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Abstract

Seabirds forage in a variable envil Tt ical i igati into
seabird foraging ecology and practical efforts to utilize seabirds as sampling
agents of marine ics have been by ani base of

natural history data. Prior to this study, the nestling diets of Atlantic Puffins along
the coast of insular Newfoundiand in the northwest Atlantic were assumed to be

. Si ing by Atlantic Puffins in the region had been

linked to the availability of mature capelin which was thought to be an essential
component of puffin nestling diet due to the paucity of suitable alternative prey.
This study reports data on the diets and condition of nestlings collected at
Baccalieu, Funk and Small Islands between 1992 and 1995. Bill-loads of fresh
prey were collected from adult Atlantic Puffins provisioning nestlings. Bill-load

size and the contribution to the diets made by mature capelin were compared

between areas and years in j lion with nestling i as

body mass at a given wing-length. it organic were
conducted on the lesser known prey items and energy densities estimated.
These data were used to test the assumptions that 1) the diets of puffin
nestlings along the coast of insular Newfoundiand are homogeneous and 2) that
there are no prey of comparable quality to mature capelin available to breeding
puffins in the region. The data do not suppport either assumption. Diets of

nestling puffins along the northeast coast of insular Newfoundland are not



homogeneous. Rather than uniformly dominated by mature capelin, the diets of
nestling puffins on Funk and Small islands were sometimes composed principally
of either postiarval 0-group sandlance or larval 1-group capelin. The condition of
nestlings fed on post-farval 0-group sandiance was the best observed in this
study, ing that of i fed diets i by mature capelin. 1-group

capelin had a wet energy density similar to male capelin while postiarval 0-group
sandlance had a wet energy density which exceeded that of mature capelin
during a comparable time of year.

| conclude that the diets of Atlantic Puffin nestiings in the northwest *
Atlantic are more variable than previously considered, and that there are
occasions when prey of at least comparable energetic density to that of mature

capelin are available to adult puffins provisioning young in this region.
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1.0 Introduction
1.1 General Introduction
Studies comparing the diets of conspecific seabird species at different

colonies and at the same colony between years are useful in assessing the

rariati by a species in time and space (e.g. Harris
and Hislop 1978; Schneider and Hunt 1982; Barrett et al. 1987; Anker-Nilssen
and Lorentsen, 1990; Baird 1990; Hatch and Sanger 1992; Bertram and Kaiser
1993; Montevecchi 1993; Montevecchi and Myers 1995; Springer et al. 1996). If

one that i irds at different colonies in the same

oceanographic region have the same basic food requirements for survival and
rearing offspring it would follow, all other things being equal, that these
conspecific seabirds would employ roughly equivalent foraging strategies. If this
assumption is valid, differences in conspecific seabird diets between locations
and at different times would be due to variation in local menus.

The two general sources of variation in seabird nestling diet are parental
foraging behavior and foraging conditions. In addition, these two sources of

variation interact. There is evidence of changes in seabird nestling diets in

with ch in the ilability of taken prey species which
demonstrates the plasticity of seabird foraging behavior (e.g. Hislop and Harris
1985, Barrett et. al. 1987, Martin 1989, Anker-Nilssen 1992, Montevecchi and
Myers 1996). Seabirds are not so rigid in their behavior that in the absence of

usual prey they refrain from provisioning their young. Rather, they provision them



differently, with varying degrees of success (e.g. Anker-Nillssen 1987, Martin
1989).
behavior complicates the interpretation of seabird nestling diets with regard to the

foraging conditions they represent (see Hunt et al. 1991 for an excellent
discussion of seabirds as sampling agents). Because of the flexible nature of
foraging behavior the potential range of such behavior within a seabird species is
unlikely to change on the temporal scale with which we are interested, i.e. on the

scale of decades, unless there is a new selection pressure exerted within that

time frame such as a change in i iability. The potential
range of foraging behavior under given conditions is roughly illustrated at any
given time by the variation in nestling diets among conspecific individuals present
within a colony.

The inherently fiexible but often predictabie nature of puffin foraging
behavior illustrated by long-term studies in the northeast Atlantic (Anker-Nilssen
1987, Martin 1989) is consistent with assuming that the driving force behind
variation in nestling diet among years at a given colony or among colonies in a
given year is not differences in the potential foraging behavior of the parents but
rather dit in the foraging i the same variable environment in
which it would have been advantageous to have evolved a plastic foraging

phenotype. Changes in nestling diet variation can be
to reflect a ination of in foraging conditions and the




foraging conditions and parental foraging behavior. Itis
unikely that they reflect changes in parental foraging behavior alone as this is not
expected to change from year to year. Differences in nestling diet among
conspecific seabirds nesting at different colonies or at the same colony in

different years therefore to some degree measure differences in foraging
However, dif in foraging i are not always manifest

as differences in nestling diet. For example, in a year of very low sandlance
near murre nestling diet was still dominated by

sandlance because adults were able to increase their foraging energy
expenditure to compensate for the lower of prey

etal. 1994, 1996). As a consequence, nestling diet did not reflect large changes
in prey abundance.

The ability of adult seabirds provisioning chicks to adjust foraging effort

and thus maintain stability in nestling diet composition complicates the use of

nestling diet as an indicator of in prey ilability. When ch: in
nestling diet composition do occur it is therefore likely, but not necessarily the
case, that such changes have been preceded by efforts to maintain historical
nestling diet composition by increasing parental foraging effort (e.g. increasing
foraging di . The ability to i the with which chicks are

provisioned is another way in which i isioning young can
for changes in foraging conditions (e.g. Uttley et al. 1994 but see also Burger and
Piatt 1990). feeding can fora in the




dietary value of individual meals but does not mask changes in the species

composition of nestling diet.
Feeding conditions that affect the composition of seabird nestling diet are
a ite of the , relative and behavior of

various prey types 1) within the bird's foraging range of the colony, 2) within the
bird's foraging depth range and 3) during a time period which overlaps with the
bird’s nestling period.

Puffin colonies situated off the northeast coast of insular Newfoundland
(Fig 1.1) are all under the influence of the inshore branch of the Labrador Current
which is a mixture of low salinity Hudson Bay water and the arctic waters of the
Baffin Island Current which then flow the length of Labrador and the east coast of
insular (Dri 1996). iability in foraging

off insular is largely a consequence of interannual

variation in the temperature and salinity of the ocean and its effect on somatic
growth of prey, phenology of prey reproduction and behavior, distribution and
prey availability within the relevant foraging distance and depth for the seabird

species under i lion (e.g. ima 1994, C. et al. 1997).
The main source of i iability in foraging iti in a given
year are dif in local bi i iti 'some of which are constant

such as bottom topography and some of which vary from year to year such as
water temperature and salinity.
Large scale pelagic surveys conducted off the northeast coast of insular



Newfoundland and the coast of southern Labrador since 1994 divide the region
into four broad scale zoogeographic domains: 1) the shelf waters of the Northeast
Newfoundland Shelf and the Southem Labrador Shelf; 2) the Northern Grand
Bank; 3) the Southern Grand Bank; and 4) the inshore bays along the northeast
coast of Newfoundland (from Anderson and Dalley 1997a). Puffin colonies off the

coast of insular d differ in their imity to the different

zoogeographic domains identified above. Starting from the south, the Witiess
Bay seabird colonies (e.g. Gull and Great Islands where most data on Atiantic
Puffins in the northwest Atlantic have been gathered) are located inshore of the
deep Avalon Channel and directly adjacent to the extensive and shallow Grand
Banks (e.g. Nettleship 1991, Rodway and Montevecchi 1996). Baccalieu Island
is located inshore in relatively shoal free deep water off the headland separating
Trinity and Conception Bays and near the boundary between the Grand Banks to
the south and the Northeast Newfoundland Shelf to the north. Small Island, in
the Wadham Island archipelego is located inshore in shoal waters, just south of
Notre Dame Bay with the deep Northeast Newfoundland Shelf directly offshore.
Funk Island is in shoal waters surrounded by deeper water and is directly offshore

from Small Island and within the Northeast Newfoundland Shelf area. The above

descriptions are based on the broad- e i ion of the

region into subareas adopted by the Pelagic Juvenile Fish Survey conducted by
the Canadian Department of Fisheries and Oceans (DFO) in each of the years
since 1994 (Anderson and Dalley 1997a).



Capeilin in the northwest Atlantic for the most part migrate inshore during
the summer months to spawn on or near beaches (Templeman 1948,
Carscadden et al. 1989). While inshore, spawning capelin provide an aggregated
source of lipid rich food within foraging range of all puffins breeding off the
northeast coast of insular B they swim in
spawning schools of capelin, once encountered, provide the opportunity for
seabirds to forage exclusively on one species and maturity stage of prey and this
has generally been observed to be the case for Atlantic Puffins provisioning

young (Brown and Nettleship 1984, Piatt 1987, Creelman and Storey 1991). The
arrival of capelin inshore to spawn varies both annually (e.g. roughly 1 month
later in the early 1990s than during the 1980s) and geographically, i.e.
progressively later as one moves north along the northeast coast of insular
Newfoundland (Templeman 1948, Shackell et al. 1994, Nakashima and Winters
1996, Carscadden et al. 1997, Therriault et al. 1996). The puffin nestiing period
is sufficiently long so that direct overlap with the availability of spawning capelin
while not gauranteed for the full duration of the nestling provisioning period is
bound to overlap with some portion of it (Harris and Birkhead 1985). Which
portion overlaps and for how long is of relevance to puffin nestling diet.

The diets of Atlantic Puffin (Fratercula arctica) nestlings have been
compared among colonies and years throughout much of the northeast Atlantic
(e.g. Corkhill 1973, Harris and Hislop 1978, Ashcroft 1979, Barrett et al. 1987,
Martin 1989, Anker-Nilssen and Lorentsen 1990) but not in the northwest Atiantic



(i.e. limited to Nettleship 1972, 1991, Creelman 1991, Rodway and Montevecchi
1996). In a review of the importance of mature capelin to Newfoundiand
birds, Brown and ip (1984) that capelin were essential for

the successful fiedging of Atlantic Puffin chicks and that there were no suitable
prey avail in waters. ip (1972)

assumed further that Atlantic Puffin nestling diets at various colonies along the
northeast coast of insular Newfoundland (namely Funk, Small and Great Islands)
were essentially the same. Absence of mature capelin in puffin nestiing diets at
Great Island has been i with ing failure ip 1991).

P periods of ing failures attri to scarcity of energy rich prey
have been reported in northem Europe (Anker-Nilssen 1992, Baird 1990) and

concern has been that the ing success of irds in

is directly dep on the ilability inshore of sp: ing
capelin (Brown and Nettleship 1984, Nettieship 1991).
Although puffins specialize in feeding on small pelagic fish, prey harvests
are often variable (Corkhill 1973, Harris 1984, Barrett et al. 1987, Martin 1989).
However, the menu offered puffin nestlings by provisioning adults at the major
Newfoundland colonies appears much less varied than in the northeast Atlantic.

In all periods sampled, capelin the diet in the Atlantic
(Brown and Nettleship 1984, Bradstreet and Brown 1985, Piatt 1987, Creelman

and Storey 1991, Rodway and M i 1996). The it of
Atlantic Puffin nestling diets in the northwest Atlantic in contrast to the diversity



experienced in the northeast Atlantic may be an artifact of the short time series of
data available for the northwest and/or the small geographic area over which the
data were collected. All published data for puffin nestling diet off insular

has been at either Gull or Great Island, both located in

close proximity to one another off the southeast coast in Witless Bay (Figure 1.1;
Piatt 1987, Creelman and Storey 1991, Nettleship 1991, Rodway and
Montevecchi 1996).

Atlantic Puffins breed in several locations along the east coast of the
island of insular Newfoundland (Caims et al. 1989) and off the southern Labrador

coast. Major ing sites are indit in Figure 1.1. ing adults arrive at

their respective colonies in early April at Baccalieu and Great Islands (Harris and

Birkhead 1985) and depart in 3 i is variable
and progressively later as one moves northward from Great Island. One egg is
laid in a ground burrow or less frequently in a rock crevice and incubated for
roughly 40-45 days. After a brooding period of 6-7 days, hatched nestlings are
able to and the il of the parents is no longer

required.  Both parents provision the young with food (Creeiman and Storey
1991, Corkhill 1973) which is carried crosswise in the bill and delivered to the
chicks in a fresh state. Nestlings are fed by the parents until they fledge.
Feeding occurs on the order of 2 to 8 times per day during daylight, usually for
38-41 days, with extremes to more than 70 days (Harris and Birkhead, 1985).



1.2 Study sites
Data on the diet and condition of Atlantic Puffin nestlings were collected
from Baccalieu Island (48° 09'N, 52° 48'W) in 1992, 1993 and 1994, Funk Island
(49° 45'N, 53° 11'W) in 1992, 1993, 1994 and 1995, and Small Island (Wadham
Islands Figure 1.1; 49° 35'N,53° 46W) in 1994 and 1995 (see Figure 1.1 for
location of study colonies).
ieu Island i 1 x 6 km and is located

approximately 4 km off shore from the northern tip of the Avalon Peninsula on the
northeast coast of Newfoundland (see Figure 1.2 and 1.3). The puffin population
includes about 45,000 pairs and is expanding (Montevecchi 1996). The island is
surrounded by cliffs and steep slopes of grass and/or talus. Baccalieu is the
largest seabird island in the northwest Atlantic and there is an abundance of
suitable nesting habitat for puffins. Colony expansion outside the more densely
occupied areas is evident from newly excavated burrows. A small fox population
has deterred gulls from nesting directly on Baccalieu Island though they do nest
on nearby Puffin Isiand (Sklepkovych and Montevecchi 1989). Eleven species of
seabirds also breed on Baccalieu, including Leach’s Storm-Petrels
(Oceanodroma leucorhoa), murre spp. (Uria aalge, U. lomvia), Black-legged

(Rissa tric and ills (Alca torda; i and Tuck

1987). Puffin burrows on Baccalieu Island are usually on steep seaward slopes.
Tunnels often extend for distances longer than 1 m, with boulders and scree

incorporated into the substratum creating narrow and winding tunnel paths. The



slope gradient allows very dense burrowing as tunnels do not limit the surface
area available for entrances as is the case in level habitat (i.e. Funk and Small
Islands).

Funk Island measures approximately 800 x 400 m and is situated 50 km
off the northeast coast of insular Newfoundland (Montevecchi and Tuck 1987;
Figure 1.3). The island supports a small Atlantic Puffin population of about 2000

pairs i unpubl. data) i to the one central meadow composed
of gravel and the decomposed remains of the Great Auks (Pinguinus impennis)
that once nested and were slaughtered there (Montevecchi and Tuck 1987,
Montevecchi and Kirk 1997). The puffin nesting area is surrounded by bare rock
on which many thousands of murres nest and gannets. Several pairs of Heming
Gulls (Larus argentatus) and Great Black-backed Gulls (Larus marinus) nest
among the puffins. Both gull species steal prey being delivered to puffin chicks,
and some Great Black-backed Gulls kill adult puffins (Russell and Montevecchi
1996). The puffin population on Funk Island is limited by the small surface area
of the island into which burrows may be dug, the majority of the island being
exposed granite, and the level nature of the puffin habitat which limits the
potential density of burrows as tunnels are not deep and erosion is a problem. In
the shallow soil of the island, nest chambers are frequently less than 1 m from the
tunnel entrance.

Small Island measures approximately 520 x 360 m and is one of seven

islands in the Islands i situated at the to Hamiiton



Sound on the northeast coast of insular Newfoundiand (Figure 1.3). An Atlantic
Puffin population of some 20,000 breeding pairs occupy the fiat meadowy habitat
that covers roughly 20 ha of the island (Rodway and Montevecchi 1996). The
island perimeter is the most densely burrowed area, although there is extensive
suitable habitat and expansion into the island’s center is ongoing. As on Funk
Island there are nesting Great Black-backed Gulls. Their presence is a recent
development, and the source of relatively heavy predation on adult puffins
(Russell and Montevecchi 1996). Puffins on Small Island burrow in level ground
composed of gravel and peat in varying mixtures ranging from pure peat to
almost pure gravel with some boulders. As on Funk Island, nest chambers are
frequently less than 1 m from the burrow entrance.

1.3 Study objectives

The present study will describe and compare the diets of Atlantic Puffin nestlings
from three colonies: Baccalieu (1992, 1993 and 1994), Funk (1992 - 1995
inclusive) and Small (1994 - 1995) Islands in the northwest Atlantic off the

northeast coast of insular to test the ions that
L 2 the composition of puffin nestling diets off insular Newfoundland is
homogeneous and

25 that there are no prey of comparable quality to mature capelin available to
breeding puffins in the region.

Diet quality will be measured directly through proximate composition analyses of

prey items and indirectly through measurements of nestling body condition.



These data will constitute an important extension in time and space of what is a
relatively limited set of natural history data on the nestling diets of Atlantic Puffins
in the northwest Atlantic.



