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ABSTRACT

[ compared Atlantic Puffin chick diet and reproductive performance at the Gannet
Islands, Labrador during 1996-98 to that recorded 1) in a similar study undertaken during
1981-1983 at the Gannet Islands prior to a decline in capelin abundance, and 2) at Gull
Island, Witless Bay, Newfoundland where capelin were abundant. I hypothesized that
chick diet quality and breeding parameters would be dramatically lower at the Gannet
Islands in the 1990s. During 1996-1998 at the Gannet [slands, puffin chick diet biomass
comprised 3 to 25 % capelin 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
fledging mass were lower in the 1990s than 1980s yet similar to that at Gull Island.
Sandlance was the main alternate prey and was significantly higher in lipid, protein and
energy density than capelin at both colonies. Atlantic Puffins exhibited behavioural
plasticity with respect to foraging and reproduction in a temporally and spatially highly

variable environment.
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CHAPTER ONE

GENERAL INTRODUCTION

X of seabirds to envil change have been found to
occur at different temporal and spatial scales for parameters such as population size,
clutch size, breeding phenology, chick growth, diet and feeding rates (Schneider and
Hunt 1984, Caims 1987, Montevecchi 1993). Though difficult to predict, changes in
measured seabird parameters have allowed researchers to infer causal links between
variation in the marine environment and prey base (Ainley and Boekelheide 1983,
MacCall 1984, Harris and Hislop 1978, Haney 1991, Montevecchi and Berruti 1991,
Cairns 1992, Monaghan 1996), inter-specific and intra-specific competition (Baird 1991,
Bryant 1998), predation (Caims 1985, Craik 1997, Russell and Montevecchi 1996),
breeding habitat (Nettleship 1972) and human disturbance (Ollason and Dunnet 1980,
Rodway and Montevecchi 1996).

This thesis is concerned with variation in prey base and how that effects breeding
seabirds. In broad terms, the optimal foraging theory suggests that foraging animals
should not travel further than necessary from the breeding colony to find their food
(Caims 1992). Despite being constrained to a central place during the breeding season,
seabirds appear to have considerable capacity to buffer effects of changing food

availability (Burger and Piatt 1990). However, as food supply decreases, birds may



spend more time and effort foraging (Caims 1992). Studies on long-lived seabirds lead
us to expect that parents which reach the point where free time is exhausted will trade off’

current for future ive success, i may or they

may completely abandon breeding attempts because perceived risks to their survival are
100 great (Monaghan et al.1989a, 1989b; Caims 1992, Wernham and Bryant 1998). I set
out 1o establish a food supply link to foraging behaviour and reproductive parameters of
Atlantic Puffins Fratercula arctica in the Northwest Atlantic. My study began after the
virtual evacuation of capelin Mallotus villosus, the apparent main prey of puffins in the
Northwest Atlantic, from the sourthern Labrador coast (see Page 6). Complete breeding
failure under these prey conditions was thought to be eminent, thus [ anticipated being
able to observe either the threshold where Atlantic Puffin trade off current for future

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

quantify Atlantic Puffin ti ivity budget with el i logging devices
(Stowaway Tidbit, Onset Computer Corporation) which produce unique a signature for
each activity of flying, diving and resting on the water surface, on the 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, was not ly variable. The



proportion of capelin biomass in puffin nestling diet at Great Island, Witless Bay, for six

of seven years between 1969 and 1984, ranged from 78 to 94 % capelin, 10to0 15 %

dl: dytes spp. and the i was immature gadids or miscellaneous
items (Nettleship 1972, 1991). Rodway and Montevecchi (1996) also found that Atlantic
Puffins at Great [sland, Witless Bay fed nestlings a diet of 83 % (by mass) capelin
between 1992 and 1994. Alternate prey consisted of mainly sandlance 13 %, and the
remainder was immature cod Gadus and Boreogadus spp. (< 5 %) and miscellaneous
items. This low variability in prey harvest at Great Island over decades made it seem that
puffins were preferentially selecting capelin and that they employed a nearly fixed
foraging strategy. Much of the seabird research in Newfoundland was conducted in

