and herbaceous

vegetation and exposed bedrock. Swnmer(July - August) temperatures average 10'C

and extensive sea ice is normally present between December and early June (Birkhead

and Netlleship 1995).

Several species of marine birds breed on these islands including Common Murres

(U,ia aalgae) and Thick-billed Mum:s (U. lomvia), Razorbills (Alca tordo), Black-legged

Kittiwakes (Rissa tridactyla), Black Guillemots (Cepplrus gry/le), Northern Fulmars

(FlIlmarus glacialis), Herring Gulls (Larus argentatus) and Greater Black-backed Gulls

(LanlS marinus). The Gannet Islands support the largest and most diverse alcid breeding

colony in Labrador. The Allamic Puffin population was estimated to be 41,300 pairs

when last censused in the early 19805 (Birkhead and Netlleship 1995) and is believed to

have remained relatively stable if not increased slightly in recent year! (G. Robertson,

unpubl. data). On the islet. Ge2. approximately 10,000 pairs of puffins breed and have a

median hatch date between 30 July - 10 August (Birkhead and Netlleship 1995). Median

13



fledge date at the Gannet: Islands is in mid to late September (Birkhead and Nettlcship

1985).

2.2.2 Nestlingdid

I collected bill-loads from adult puffins using a 3 m net poLe and a large 12 J( 24 m

nylon monofilament barrier net: with 5 em mesh during August and September of 1996-98

(Table 2.1). Prey samples were plac:ed in plastic bags and either measured immediately

or frozen. Upon capture. puffins were marked with nwnbered stainless stee1leg bands to

ensure that bill-loads were rea:xded from each individual only once. In 1997 and 1998,

the total length of eacll fish was recorded to the nearest 0.1 nun. Prey items. including

invertebrates., were individually weighed to the nearest 0.1 g using an Acculab electronic

"""""-
In 1996. Ian Jones (during August), Mark Hipfner and Tony Robms (during carty

September) collected puffin chicle diet samples. They measured larger prey items

immediately and preserved bill-loads containing smaller items in 70 % isopropyl alcohol.

In 1998.1 re-measumt the bill-loads that were collected in 1996. Because specimens

stonld in alcohol weighed less and were shotta'" than when fresh. I devised a convet5ion

fac10r for each species and size class from fish with known fresh weights and lengths.

Methods for feeding tates were similar to those ofBirlchead and Nettleship

1983.1985) however method ofbill·1oad collection was different. Birkhead and

14



Nenleship (1985) state that Atlantic Puffin JRY items were col1el;ted &om the vicinity of

the burrow (puffins were encouraged to drop thar chick meals). They did not use nets.

Of the fish they colltteed. they obtained a mean mass foreach JRY item in certain size

classes and used visual records ofbill-loads being delivered to chicks to calculate bill­

load mass (Birkhead and Nenleship 1985).

2.2.3 Proximate composition and energy density of prey items

Relative proponions of waler. fat. ash and prolein were detennined by proximale

composilion analysis for 12 species of fish and invertdKales of various size classes

commonly delivered to puffin nestlings al the Gannet Islands in 1997. First. I air dried

fish in the field. then Ioven dried fish 10 a constant weighl at 80 "C (Kerr el 01.1982) to

obtain walerconlent (pen:ent water content .. 100 x (tiS5!Je wet weight -tissue dry

weighty wet weighl). Small items were CUi into pieces less than 5 nun diameter. larger

items were made into a homogeIwe using an e1e..:tric coffee grinder. These samp4es were

sent to the: University of Western Ontario, where technician Sarah Lee. extracted fat using

petroleum ether(Oobush elol.1985) in a modified Soxholet apparatus. lean samples

were then placed in a muffle furnace overnight II 550 "C to bum the protein from the

tissue and the remaining ash was weighed. Total protein (grams) in each sample was

calculated by subtracting weight ofwattr. lipid and ash from the original sample wet

weight.
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I estimated calorific value, or energy density ED. using two common energy

equivalents (A: 38.0 for lipid Hg" and 20.0 Hg" for protein. and B: 39.54 klg') for lipid

and 23.64 Hg·1 for protein) which were: multiplied by the weight of fat and protein in

each sample (Hislop et al.I99I, lawson etaf.I998, Russell 1999).