Figure 1.1. Map of the northwest Altantic showing the location of major Atlantic
Puffin breeding sites along the east coast of insular Newfoundland and off
the southem Labrador coast.
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Figure 1.2 Topographic map and aerial photograph of Baccalieu Island
showing the locatin of the four Atlantic Puffin sub-colonies lamp‘lﬂ during
1992 and 1993 including Woody Cove, the only sub-colony sampled in
1994 and corresponding to the top right arrow.
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Figure 1.3 Map of the northeast coast of insular Newfoundland showing the
location of seabird breeding islands sampled for this study (Baccalieu,
Funk and Small Islands) and their proximity to shore.
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2.0 Composition of Atlantic Puffin nestling diets
2.1 Introduction

There is much theoretical and practical interest in how seabirds sample
their environment and to what extent an understanding of this may be used to
understand variation in seabird mortality rates (Hamis and Bailey 1992),
reproductive success (Anker-Nilssen and Lorentsen 1990) and indicate changes
in the i istributi i and/or or relative

of prey species (Caims 1987, 1992, Bertram and Kaiser 1993, Montevecchi and
Myers 1995). Data on seabird diets also contribute to the estimation of natural
mortality experienced by prey species (e.g. Anker-Nilssen 1992, Barrett et al.
1990, Hatch and Sanger 1992, Rodway and Montevecchi 1996). Changes in
seabird diets may reflect shifts or conversely the stability of oceanographic
regimes and marine food webs il et al. 1984, i and Myers

1996). Studies using dietary information from seabirds depend on an adequate
foundation of natural history data. Serious consideration of the general foraging

ecology of Atlantic Puffins, for il , relies on an iption of their

prey consumption.

For i ing birds which isi land-based chicks,

nestling diet may be observed without the need to sacrifice or inordinately disturb
animals (Rodway and Montevecchi 1996). The constraint on breeding birds of
having to obtain prey from within foraging range of the colony fortuitously limits

the potential sources of prey which the researcher must consider and facilitates



comparisons of prey harvested with prey known to be present in the area at the

time if such iti i ion is

Prey species within the foraging range of adult Atlantic Puffins provisioning

vary in L il to p 3 ibility to capture,
digestibility and energetic and nutrient content (Bradstreet and Brown 1985). At
any given time there is inter- and intra-specific variation in size, maturity,

status, ilability and dietary value of prey (Clarke and

Prince 1980, Montevecchi and Piatt 1984, Hislop et al. 1991). Therefore, in

addition to ic i i i i on prey size, maturity and

reproductive status is needed for a proper consideration of differences between
prey items.

Data on the diets of Atlantic Puffin nestlings in the northeast Atlantic have
been reported more frequently than in the northwest Atlantic (order of 100
breeding seasons compared with 10), over a broader geographical area (> 10
degrees latitude compared with < 1 degree latitude) and from more varied
foraging contexts (forage fish assemblages dominated by fish species other than
capelin i.e. sandlance and herring). The diets of puffin nestlings in the northeast
Atlantic have varied considerably both within (inter and intra-annuaily) and
between colonies (e.g. Harris and Hislop 1978, Martin 1989). While puffin
nestling diets are often dominated by a single prey type (i.e. capelin at the
northem tip of Norway and post-larval 0-group herring further south in Norway,

Barrett et al. 1987; O-group and 1-group sandlance in the Shetland Islands, Martin



1989), 23 prey types at the species level alone have been reported from a single

colony (Anker-Nil 1987). of the usual i prey type by
another at a given site (in association with both failed and successful breeding)
has been reported (Anker-Nilssen 1992). In contrast, the diet of puffin nestlings
in the northwest Atlantic has been reported as dominated uniformly both in space
and time by reproductively mature capelin (Brown and Nettleship 1984, Piatt
1987, Creelman and Storey 1991, Rodway and Montevecchi 1996) with the
exception of one year when the replacement of capelin by juvenile gadids was
associated with breeding failure. In 1981, a year of apparent low capetin
availability in Witless Bay, Newfoundland, puffins on Great Island fed their chicks
68 % immature gadids, 16 % sandlance and only 10 % capelin versus 78 - 100 %
capelin in the six other years previously sampled (Nettleship 1991). The apparent
lack of diversity in the diet of Atlantic Puffin nestlings in the northwest Atlantic as
compared with the northeast is likely an artifact of the short time series and small
geographical extent of sampling effort in the northwest as compared with the
northeast Atlantic. Nonetheless, a comparison of the effect of kleptoparasitism by
gulls on puffin breeding success at different colonies assumed that the diets of
nestling puffins on Funk, Small and Great Islands did not differ (Nettleship 1972).

The obijective of this study was to test the assumption of homogeneity of

the diets of nestling Atlantic Puffins along the coast of
by documenting the diversity of prey fed to nestlings at Baccalieu, Funk and

Small Islands between the years 1992 and 1995.



2.2 Methods

Adult puffins provisioning i were i and the dropped bill-

loads for direct Mist-nets and fine meshed gilinets
deployed vertically on poles were used to intercept birds in flight and were also
used to cover burrow entrances inducing some landing birds to drop bill-loads at
burrow entrances.

Bill-loads and individual prey items (unless desiccated) were weighed to
the nearest 0.1 g with 10 g Pesola scales (1995 only) or to the nearest 0.5 g with
100 g scales. In the absence of weigh scales of adequate precision, the mass of
individual larval fish from bill-loads containing numerous items of a single prey
type and length class was estimated by dividing the bill-load mass by the number
of fish in the bill-load. Crustaceans and the heads and tails of partial specimens
were counted. Most prey were identified to species level in the field and
otherwise retained for further identification on shore (Scott and Scott 1988, J.
Green, D. Methven, D. Steele and G.H. Winters, pers.comms.). Total length of
the larger whole fish specimens (snout or lower jaw tip to tip of longest tail fin
smoothed back) was measured to the nearest mm using a stopped metal ruler.
Often only the range of total length was recorded for the numerous larval fish
from a given bill-load. Squid mantle length was measured to the nearest mm.

Larval and juvenile fish are distinguished from each other on the basis of

settling behaviour and/or is to adult pi ion and body form

Larval fish are p: , have not to the adult form and are



found in the upper water column (Kamier 1992). Juvenile fish may have assumed
both adult pigmentation and form and/or exchanged pelagic life for a benthic one.
The term larval is used here to refer to fish with transparent bodies while the term
juvenile refers to fish which have not reached adult sizes but whose bodies are
no longer transparent. The year class distinction common in fishery science

whereby young of the year are designated as 0-group and young of the previous

spawning year as 1-group is used there is in
prey age. Fish possessing the complete form, size and coloration of adults but
showing no obvious sign of sexual maturity are referrred to as immature. The
term post-larval is also used to refer to any or all fish beyond the transparent
larval body phase without consideration of age.

The larger capelin (Mallotus villosus) and sandlance (Ammodytes spp.)
were surgically opened for examination of reproductive status. Fish containing
egg masses are referred to as gravid while those with residual eggs (i.e. one to
several eggs in an otherwise empty body cavity) are referred to as spent.

Reproductively mature male capelin are easily identified by the presence of

ridges (T 1948). Rep ive maturity was inferred from the
presence of eggs or spawning ridges in the case of capelin, and from the
presence of eggs or milt in the case of sandlance.
The estimation of percent occurrence (percent of bill-loads in which a prey
type is present), percent frequency (numerical frequency of a prey among all
those sampled), percent mass (percent of total sampled prey mass) and percent



estimated energy (percent of total sampled estimated energy) of various prey
required the assignment of mass to those items without one. Mass of un-weighed

was esti ing Rodway and Montevecchi (1996) by
calculating the mean mass per cm length class of comparable prey (Table 2.1).
The mass of those prey which lacked a length measurement was estimated by

calculating the mean mass of prey for that location. Small

and/or rare items for which no mass data were available from this study were
assigned a minimal mass according to criteria outlined in Table 2.2.

The energy value of prey items was esti by iplying the

or estimated mass (see above) of a prey item by an energy density value (kJ/g)
obtained from this study (see Chapter 3 and Tables 3.1 - 3.4) or extrapolation
from published values (see Table 2.3 for details). Values from this study were
from i ition data ( dry mass energy density ( [dry
energy] ) = (% protein * 20.0 kJ/g dry mass) + (% lipid * 38.0 kJ/g dry mass) ,

Ricklefs and Schew 1994 ; wet mass energy density ( [ wet energy] ) = ((100 - %
water) * [dry energy]) / 100 ). Energy density values reported in Table 2.3 from
Percy and Fife 1981 are derived from proximate composition data using the mid-
range values of it ition values by Percy and Fife as input
to the equations provided above.

The timing of sampling varied between islands and years limiting the inter-

annual and inter-colony comparisons which could reasonably be made. Data

were aggregated using a seven day week as the unit of aggregation. To facilitate



the organisation and presentation of the data nine standard weeks covering the
nestling period were defined by calendar date beginning on July 13.
data for weeks of the same ordinal rank. A minimum sample size of 5 was
arbitrarily selected and weeks which did not meet this criteria were eliminated
from consideration. As puffin nestiing diet is not homogeneous throughout the
breeding season (Harris and Hislop 1978, Rodway and Montevecchi 1996) data

are presented graphically such that the istribution of ing and
gaps in sampling are evident. To avoid confusion the x and y axes are consistent
for those figures likely to be compared. To facilitate consideration of differences
among colonies and years in bill-load size, mass and energy content, the 95 %
confidence intervals around the median are shown on Figures 2.5-2.7.
2.3 Results
2.3.1 Size of prey types

Overall the size of prey items fed to nestlings ranged from 1.5 - 21.1 cm in
length and 0.1 - 28.0 g in mass (Table 2.4). The heaviest prey item collected
was a male capelin while the longest was an ovid sandlance. 1-group capelin
and 0-group sandlance were generally similar to each other in size (range 3.0 -
9.9 and 3.5 - 9.1 cm) with the notable exception of 1995 when 0-group sandlance
were post-larval in form (i.e. metamorphosed to adult form, size range 7.2 - 12.9
cm) and much larger than in other years. In 1995 post-larval 0-group sandlance



had a median mass of 2.3 g compared with a median mass of 0.5 g when in the
larval form.
2.3.2 Contribution made by mature capelin to puffin nestling diets

The sample sizes relevant to nestling diet composition and the contribution

made by mature capelin by percent mass and
dietary energy content are summarised in Table 2.5. A graphical summary using
barplots to the Z ibution made by mature capelin to the

nestling diet of puffins at Baccalieu, Funk and Small Islands between 1992 - 1995
and described below is shown in Figures 2.1 - 2.4 inclusive.
Percent occurrence

On Baccalieu Island adult capelin were usually present in the majority of
bill-loads (Figure 2.1). In 1993, the only year with full season coverage, the
proportion of bill-loads containing adult capelin increased over the first few weeks
from an initial low of 45 % to remain consistently high for the latter half of the

season at between 89 and 100 %. The same pattern was apparent in 1994

although i was not as In contrast, on Funk Island
the presence of adult capelin in bill-loads was infrequent in all of the 4 years
sampled with a maximum occurrence of 30 % in one week of 1993 compared with
arange of 0 - 11 % otherwise. Adult capelin were only slightly more common in
bill-loads on Small Island where they were more often present in 1994 (range: 17
- 37 %) than 1995 (range: 4 - 16 %).



Percent frequency

The numerical abundance of adult capelin in sampled nestling diet was
greatest on Baccalieu Island where it often exceeded 70 % compared with Funk
and Small Islands where percent frequency never exceeded 5 % and was usually

closer to zero (Figure 2.2). i on ieu Island was

variable with a pattem of lower abundance during the early season compared
with the late season for the two years with extended sampling. Adult capelin
accounted for a smaller proportion of dietary items in late 1992 than in late 1993
and 1994.
Percent mass

The contribution of adult capelin by mass was greater than by numerical
frequency and less variable (Figure 2.3). As with percent frequency, the
proportionate contribution of adult capelin by mass was greatest on Baccalieu
Island compared with Funk and Small Islands. The same pattern observed with
percent frequency of lower levels in early season increasing to higher levels later
was evident in 1993 on Baccalieu Island but the differences in magnitude were
not as pronounced as with percent frequency. The contribution by mass of
mature capelin on Small Island was greater in 1994 than in 1995 and during 1994
was also greater on Small than on Funk Island (58 vs 8 % respectively during a
comparable sampling period), but much less than on Baccalieu Island (33 vs 80

% ively during a ing period).



Percent estimated dietary energy
The contribution to estimated nestling dietary energy by adult capelin
closely the i ion by mass ibed above,

both in magnitude and overall pattern (Figure 2.4).
2.3.3 Contribution made by prey other than mature capelin to nestling diet
A detailed summary of the prey types present in the diets of Atlantic Puffin

ings by percent mass and energy is shown in
Appendices 2.1 - 2.12. In all, a minimum of 10 fish and 5 invertebrate species
were present in the puffin nestling diet. While mature capelin dominated the diet
by percent occurrence, mass and energy consistently on Baccalieu Island and by
percent mass and energy on Small Island in week 5 of 1994, the diet on Funk
Island in each of the years 1992 - 1994 was dominated by 1-group capelin by
percent frequency, mass, occurrence and energy. In 1995, post-larval
0-group it by percent mass,

occurrence and energy on both Small and Funk Islands. A brief description of

resuits organised by prey type follows.
1-group capelin

1-group capelin were present in the nestling diet of all colonies sampled in
all years, but not in all weeks (Appendix 2.1). On Baccalieu in 1993 when the
entire season was sampled the presence of 1-group capelin was greatest and
most important energetically early in the season. Among the three years (1992-

1994 inclusive) sampled on Baccalieu, 1-group capelin were most common in bill-



loads and important energetically during 1984. Among the three colonies
sampled 1-group capelin were most common on Funk Island where they were
present in most bill-loads in most years with the notable exception of 1995. They
were also important energetically except in 1995. On Small Island they were
more common and made a greater contribution to dietary energy content in 1994
than 1995 never reaching levels of or
observed on Funk Island.
Mature sandlance (Ammodytes sp.)

Mature sandlance were only observed on Baccalieu Island where they

were infrequently fed to nestlings (Appendix 2.2). When present, however, their
energetic contribution was usually in the range of 19 - 44 %. They were observed

from both early season (1993) and late season (1992)

0-group sandlance (Ammodytes sp.)
of the of two distinctly different size classes of 0-
group with different , the two size classes are presented

separately and referred to as either larval or post-larval.

Larval 0-group sandlance were not always present, being generally scarce
and on ieu Island (Appendix 2.3). They were
common on Funk Island in all years except 1994, although energetic contribution
never exceeded 10 % and while 1992 and 1993 were similarly near this

maximum, their contribution in 1994 and 1995 was negligible. On Small Isiand

they were often present in bill-loads in 1994 but not in 1995.



Post-larval O-group sandlance dominated nestling diet in every way, ie.
percent occurrence, frequency, mass and energy, on both Funk and Small
Islands in 1995 (Appendix 2.4). On Small Island they were also present in 1994
but less frequent and important energetically. They were notably absent from
Baccalieu Island and in every year sampled on Funk Island except 1995
Stichaeids

All Stichaeids present in the nestling diets were larval and were not
identified to species (Appendix 2.5). The two most likely species to which they
belong are Arctic Shanny Sti and i Shanny Ulvana

subbifurcata (J. Green pers. com.).

Stichaeids were observed at all colonies and in all years although not all
weeks sampled. They were somewhat common in the early season on Baccalieu
and generally absent there later on except for 1992. Energetic contribution on

B: never 3 %. Sti ids were more common in bill-loads on

both Funk and Small Islands where energetic contribution ranged from a high of 7
to < 1 %. On Funk Island they were more common and contributed more
energetically in 1992 and 1994 than in the other two years. On Small Island they

were more and i more i in 1994 than 1995.

Cottids
Cottids were present in the nestling diets at each of the three colonies
although not in all weeks sampled, particularly on Baccalieu Isiand where they

were absent or scarce in August-September samples and most common in late



July (Appendix 2.6). They were more common on Baccalieu in 1994 than 1993
and rather than the usual < 1 % contribution to dietary energy the contribution in
early 1994 reached 11 %. Cottids were always present in periods sampled on
Funk Island and usually on Small Island. Energetic contribution at both colonies
was usually negligible with the exception of 1992 on Funk Island.
Herring

Herring were generally absent from nestling diets with the notable
exception of Small Island in 1994 when O-group Herring in weeks 5 and 6
respectively contributed 13 and 7 % by frequency, 13 and 12 % by mass,
occurred in 32 and 50 % of bill-loads and contributed 10 % of the estimated
dietary energy delivered to nestlings (Appendix 2.7).
White Hake

White Hake were recorded at each of the colonies but not in all years
(Appendix 2.8). They were generally absent or very scarce and made negligible
energetic contributions. White Hake occurred most commonly in bill-loads on
Funk Island in 1993. They were recorded from both the early and late season on
Baccalieu Island.
Agonidae

Agonidae were either absent or scarce in sampled nestling diet (Appendix
2.9). They occurred most commonly (22 %) in the early season of 1994 on

Baccalieu Island. On Funk Island they were most common in 1992 (11 %) and

3t



were absent there in 1995. They were not recorded from Small Island and at no
time did their energetic contribution anywhere exceed 1 %.

Liparis sp.