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

that ip (1991) ized that the distribution and f capelin was
homogeneous throughout the east coast of Newfoundland. However, capelin biomass
estimates reported by Carscadden (1984) showed that capelin abundance in Witless Bay
(NAFO subarea 3L) were uniquely high. In fact, capelin biomass estimates were higher
in Witless Bay than estimates combined for eastern Newfoundland and southem
Labrador, area 2J3K. To establish whether Atlantic Puffin diet and the distribution of
capelin were homogeneous required further study of puffins and their prey at
Newfoundland colonies other than those in Witless Bay.

In 1992-95, Russell (1999) found evidence from breeding Atlantic Puffins that



the is that diets of pisci seabirds are

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

3L), Small and Funk Islands (subarea 3K) located on the east coast of insular

tained very different ions of capelin ing on

location (Russell 1999). Russell (1999) found that breeding performance was similar in
regions of high and low capelin availability because Atlantic Puffins were able to utilize
alterate prey. At Small and Funk Islands, 0-group post-larval sandlance and larval 1-
group capelin successfully replaced mature capelin as part of a prey suite including
juvenile shannies, sculpins, herring, and white hake in addition to several species of small
miscellaneous prey (Russell 1999). As was reported in other 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 Witless Bay
(Nettleship 1972, 1991; Rodway and Montevecchi 1996), Russell (1999) found high
inter-annual variability in Atlantic Puffin chick diet as the norm. A study by Birkhead
and Nettleship (1983, 1985) at the Gannet Islands, Labrador in the early 1980s showed
that puffin chick diet included 17 % by mass capelin in 1981, 74 % in 1982 and 70 % 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 dus saida, larval 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 i There was case in Witless

Bay,

in which the ion of capelin fed to Atlantic Puffin chicks at
Great Island from decreased from 80 — 100 % (by mass) in previous years to 10 % in
1981 and caused total breeding failure during that one year (Nettleship 1991). However,
no concensus has been reached as to whether total breeding failure actually occurred.
Extreme cases of breeding failure have been documented for seabird communities around
the globe, for example guano birds in Peru (Duffy 1983) and Black Guillemots in the
Black Sea (Bergman 1978). However, the only known instance of complete breeding
failure of Atlantic Puffins occurred at R@st on the central Norwegian coast. This
breeding failure was apparently directly related to a crash in the Atlantic-Scandian
herring stocks (Anker-Nilssen and Rostad 1993).

A dramatic 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 smelt, 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 intemational
offshore capelin fishery began off Newoundland waters (Nettleship 1991). Asa
commercially important fish resource, information on biomass, distribution and age class
structure of capelin are studied in detail by the Canadian Department of Fisheries and
Oceans (DFO). However, relatively little is known of non-commercially important
pelagic forage fish such as sandlance. Capelin migrate from offshore banks of
Newfoundland and Labrador to inshore coastal waters and beaches each spring to spawn
(Nakashima 1992). The spawning aggregations consist of 3-5 year old fish (gravid
females, spent females and mature males) mixed with immature or 1-group fish as well as
young of the year 0-group fish. In ICNAF/NAFO subarea 3L, capelin from the Avalon
stock spawn on beaches of the Avalon Penninsula, Newfoundland in June and July. This
spawning aggregation coincides with the chick-rearing period of seabirds at the Witless
Bay Ecological Reserve, southeast Newfoundland. Further north in southern Labrador
(ICANF/NAFO subarea 2J), Stock A capelin typically migrate north along the beaches of
south 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 60-80 % (by mass)
capelin (Nettleship 1972, 1991; Birkhead and Nettleship 1985, Rodway and Montevecchi
1996). Then a dramatic change occurred in the spawning migration pattem of capelin in

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



to the Northeast Newfoundland Shelf (J. Anderson persoan| communication); capelin had
ceased to spawn in Labrador in 1992. Thus, as far as we know, for at least five
consequetive years at the Gannet [slands prior to my study, puffins were unable to access
spawning aggregations of capelin during the breeding season.