2.2.4 Adult mass

Adult Atlantic Puffins were caprured in a 12 x. 24 m nylon barrier net with 5 em

mesh size set dose to their breeding sites. This method of capture was unselective and

successful breeders, unsuccessful breeders and non-breeders were obtained. To quantify

adult mass. I excluded juvenile non-breeders (puffins with less than two bill grooves)

from analysis. Each bird was marked. with a stainless steel leg band and recaptured

individuals were eliminated from statistical analyses. Puffins were held briefly in cloth

bags and weighed with a 1000 g Pesola spring scale to the nearest I g. Wing length was

measured to the nearest I mm and culmen and bill depth were measured to the~t 0.1

mm as pan ofa concurrent Atlantic Puffin demography study (Veitch 1998). Adult

morphometries were obtained using very similar methods to those of Birkhead and

Nettlesltip (1983. 1985).
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2.2.5 Timing of breeding

Idid 001 directly quantify laying dates for all burrows in 1996-98 because, to

reduce disturbance, burrows were not eumined until adult puffins were first observed

flying with bill-loads (at this lime some burrows still had eggs). For burrows in which

halch date was unknown, I used an estimate for Atlantic Puffin incubation period of37

days (Birkhead and Nettleship 1983). After the onset ofcbick provisioning, a sample of

60 - 120 burrows were checked every three days and their contents recorded as 'egg',

'chick' or 'empty'. Idetermined median hatch date for individual chicks to within two

days of age by calculating the midpoint between burrow visits when an 'egg' and 'chick'

was recorded (Birkhead and Nettleship 1983). Similarly, I estimated median fledge date

as the midpoint between burrow visits when COnlcnts were recorded as 'chick' and

'empty'.

Age ofchicks wilh unknown halch dates was approximated using the relationship

between mass and wing of known age chicks. To estimate fledge dale for chicks that

reached peak mass before I left the colony (and thus fledged after I left the colony), I used

the relationship between peak mass and fledge date for known age chicks.

2.2.6 Productivity

During 1996-98, marked puffin burrows were visited every three days once adult

puffins were fi~t observed delivering first bill-loads to burrows to obtain hatch and

17



fledge success estimates. Hatch S\lC(ess was detennined as the percentage ofchicks that

hatched &om eggs. Fledge success was estimated as the percenlage ofchicks thai

reached over 30 days ofage. When a chick was not reachable for more than three checks

(9 d) and the burrow appeared inactive (e.g. with no excrement at burrow entrance), the

chick was presumed dead or fledged. All burrows were re-examined at end ofeach field

season for signs ofactivity.

In 1998, I decided to examine investigator disturbance at the nest during

incubation and chick-rearing. Marked puffin burrows were visited every three days

during incubation for two reasons: I) to measure egg mass change (adult puffins and/or

eggs were taken out ofburrow; this was part of a concurrent study at the Gannet Islands

which was independent ofmy research) or 2) 10 obtain hatch date only (reached hand in

briefly to verilY egg presence). Idivided the burrows inlo these two handling categories

to examine success (see • in Table 2.8). I also examined two measures of fledging

success in each year to determine whether fledging success differed between burrows that

were disturbed during incubation ('10 ce) and those that oot disturbed during incubation

(% FoD) (see Table 2.8 and 3.7). AfterhalCh, nestlings in all burrows were handled in the

In the early 19805, Birkhead and Nettleship reported a 55 'I. reduction in breeding

success between burrows frequently visited (as described above) and those only checked

twice (check dates: II • 12 July and 04 - 05 September, Birkhead and Nettleship 1985).
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Atlantic Puffin breeding success at the Gannet Islands in 1982 (35 %) and 1983 (36 'Ya)

averaged 35.5 % in plots where chicks were visited every three days for morphological'

measurements and 78.5 0/. in plots where chicks were only checked twice (Birkhead and

Nettleship 1985). Thus I used a conversion faclor (breeding succes5n:ue= breuling

succesSmmllBm x 78.5/35.5) derived from their study to extrapolale my breeding success

estimales in plots where chicks where frequently visited.

2.2.7 Chick growth

1used Ihe methods similar 10 those of Birkhead and Nenleship (1985) 10

detennine chick lnOfPhology and growth. A sample of60 • 120 bWTOws were marked

and visiled every three days (see above). To lessen disturbance, the chick was not

measured if an adull was present unless it had nOI been measured in three visits (except in

1996 when burrows were checked regardless of adult presence). In order 10 monitor the

disturbance effect offrequenl visilation., I collected a separate sample of25 chicks (which

were measured only one time) when most chicks reached 140 mm wing length and

compared Iheir masses 10 chicks which were frequently visited. Body mass was

measured to the nearesl gram with a 300 g or 600 g Pesola spring scale. Flanened wing

chord was measured to the nearest millimetre. excluding downy feathers and including

the emerging feather shaft.
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Growth patterns of puffin chicks in all study yean did not consistently fit

conventional growth equations such as logistic curve or Gompertz equation. As an

alternative method, I determined linear growth rate (the rate at which mass and wing

length gain was linearly dependent on time) by inspecting residuals oflinear regressions

on pooled growth measurements against age for each study year. I proceeded to eliminate

data from the upper and lower ages ofthe curve until residuals first became linear. In all

study yean, linear growth occlll'TCd between chick age 13 and 2S days. Then I performed

a linear regression on growth and age for each chick to obtain the mathematical slope of

the linear equation and averaged the slopes for all the chicks measured to obtain growth

rate representative of the population. In order to assess the entire growth curve

meaningfully. I arranged data on mass and wing length at discrete intervals of the chick

growth curve in the following age categories chick I - 3 d. 9· 12 d, 37 - 40 d, peak mass

and fledge mass.