Liparis sp. were scarce everywhere with the exception of 1992 on Funk
Island when they occurred in 23 % of bill-loads (Appendix 2.10). They were
notably absent from Funk Island in 1994 and 1995 and were never observed on

Small Island. They appeared more often in the early season than at any other

time on i did they ever il more than 1 % of dietary
energy.
Squid

Squid rarely occurred on Baccalieu and Small Islands, although in the late

seasons of 1992 and 1993 on ieu their i ibution reached 5 - 9

% (Appendix 2.11). On Funk Island they were most common in bill-loads in 1992
(23 %) contributing 18 % of dietary energy at that time. In 1994 their energy
contribution was also not negligible at 11 % while in the other years sampled on
Funk Island they were less important, particularly in 1995.
Crustaceans
Although crustaceans were observed at each of the colonies in each of the
years sampled except for 1995, they were often absent (Appendix 2.12). On
were most in the early season. On Funk Island

they were less common in 1994 than in the previous 2 years. They were equally



as scarce on Small Island in 1994 as on Funk Island and at no time or place did
they contribute > 1 % of the dietary energy.
Miscellaneous

The balance of collected nestling diet was made up of rarely occurring prey

items which included unidentified juvenile gadids, Nereis sp., larval

Pl d and another unie i larval fish.
2.3.4 Size, mass and energy content of bill-loads delivered to puffin
nestlings

The ion of bill-load and of bill-load mass

were not collected from every sample (see methods) and thus the sample size for
bill-load size is often greater than the sample size for bill-load mass. A summary
of the sample sizes, masses, numbers of prey items and estimated energy
content of bill-loads intercepted from adult puffins provisioning nestlings is shown
in Tables 2.6 - 2.8. A graphical summary of the same data using boxplots to
display the range and distribution of data values and showing the 95 %
confidence intervals around the median is shown in Figures 2.5 - 2.7.
2.3.4.1 Number of individual prey items in bill-loads collected from Atlantic
Puffin nestlings

The number of prey items in bill-loads collected from Atlantic Puffin
nestlings was quite variable (range: 1 - 50; see Table 2.6 and Figure 2.5 for
details). Bill-loads were smallest on Baccalieu Island and generally much larger
on Funk and Small Islands. On Baccalieu during the 2 seasons with both early



and late sampling coverage (1993 and 1994) bill-loads were dramatically larger at
the beginning of the nestling period than there after. As well, bill-loads in early
1994 contained more prey items than in early 1993. On Funk Island bill-loads
were largest and most variable in 1992 and 1993, less so in 1994 and contained
the fewest prey with the least variation in 1995. While the 95 % confidence
intervals around median bill-load size on Funk Island during 1992 - 1994
overlapped with each other, those for 1995 did not overlap with the others. On
Small Island in 1994 bill-ioads contained more prey during week 6 than in 1995
and were more variable in week 5 than in 1995.

During sampling periods when data are available from more than one site,
there are some clear differences, for example, during weeks 4 and 5 of 1993 bill-
loads on Funk Island were dramatically larger and more variable than those on
Baccalieu Island. During week 6 of 1994 bill-loads on Small Island were also
larger and more variable than on Baccalieu Island. A week before, when
comparison is possible between Small and Funk Islands, bill-loads on Funk Island
are larger than on Small Island. A year later, in 1995, during the same time
period bill-load size was notably reduced and the Funk and Small Island bill-loads
contain similar numbers of prey.

2.3.42 Mass (g) of bill-loads collected from Atlantic Puffins provisioning
nestlings

The magnitude of variation in bill-load mass was generally greater and

more consistent than that of bill-load size (see Table 2.7 and Figure 2.6 for



details). Overall bill-load mass had a range of 0.5 - 33.5 g . On Baccalieu Island
during 1993 and 1994, there was a reciprocal relationship between bill-load mass
and size. Early season bill-loads weighed less than during the balance of the
season in 1993. Bill-load mass was less variable in the latter part of 1952 than in
the same period during 1993 and 1994.

Funk Island bill-loads were generally somewhat heavier in 1995 but the 95
% confidence limits around the median bill-load mass among the four years
sampled on Funk Island all overiapped . The smallest median bill-load mass on
Funk Island was 7.6 g in 1994 while the largest median was 11.0 g during 1995.
Bill-loads were heavier on Small Island in 1995 than in 1994.

Between colony differences in bill-load mass are much less pronounced
than was the case for bill-load size. In 1993 during a comparable time period
(weeks 4 and 5) Funk Island bill-loads were generally lighter and less variable
than on Baccalieu Island but 95 % confidence limits around the medians still had
some overlap. In 1994 during comparable weeks the median bill-load mass was
roughly similar between colonies. In 1995 during a comparable week median bill-
load mass on Small Island tended to exceed that of Funk Island.
2.3.4.3 Estimated energy content (kJ) of bill-loads collected from Atlantic
Puffin nestlings

Estimated energy content of billloads collected from Atlantic Puffin
nestlings ranged from a low of 0.5 kJ to a high of 189 kJ. Estimated energy

content of bill-loads followed much the same pattern as that of bill-load mass (see

35



Table 2.8 and Figure 2.7 for details). The same intra-seasonal pattem of lower
values early in the nestiing season compared with later, observed for bill-load
mass on Baccalieu Island in 1993, is also apparent for energy content. Bill-loads
on ieu Island from weeks between years contained the least

energy in 1994, as did those on Funk and Small Islands. Bill-loads on both Funk
and Small Islands had highest energy contents in 1995. On Funk Island, 1995
bill-load energy contents were also more variable than in previous years.

Median values of bill-load energy content range from a low of 20.7 kJ on
Funk Island in 1994 to a high of 84.7 kJ on Small Island in 1995. Bill-loads on
Funk Island in 1993 contained less energy than those on Baccalieu Island during
the same time period. Bill-loads on Funk Island in 1994 contained less energy
than those on Small Island, while those on Small Island tended to contain less
than those on ieu Island, the di between Small and

Baccalieu Islands (medians: 33.4 vs 39.0 kJ) was not as great as the difference

between Small and Funk Islands (medians: 33.7 vs 20.7 kJ).

2.3.4.4 The relationship between bill-load size, mass and energy content
The relationships between bill-load mass and size, bill-load mass and

energy content and bill-load size and energy content are illustrated for a

comparable sampling period (week 5 of nestling season) for Baccalieu Island

1993, Funk Island 1992 - 1995 and Small Island 1994 - 1995 in Figures 2.8 -

2.10.



There is dramatic variation in the relationship between bill-load mass (g)
and bill-load size (number of prey items per bill-load) among colonies and years
during a comparable time period (e.g. week 5 of the nestling season in 1993,
Figure 2.8). On Baccalieu in 1993 the heaviest bill-loads were also the largest.

He , the small variation in bill-load size suggests something eise

is responsible for increasing bill-load masses, i.e. size of individual fish. On Funk
Island, the relationship between bill-load mass and size is different for each of the
four years sampled ranging from non-existent in 1994 through loosely positive
with a lot of variation in 1992, to a low slope tight positive association in 1995 and
a steep slope positive association in 1993 with variation intermediate between the
extremes of 1992 and 1995. On Small Island, the relationship between bill-load
mass and size also differs distinctly between 1994 and 1995. In 1994, there are
two groups of points, one a loose cluster resembling Funk Island in 1992 and the
other a flat string of points resembling Baccalieu in 1993. These two patterns
represent bill-loads containing multiple and variable prey items in the first
instance and bill-loads containing varying numbers of a single dominant prey
(adult capelin) in the second. The pattern on Small Island in 1995 is different
again and resembles Funk Island in 1995. Both instances depict bill-loads
containing variable numbers of a single dominant large prey type (post-larval 0-
group sandlance).

The relationship between bill-load mass and estimated energy content is

strongly positive and generally tight with minimal variation (Figure 2.9). Funk

7



Island in 1992 was notably more variable than the other years and colonies
examined during the same sampling period.

The number of prey items in a bill-load had a varying effect on energy
content (Figure 2.10). On Funk Island the relationship was similarly positive and
variable in 1992 and 1993, ambiguous in 1994 and steeply positive in 1995.
Small Island in 1995 resembled Funk Island in the same year. Baccalieu Island
had a distinct pattemn due to the lack of variation in bill-load size and Small Island
1994 contained two pattems including one similar to Baccalieu Island and the
other resembling Funk Island in 1992 and 1993.

2.5 Discussion

Sampling of bill-loads from adults provisioning nestlings relied on retrieval
of a dropped sample from the ground. Direct examination of retrieved prey items
is possible but recovery of 100 % of the bill-load is not assured (Rodway and
Montevecchi 1996). The smaller transparent prey items are more likely to be

over-looked among the ground cover than larger or fleshier prey. Consequently,

numbers of larval fish and are i with these
(Rodway and Montevecchi 1996). These data therefore represent minimal
estimates of the percent and i y of the smaller prey

items and especially the transparent larval forms. Even so, the number of these
prey types present in nestling diets was far greater than expected. The
estimation of contribution by mass of these prey is not strongly biased by the

to i i as the mass ibution per




unit fish is very small. Therefore, while reported percent frequency and
occurrence for small prey should be treated as minimal estimates the percent
contribution by mass and energy of these same prey are more robust to the
sampling bias identified above.

Consideration of differences among colonies and years was based on
comparing weeks of the same ordinal rank, i.e. comparisons were among similar
calendar periods. Nestling age of Atlantic Puffin nestlings may affect meal size,
i.e. the youngest chicks may be unable to ingest the larger prey consumed when
older and may be fed smaller prey by the provisioning adult (Bradstreet and

Brown 1985). C: ing diets of ings among colonies for the same calendar
period is ially by dif among colonies in breeding
If the q ion being is limited to consideration of the

differences in foraging conditions among colonies at a particular time then this is
not a problem unless confounded by the tendency of adults to feed the smallest
chicks smaller prey. The timing of puffin breeding on Funk and Small islands was
roughly a week later than on Baccalieu Island during the years of this study
(Russell and Montevecchi unpubl. data). The puffin breeding season on Funk
and Small Island in the periods sampled by this study was further advanced than
that which would present a concem for the interpretation of nestling diet
comparison with Baccalieu Island. Therefore, the difference in puffin breeding
phenology among the study colonies is insufficient to explain the observed

differences in nestling diet and | infer that the abundance in nestling diet on Funk



Island during 1992 - 1994 of small prey items is a reflection of foraging conditions
and not confounded by nestling age.

The composition of Atlantic Puffin nestling diets at Baccalieu, Funk and
Small Islands (1992 - 1995) were not homogeneous. Mature capelin dominated
nestling diets in all years on Baccalieu and Small Island in 1994 but otherwise
were replaced as the primary diet constituent by larval 1-group capelin (Funk
Island: 1992-1994) or post-larval O-group sandlance (Funk and Small Islands
1995). Contributions to estimated nestling dietary energy of 10 % or more were
occasionally made by a number of prey types other than mature capelin. In
addition to the principal exceptions mentioned above, the following made lesser
but noteworthy contributions to puffin nestling diet in the northwest Atlantic during
1992 - 1995: 1) adult sandlance on Baccalieu Island, 2) 0-group larval sandlance
on Funk and Small Islands, 3) cottidae on Baccalieu and Funk Islands, 4) 0-group
Herring on Baccalieu and Small Islands and 5) squid on Funk Island.
Invertebrates were uncommon prey items but much more frequent than recorded
in the northeast Atlantic. In 27 colony years in Great Britain, Harris and Hislop
(1978) observed only 1 load containing squid and one crustacean. In contrast,
although it were from all il and years in

this study and squid made up 11 % by mass of the nestling diet on Funk Island in
1992.
The small miscellaneous prey which are most common in the early

seasons at Baccalieu Island and in each year sampled on Funk Island are



available throughout the nestling season and in the absence of adult capelin
could constitute the principal ingredients of nestling diet as indeed they do on
Funk Island during the sampled period 1992 - 1984. Some of these prey
although abundant contribute very little to dietary energy content e.g. stichaeids.

The energy content of bill-loads of mi and prey
was less than that containing fewer larger items. The billHoads delivering the
most energy were either from Baccalieu where adult capelin dominated or from
1995 on Small and Funk Islands when large bill-loads of large post-larval 0-group
sandlance were the norm. There was a four-fold increase in bill-load energy
content between the poorest loads of 1994 on Funk Island and the richest loads
of 1995. The poorest year at all three colonies with respect to the energy
content of bill-loads was 1994.

Energy content of bill-loads is highly associated with bill-load mass but not
necessarily with bill-load size. Depending on prey type the number of items in
bill-loads has a lesser or greater influence on bill-load energy content. In the
case of bill-loads dominated by a single large prey type, each additional prey item
added to a bill-load increases the energy content by a large factor. The size of
this incremental factor limits the maximum number of prey per bill-load to much
less than if the prey type was a small one. In the case of bill-loads dominated by
a variety of small prey, each additional prey item does not increase the energy
content of the bill-load by very much. The less energetically rewarding the prey
and the more consistent this is for all prey collected, the less pronounced will be



the unavoidable association between number of prey in a bill-load and energy
content. This limits the potential of single bill-loads based on harvesting small
prey to compete with the energetic potential of single bill-loads based on large
prey. The slope of the relationship between number of prey per bill-load and bill-

load energy content could be i to a of foraging

efficiency if one assumes the same energy requirement for each additional prey
regardless of identity. If all prey types are equally available for the same
investment of foraging energy then bill-loads composed of larger prey items are
more efficient than those composed of small prey. Therefore, when a complete
range of acceptable prey types are locally available, on the basis of bill-load
efficiency one would predict the provisioning of chicks with the larger prey.
However, if one has to fly considerably further to obtain the larger prey than the
smaller prey then it may become more efficient to provision the young with
smaller prey of lower energy content. This may have been the case on Funk
Island during 1992 - 1994.

The limitation on efficiency at the scale of the bill-load mentioned above
may be compensated for at the scale of daily nestling dietary intake by an
increase in provisioning frequency. This study does not report on the frequency
with which nestlings were provisioned. While feeding frequency information is
necessary for the estimation of total nestling dietary intake it is not required to
describe the composition of nestling diet which has been the emphasis here.



The most obvious explanation for the paucity of mature capelin in the diets
of Funk Island nestlings during the period sampled (limited to first half of August
in each year) is that at that time of year the migration of reproductively mature
capelin inshore to spawn, has placed them outside of some threshold foraging
distance for puffins on Funk Island. Funk Island is roughly 50 km offshore. The
migration of capelin inshore to spawn either passes Funk Island earlier in the
season than the period sampled in this study in which case adult capelin may
have contributed to the nestling diet during the period preceding that sampled by
this study, or capelin migrate from distant areas south of Funk Island and then
along shore to reach progressively more northerly areas inshore from Funk
Island. Depending on capelin migration routes, puffins on Funk Island may or
may not be aware of the presence inshore of spawning capelin. There is no
evidence from this study from which to infer whether or not puffins at Funk Island

prior to our visit had more immediate access to migrating capelin. Murres on

Funk Island during the periods were ing from inshore
with mature capelin for their nestlings (Russell and Montevecchi pers. obs.). In
1994, this of murres in jt ion with data on the puffin nestling diet

on Small Island confirm that mature capelin were available inshore from Funk
Island.

While 50 km is within the maximal foraging range observed for Atlantic
Puffins, puffins from Funk Island were not flying inshore to forage for their

assumed preferred prey. This raises questions concerning how Atlantic Puffins



sample their foraging space and under what conditions this space is extended or
compressed (Anker-Nilssen and Lorentsen 1990).

The ubiquity of post-larval sandlance in both an inshore and an offshore
diet in 1995 (i.e. Small and Funk Islands) also raises questions conceming the
conditions under which capelin would be preferentially fed to puffin nestlings.
Capelin spawning occurred along the northeast coast of insular Newfoundiand in
each of the years 1992 - 1995 (Anderson and Dalley 1997b) and so it is likely that
capelin were available to foraging puffins on Small Island in 1995, and if so, their
displacement in the puffin nestling diet by sandlance suggests that at those
locations in 1995 post-larval sandlance were either more likely to be encountered

than mature capelin, were selected in preference to mature capelin, or both.

on prey

On Great Island, Witless Bay during 1992 - 1994, adult capelin dominated
the nestling diet of Atlantic Puffins by proportionate mass at all times except very
early in 1994, when larval capelin and sandlance were the principal prey (Rodway
and Montevecchi 1996). Larval capelin and sandlance were numerically
abundant in the nestling diet on Great Island in each of the years 1992 - 1994
Crustaceans and cottids were most common in 1994, Adult sandlance were
present in each year and most common in 1993. As on Baccalieu Island,

miscellaneous and smaller prey items were displaced by adult capelin as the

nestling season ( y and i 1996). Foraging

conditions at Great Island appear similar to those at Baccalieu Island during the



overlapping years and are consistent with the assumption that Atlantic Puffin
nestling diet in the northwest Atlantic with the exception of the earliest part of the
season is dominated by adult capeiin. The nestiing diets at Funk and Small
Islands in which prey other than adult capelin dominated during the middle of the
nestling period indicate that foraging conditions at the main puffin colonies off the

northeast coast of insular are not The
importance of capelin on Great Island during years when their importance
elsewhere is questioned parallels the findings of DFO's juvenile fish survey for
the 1990s, namely that the northwest Atlantic pelagic environment off the coast of
insular Newfoundland is subject to some broadscale differences between the
inshore and the two principle shelf regions, i.e. the broad and deep northeast
shelf and the massive and shallow Grand Banks (Anderson and Dalley 1997a).
Various indices of adult capelin biomass and spawning phenology are
available from several annual surveys conducted by DFO (Winters 1995). In
recent years a multiplicative approach has been taken which incorporates

multiple indices in the lion of an objecti' i time series (Winters

1995). The standardised estimates of annual capelin biomass since 1980
indicate 1981 as the lowest estimate in the time series, followed by a fairly
consistent increasing trend up to 1989 after which estimates declined during 1990
- 1892 before increasing again (Nakashima and Winters 1997). It is noteworthy
that 1981, the lowest estimate in the time series, is the only year for which puffin

breeding is reported to have failed due to poor nestling diet (Nettleship 1991).

as



In the context of a time series beginning in 1980, the years 1992 - 1995
during which the nestling diet data reported here were collected, represent a
period of generally greater capelin biomass than in the early 1980s. Within 1992
- 1995, the standardised biomass estimate was lowest in 1992 and those during
1993 - 1994 were roughly similar (Nakashima and Winters 1997). In a time series
beginning in 1978, the timing of peak capelin spawning was about one month
later in the early 1990s than during previous years (Carscadden et al. 1997)
Later spawning was linked to cold spring ocean conditions and slowed somatic
growth in capelin, smaller fish spawning later (Carscadden et al. 1997). However,
capelin did spawn along the northeast coast of insular Newfoundland in each of
the years 1992 - 1995 (Anderson and Dalley 1997b).