To restate, the purpose of my study was to examine Atlantic Puffin breeding
response to a depletion in prey source at the Gannet Islands, Labrador and determine
whether or not they were able to effectively rear young using alternative prey. [
compared Atlantic Puffin chick diet and growth, productivity and adult mass at the
Gannet Islands, Labrador during 1996-98 to that in a previous study conducted by
Birkhead and Nettleship (1985) in 1981, 1982 and 1983. Additionally, I conducted a
simultaneous inter-colony comparison of puffin feeding and breeding parameters at Gull

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



CHAPTER TWO
RESPONSE OF ATLANTIC PUFFINS TO A DECLINE IN CAPELIN 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 of capelin in
south and central Labrador, Canada. During the late 1980s, capelin, the main prey of
provisioning puffins, exhibited a population shift offshore and south, away from the
seabird colonies. At the onset of my study in 1997, capelin apparently had not spawned
in Labrador waters since 1992. Information 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 capelin
to their nestlings during 1996-98 than in 1982-83. Virtually no adult capelin appeared in
the 1996 chick diet and 0-group and unscaled 1-group capelin did not occur in 1996-98.
Capelin increased from 3 to 25 % of diet biomass from 1996 to 1998 partially due to an
increasing proportion of larger 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 of the 1980s. 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 confirms the
suggestion that Atlantic Puffins do not depend on abundant capelin for reproductive

success.



2.1 Introduction
Avian marine predators prey on invertebrates and fish on their breeding (Caimns
1992, Montevecchi 1993) and over-wintering grounds (Elliot ez al. 1990, Rowe et al. in

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

arctica in the Atlantic is ined to areas within 100 km of
their colonies. Breeding adults experience increased energetic demands as a consequence
of the physiological stress of reproduction, elevated inter- and intra-specific competition,
and the requirement to provision young as well as themselves (Erikstad et al.1997).
Therefore Atlantic Puffins must optimize energetic return to first, avoid placing
themselves at risk of mortality and second, provide an adequate level of care to their
young (Caims 1992). Puffins provisioning chicks appear to specialize on prey of high
lipid and energy content such as capelin Mallotus villosus, sandeel Ammodytes marinus,
sprat Sprattus sprattus or herring Clupea harengus (Harris and Hislop 1978, Barrett and
Furness 1990, Hislop er al.1991, Harris and Bailey 1992, K. Amey pers. comm.).

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

gadids, squid or in smaller ions (Anker-Nill 1987, Gaston and
Jones 1998). In the Northwest Atlantic, puffin breeding performance varies depending on

prey and i itions yet the itions 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 Rost, Norway, a



period of ductive fail 22 years has been attributed to low
spawning yields of preferred prey, herring, and the absence of suitable alternative prey
(Anker-Nilssen 1987, Barrett et al.1987, Barrett and Rikardsen 1992). In Witless Bay,
Newfoundland the reproductive failure of puffins in 1981 was attributed to a large scale
international capelin fishery (Nettleship 1991), however, no consensus on this hypothesis
has been reached. Puffins in North Norway actually increased their intake of capelin after
a decrease in the Barents Sea capelin stock by utilizing a separate capelin spawning stock
(Barrett and Furness 1990, Barrett and Krasnov 1996). Capelin, a schooling migratory
smelt, has been considered the preferred prey of chick-rearing puffins (Brown and
Nettleship 1984, Gaston and Jones 1998) and central to food web energetics models in
the Northwest Atlantic (Carscadden 1984). Brown and Nettleship (1984) opined that
there is no altemative prey to capelin for marine predators as specialized as seabirds, and
that up to a point their populations can remain stable but without capelin, breeding failure
and adult mortality is inevitable. However, Russell (1999) showed that at several
colonies in insular Newfoundland, puffins successfully reared nestlings on diets with a
highly variable contribution of capelin.