2.2.8 Maximwn dive depth

Originally, I wanted to assess time-activity-budget and energy expenditure of

Atlantic Puffins at the Gannet Islands in 1991 and 1998. Dive depth data would have

been useful to test whether or not puffins expend more energy on deeper dives. Thus., I

captured 15 puffins and attached capillary depth tubes (maximwn depth tube MOO) to

record maximwn puffin dive depths. The depth gauges were attached to each birds'
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stainless steel leg band with dental floss and retrieved within 48 hours ofdeployment.

The MOOs were constructed from 10 em lengths ofTygon tubing and the inside surface

laced with icing sugar (Burger and Wilson 1988). As the MOO is submerged the icing

sugar dissolves inside the tube at a length proportional to the depth of water. The

equation used to calculate maximum dive depth was:

d = 10.08 (LJLd - I) (from Burger and Wilson 1988)

Whered is maximum dive depth, L, is the length oftubing coated with icing sugar before

being submerged, and Ld is the length oftubing with icing sugar remaining after

submergence.

2.3 Results

2.3.1 Diet Composition

2.3.1.1 Inter-annual variation Gannet Islands 1996-98

Twenty taxa of prey items were brought to nestlings by provisioning Atlantic

Puffins, consisting mainly of small forage fishes (92 % by mass, 90 % by frequency) and

several benthic and pelagic invenebrates including squid, polychaetcs, pterapods and

crustaceans (Table 2.2). Across years combinations of adult sandlance, capelin and arctic

cod (length over 90 nun) consistently comprised the majority of food items, though
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variation in proportions was high. Twelve taxa oflarval and juvenile fish (20 to 89 mm)

constituted 44 0/. oftbe fish biomass fed to young puffins in 1996-98. In 1998, two loads

of a single adult daubed shanny, the major item in murre chick diet at the Gannet Islands

during 1996-98 (Bryantel al.I999), were observed in puffin bills. Annual diet

composition during 1996-98 was expressed as percent biomass, frequency and occurrence

in bill-loads for each year and varied significantly (by mass; "i = 65.0, df s 9, p < 0.0001;

Figure 2.2).

TIle predominant prey assemblage by biomass in 1996 was adult sand1ance,

gadids, polychades and crustaceans with capelin being the least used prey taxon (Table

2.2). In 1997. sandlance, capelin and cottids were prevalent. with gadids and blenniids

least prevalent. In 1998 capelin ranked highest followed by a tie between sandlance and

blenniids, then cottids with gadids delivered in the lowest frequency.

Capelin was virtually absent from nestling diet in 1996 at the Gannet Islands.

Although [he proportion ofcapelin as a percent of diet biomass increased each year and

was highest in 1998, the nwnerica1 frequency and occurrence ofcapelin in bill-loads was

lower in 1998 than in 1997 (Table 2.2). The higher percent biomass ofcapelin in 1998

resulted from a greater proportion oflarger individual fish than in 1997. Capelin

delivered to puffin chicks in 1996-98 consisted mainly of immature fish or spent females.

In all years almost no male, gravid or o-group capelin were observed in puffin bill-loads.
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Proportions ofpost-larval sandlance by percent mass, frequency and occurrence

were highest in 19971hough very similar between 1997 and 1996 (Table 2.2). Percent

diet biomass ofpost-larval sandlance decreased dramatically from ncar 50 % in 1996 and

1997 to less than 20 % in 1998. Percent occurrence in bill-loads of post-larval sandlarn.::e

was approximately 65 % lower in 1998 than in 1996 and 1997. Proportions by percent

mass, frequency and occurrence of larval sandlance were similar in 1996 and 1997 then

increased in percent mass in 1998 by 46 0/•.

The highest proportions ofsmaller fish and invcnebrates by percent mass,

frequency and occurrence in bill-loads occulTCd in 1998 when they exceeded the

combined contribution of adult capelin and sandlance (Table 2.2). In 1996, larval gadids

predominated the miscellaneous prey assemblage in percent mass. frequency and

occurrence. Sculpins and squid were the most important miscellaneous prey items by

percent biomass in 1997. In 1998, sculpins and blennies were delivered in similar

proportions and squid were less important. Contribution to chick diet from crustaceans

was highest in 1996 at 3.5 % but were virtually absent from bill-loads in 1997 and 1998.

Puffins often brought more than one prey taxon to nestlings in a single load. Load

mass ranged from 0.3 - 41.8 g in 1996,0.8 - 45.6 g in 1997, and 0.8 - 34.4 g in 1998 and

nwnber ofprey per load ranged from I - 45 in 1996, I - 38 in 1996 and 1 - 32 in 1998.

Annual mean bill-load mass meals brought to puffin chicks in 1997 (11.1 ± 8.1 g, N =

104) were significantly greater than in 1996 (8.1 ± 7.3 g, N = (01) and 1998 (6.9 ± 5.8 g,
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