The spawning periods of 1994 and 1995 were similar (Nakashima and
Winters 1996). Deposition of eggs on capelin spawning beaches sampled by
DFO was similar in 1992 and 1995 being intermediate between the highest
estimate in 1993 and the lowest in 1984 when no eggs were present at Cape
Freels in the vicinity of Small Island (Nakashima and Winters 1995, 1996). The
absence in some cases and relative shortness in others of the beach spawning
period in 1994 is suggestive of a greater degree of offshore spawning in that year
(Anon. 1995). A relative decrease and in some areas the absence of beach
spawning behavior by capelin may reduce their availability as prey to puffins.
Beach spawning is preceded by the aggregation of capelin in shallow near shore
waters where they are well within the diving depth range of puffins. Off beach



spawning may not include the tion of capelin in depths to the

same extent as on beach spawning. This may explain the delivery to puffin
nestlings in 1994 of the least energy rich bill-loads in the years 1992 - 1995.
Since the biomass of capelin in 1994 is not low relative to the time series, this

may an nple of the i of distinguishit prey
and ilabili i and Berutti 1992).

A large biomass of prey does not guarantee their availability to foraging

puffins. i y for prey that ag in summer as capelin do,

one would expect their availability to foraging puffins to be relatively independent
of population biomass. It may be that the degree to which capelin engage in off
beach spawning is of equal if not more importance to puffins than how many
there are.

Since 1994, DFO has conducted an annual survey for pelagic juvenile fish
off the northeast coast of insular Newfoundiand and southem Labrador
(Anderson and Dalley 1997ab). The IGYPT trawl used in this survey samples
the same part of the water column in which puffins forage, i.e. 20 - 60 m depth
(Piatt and Nettleship 1985, Burger and Simpson 1986, Anderson and Dalley
1997) and provides a iction of what Atlantic Puffins

would encounter if foraging in the area sampled Dy the trawl during late August -

early . That is, ing NO impx I foraging
conditions at 20 - 60 m depth and 0 - 20 m depth where puffins may spend a
significant portion of their time foraging (Piatt and Nettleship 1985, Burger and
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Simpson 1986). From 1991 - 1993, DFO also collected data on juvenile fish
abundance but using a different protocol than in subsequent years (Anderson and
Dalley 1995). As the surrounding nekton is dominated by 1-group capelin and
arctic cod (Anderson and Dalley 1997a) the large contribution of 1-group capelin
to the diets of nestlings on Funk Island and elsewhere when mature capelin were
not abundant in the diets is not surprising. However, it is worth noting the
apparent absence of arctic cod (other than as potential members of the
unidentified gadids collected) in the nestling diets in contrast to their abundance
in the surrounding waters (Anderson and Dalley 1997a). Given the high
occurrence of various prey in nestling diet which are not as common in the nekton
as arctic cod, i.e. cottids, stichaeids, Liparis sp., it would seem that puffins may
be selecting against arctic cod, and/or that the catchability of arctic cod for puffins
is less than the other prey. Arctic cod are also scarce in common murre nestling
diets 1990 - 1998 (Montevecchi unpubl. data).

The offshore Northeast Shelf area has been noted during the early 1990s
for an abundance of juvenile fish and squid, and Funk Island is ideally situated to
forage in those waters (Anderson and Dalley 1997a,b). While the energetic
content of bill-loads made of juvenile fish and squid is lower than those made of
larger fish, the fact that Funk Island is surrounded by waters rich in miscellaneous
nekton may mean that the relative ease with which meals can be collected makes
up for their individual energetic inferiority. This study does not report on the

frequency with which nestling were fed. Bill-load energy content alone is



insufficient to infer dietary quality. The freshness and in some instances
of life in the mi small prey delir to i on Funk

Island 1992 - 1984 however suggest that they were collected in close proximity to
the colony. If such bill-loads were readily available close to the colony, parental

feeding frequency could easily be i to make up for a

y lower ic content of individual bill-loads.

The inshore area as defined by DFO's juvenile fish survey was noted for
its importance as a spawning area and with regard to herring, Notre Dame Bay
(just north of Small Island) is particularly important (Anderson and Dalley 1997a).
The importance of O-group Herring in nestling diet on Small Island in 1994
indicates that puffins there are able to benefit from their proximity to a herring
spawning area.

Differences in puffin nestling diets at colonies off the northeast coast of

insular Newfoundland reflect di the main

zones identified by DFO's annual juvenile fish survey. Puffins at Baccalieu island
and in Witless Bay forage inshore and on the Grand Banks and may, at least in
the years in common between this study and the juvenile fish survey, be more

to i ilability of ing capelin than Small and Funk Islands

to the north. Small Island has access to inshore spawning herring in addition to
capelin and the greater productivity of the Northeast Shelf. Funk Island is
surrounded by the richer waters of the northeast sheif and could also presumably

access the inshore. In addition, at least on Small and Funk Islands and possibly



to the south as well (there were no 1995 data on nestling diet from Baccalieu and
Great Islands), there are years in which oceanographic conditions favour the

pi of 0-group such that may benefit puffins
provisioning young.

In the northeast Atlantic, puffins on Hermaness and in northem Norway
suffered breeding failures during several years when the mean load mass
delivered to nestlings dropped below 5 g. In both locations the decrease in load
mass was associated with an increase in the number of prey items per load and a
decrease in the size of dominant prey taken (Anker-Nilssen 1987, Martin 1989).
Bill-loads delivered to nestiings on Funk Island in 1992 - 1994, Small island in
1994, exhibited the same general pattern of decreasing bill-load mass with
increasing number of bill-load contents and size of prey items but the median bill-
load mass did not drop below 5 g (median bill-load mass ranged from 8.3 - 11.9
g) and there was no evidence of breeding failure (Chapter 4). The only time
during this study when median bill-load mass fell below 5 g was in early 1994 on
Baccalieu Island when it was 4.5 g. The ability to maintain bill-load mass while
foraging for multiple tiny prey from Funk Island may be an indication of the ease

with which these prey are there with lieu Island.

Summary
Differences among the diets of nestling Atlantic Puffins on Baccalieu, Funk
and Small Islands reflect ints | dif in ilability of prey as well as

differences in the availability of prey due to differences in colony location.



Differences were evident between locations in the same year (eg. Baccalieu
Island and Funk Island in 1993) and also between years in the same location (eg.
1995 compared with 1992 - 1994 on Funk Island). With regard to location,
differences may be associated with latitude (Funk and Small Islands to the north
versus Baccalieu Island to the south) and/or proximity to shore (Baccalieu and
Small Isiands as inshore versus Funk lIsland as offshore) as these relate to
proximity to the major zoogeographic zones delineated by recent large scale
pelagic juvenile fish surveys (Anderson and Dalley 1997a). The availability

inshore of spawning capelin may ride such i for the
colonies near shore except in years when changes in capelin breeding

phenology, vertical distribution or degree of offbeach spawning limit their

to puffins provisioning i Funk Island may be interesting as an
example of how well puffins breeding off the coast of insular Newfoundiand may

gs of signil dietary ibutic from aduit
capelin. However, Funk Island may also be better situated to harvest the
relatively richer nekton population of the Northeast Shelf waters. That is,
assuming that the differences in nekton biomass between the Grand Banks and
the Northeast Shelf observed for the early 1990s holds for other years.

With regard to i iation, the domi by O-group sandiance
of puffin nestling diet at both Funk and Small Island in 1995 illustrates the

potential in this region for sandlance to successfully displace adult capelin as an

efficient source of dietary energy for puffins provisioning nestlings. The



coherence between all three colonies indicating 1994 as a season of reduced
foraging efficiency indicates the influence of some broad scale source of variation
which over-rides local differences to some degree, e.g. oceanographic thermal
phenology (e.g. Drinkwater et al. 1994).

The data presented do not support the previously heid assumption of
homogeneity of Atlantic Puffin nestiing diets along the northeast coast of insular
Newfoundland (Nettleship 1972, Brown and Nettleship 1984, Nettieship 1991).
While the diets of puffin nestlings on Baccalieu Island were dominated by mature
capelin the diets of nestlings on Small and Funk Islands were more variable and
composed of a more diverse suite of prey items. This finding is important for the

of other i data which are potentially confounded by

differences in the diets of puffin nestlings at these colonies (i.e. Nettleship's
(1972) comparison of the effects of kleptoparasitic behaviour by gulls toward
puffins rested on the assumption that nestling diets among Funk, Small and Great
Islands did not differ). In addition, these data suggest differences in the foraging
regimes experienced by Atlantic Puffins breeding at the major puffin colonies
which parallel differences between major pelagic regimes delineated by recent
broadscale pelagic surveys along the northeast coast of insular Newfoundland
and southern Labrador (Anderson and Dalley 1997a).
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Table 2.4. mmmwamnwmdhmmm
lected from Atlantic Puffins provisioning nestlings on Baccalieu, Funk
amwnmmmszmwssm

Prey Group Mass Length
N Median Range N Median
(@ (em)
Capeiin 1-group 952 05 0.1-32 613 65 30-99
immature or
spent 3\8 73 0-21.0 389 138 92-210
adult male 11 210 135-280 12 163 153-183
ovid 94 120 45-250 99 146 122-175
Sandlance 0O-group:
larval 150 05 01-15 151 66 35-91
post-larval 252 23 07-40 617 106 7.2-129
adult male 5 140 60-145 5 178 147-180
ovid 12 118 95-180 12 175 157-211
Herring 0O-group
post-larval 33 11 05-20 44 57 45-66
White Hake post-iarval 14 24 03-48 38 45 30-91
Stichaeidae larval 67 02 01-10 295 34 22-78
Lipans sp. larval 25 3 25-44
Cottidae post-larval 38 04 01-11 138 33 21-49
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Table 2.5 Proportional representation of mature capelin in bill-loads collected from Atlantic
Puffins provisioning nestlings on Baccalieu. Funk and Small
Islands between 1992 and 1995.

Mature capelin
Jukian Proportion (%)
Year Week Dates
of Week Calendardates N Frequency Mass Occumence Energy

Baccalieu Island

1992 7 236-242 Aug23-28 17 79 7 88 81
8  243-249 Aug29-Sep5 10 42 95 70 )
9 250-256  Sep6-8 17 36 69 7 61

1993 2 201-207 Jul 19-26 56 10 58 45 54
3 208-214  Jul27-31 48 24 60 65 52
4 215-221 Aug4-8 19 76 86 89 80
5 222.228 Aug10-12 35 72 91 04 89
6 220-235 Aug19-23 12 100 100 100 100
7 2%-242 Aug24-28 47 79 o3 o4 %0
8 243249 Aug30-Sep6 42 61 % 9 87

1954 3 208-214 Jul28-29 23 10 67 57 70
6 229-235 Auwg2-23 11 8 73 %
7 2%6-242 Aug24-25 16 75 o5 100 o

Funk Island

1992 5 222-228 Aug8-10 56 1 18 " 19

1993 4 215-221 Aug7-8 50 2 38 30 @
5 222-228 Aug10-11 77 1 8 B

1994 5 222-228 Aug12-16 50 1 8 6 8

1995 4 215-221  Aug6-8 40 1 4 5 4
5 222-228 Aug 9 2 0 0 o 0

Small Isiand

1984 5 222-228 Aug11-16 19 5 s8 a7 [
6 229-235 Aug 18 B 2 33 17 *

1995 5 222228  Aug13-15 49 3 16 16 3
6 229-235 Aug 19 - 20 23 1 5 4 4




Figure 2.1  Percent occurrence of adult capelin in sampled Atlantic Puffin
nestling diets on Baccalieu, Funk and Small Islands during 1992 — 1995.
Grey shading = adult capelin, black shading = other.
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Figure 2.2  Percent frequency of aduit capelin in sampled Atlantic Puffin
nestling diets on Baccalieu, Funk and Small Islands during 1992 — 1995.
Grey shading = aduit capelin, black shading = other.
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Figure 2.3  Percent mass of adult capelin in sampled Atlantic Puffin nestling
diets on Baccalieu, Funk and Small Islands during 1992 — 1995. Grey
shading = adult capelin, black shading = other.
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Figure 2.4  Percent of estimated dietary energy content represented by aduit
capelin in sampled Atlantic Puffin nestling diets on Baccalieu, Funk and
Small Islands during 1992 — 1995. Grey shading = aduit capelin, black
shading = other.
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Table 2.6 Number of individual prey items in bill-Hoads collected from Atlantic

Puffins provisioning nestlings on Baccalieu, Funk and Small

Islands between 1992 and 1995.

Julian NmmPrcymmsmbdl—haﬂs
Year Week Dates Sampling N Min st Median Max
of Week  Calendar dates. Quantile m-uio
Baccalieu Island
1992 7 236-242 Aug23-28 17 1 A 1 2 3
8 243-249 Aug29-Sep5 10 1 1 1 3 4
9 250-2% Sep6-8 % 1 1 2 3 13
1993 2 201-207  Jui19-26 53 1 1 3 1" 25
3 208-214  Jui27-31 a7 1 1 1 2 37
4 215-221 Aug4-8 19 1 1 2 2 3
S5 222-228 Aug10-12 35 1 1 1 2 12
6 229-235 Aug19-23 12 1 1 15 2 2
7  236-242  Aug24-28 46 1 q 1 2 9
8  243-249 Aug30-Sep6 41 1 1 2 2 9
1984 3 208-214  Jui28-29 22 1 2 9 13 27
6 229-235 Auwg22-23 10 1 2 25 4 8
7 236-242  Aug24-25 16 1 1 1 2 5
Funk Island
1992 5 222-228  Aug8-10 55 1 7 14 23 a2
1993 4 215-221 Aug7-8 4 1 8 18 24 50
5 222-228 Aug10-11 72 1 95 16 215 4
1984 5 222-228  Aug12-16 41 2 10 13 17 3
1995 4 215-221 Aug6-8 40 1 35 55 8 19
5 222-228 Aug 9 2 1 5 7 9 12
Small Island
1994 5 222-228  Aug11-16 100 1 1 7 15 39
6  229-235 Aug 18 6 3 7 16 21 21
1995 5 222-228  Aug13-15 49 1 3 7 8 "
6 229-235 Aug19-20 23 1 4 4 6 2
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Table 2.7 Mass (g) of bill-loads collected from Atlantic Puffins provisioning

nestlings on Baccalieu, Funk and Small Islands between 1992

and 1995,
Julian Mass (g) of bill-loads
Year Week Dates Sampling N Min st Median 3 Max
of Week  Calendar dates. Quantie Quantile
Baccalieu Island
1992 7 236-242  Aug23-28 16 41 62 86 13 30
8  243-249 Aug29-Sep5 5 6 9 10 111 135
9 250-25% Sep6-8 13 5 65 15 140 23
1993 2 201-207  Jul19-26 49 05 23 as 130 273
3 208-214  Jul27-31 44 05 75 127 225 331
4 215-221 Aug4-8 16 45 85 138 175 287
5 222-228 Aug10-12 35 4 65 98 15 264
6 229-235 Aug19-23 8 65 95 145 202 236
7 236-242  Aug24-28 41 6 85 103 180 293
8 243-243 Aug30-Sep6 38 S 8 108 170 305
1984 3 208-214  Jui28-29 23 2 45 65 140 235
6 229-235 Aug22-23 9 4 7 100 159 18
7 236-242 Aug24-25 13 53 73 84 138 19
Funk Island
1992 5 222-228  Aug8-10 S0 1 s 101 138 26
1993 4 215-221 Aug7-8 47 35 65 95 125 273
5 222-228 Aug10-11 72 08 55 85 12 275
1984 5 222-228  Aug12-16 37 2 53 76 15 245
1995 4 215-221 Aug6-8 35 39 75 107 16 295
s 222-228 Aug9 21 17 37 1 181 225
Small Island
1994 5 222-228 Aug11-16 89 13 5§ 9.1 125 335
6 229-235 Aug 18 6 29 51 88 125 297
1995 5 222-228 Aug13-15 48 32 118 163 193 28
6 229-235 Aug19-20 21 23 97 125 135 25




Table 2.8 Estimated Energy Content (kJ) of bill-loads collected from

Atlantic Puffins provisioning nestlings on Baccalieu,

Funk and Small Islands between 1992 and 1995.