Historically, a large component of Atlantic Puffin nestling diet at the Gannet

Islands, Labrador consisted of capelin (Birkhead and Nettleship 1983, 1985). After an
alleged cold water event in the late 1980s (J. Anderson pers. comm.), the capelin

population shifted south and offshore beyond the summer foraging range of Atlantic



Puffins (Miller and Lilly 1991, Mann and Drinkwater 1994). This population shift was
coincident with delayed arrival of spawning aggregations and then in 1992 capelin ceased
to spawn off the south and central coast of Labrador (G. Rowes pers. comm.).

In order to investigate responses to changes in food supply, I quantified Atlantic
Puffin chick diet, prey nutrient value, adult body mass, phenology, productivity and chick

growth at the Gannet Islands in 1997 and 1998, and incorporated data collected from this

colony by my in 1996. 1 had the ity to compare my results to those of
a previous study at the same site conducted by T.R. Birkhead and D.N. Nettleship in
1981, 1982 and 1983 when capelin were plentiful (Birkhead and Nettleship 1985). This
revisit to the Gannet Islands has permitted further investigation of the relationship
between capelin and breeding puffins and provided insights about the role of altemative
prey for this seabird species in Labrador. Based on, first, the magnitude of the decrease
in capelin abundance and initial observations in 1996 when virtually no capelin occurred
in Atlantic Puffin diets, and second, current hypotheses about this seabird species’ capelin
dependence, | predicted that Atlantic Puffins at the Gannet Islands would experience an

extreme decrease in reproductive success or breeding failure.



2.2 Methods
2.2.1 Study site

The Gannet Islands, Labrador (53°56'N, 56°32'W) comprise a group of seven
islands, five of which are located within 500 m of each other, GC1 - GCS5 (Figure 2.1).
The archipelago lies 35 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. Summer (July - August) temperatures average 10 °C
and extensive sea ice is normally present between December and early June (Birkhead
and Nettleship 1995).

Several species of marine birds breed on these islands including Common Murres
(Uria aalgae) and Thick-billed Murres (U. lomvia), Razorbills (Alca tordo), Black-legged
Kittiwakes (Rissa tridactyla), Black Guillemots (Cepphus grylle), Northern Fulmars
(Fulmatus glacialis), Herring Gulls (Larus argentatus) and Greater Black-backed Gulls
(Larus marinus). The Gannet Islands support the largest and most diverse alcid breeding
colony in Labrador. The Atlantic Puffin population was estimated to be 41,300 pairs
when last censused in the early 1980s (Birkhead and Nettleship 1995) and is believed to
have remained relatively stable if not increased slightly in recent years (G. Robertson,
unpubl. data). On the islet, GC2, approximately 10,000 pairs of puffins breed and have a

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



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

1985).

222 Nestling diet

1 collected bill-loads from adult puffins using a 3 m net pole and a large 12x 24 m
nylon monofilament barrier net with 5 cm mesh during August and September of 1996-98
(Table 2.1). Prey samples were placed in plastic bags and either measured immediately
or frozen. Upon capture, puffins were marked with numbered stainless steel leg bands to
ensure that bill-loads were recorded from each individual only once. In 1997 and 1998,
the total length of each fish was recorded to the nearest 0.1 mm. Prey items, including
invertebrates, were individually weighed to the nearest 0.1 g using an Acculab electronic
balance.

In 1996, lan Jones (during August), Mark Hipfner and Tony Roberts (during early
September) collected puffin chick diet samples. They measured larger prey items
immediately and preserved bill-loads containing smaller items in 70 % isopropyl alcohol.
In 1998, [ re-measured the bill-loads that were collected in 1996. Because specimens
stored in alcohol weighed less and were shorter than when fresh, I devised a conversion
factor for each species and size class from fish with known fresh weights and lengths.

Methods for feeding rates were similar to those of Birkhead and Nettleship

1983,1985) however method of bill-load collection was different. Birkhead and



Nettleship (1985) state that Atlantic Puffin prey items were collected from the vicinity of
the burrow (puffins were encouraged to drop their chick meals). They did not use nets.
Of the fish they collected, they obtained a mean mass for each prey item in certain size
classes and used visual records of bill-loads being delivered to chicks to calculate bill-

load mass (Birkhead and Nettleship 1985).

2.2.3 Proximate composition and energy density of prey items

Relative proportions of water, fat, ash and protein were determined by proximate
composition analysis for 12 species of fish and invertebrates of various size classes
commonly delivered to puffin nestlings at the Gannet Islands in 1997. First, | air dried
fish in the field, then [ oven dried fish to a constant weight at 80 °C (Kerr ez al. 1982) to
obtain water content (percent water content = 100 x (tissue wet weight - tissue dry
weight)/ wet weight). Small items were cut into pieces less than 5 mm diameter, larger
items were made into a homogenate using an electric coffee grinder. These samples were
sent to the University of Western Ontario, where technician Sarah Lee, extracted fat using
petroleum ether (Dobush er al.1985) in a modified Soxholet apparatus. Lean samples
were then placed in a muffle fumace overnight at 550 °C to burn the protein from the
tissue and the remaining ash was weighed. Total protein (grams) in each sample was
calculated by subtracting weight of water, lipid and ash from the original sample wet

weight.



I estimated calorific value, or energy density ED, using two common energy
equivalents (A: 38.0 for lipid kI'g" and 20.0 ki-g" for protein, and B: 39.54 kJ'g" for lipid
and 23.64 kJ'g" for protein) which were multiplied by the weight of fat and protein in

each sample (Hislop et al. 1991, Lawson et al. 1998, Russell 1999).

224 Adult mass

Adult Atlantic Puffins were captured in a 12 x 24 m nylon barrier net with S cm
mesh size set close to their breeding sites. This method of capture was unselective and
successful breeders, unsuccessful breeders and non-breeders were obtained. To quantify
adult mass, [ 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 1 g. Wing length was
measured to the nearest | mm and culmen and bill depth were measured to the nearest 0.1
mm as part of a concurrent Atlantic Puffin demography study (Veitch 1998). Adult
morphometrics were obtained using very similar methods to those of Birkhead and

Nettleship (1983, 1985).



2.2.5 Timing of breeding

1did not directly quantify laying dates for all burrows in 1996-98 because, to
reduce disturbance, burrows were not examined until adult puffins were first observed
flying with bill-loads (at this time some burrows still had eggs). For burrows in which
hatch date was unknown, I used an estimate for Atlantic Puffin incubation period of 37
days (Birkhead and Nettleship 1983). After the onset of chick provisioning, a sample of
60 - 120 burrows were checked every three days and their contents recorded as ‘egg’,
‘chick’ or ‘empty’. I determined 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, [ estimated median fledge date
as the midpoint between burrow visits when contents were recorded as ‘chick” and

Age of chicks with unknown hatch dates was approximated using the relationship
between mass and wing of known age chicks. To estimate fledge date for chicks that
reached peak mass before [ left the colony (and thus fledged after I left the colony), [ 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 first observed delivering first bill-loads to burrows to obtain hatch and



fledge success estimates. Hatch success was determined as the percentage of chicks that
hatched from eggs. Fledge success was estimated as the percentage of chicks that
reached over 30 days of age. 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 of each field
season for signs of activity.

In 1998, 1 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: 1) to measure egg mass change (adult puffins and/or
eggs were taken out of burrow; this was part of a concurrent study at the Gannet Islands
which was independent of my research) or 2) to obtain hatch date only (reached hand in
briefly to verify egg presence). | divided the burrows into these two handling categories
to examine success (see * in Table 2.8). [ also examined two measures of fledging
success in each year to determine whether fledging success differed between burrows that
were disturbed during incubation (% 5) and those that not disturbed during incubation
(% ep) (see Table 2.8 and 3.7). After hatch, nestlings in all burrows were handled in the
same manner.

In the early 1980s, Birkhead and Nettleship reported a 55 % reduction in breeding
success between burrows frequently visited (as described above) and those only checked

twice (check dates: 11 - 12 July and 04 - 05 September; Birkhead and Nettleship 1985).