Juhan Estimated energy content of bill-loads (kJ)
Year Week Dates Sampling N Min st Median 3 Max
of Week  Calendar dates Quantile Quantile
Baccalieu Island

1992 236-242  Aug23-28 17 144 281 359 427 933
8  243-249 Aug29-Sep5 10 21 63 242 29 513
9 250-256 Sep6-8 71 234 351 652 1107
1983 2 201-207  Jul19-26 6 21 89 25 531 1208
3 208-214  Jul27-31 48 54 304 652 1074 1890
4 215-221 Aug4-8 19 34 296 616 788 1590
5 222-228 Aug10-12 35 156 283 385 689 1069
6 229-235 Aug19-23 12 254 375 557 701 920
7 236-242 Aug24-28 47 25 24 390 702 1553
8 243-249 Aug30-SepS 42 195 321 402 714 1190
1994 3 208-214  Jul28-29 23 35 127 26.1 593 1059
6 229-235 Aug22-23 11 3 25 39.0 620 702
236-242 Aug24-25 16 207 289 312 68 741

Funk Isiand
1992 5 222-228  Aug8-10 5 32 132 275 416 1539
1993 4 215-221 Aug7-8 4 12 244 354 552 1256
5 222-228 Aug10-11 77 6 22 326 472 1229
1994 5 222228  Aug12-16 49 11 13 207 306 806
1995 4 215-221 Aug6-8 3® 1 M6 555 829 1613
s 222.228 Augs 2 53 129 545 934 1299

Small istand
1994 5§  222-228  Aug11-16 104 05 186 337 552 1541
6 229-235 Aug 18 6 148 182 334 550 1226
1995 5 222-228 Aug13-15 49 172 834 847 988 1455
6 229-235 Aug19-20 23 124 521 652 71T 1444




Figure 2.5  Boxplots showing the size (number of prey items per bill-load) of
bill-loads delivered by adult Atlantic Puffins to nestlings on Baccalieu, Funk
and Small Islands during 1992 - 1995. Boxplot brackets indicate the range
of values, black boxes the inter-quartile range, white lines through black
boxes the medians and dashes the outliers (defined as points that are
further away from the median than 1.5 times the inter-quartile range). The
grey shading indicates the 95 % confidence limit around the median. The
absence of boxplots rather than representing “null” observations indicates
the absence of sampling during that period.
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Figure 2.6  Boxplots showing the mass (g) of bill-loads delivered by aduit
Atlantic Puffins to nestlings on Baccalieu, Funk and Small Islands during
1992 - 1995. Boxplot brackets indicate the range of values, black boxes
the inter-quartile range, white lines through black boxes the medians and
dashes the outliers (defined as points that are further away from the
median than 1.5 times the inter-quartile range). The grey shading
indicates the 95 % confidence limit around the median. The absence of
boxplots rather than representing “null” observations indicates the absence

of sampling during that period.
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Figure 2.7  Boxplots showing the estimated energy content (kJ) of bill-loads
delivered by adult Atlantic Puffins to nestlings on Baccalieu, Funk and
Small Islands during 1992 - 1995. Boxplot brackets indicate the range of
values, black boxes the inter-quartile range, white lines through black
boxes the medians and dashes the outliers (defined as points that are
further away from the median than 1.5 times the inter-quartile range). The
grey shading indicates the 95 % confidence limit around the median. The
absence of boxplots rather than representing “null” observations indicates
the absence of sampling during that period.
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Figure 28  The relationship between bill-load mass (g) and the number of prey
items per bill-load for all locations and years sampled during week 5 of the
nestling period on Baccalieu, Funk and Small Islands 1992 - 1995.
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Figure 2.9  The relationship between bill-load mass (g) and estimated bill-load
energy content (kJ) for all locations and years sampled during week 5 of
the nestling season on Baccalieu, Funk and Small Islands 1992 - 1995.
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Figure 2.10 Relationship between bill-load size (number of prey items per bill
load) and estimated bill-load energy content (kJ) for all locations and years
sampled during week 5 of the nestling season on Baccalieu, Funk and
Small Islands 1992 - 1995.
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3.0 Proxi ion of prey deli to Atlantic Puffin nestlings

3.1 Introduction

Prey fed to seabird nestlings differ in nutritional value both within and
between species (Clarke and Prince 1980, Montevecchi and Piatt 1984, Hislop et
al. 1991). Assumptions conceming prey quality are central to theories on feeding
behaviour (Schiuter 1980, Perry and Pianka 1997), population level consumption

models (e.g. Wiens and Scott 1975, Montevecchi et al. 1984, Diamond et al.

1993, Rodway and 1996), and i ing the suitability of
different prey options (e.g. Brown and Nettleship 1984, Nettleship 1991).

Optimal diet theory predicts that predators differentiate between prey items
on the basis of their abundance and food value (Schiuter 1980, Campbell 1987).
Some studies show seabirds feeding the largest and/or most energetically and

protein rich prey to nestlings (Harris and Hislop 1978, Piatt 1987, Montevecchi et

al. 1987, Baird 1991). C i i from bi i ling are

to { ing prey energy density (Beuchamp et al. 1989,
Brekke and Gabrielsen 1994, Martensson et al. 1996). Given the sensitivity of
models to, and the large amount of variation in prey energy density, there is need
for more published data on the food value of seabird prey. While some published
data specific to seabirds in the North Atlantic exist (e.g. Harris and Hislop 1978,
Montevecchi and Piatt 1984, Hislop et al. 1991, Brekke and Gabrieisen 1994),
there remains a paucity of reported data for the less common prey items of

seabirds.
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it has been assumed that with regard to size, abundance and
nutritional value, no alternative prey to capelin is available to seabirds breeding in
eastemn Newfoundland (Brown and Nettleship 1984, Nettleship 1991).  With
regard to ti value, if ion on it to mature capelin for

seabirds in the Northwest Atlantic has been insufficient to properly assess this
assumption.

This study reports proximate composition data for some of the less
common prey species and/or size classes found in the diets of nestiing Atlantic
Puffins in the Northwest Atlantic. These data will be used to assess the

assumption that there are no prey of comparable quality to mature capelin

to puffins provisionii young off the northeast coast of insular
Newfoundiand.
3.2 Methods
Fish collected from Atlantic Puffins provisioning nestlings were retained on
an opportunistic basis for later proximate composition analysis by the Department
of Fisheries and Oceans Inspections Branch Laboratory in St John's,
Newfoundland. Fish retained on Baccalieu Island were fresh frozen. On Funk
and Small Islands specimens were air and sun dried. In addition to prey
intercepted directly from birds, a logistical opportunity presented itself to obtain
fish fresh from the water from an inshore juvenile cod survey in Trinity Bay (see
Methven et al. 1997 for survey methods). This survey used a beach seine to

sample juvenile fish nearshore. These fish were immediately frozen. Percent
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composition of fat, protein, ash and water were obtained in duplicate. Duplicate
values were averaged and the result used as the value for that analysis. Direct
measurement during proximate analysis of fresh specimen water content was

possible for frozen samples only. The amount of dry matter required for

often required the inclusion of muitiple
individuals in any given analysis and, therefore, the number of individuals (n)
comprising a single proximate analysis sample varied (i.e. 1 to 47). For some

prey types more than one independent sample was analysed and the mean +

(SD) and i sample size (N) is reported for those
cases. Total length of fresh specimens collected from birds was measured in the
field for most samples. In the absence of sampled prey lengths, measurements
from prey of the same type, sampling location and time period are reported
instead (indicated by an asterix in Tables 3.1 and 3.2). Fork length rather than
total length is reported for fish caught by beach seine.

Proximate composition

Prior to compositional analysis, the thawed or sun dried sample mass was
measured to the nearest 0.001 g, then homogenised and dried in a vacuum oven
at 100 C until reaching constant mass. The dried matter from frozen samples
was weighed and percent moisture calculated by subtraction from thawed sample
mass. Fat content of prey was measured by bathing 3 - 5 g of fine ground dry
material with 50 ml of diethyl ether before placing on an extraction heater.

Solvent removal was followed by drying at 100 C for 30 min. Percent composition



of fat was calculated by dividing mass of extracted fat by mass of the original dry
matter. Nitroge ition was i by the Kjeidahl Method on a 2 g
sample of homogenised prey. Protein composition was calculated as: % Protein
= % Nitrogen x 6.25. Ash content was derived from 5 g samples of original
homogenate dried for 24 hr at 100 C. Material was further heated in a stepwise
fashion to 550 C and maintained at that temperature for 8 hr or until a white ash

resulted. All organic matter was oxidised by incineration and remaining material
obtained as ash. The ash product was weighed to the nearest 0.001 g after

cooling in a dessicator (Fisheries and Oceans 1986).

All data rep: on water ition are of the di
between thawed wet mass and dried mass of frozen samples. For those
specimens obtained from birds these are minimal estimates of prey water content
(as delit to i not i ive of prey fresh from the

sea (Montevecchi and Piatt 1987). Lipid, protein, and ash content are reported
as percent composition of dry mass. Comparative values from the literature have
been converted to the same units using the formula: (100 x wet value) / (100-
water content) = dry value. Energy densities of prey were estimated using two
sets of conversion factors referred to as A and B (A: 20 kJ/g protein and 38 kJ/g
lipid (Ricklefs & Schew 1994, Ricklefs 1974 and 1983 in Montevecchi et al. 1984),
and B: 23.7 kJ/g for protein and 39.6 kJ/g for lipid (Crisp 1971 in Hislop et al.
1991)). C i made with I values for the North Atlantic are for

prey of comparable length collected during roughly the same calendar period.



3.3 Results

Results of proximate analysis and energy density estimation for prey
collected from birds are summarised in Tables 3.1 and 3.2, respectively, and the
results from beach seined fish in Table 3.3.

Of those prey from seabirds for which water content was measured the
lowest value was an adult sand lance (67 %) and the highest a sample of 1+
group capelin at 80 %. Adult fish had the lowest water contents, separated from
the higher values of 0 and 1-group fish by at least 5 %. Of those fish collected
directly from the sea, water content ranged from a low of 77 % in juvenile
shannies (Stichaeidae) to a high of 83 % in juvenile white hake. Nine 1 cm length
classes of juvenile cod (4.0 - 18.0 cm total range) had water contents 81 - 82 %.
Three 1 cm length classes of juvenile white hake (5.0 to 8.0 cm total range) had
water contents of between 82 - 83 %.

Fat content ranged from a low of 5 % in 0-group herring to a high of 37 %
in an adult sand lance. The higher values (17 - 37 %) were from fish of adult
morphology and the lower values (5 - 17 %) from 0 and 1-group fish which had
not completely metamorphosed (e.g. 1995 0-group sand lance had values similar
to adult fish but O-group sand lance in that year were larger than other years and
had attained adult morphology). Fat content in juvenile cod declined with
increasing length.

Protein content ranged from a low of 51 % in an adult sand lance to a high

of 78 % in a sample of 1-group capelin. Immature capelin and adult sand lance



had the lowest values (e.g. 56 % and 59 + 5 %, N=8 respectively). The juvenile
and larval fish had higher protein contents of 65 to 78 % (in order of roughly
increasing protein content: Cottids: 64 - 67 %, 0-group sand lance from 1995: 66
%, cod: 68 - 75 %, white hake: 70 - 74 %, shannies: 72 %, 0-group sand lance
from 1993 and 1994: 74 and 74 %, respectively and heming: 77 %). Protein
content in juvenile cod increased with length within the size range sampled (i.e. 4-
18 cm total range), while the opposite was apparent for sand lance (i.e. protein
content of pre-metamorphosed sand lance was 74 % while that of the larger
metamorphosed 0-group sand lance was 66 %).

Ash content ranged from a low of 7 % in an adult sand lance to a high of
21 % in juvenile cod. The lowest values were all associated with metamorphosed
fish (e.g. immature capelin: 8 %, adult sand lance: 7 - 10 %, and 0-group sand
lance from 1995: 9 - 10 %) while the higher ash contents were all associated with
smaller fish (in order of roughly increasing ash content: capelin 1-group: 10 - 11
%, 0-group sand lance 1994 and 1993: 11 %, shannies: 12 - 13 %, white hake:
14 - 20 %, herring: 15 %, Cottidae: 15 % and cod: 15 - 21 %).

The energy density of dry matter using conversion factors A and B (see
Methods) ranged from a low of 16.6 and 19.4 kJ/g, respectively, in a sample of
juvenile cod to a high of 24.2 and 26.7 kJ/g in an adult sand lance. Wet energy
densities (only calculated for samples with water composition data and using
factors A and B, respectively) ranged from 3.1 and 3.6 kJ/g in a sample of
juvenile white hake to 7.9 and 8.7 kJ/g in an adult sand lance. The highest



energy densities based both on dry (e.g. A: 20.1 - 24.2 kJ/g) and wet mass (e.g.
A: 4.8 - 7.9) were obtained from fish of adult morphology and largest size (i.e.
aduft sand lance, immature capelin and O-group sand lance from 1995). The
lowest energy densities were from larval and juvenile fish (e.g. dry A: 16.6 - 20.1
kJig and wet A: 3.2 - 3.9 kJ/g).
3.4 Discussion
3.4.1 Water content

In practical terms, measuring the water content of prey collected from birds
is the Achilles’ heel of assessing prey quality. Dehydration of prey prior to
collection from birds is common, variable and unquantifiable. As Atlantic Puffins
dangle food for nestlings cross-wise in the bill a variable portion of prey surface
area is exposed to the air depending on the number of prey items being carried,
the size of prey, and the portion inside the puffin's gape. Exposure to the drying

effects of the also on weather and foraging

distance from the breeding colony, which varies from less than 1 to 10s of km
with extremes of 100 km recorded (Bradstreet and Brown 1985, Piatt 1987,
Anker-Nilssen and Lorentsen 1990). Assessment of water content from such
prey is biased and inflates wet mass energy density estimates (Montevecchi and
Piatt 1987). Water content measurements of prey collected from incoming puffins
are useful in estimating wet energy content of that particular prey only and are
misleading when used to estimate wet energy density for extrapolation to other

data.



On an individual basis smaller prey and prey caught farthest from the
colony should suffer more dehydration than larger prey which have less surface
area relative to body volume. However, on a bill-load basis smaller prey are more

often ied by many indivi (see Chapter 2), minimising surface area

exposed to the air, while the largest prey are often carried singly, maximising air
exposed surface area. Furthermore, during this study smaller prey were often still
alive on arrival at the colony indicating nearby capture and minimal transport time
while large prey were rarely delivered live, indicating capture and thus air
transport from further afield. These factors combined suggest that for the data
reported here large prey may have suffered more dehydration than small prey.
Studies on intra-specific variation in water content with prey length reveal
that fish generally have greater percent water composition early in their life history
than later (Hislop et al.1991). The few estimates of water composition reported
here concur with this pattem although for the reasons stated above the values for
those collected from birds represent water content on colony arrival (expected to
vary in response to several unquantified factors), rather than the beach seined

values which represent the water content of fresh live prey .

Water content il ion is y for the estimation of wet mass

energy density and total amount of energy delivered to nestlings. Of the six prey

types in this study for which water content delit to i was d, 0
and 1-group fish had the highest values and mature fish the lowest. The

observed pattern of decreasing water content with increasing age of fish is



and i with i ing fat content (Winters 1970, Sidwell et.
al. 1974, Hislop et al. 1991). In terms of energy it is the total energy content of
prey received by the nestling that is the of
Therefore, dry energy density alone is of limited use in understanding meaningful
differences in prey dietary quality. Prey water content, aithough difficult to assess
in a standardised way, remains of interest for this reason, and because it is the

only source of nestling water. in the of water ition the

estimation of the wet energy density of fresh fish is not possible. Fish of
equivalent dry energy densities but differing water contents provide quite different
numbers of total energy units to a nestling on a fresh mass basis (see also
discussion of energy density below).
3.4.2 Lipid content

Lipid content of fish is generally negatively correlated with water content
(Hislop et al. 1991). Low lipid values in this study were aiso coupled with high
water contents and vice versa. High levels of dietary lipid content are associated

with greater i i i and ion of other L (Brekke and
Gabrielsen 1994). When the main difference between prey is in lipid content,
higher lipid items may offer more than simply an increase in dietary energy
density (i.e. increased assimilation of other nutrients may also result). If as
suggested, the relationship between lipid and assimilation efficiency is linear
(Brekke and Gabrielsen 1994), the considerably lower lipid content of pre-

metamorphosed size classes of fish compared with adult forms (e.g. 5 - 17 %



versus 18 - 37 % lipid on a dry mass basis, i would be

by lower imilati i . As imilati i also declines with

increased consumption (McClintock 1986), the need to eat greater quantities of

food low in energy due to low fat content and the low fat content itself may

interact to further reduce assimilation of nutrient: Small fish with low
fat content would be less desirable on these grounds when compared with larger
fish with higher fat content.
3.4.3 Protein content

The protein content of prey may be equally, if not more important, than
overall energy content to nestling growth demands (Baird 1991, Robbins 1993,

Bowen et al. 1995), it has been that fish is an ad source

of dietary protein for growing chicks (Harris and Hislop 1978). Protein, while
inferior to lipid as a source of energy, can also serve as an energy source, while
at the same time providing amino acids which are essential for tissue growth
(Ricklefs 1979). Montevecchi and Piatt (1984) found the amino acid
compositions of capelin, squid and herring slightly below the minimum required
for poultry to maintain nitrogen equilibrium. Squid was low in Valine, capelin and
herring low in Arginine and all three species low in isoleucine. The relevance of
poultry amino acid requirements to Atlantic Puffin nestlings is not known but the
ubiquity of healthy puffin fledglings raised on diets of adult capelin in

Newfoundland (Bradstreet and Brown 1985) and O-group herming in Norway

(Anker-Nilssen 1992), that the di y identi does not
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into inhibited growth or survival to fledging for puffin nestlings. At lower trophic
levels increased consumption of poor quality foods can compensate for low
energy density but not for low dietary protein (Bowen et al. 1995). It is not clear
whether differences in protein content among fish eaten by puffin nestlings
require compensation or if in the absence of compensatory feeding there are
consequences for nestling growth. Among those prey examined in this study
those known to be associated with successful puffin chick rearing (i.e. mature
sand lance and immature capelin) had the lowest dry protein compositions
suggesting that gross protein is not a limiting factor among these prey choices.
However, the possibility that certain amino acids may be lacking in some species
or size classes remains (Ricklefs 1974).
3.4.4 Ash content

Assimilation efficiency is variable within consumer species and influenced
by food quality. Ash content serves as an indication of food quality (i.e. the
higher the ash content the lower the assimilation efficiency; Valiela 1995). Ash
content was lowest in fish of aduit form (i.e. mature sand lance, immature capelin
and 0-group sand lance from 1995) with Gadids, Cottids and shannies having the
highest values. The observed pattern fits the suggestion that ash content
indicates food quality as the prey of lowest ash content are known as high quality
seabird nestling food while puffin nestling diets high in Gadids have been
associated with reduced nestling growth and breeding success (Brown and

Nettleship 1984, Hislop et al. 1991, Nettieship 1991). Smaller fish have a greater



proportion of indigestible body parts to total mass than larger fish. A food load of
tiny 0-group fish will contain more fins, bones and scales per volume than a single
large fish. This perhaps explains the pattem of increased ash content in the
smaller forms and may be a factor decreasing the overall quality of these forms
as nestling food by way of decreased assimilation efficiency.
3.4.5 Energy densities

Energy content varies significantly between marine prey species and the
differences are most obvious when comparing wet mass values (Steimle and
Terranova 1985). In the absence of bomb calorimetry, energy density is

from ition data. Variation in energy density

values between studies is confounded by the choice of conversion factors for
estimating prey energy density from protein and lipid content (Table 3.4). As
discussed earlier, wet mass energy densities, while more appealing biologically,
are also a confounding source of variation in reported values due to problems

with the of water ition for prey items collected

from birds. While dry energy density is a more reliable measure for comparative
purposes, real differences in prey quality are and
by removal of the influence of water content. Lipid and water content are

inversely proportional (Winters 1970, Sidwell et. al. 1974, Hislop et al. 1991), and
most of the variance in energy content is due to variation in lipid content (Sidwell
et al. 1974). Therefore, the direction of differences between prey types in dry
energy ities might be to mirror dif between the same prey




in wet energy densities. This is not always the case. Differences in water

content often reverse ordinal i i prey energy ities when

moving from consideration of dry to wet energy density (e.g. in this study beach
seine caught white hake had greater dry energy densities than beach seine
caught Cottids (using conversion factors A: 17.6 - 17.7 kJ/g versus 17.5 kJ/g,
respectively) although the Cottids had greater wet energy density (3.5 versus 3.1
-3.3 kJ/g)). A 10 g food load of juvenile white hake would yield a nestling 30.9 -
32.5 kJ whereas an equivalent meal of the juvenile Cottids would yield 34.5 kJ, a

clear dif not from or i with a i ion of dry energy

density alone. Atlantic Puffin nestlings which fledged on Great Island in 1993

consumed an average of 12506 kJ y and i 1996); ing a

40-day nestling period an average of 312 kJ was consumed per day. To deliver
the white hake equivalent of 312 kJ would require 95 - 101 g/day versus 89 g for
juvenile Cottids. Assuming a median bill-load mass of 10 g for simplicity (i.e.
Baccalieu Aug 22 - 23 1994, see Table 2.7), a puffin feeding a nestling with white
hake would make 22 - 46 more provisioning trips over the nestling period than a
puffin preying on Cottids. This illustrates the importance of wet energy density to
the birds. A consideration of dry energy density would have suggested birds
were better off foraging on white hake. While this may well be the case for other
reasons, dry prey energy density is not one of them.