Atlantic Puffin breeding success at the Gannet Islands in 1982 (35 %) and 1983 (36 %)
averaged 35.5 % in plots where chicks were visited every three days for morphological
measurements and 78.5 % in plots where chicks were only checked twice (Birkhead and
Nettleship 1985). Thus I used a conversion factor (breeding success e = breeding
successpsruraep X 78.5/35.5) derived from their study to extrapolate my breeding success

estimates in plots where chicks where frequently visited.

2.2.7 Chick growth

[ used the methods similar to those of Birkhead and Nettleship (1985) to
determine chick morphology and growth. A sample of 60 - 120 burrows were marked
and visited every three days (see above). To lessen disturbance, the chick was not
measured if an adult was present unless it had not been measured in three visits (except in
1996 when burrows were checked regardless of adult presence). In order to monitor the
disturbance effect of frequent visitation, I collected a separate sample of 25 chicks (which
were measured only one time) when most chicks reached 140 mm wing length and
compared their masses to chicks which were frequently visited. Body mass was
measured to the nearest gram with a 300 g or 600 g Pesola spring scale. Flattened wing
chord was measured to the nearest millimetre, excluding downy feathers and including

the emerging feather shaft.



Growth patterns of puffin chicks in all study years did not consistently fit
conventional growth equations such as logistic curve or Gompertz equation. As an
alternative method, [ determined linear growth rate (the rate at which mass and wing

length gain was linearly on time) by i ing residuals of linear

on pooled growth measurements against age for each study year. I proceeded to eliminate
data from the upper and lower ages of the curve until residuals first became linear. In all
study years, linear growth occurred between chick age 13 and 25 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 1 - 3 d, 9 - 12 d, 37 - 40 d, peak mass

and fledge mass.

2.2.8 Maximum dive depth

Originally, [ wanted to assess til ivity-budget and energy i f
Atlantic Puffins at the Gannet Islands in 1997 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 (maximum depth tube MDG) to

record maximum puffin dive depths. The depth gauges were attached to each birds’

20



stainless steel leg band with dental floss and retrieved within 48 hours of deployment.
The MDGs were constructed from 10 cm lengths of Tygon tubing and the inside surface
laced with icing sugar (Burger and Wilson 1988). As the MDG 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 (L,L,- 1) (from Burger and Wilson 1988)

Where d is maximum dive depth, L, is the length of tubing coated with icing sugar before
being submerged, and L, is the length of tubing 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 invertebrates including squid, polychaetes, pterapods and
crustaceans (Table 2.2). Across years combinations of adult sandlance, capelin and arctic

cod (length over 90 mm) consistently comprised the majority of food items, though



variation in proportions was high. Twelve taxa of larval and juvenile fish (20 to 89 mm)
constituted 44 % of the 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 [slands
during 1996-98 (Bryant et a/.1999), 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; x* = 65.0, df = 9, p < 0.0001;
Figure 2.2).

The predominant prey assemblage by biomass in 1996 was adult sandlance,
gadids, polychaetes 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 the proportion of capelin as a percent of diet biomass increased each year and
was highest in 1998, the numerical frequency and occurrence of capelin in bill-loads was
lower in 1998 than in 1997 (Table 2.2). The higher percent biomass of capelin in 1998
resulted from a greater proportion of larger individual fish than in 1997. Capelin
delivered to puffin chicks in 1996-98 consisted mainly of immature fish or spent females.

[n all years almost no male, gravid or 0-group capelin were observed in puffin bill-loads.

22



Proportions of post-larval sandlance by percent mass, frequency and occurrence
were highest in 1997 though very similar between 1997 and 1996 (Table 2.2). Percent
diet biomass of post-larval sandlance decreased dramatically from near 50 % in 1996 and
1997 to less than 20 % in 1998. Percent occurrence in bill-loads of post-larval sandlance
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 %.

The highest proportions of smaller fish and invertebrates by percent mass,
frequency and occurrence in bill-loads occurred in 1998 when they exceeded the

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

the mi: prey 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
number of prey per load ranged from 1 - 45 in 1996, 1 - 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=101) and 1998 (6.9 + 5.8 g,
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