The fine scale ordinal pattern of measured wet and dry energy densities

for prey were not always equivalent, and neither were the ordinal patterns of dry



or wet energy densities estimated using two different sets of conversion factors
from the seabird | (see iation in used to

andlor esti the i ition, energy density and energy content of
marine prey make comparisons between studies inconvenient if not impossible.

Comparisons with relevant published values are hindered by variation in the
measures and units reported. Protein, lipid and ash content are variously
reported as percent wet mass (e.g. Montevecchi and Piatt 1984, Hislop et al.
1991, Lawson et al. 1998) or as percent dry mass (e.g. Harris and Hislop 1978).
As i ition and energy ities change with prey length and time

of year, few published values are directly comparable due to differences in, or
absence of, prey length and time of year data.

Marine ecologists would benefit by the adoption of a standard
protocol for assessing and reporting the food quality of prey species. This study
supports Montevecchi and Piatt’s (1987) suggestion that dry energy densities be
reported for comparisons of prey quality between sampling locations and periods.
In addition, it is desirable to 1) report ash and lipid content for their influence on
Assimilation Efficiency (Valiela 1995), 2) standardise the conversion factors in
use for estimating energy density from protein and lipid content and/or ideally, 3)
retain sufficient samples to measure both energy density and proximate
composition directly (i.e. measure energy using bomb calorimetry and percent

protein, lipid and ash using proxi it and 4) when

possible report prey length, maturity status and date of collection with any



energy and d ition data. The ision and reliability

of wet mass energy density i are on the precision and
reliability of fresh water content of prey i and Piatt
1987).

If freezing of samples is not an option, as it rarely is on seabird islands,
prey must be preserved by drying. Field scales used to measure fresh specimen
mass before drying are rarely as precise or accurate as scales used in the
laboratory where final dry mass measurements are made during proximate
composition analysis. Ideally, specimens should be frozen and their thawed and
dried masses measured on the same scales. Alternatively, the advent of
affordable lightweight electronic field scales will enable researchers to weigh the
individual masses of tiny prey items more precisely in the field.

Energy densities in this study were greatest among fish of adult
morphology and largest size, especially among sandlance. These prey, when
abundant in nestling diets, are all associated with good puffin chick growth and
breeding success (e.g. Martin 1989, Nettleship 1991, Anker-Nilssen 1992). While
it is not always explicitly stated, the assumption that there are no suitable
altematives to mature capelin available to Atlantic Puffins breeding off the east

coast of refers in i to i to adult capelin which

have migrated inshore to spawn. The energy density of adult capelin is lower in
summer than winter (Lawson et al. 1998). This may reflect the decrease in lipid

content observed by Winters (1970) to occur in mature capelin during the pre-



spawning months of spring. Due to seasonal variation in capelin energy density it
is important to only compare values obtained from similar seasons. Proximate
composition and energy density data on adult capelin during summer (June) exist
for this region (Montevecchi and Piatt 1984; Table 3.5) but does not include data
on 1-group and immature capelin which are provided here.

Another recent study reporting on the energy density of important
prey species in the northwest Atlantic provides information on summer time
capelin although reproductive status and month of collection is not given (Lawson

et al. 1998; Table 3.5). 1-group capelin reported here had the same wet energy

density as adult male capelin repor i and Piatt 1984)
and the value obtained by this study for immature capelin exceeded other values
reported for capelin in this region during a comparable time period (Tables 3.2
and 3.5 respectively). It must be noted that most adult capelin fed to puffin
nestlings in the northwest Atlantic have been ovid and spent females or
immature. Male capelin are rarely fed to puffin nestlings (Nettleship 1991,
Rodway and Montevecchi 1996, this study) or common Murre nestlings

(Montevecchi unpubl data).

The high energy density i for i capelin is isil as
previous data indicated that immature capelin had much lower lipid content than
mature capelin (Winters 1970). At the time of spawning, feeding intensity is low

in mature capelin and does not decrease for immature fish (Winters 1970). This

provides one il ion for the high energy density value



obtained in the present study for immature capelin. As this study did not remove
stomach contents of prey species before proximate composition analysis, the
presence of a stomach full of prey could raise energy values. However, given
that the surprising value for immature capelin was obtained from a single fish, the
result should be treated with caution.

Adult sandiance and the post-larval 0-group sandlance from 1995 collected
in this study had energy densities that exceeded those reported for mature
capelin (including gravid fish) during a comparable time period in this region
(Montevecchi and Piatt 1984, Lawson et al. 1998, Table 3.5). There appear to be
prey alternatives to adult capelin available to foraging puffins in the northwest

Atlantic with equal if not greater energy value than adult capelin. However, the

ing i ion is in order. | i in intra-species energy

densities have been found in the northwest Atlantic for other species (Lawson et
al. 1998). This study did not collect data on adult capelin and therefore relies on
comparison with values for adult capelin from other years. The possibility that
capelin from the same years as prey reported in this study had higher energy

density value than those previously reported in the literature, can not be ruled out.

and ility among the prey species

known to occur in puffin nestling diet, and assuming that comparisons made with

capelin in this study are not by i ariation in

capelin energy density, then on the basis of energy density alone one would



predict that even in the presence of adult capelin, puffins provisioning nestlings
would feed them sandlance.
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Table 3.4 A sampling of lipid and protein conversion factors in use

for estimation of energy density from proximate composition

data
Energy conversion factors (kJig) ~ Source

lipid protein

354 226 Brekke & Gabrielsen (1994)
377 168 Sidwell et al. (1974)

377 168 Schakel et al. (1997)

38 20 Montevecchi & Piatt (1984)
38 29 Lawson et al. (1998)

395 18 Taylor et al. (1997)

396 237 Hislop et al. (1991)

398 16.8-18.9 Valiela (1995)
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Chapter 4: Atlantic Puffin nestling condition
4.1 Introduction
Seabird nestling condition reflects the quality of nestiing diet (Ricklefs &
White 1975, Harris 1984, Cruz & Cruz 1990, Anker-Nilssen 1992, Rodway 1997).
Caims (1987) predicted that nestling growth should exhibit a threshold pattem in
response to variation in feeding conditions, remaining positive during good
but iorating under i of i iate food

Many studies support this prediction (e.g. Anker-Nilssen 1992).

Investigations of intra- and inter-colony and interannual variation in
prefledging growth related to diet quality have been pursued by many researchers
(e.g. Harris 1980, Rodway 1997) and have confirmed the correlation between
nestling diet and growth (Cruz & Cruz 1990, Uttley et al. 1994, Gebczynski et al
1996, Phillips et al. 1996, Cook & Hamer 1997).

Atiantic Puffin nestlings fledge at roughly 69 - 75 % of adult mass following
a nestling period of about 38 - 44 days, although extreme periods of up to 82
days have been observed (Nettieship 1972, Harris 1984, Rodway 1994).
Maximum mass acheived during the nestling period precedes fledging by about a
week, after which 8 - 10 % of this peak is lost (Harris 1984) although individual
nestlings gain and lose mass in an erratic fashion. While trends in body mass
changes by i are a ion of diet, the peculiar daily zig-zag

pattemn of mass change is not understood (Hudson 1983).

The dependent variable most commonly employed to measure effects of
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feeding conditions on nestling health is body mass, which is more sensitive than
either wing-length, tarsus or culmen to dietary variation (Ricklefs & White 1975,
Hudson 1979, Kirkham & Montevecchi 1982, Harris 1984, Cook & Hamer 1997).
The independent variable of choice is age. Techniques vary for the
measurement of body mass as an indicator of change in nestling diet quality.

M QL ly used for i include mass at fledging (Nettleship
1972), regressions of the linear phase of mass increase (e.g. Wilson 1993), and
instantaneous rate of growth at the inflection point where growth rate decelerates
shortly before fledging (e.g. Wehle 1983). Several studies have found that the
linear phase of mass increase and peak nestiing mass are more sensitive to
variation in diet than mass at fledging (e.g. Hudson 1979, Bost & Jouventin
1991). Significant differences in the linear growth phases often disappear during

the ging mass i ing in chicks fledging at similar masses. Itis

possible that this { ip is part of a effect whereby fledging

masses are only compromised when feeding conditions worsen beyond that
which may affect maximal prefledging mass. Examples of dire feeding conditions
for breeding birds have certainly found significant reductions in fledging masses
(Anker-Nilssen 1992). Ydenberg et al. (1995) found that faster growing nestliings
fledge heavier and younger than those growing at a slower rate. The ability to
slow growth of body parts during times of depressed feeding conditions is a

plausible adaptation to variable feeding iti which allows ings with

prolonged pre-fiedging periods such as puffins to survive intra-seasonal variability
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in food supply (Oyan & Anker-Nilssen 1996). In the case of Atlantic Puffins in the

northwest Atlantic this would be of significant benefit in years when the arrival

inshore of spawning capelin is delayed, ing no i food
source.

Establishing age of Atlantic Puffin chicks requires either the regular
inspection of marked burrows during the late incubation period for direct

of ing or the i of hatching from observations designed
to record the first delivery of food to the burrow. Both methods require colony
visits during hatching. This is problematic for two reasons: (1) hatching is not
synchronous and may extend over a period of weeks (Harris & Birkhead 1985),
therefore a random sample of burrows requires investigator presence in the
colony for an equivalent period which may not be logistically feasible, (2) Atlantic

Puffin ing success is to il i disturbance i during

incubation, hatching, and brooding making investigator presence in the colony at
these times undesirable (Rodway et al. 1996).

Measurements of culmen, tarsus and wing-length have been used as age
proxies in the absence of known nestling age (e.g. Montevecchi & Porter 1980,
Wehle 1983). To predict age from a morphometric such as wing-length the
relationship between the two must be established from a sample of known age
chicks from the same colony and time period as that of the chicks whose ages
will be estimated (Harris 1984, Rodway 1997). In the absence of this calibration
the morphometric age proxy (e.g. wing length) is a poor estimator and represents
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relative age only.

The growth trajectories of tarsus, culmen and wing-length are not generally
the same (Kirkham & Montevecchi 1982). Any single growth parameter
correlates best with age when it is growing fastest (i.e. the linear phase of a
sigmoidal growth curve, Harris 1984, Van Heezik 1990). For this reason culmen
may be a more reliable predictor than wing-length during the earliest phase of
growth, but is then replaced by wing-length as the preferred age metric (Ricklefs
& White 1975, Gilliland & Ankney 1992, Rodway 1997), although a recent study
which fed captive puffins varying diets found that head measurements differed
less between groups fed differing amounts of food than did wing length (Syan &
Anker-Nilssen 1996).

Many studies have assumed wing-length to be relatively insensitive to diet

(Ricklefs & White 1975; Rhi Auklet C i : Wilson 1993,

Harfenist 1995; Common Murre Unia aaige: Uttley et al 1994, Hatchwell 1995;

itic Jaeger it iti Phillips et al. 1996). Some studies
support this assumption (Storm-Petrel Hydrobates pelagicus: Boilton 1995;
Atlantic Puffin: Hudson 1979, 1983, Anker-Nillssen 1987, Cook & Hamer 1997;
Yellow-eyed Penquin Megadytes antipodes: Van Heezik 1990; Parasitic Jaeger:
Phillips et al. 1996). However, wing-length may vary under depressed dietary
conditions (Atlantic Puffin. Gyan & Anker-Nilssen 1996, Rodway 1997; Dark-
Rumped Petrel: Cruz & Cruz 1990; Parasitic Jaegers: Phillips et al. 1996;
Common Tems: Safina et al. 1988 ) and as a result of investigator disturbance
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(see Rodway et. al. 1996 for a recent summary). While variability in wing-length
at a given age negates its use for the estimation of individual nestling age, wing-
length of Atlantic Puffin nestlings does estimate the average age of a sample of
chicks between 5 - 50 days old (Rodway 1997).

This study compares the condition of Atlantic Puffin nestlings, as indicated
by body mass at a given wing-length, at three Northwest Atlantic seabird colonies
in several years (Baccalieu Island: 1992 - 1994, Funk Island: 1992 - 1995, and
Small Island: 1994 - 1995). These data were collected concurrently with nestiing
dietary data (reported in Chapters 2 and 3) to illustrate the consequences, if any,
of differences in diet to nestling condition. The null hypothesis tested was that of
no differences in nestling body condition between colonies and years.

4.2 Methods

On Baccalieu Island in 1992 and 1993, nestlings were sampled from four
subcolonies (see Figure 1.4). All study sites were within areas of dense
burrowing by puffins on steep maritime slopes. Two sites were on the west side
of the island and two on the east side. In 1994, all nestlings were sampled from
Woody Cove, the most populous subcolony. Each year (1992 - 1995) on Funk
Island nestlings were sampled from throughout the grassy area occupied by
puffins (Montevecchi & Tuck 1987). On Small Island nestlings were sampled in
1994 and 1995 from the densest part of the colony, a long flat meadow on the
eastemn shore.

Longitudinal measurements of nestling body mass and wing-length were
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collected on Baccalieu Island in 1992 and 1993. Cross-sectional independent
nestling body were from ieu in 1994, and all other

sites (see Figure 4.1 for sample sizes and dates by location). Due to the difficulty
of retrieving chicks from labyrinthine and rocky burrows, with minimal site
disturbance, the sampling method was opportunistic. The population sampled is
defined as those nestlings which could be reached within 1 m of the burrow
entrance. Since many burrows are too long, irregular or rocky to allow sufficient

arm ion, chicks either ied shorter burrows
or were apprehended on the tunnel side of the nest chamber. It is assumed that
the sample obtained is representative of the broader colony.

The body mass of indivi ings was to the nearest 1.0 g
in a preweighed nylon bag using the smallest appropriate of 100, 300, or 500 g
Pesola scales. Wing-length was measured to the nearest 1.0 mm using a

stopped metal ruler. The maximum fiattened wing chord, excluding down, was
measured from the wrist point to the tip of the longest primary feather, or feather

sheath if primaries had not emerged.

Data Analysis

Scatter plots of wing-length and body mass data were initially analysed
visually to determine the general data distribution (Appendix 4.1). Prior to
statistical analysis, data points with a wing-length less than 50 mm and greater
than 110 mm were removed from the data set (Appendix 4.2). This subsetting of

the data was done for three reasons: 1) measurement error is greater during the
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first phase of growth when down plumules precede the eruption of the primary
feathers, the consequences of which are known to be significant (e.g. an error of
1 mm can displace a wing length curve by 4 days, Ricklefs & White 1975), 2)
wing growth follows a sigmoidal trajectory growing more slowly both during the
early phase of growth and near fledging (Gaston 1985). The fastest rate of
growth is during the middle linear phase and it is therefore during this time that
wing-length most accurately reflects age under nommal circumstances (Van

Heezik 1990), 3) a linear dataset was it to meet the ion of
linearity associated with the selected method of statistical analysis. Repeated

from indivi i were from the dataset prior to
analysis by ing a single for each nestling (Figure
4.2)

Intra-colony  (Baccalieu Island only), inter-colony and inter-annual
differences in nestiing mass at comparable wing-lengths were investigated with
analysis of covariance (ANCOVA, SAS 1988). Measurements of nestling mass
and wing-length were log transformed to normalize the variance. A regression of
independent measurements of mass on wing-length was conducted using a
general linear model (SAS, 1988), and analysis of covariance was applied to the

linear portion of the ing-length function. i were plotted and
inspected for violation of the i of ity (Appendix 4.3),
(Appendix 4.4) and iation with the model (Appendix 4.5).

Least squares regression methods are to di ion from the

,d
=



of outliers (S-plus 1993). Toi igate the p ial it of outliers on the
results of the above analysis the two largest positive and the two largest negative
outliers were removed and the analysis of covariance repeated. Tolerance for
Type 1 error was set at a=0.05 and the Bonferroni method was used to maintain
this level of experimentwise ermor among multiple comparisons (Sokal & Rohif
1995).
4.3 Results

A summary of sample dates, number of observations and summary
statistics for nestling body mass and wing-lengh by date are found in Appendix

4.6 (for all i i ing those and

Appendix 4.7 (for the data used as input to the analysis of covariance). Results
of the analysis of covariance are found in Tables 4.1 - 46. The raw data used
for comparisons are plotted by colony and year in Figures 4.3 - 4.9.
4.3.1. Intracolony variation in nestling body mass

On Baccalieu Island there was no interaction between the years sampled
and the relationship of mass to wing-length for 1992 and 1993 (ANCOVA:
homogeneity of slopes, Fi114 = 0.34, P = 0.5588; homogeneity of intercepts,
F1115 = 0.02,P = 0.8833, Table 4.1) so the following test examined the effect of

subcolony alone. There was no dif the mass of i ata
given wing-length from the different subcolonies sampled in 1992 and 1993
(ANCOVA: homogeneity of slopes, F712 = 0.72, P = 0.6577; homogeneity of
intercepts, F7,100 = 0.32, P = 0.9429, Table 4.2). Therefore, in 1994 only Woody

112



Cove, the most was
4.3.2 Inter-annual and inter-colony variation in nestling body mass

The ion of ity of ion slopes required by analysis
of covariance was met for the gl i i below

(ANCOVA: Fg 43 = 1.59, P = 0.1267, Table 4.3). The repeat analysis with outiiers
removed gave similar results (ANCOVA: Fga19 = 1.7, P = 0.0956, Table 4.5).
The Bonferroni adjusted significance level used for individual comparisons was a
=0.05/k =0.0031 (k=16 comparisons).
Inter-annual variation

For Baccalieu Island, examination of the raw data plotted in Figure 4.3
reveais that at larger wing-lengths the data are more spread out, and an ordinal
relationship is apparent between years with nestlings in 1992 heavier than 1993
which in tum are heavier than in 1994. This pattem is not evident at smaller
wing-lengths.  Statistically nestling mass at wing-length was not significantly
different in the years 1982, 1993 and 1994 (ANCOVA: P > 0.18 for all
comparisons, Table 4.4, Figure 4.3). The repeat analysis with outliers removed
yielded similar results (ANCOVA: P > 0.11 for all comparisons, Table 4.5).

On Funk Island, examination of the raw data plotted in Figure 4.4 reveals
that nestlings were heaviest and similar at a given wing-length in 1892 and 1995
lighter in 1994 and lighter again in 1993. Statistically, nestling mass at wing-
length did not differ significantly for the years 1992 and 1995 (ANCOVA: P =
0.0815, Table 4.4; with outliers removed P = 0.1072, Table 4.6, Figure 4.4), and
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1992 and 1994 (ANCOVA: P = 0.0767, Table 4.4; with outliers removed P =
0.0318, Table 4.6). Nestiings in 1293 weighed less at wing-length than nestlings
in 1992, 1994 and 1995 (ANCOVA: P = 0.0001, P = 0.0014 and P = 0.0001
respectively, Table 4.4; with outliers removed P = 0.0001, P = 0.0030 and P =
0.0001 respectively, Table 4.6). in 1994 nestlings weighed less than those of
1995 (ANCOVA: P = 0.0001 with and without outiiers removed P = 0.0001,
Tables 4.4 and 4.6)

On Small Island, examination of the raw data plotted in Figure 4.5 shows
nestlings in 1995 heavier than those in 1994 at a similar wing-length. Statistically,
nestlings of 1994 did not weigh less at a given wing-length than did those of 1995
(ANCOVA: P = 0.0050, Table 4.4) however with outliers removed the difference
was significant (ANCOVA: P = 0.0015, Table 4.4, Figure 4.5)

Results of the initial analysis contain a contradiction in the comparisons for
Funk Island among years: 1992 and 1995 did not differ, and 1992 and 1994 also
did not differ, whereas 1995 and 1994 did. The pattem of statistical differences
detected is not intemally consistent.

Inter-colony variation

In 1992, examination of the raw data plotted in Figure 4.6 reveals no clear
difference between Baccalieu and Funk Islands. Neither was there a statistically
significant difference between the mass of nestlings at a given wing-length from
the two Islands (ANCOVA: P = 0.5538, Table 4.4; and with outliers removed P =

0.5215, Table 4.6, Figure 4.6).



In 1993, examination of the raw data plotted in Figure 4.7 indicates that
nestlings on Baccalieu Island were heavier than those on Funk Island at a similar
wing-length, a difference which was statistically significant (ANCOVA: P =
0.0001, Table 4.4; with outliers removed P = 0.0001, Table 4.6, Figure 4.7).

In 1984, examination of the raw data plotted in Figure 4.8 reveals no
striking difference between Baccalieu and Funk Island nestlings but does show
Small Island nestlings as lighter at a given wing-length than eisewhere. There

was no signi i the mass of ings at a given wing-

length from Baccalieu and Funk Istands (ANCOVA: P = 0.7052, Table 4.4; with
outiiers removed P = 0.5453,Table 4.6, Figure 4.8). However, nestiings from
Small island weighed less than those from Baccalieu but not less than Funk
Islands at comparable wing-lengths (ANCOVA: P = 0.0012 and P = 0.0057
respectively, Table 4.4). The difference between Small and Funk Islands became
significant with outliers removed (ANCOVA: P = 0.0016, Table 4.6).

In 1995, examination of the raw data plotted in Figure 4.9 clearly shows
Funk Island nestiings as heavier than those on Small Island at a given wing-
length, a di which was isti ignit (ANCOVA: P = 0.0001,

Table 4.4; and with outliers removed P = 0.0001, Table 4.6, Figure 4.9).



4.4 Discussion

The analysis of L ical data is ily based on
many assumptions. The validity of this analysis rests on the following
assumptions: 1) nestlings sampled were representative of the general populations
on these islands, 2) the three colonies sampled (Baccalieu, Funk and Small
Islands), belong to the same population, 3) any disturbance effects created by
investigator presence did not differ between years or colonies, 4) the relationship
between wing-length and age did not vary between years at a given colony, and
5) the relationship between wing-length and age did not vary between colonies in

a given year.
It is that any from inherent in the
sampling method are not with the under i

The assumption that all three colonies belong to the same population requires a
more complete understanding of the natural history and genetic structure of the

three colonies than exists. Analysis of covariance assumes that subjects have

been y assi to (Hui 1980). This is not so in the
present case, where one of the “treatments” is colony locaticn (i.e. island). Each
island has a host of variables associated with it which are beyond the scope of
this study, any of which may influence the dependent variable.

The principal concem for the validity of this analysis lies in the reliability of
wing-length as a proxy for age. Most studies finding wing-length relatively
insensitive to nutrition have been supplementary feeding studies (e.g. Cook &
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Hamer 1997), while most of those to the contrary have included near starving
conditions (e.g. Cruz & Cruz 1990, Anker-Nilssen 1992, @yan & Anker-Nilssen
1996). When nestling diet is adequate wing growth does not appear to vary with
diet. Gyan & Anker-Nilssen (1996) fed several groups of Atlantic Puffin nestlings
capelin diets. The daily ration was varied among groups to correspond to
increasingly compromised feeding regimes. Dramatic effects on wing growth
were only apparent after the rations representing a “good” year were effectively
halved to represent a “bad” year (Jyan & Anker-Nilssen 1996). The response of
wing growth to both the degree and duration of nutrient variation may exhibit a
threshold effect, remaining relatively insensitive to short-term changes in diet but
eventually slowing should conditions either worsen or persist. Rodway (1997)
found that wing-length in Atlantic Puffin nestlings was a biased predictor of age
for inividuals growing faster or slower than the mean but did an acceptable job of
estimating the mean age of a sample of nestlings.

Wing-length is used here not to predict individual ages but as a relative

age index for i of i of age among years and

colonies. The objective is simply to detect gross ordinal differences between
nestling condition in different years and/or between different colonies. The lack of
a calibration sample of known age chicks from each colony precludes the
estimation of both individual ages and mean sample ages. Therefore, it is not
possible to test the assumption that wing-length serves as an unbiased relative

indicator of age for these data.
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If wing-length was compromised unevenly among the years or colonies
compared here, the effect would be to mistakenly compare older chicks (those
compromised) with younger ones. Under depressed dietary conditions, loss of
body mass is expected to precede any compromise in wing growth (Scenario A:
Gaston 1985, Gyan & Anker-Nilssen 1996). Should conditions worsen or persist

wing growth will also slow (Scenario B: Oyan & Anker-Nilssen 1996, Rodway

1997). Under the worst case itions, growth i fail to
balance dietary needs with a reduced supply of nutrients and nestlings die
(Scenario C: Anker-Nilssen 1992). There was no evidence to suggest that any of

the data reported here were under io C iti (i.e. dead

nestlings were very rarely and ied burrows with nest
chambers were rarely empty). On the contrary, nestlings with very few

exceptions appeared healthy. Under S io B,

regression slopes, the analysis i here would i i in
masses among chicks of the same age (i.e. the underestimation of relative age
by compromised wing-lengths would shift compromised regression lines to the

left, thus diminishing any dif in it with i wing

growth). However, a decline in the rate of mass gain would likely precede
compromised wing growth, resulting in a different, less steeply sloped regression
line for nestlings with compromised growth when compared with nestlings with
uncompromised growth (Jyan & Anker-Nilssen 1996). Such a comparison would
yield heterogeneous regression slopes. The absence of heterogeneity of slopes
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in the analysis of i that S« i0 A was the likely regime.
Assuming Scenario A (which this study does), wing growth would be relatively
unaffected by variation in dietary conditions while body mass would not. This
analysis should therefore reflect the direction of detected differences in nestling
The initial analysis was relatively robust against the influence of outliers.
However, removal of the four largest outliers yielded a set of results with one
significant comparison in addition to those already obtained with the fuller
dataset. The difference in nestling condition between Funk and Small Islands in
1994 became statistically significant when the outliers were removed. There is
no biological justification for the removal of these outliers. However,
consideration of Figure 4.8 and the known vulnerability of least squares
regression to the influence of outliers leads me to infer that the pattern of
statistical results obtained on removal of the outliers reflects reality with less bias
than does the fuller analysis (S-Plus 1993).
Puffin nestlings on Baccalieu Island appear to have experienced relatively
and itic for growth during 1992-1994 with some

suggestion that 1994 was less favorable. In contrast, puffin nestlings on Funk

Island and on Small Island i less i iti Nestling

condition was similar on Funk Island in 1992 and 1995 with nestlings heavier than
in 1984 when in tumn they were heavier than in 1993. Small Island also

experienced better conditions for growth in 1995 than in 1994. Variation in
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nestling condition appears limited to variation in body mass as opposed to
variation in the growth of wing-length in addition to that of body mass, as would

be expected under inadequate feeding regimes (Qyan & Anker-Nilssen 1996).
Assuming nestling condition reflects feeding conditions | infer that feeding
conditions during the period 1992 - 1985 were most favorable on Baccalieu in
1992 and 1993, Funk Island in 1992 and 1995 and Small Island in 1995. The
least favorable feeding conditions as reflected by nestling condition occurred in
1993 on Funk Island and everywhere , particularly Small Island, in 1994. The
best feeding conditions were those on Funk Island in 1995. While differences in
nestling condition between colonies and years were detected, all diets appeared
sufficient such that wing growth was not significantly compromised. This
suggests that all diets were adequate to meet the pre-fledging demands of
and i no evi that even the poorest feeding conditions

encountered in this study i basic growth In Y.
there is no evidence from comparison of relative nestling condition between
colonies and years that any of the feeding conditions experienced by puffins
during the colony-years reported on here were “bad" for nestling growth.



Figure 4.1  Number of measurements of Atlantic Puffin nestling body mass (g)
and wing-length (cm) coliected at Baccalieu, Funk and Small Islands
during 1992 - 1995 by date it ing some from

individuals through time.
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Figure 42  Number of independent measurements of nestling body mass (g)
and wing-length (cm) collected at Baccalieu, Funk and Small Islands
during 1992 - 1995 by date and used as the input data for an analysis of

covariance.
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Table 4.1. Results of an analysis of ing the between
Atlantic Puffin nestling mass and wing-length
sampled on Baccalieu Island in 1992 and 1993.
Year = year sampled (1992, 1993)
Log Wing = log wing length
a) Test of homogeneity of slopes
Source df _ Typelll SS MS E P> F
Year 1 0.0056 0.0056 0.35 0.5544
Log Wing 1 4.3508 4.3508 270.94 0.0001
Log Wing * Year B 0.0055 0.0055 0.34 0.5588
Error 114 1.8307 0.0161
Total 17 6.4405
b) Test of homogeneity of intercepts
Source df _ Typelll SS MS F Pr>F
Year 1 0.0003 0.0003 0.02 0.8833
Log Wing 1 4.5860 4.5860 287.22 0.0001
Error 115 1.8362 0.0160
Total 17 6.4405




Table 4.2. Results of an analysis of

the

ip between

Atlantic Puffin nestling mass and wing-length on the four sub-colonies
sampled on Baccalieu Island.

Yr Subcol = Ye i.e. 1992 2

Log Wing = log wing length
a) Test of homogeneity of slopes
Source df __Typelll SS MS F Pr>F
Yr Subcol 7 0.0886 0.0127 0.75 0.6281
Log Wing 1 0.1475 0.1475 8.77 0.0038
Log Wing * Yr Subcol 7 0.0844 0.0121 0.72 0.6577
Error 102 1.715 0.0168
Total "7 6.4405
b) Test of homogeneity of intercepts
Source df __ Typelli SS MS F Pr>F
Yr Subcol 7 0.0371 0.0053 0.32 0.9429
Log Wing 1 3.9669 3.9669 2403 0.0001
Error 109 1.7994 0.0165
Total 17 6.4405
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Table 4.3. Results of an analysis of

the

and Small Islands in 1992 - 1995.

Col Year = Colony Year i.e. Small Island 1995

Log Wing = log of wing length

a) Test of homogeneity of slopes

ip between
Atlantic Puffin nestling mass and wing-length on Baccalieu, Funk

Source df  Type 1SS MS F___P>F
Col Year 8 01482 00185 143 01806
Log Wing 1 104274 104274 8064 00001
Log Wing * Col Year 8 0.1641 00205 159 01267
Error 423 54698 00129

Total 440 23.0075

D! Test of !_\q!wﬁl!! of inle!c_egu

Source of _ TypelSS MS F___P>F
Col Year 8 1453 01816 1389 0,000
Log Wing 1 136234 136234 104222 00001
Error 431 56338 00131

Total 440 23.0075
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Table 4.4. Results of pre-planned comparisons from within an analysis of covariance

(reported in Table 4.2) comparing the relationship between Atlantic Puffin
nestling mass and wing-length on Baccalieu (B), Funk (F) and Small (S)
Islands in 1992 - 1995,

Pr>[T] Ho : LSMEANS (i) = LSMEANS (j)

B93

F92
Fo3
Fo4
F95
S94
$95

B92 B93 B94 F92 F93 F94 F95 S94

0.9018
0.1811  0.2000
0.5538
0.0001* 0.0001*
0.7052 0.0767 0.0014"
0.0815 0.0001* 0.0001*
0.0012* 0.0057
0.0001* 0.0050

* still significant at experimentwise alpha = 0,05 after Bonferroni adjustment for the number of comparisons



62l

Table 4.5. Results of the re-running of an analysis of covariance (reported in Table
4.2) comparing the relationship between Atlantic Puffin nestling mass
and wing-length on Baccalieu, Funk and Small Islands in 1992 - 1995,

minus the two largest positive and two largest negative outliers.

Col Year = Colony year i.e. Baccalieu 1992

Log Wing = log wing length
a) Test of homogeneity of slopes

Source df __ Typelll SS MS F Pr>F
Col Year 8 0.1409 0.0176 155 0.1365
Log Wing 1 109164 109164 963.24 0.0001
Log Wing * Col Year 8 0.1544 0.0193 kg 0.0956
Error 419 47485 0.0113

Total 436 23.2132

b) Test of homogeneity of intercepts

Source df __ Typelll SS MS E Pr>F
Col Year 8 1.4892 0.1861 16.21 0.0001
Log Wing 1 14.6426 14.6426 1275.23 0.0001
Error 427 4.9029 0.0115

Total 436 23.2132
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Table 4.6. Results of pre-planned comparisons from the re-running of an analysis of

covariance (reported in Table 4.4) comparing the relationship between
Atlantic Puffin nestiing mass and wing-length on Baccalieu (B), Funk (F)
and Small (S) Islands in 1992 - 1995 minus the two largest positive

and the two largest negative outliers.

Pr>[T]  Ho:LSMEANS (i)=LSMEANS (j)

B92 B93 B94 F92 F93 F94 F95 S94

0.7832
0.1246 0.1107
0.5215
0.0001* 0.0001"
0.5453 0.0318 0.003*
0.1072 0.0001* 0.0001*
0.0001* 0.0016*
0.0001* 0.0015*

* still significant at experimentwise alpha = 0.05 after Bonferroni adjustment for the number of comparisons



Figure 4.3  Relationship between Atlantic Puffin nestiing mass (g) and wing-
length (cm) during the years 1992-1994 on Baccalieu Island.
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Figure 44 Relationship between Atiantic Puffin nestling mass (g) and wing-
length (cm) during the years 1992-1995 on Funk Island.
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Figure 4.5  Relationship between Atlantic Puffin nestling mass (g) and wing-
length (cm) during the years 1994-1995 on Small Island.
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Figure 4.6  Relationship between Atlantic Puffin nestling mass (g) and wing-

length (cm) on Baccalieu and Funk Islands in 1992.
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Figure 4.7  Relationship between Atlantic Puffin nestling mass (g) and wing-
length (cm) on Baccalieu and Funk Islands in 1993.
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Figure 4.8  Relationship between Atlantic Puffin nestling mass (g) and wing-
length (cm) on Baccalieu, Funk and Small Islands in 1994.
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Figure 4.9  Relationship between Atlantic Puffin nestling mass (g) and wing-
length (cm) on Funk and Small Islands in 1995.
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Chapter 5. Summary

The data presented do not support previously held assumptions 1) of
homogeneity of Atlantic Puffin nestling diets along the northeast coast of insular
Newfoundland and 2) that there are no prey of comparable quality to mature

capelin available to breeding puffins in the region.

While the diets of puffin ings on ieu Island were i by
mature capelin the diets of nestlings on Small and Funk Islands were more
variable and composed of a more diverse suite of prey items (Chapter 2).
Notable among these diverse suite of prey items were post-larval 0-group
sandlance which dominated nestling diets on Funk and Small Islands in 1995.
Bill-loads containing these fish had the highest energy content of any observed
during this study. 1-group capelin also made important contributions to nestling
diet on Funk Island. There appear to be prey altematives to adult capelin
available to foraging puffins in the northwest Atlantic with equal if not greater
energy value than adult capelin (Chapter 3). Prey energy density, bill-load energy
content and nestling condition were all greatest in 1995 when post-larval 0-group
sandlance dominated sampled nestling diets. While there were differences in
nestling condition between colonies and years, it appears that differences in
nestiing diet were not sufficient to impair wing growth (Chapter 4). | infer that
while there were qualitative differences in nestling diet between colonies and
years, these differences did not compromise nestling growth to an extent likely to

threaten fledging success and therefore reflect the adequacy of nestling diet.
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In the spectrum of seabird to iation in prey
Atlantic Puffins are relatively robust. Surface feeders such as kittiwakes which
often share breeding locations with puffins are vulnerable to more subtle changes
in the availability of prey than puffins (i.e. small changes in the vertical distribution
of prey in the water column may remove food from the foraging range of a
kittiwake while not from a puffin able to dive to 60 m (Piatt & Nettleship 1985,
Burger & Simpson 1986). Atlantic Puffins iSi i for app!

twice as long as the other Alcids with whom they share breeding colonies (Harris
& Birkhead 1985). This extended period during which adult puffins must
provision their young increases the likelihood that some portion of the nestling
period in every year will overlap with the inshore migration of spawning capelin.
However, in years when capelin availability near shore is temporally compressed
the extended duration of the puffin nestiing period means that the inevitable
“match” will only represent a small portion of the overall period during which
parents are provisioning young. Therefore, given the variable nature of the

(e one month later than the norm in the early
1990s, Carscadden et al. 1997), it would seem non-adaptive for puffins to be
entirely on the il lity inshore of spawning capelin.

Breeding failures of Atlantic Puffins in northern Norway have been
attributed to a lack of the post-larval 0-group herring which normally dominated

nestling diet there. A effect was y puffin fledging

success plunged suddenly at low herring abundance (Anker-Nilssen 1992). The



great variation in puffin fledging success at the threshold level of herring

reveals the imp role of prey which are also highly

variable and which in some i i the i ic effect
of low herring abundance. It is reasonable to expect the same variation in
vulnerability to shifts in the availability of mature capelin in the northwest Atlantic.
Some years and/or locations may be more difficult than others.

The large increase recorded in this study in the energetic value of 0-group
sandlance with metamorphosis from larval to post-larval body form and size has

for adults provisioning young. Years and/or locations

providing to earlier or more rapid
development and/or earlier fish spawning phenology and thus older, larger, more
developed 0-group fish may in tum provide foraging altematives comparable to
mature capelin. For example, the energy density of the post-larval 0-group
sandlance fed to puffin nestlings on Funk and Small Islands in 1995 exceeded
that of mature capelin (see Chapter 3) and these prey were delivered in bill-loads
with the greatest energy content observed during this study (see Chapter 2). The

nestling condition of chicks fed on post-larval 0-group sandlance was the best

ed in this study, ing that of ings fed diets i by mature

capelin (see Chapter 4).
The large contribution made by 1-group capelin to the nestling diet on
Funk Island between 1992 - 1994 and on occasion on Baccalieu (early season) is

an interesting aspect of the overall contribution made by capelin as a forage fish.
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Capelin live relatively short lives (3 - 5 years) and mortality often follows first
spawning (Templeman 1948). Maturation and the timing of the annual inshore

spawning migration which brings mature capelin within foraging range of inshore

Atlantic Puffin colonies varies i with ocean (C: 1
etal. 1997). Capelin were late arriving inshore between 1992 - 1995 in
association with cold water temperatures (Nakashima & Winters 1996,
Carscadden et al. 1997). During such times and in the absence of sandlance the
smaller prey generally present in the nekton community are likely of critical
importance. The nekton in the waters off the northeast coast of insular
Newfoundland appears to have been dominated by 1-group capelin during the

years ing with this study ( & Dalley 1997a,b). These larval fish

are energetically inferior to mature capelin. However, if locally abundant as they
appear to be in the waters around Funk Island, 1-group capelin appear to have
potential as an alternative, at least in the short term, to mature capelin.

There are several ways that inshore spawning capelin can become less
available to foraging Puffins. On the temporal scale, mature capelin availability to
foraging puffins would be diminished by 1) late arrival of capelin inshore, 2) early
post-spawning dispersal from the inshore and 3) a compressed spawning period

and inshore resit time due to i of ing among

capelin. The above would effect the broad scale horizontal spatial distribution of
mature capelin within the puffin breeding season. In addition, capelin can

become unavailable due to changes in vertical distribution (e.g. replacement of

148



beach spawning with off beach ing). ing an capelin
stock bit and ing in the previ year, the

availability of 1-group capelin near shore may well be a reliable alterative to

mature capelin during periods when their availability inshore is low. However, the

abundance of 1-group capelin depends on ing and
from the previous year. If the capelin spawning stock biomass were severely
or it from the i year was a failure for some other

reason, the option to provision chicks with 1-group capelin in the relative absence
of adult capelin would not exist. However, at least during the early 1990's, 1-
group capelin appear to have dominated the nekton and were widely distributed

inshore and on the shelf not as on the Grand Banks,

offshore from Great Isiand (Anderson & Dalley 1997a,b).

A study comparing Atlantic Puffin breeding success on Great Island,
Witless Bay with that on Funk and Small Islands concluded that the greater
breeding success of Funk and Small Islands was due to the absence of heavy
gull kleptoparasitism on incoming adult puffins observed on Great Island
(Nettieship 1972). Food conditions were assumed to be similar for all three
colonies. While it is possible that food conditions were then, and are at other
times similar for these three colonies, this study shows that in the absence of

data, the ion is Falsely

ing diets while i igati i by diet

could result in spurious results.
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The data | have presented do not support the previously held assumption
of homogeneity of Atlantic Puffin nestling diets along the northeast coast of
insular Newfoundland. While the diets of puffin nestlings on Baccalieu Island
were dominated by mature capelin the diets of nestlings on Small and Funk
Islands were more variable and composed of a more diverse suite of prey items.
This finding is impor for the it ion of other ical data which are

by dif in the diets of puffin nestlings at these

colonies. In addition, these data suggest differences in the foraging regimes
experienced by Atlantic Puffins breeding at the major puffin colonies which
suggest parallels with three major pelagic regimes delineated by recent broad-
scale pelagic surveys along the northeast coast of insular Newfoundland and
southern Labrador (Anderson and Dalley 1997a).

A four-fold difference in magnitude between bill-load energy content on
Funk Island in 1994 when the principal contents were 1-group capelin and Small
Island in 1995 when the principal contents were post-larval 0-group sandlance
suggests that when adult capelin are relatively absent from puffin nestling diet the

quality of altemative diets off the coast of insular Newfoundland may be sensitive

to 1) the ofa ing biomass of 2)
to the early ing and/or rapid of 0-group
3) i of capelin from the previous year to provide

an abundance of 1-group capelin in the current year and/or 4) proximity to waters

with ient biomass of mi: nekton to sustain the local population of




central place foragers during the nestling season. It would seem that puffins on
Funk Island in the early 1990s have benefited at various times from all of the
above. In the event of inadequate availability of capelin to meet nestling needs,
colonies inshore (Small Island) and to the south (Baccalieu Island and the Witless

Bay Islands) may be more itive to the availability of




Appendix 2.1 Proportional representation of 1-group capelin in bill-loads collected from
Atiantic Puffins provisioning nestlings on Baccalieu, Funk and Small
Islands between 1992 and 1995

1-group capelin
Julian Proportion (%)
Year Week Dates Sampling
of Week Calendardates N Frequency Mass Occumence Energy

Baccalieu Island
1992 7 236-242 Aug23-28 17 4 1 6 1
8 243-249 Aug29-Sep5 10 ] [ ] )
9 250-256 Sep6-8 7 0 o [ o
1993 2 201-207  Jul19-26 56 25 2 32 1
3 208-214  Ju27-31 48 R3] 1 8 1
4 215-21 Aug4-8 19 10 1 11 1
5 222-228 Aug10-12 35 3 2 9 2
6 220-235 Awg19-23 12 ] o o °
7 -242  Aug24-28 47 2 1 4 1
8 243-249 Aug30-Seps 42 ° 0 0 0
1994 3 208-214  Jui28-29 23 16 13 22 13
6 229-235 Aug22-23 11 2 10 36 10
7 236-242  Aug24-25 16 21 B 19 4
Funk Island
1992 5 222-228  Aug8-10 56 37 £ 80 33
1993 4 215-221 Aug7-8 50 68 % 72 44
5 222-28 Augt0-11 77 k) L o7 72
1994 5 222-228  Aug12-16 50 64 7 %0 68
1995 4 215-221 Aug6-8 40 2 1 13 1
s 222-228 Aug9 22 1 1 5 1
Small Isiand
1994 5 222-228 Aug11-16 109 2 7 20 6
6 229-235 Auvg 18 5 7 12 17 12
1995 5 222-228  Aug13-15 49 1 1 4 1
6 229-235 Aug19-20 23 0 0 o o




of adult

Mmmmumngmﬁlrmsmﬂwheu Funk and

Small Islands between 1992 and 1995.

in bill-loads collected

Adult Sandlance
Julian Proportion (%)
Year Week Dates Sampling TR
of Week Calendardates N Frequency Mass Occumence Energy
Baccalieu Island
1992 7 236-242  Aug23-28 17 o 0 0 0
8 243-249 Aug29-Sep5 10 0 0 0 o
9 250-256  Sep6-8 17 6 18 18 25
1993 2 201-207  Jui19-26 56 2 21 1 28
3 208-214 Jul 27 -31 48 14 35 38 44
4 215-221 Aug4-8 19 10 13 1 19
5 22-228 Aug10-12 35 B 6 9 9
6 229-235 Auwg19-23 12 0 0 0 o
7 236-242  Aug24-28 47 o 0 0 o
8  243-249 Aug30-Sep6 42 2 3 5 5
1994 3 208-214  Jui28-29 23 0 0 0 o
6 220-235 Aug22-23 11 0 0 0 0
7 236-242  Aug24-25 16 0 0 0 o
Funk Island
192 5 222-228  Aug8-10 56 o ° ° o
1993 4 215-221 Aug7-8 S0 o o o o
s 222-228  Aug10-11 77 0 0 0 0
1994 5 222-228  Aug12-16 50 ° 0 o o
1985 4 215-221 Aug6-8 40 0 0 0 o
5 222-228 Aug 9 2 ° 0 0 0
Small Island
1934 5 222-228  Aug11-16 109 ° 0 ) 0
6 229-235 Aug 18 6 ° ° 0 o
1995 5 222-228  Aug13-15 49 o ) 0 [
6 229-235 Aug19-20 23 ° 0 0 0




Appendix 23 Proportional representation of larval 0-group sandlance in bill-loads

coliected from Puffins provisioning nestiings on Baccalieu, Funk
and Small Isiands between 1992 and 1995.

0-group sandlance (larval)
Proportion (%)
Julian
Year Week Dates ‘Sampling N Frequency Mass Occumence Energy
of Week  Calendar dates
Baccalieu Istand
1992 7 236-242 Aug23-28 17 0 0 0 0
8 243-249 Aug29-Sep5 10 16 3 10 1
9 -2 Sep6-8 17 0 o o 0
1993 2 201-207 Jul 19-26 56 2 1 5 1
3 208-214 Jul 27 - 31 48 8 1 2 1
4 215221 Aug4-8 19 ° 0 ° )
5 222-228  Auwg10-12 35 ° ° 0 o
6 229.235 Aug19-23 12 0 o [ o
7 236-242  Aug24-28 47 ° o 0 o
8 243-249 Aug30-Sep6 42 1 1 2 1
1994 3 208 - 214 Jul28-29 23 1 1 4 1
6 229-235 Aug22-23 11 ° [ [ o
7 236-242 Aug 24 -25 16 4 1 6 1
Funk Istand
1992 5 222-228  Aug8-10 56 2 12 % 10
1993 4 215.221 Aug7-8 50 B 7 a8 7
222-228 Aug 10- 11 7 " 10 60 9
1994 5 222-228  Aug12-16 50 1 1 4 1
1995 4 215-221 Aug6-8 40 . 2 20 1
5 222-228 Aug9 2 7 3 * 2
‘Small island
1984 5 222-228  Aug11-16 109 1 9 7 8
6 220-235 Aug 18 6 21 21 8 19
1995 5 222-228  Aug13-15 49 1 1 2 1
6 229-235  Aug19-20 23 1 1 4 1




Appendix24  Proportional representation of postiarval 0-group sandlance in bill-loads
collected from Atlantic Puffins pﬂw!smmg nmtlmgs on Baccalieu, Funk
and Small Islands between 1992 and 1

0-group sandlance (postiarval)
Proportion (%)
Julian
Year Week Dates Sampling N Frequency Mass Occurence Energy
of Week Calendar dates

Baccalieu Isiand

1992 7 236-242 Aug23-28 17 0 o ° 0
8 243-249 Aug29-SepS 10 0 0 0 0
S 250-256  Sep6-8 17 ° 0 o 0

1993 2 201-207  Jul19-26 %6 0 o 0 0
3 208-214  Jui27-31 48 0 0 o 0
4 215-221  Aug4-8 19 0 o 0 o
5 22-228 Auwg10-12 35 0 o ° 0
6 229-235 Aug19-23 12 0 0 ] 0
7 236-242  Aug24-28 47 0 0 0 0
8 243-249 Aug30-Seps 42 0 ° 0 0

1994 3 208-214  Ju28-29 23 0 ° 0 0
6 229-235 Aug22-23 11 o 0 0 0
7 236-242  Aug24-25 16 0 0 0

Funk Island

1992 5 222-228  Aug8-10 56 0 0 0 0

1993 4 215-221 Aug7-8 S0 ] o o o
5 22-228 Awgto-11 77 ° 0 0 0

1994 5 222-228 Aug 12 - 16 50 o o o 0

1995 4 215-221 Aug6-8 40 85 %0 % 91
5 222-228 Aug9 2 7 95 91 97

Smail istand

1994 5 222-228 Aug 11-16 109 1 1 1 1
6 229-235 Aug 18 5 50 13

1995 5 222-228  Aug13-15 49 85 83 £ 87
6 229-235 Aug19-20 23 % 95 100 %




Appendix 2.5 of Stichaeids in bill-loads collected
from Atiantic Puffins provisioning nestiings on Baccalieu, Funk
and Small Islands between 1992 and 1995.
Sti
Julian Proportion (%)
Year Week Dates
of Week Calendardates N Frequency Mass Occurrence Energy
Baccalieu Island
1 i 4 236 - 242 Aug23-28 17 o o o o
8 243-249 Aug29-Sep5 10 26 1 20 1
9 250 - 256 Sep6-8 17 30 24 1
1993 2 201-207 Jul 19-26 56 33 4 29 3
3 208-214 Jul 27 -31 48 29 1 3 1
4 215-221 Aug4-8 19 o o o o
5 222-228 Aug 10- 12 35 o o o 0
6 229-235 Aug 19-23 12 o o o 0
T 236 - 242 Aug24-28 47 1 1 2 1
8 243-249 Aug30-Sep6 42 10 1 7 1
1994 3 208 - 214 Jui28-29 23 25 4 52 3
6 229-235 Aug22-23 " 0 o o 0
¢ 236 - 242 Aug24-25 16 o ] o o
Funk Island
1992 222-228 Aug 8- 10 56 16 5 57 4
1993 4 215-221 Aug7-8 50 6 1 2% 1
5 222-228 Aug 10- 11 7 6 2 39 1
1994 5 222-228 Aug 12- 16 S0 25 7 S0 2
1995 4 215-221 Aug6-8 40 7 1 20 1
222-228 Aug 9 22 14 1 27 1
Small Island
1994 5 222-228 Aug 11-16 109 49 7 “ 6
6 229-235 Aug 18 6 @2 8 67 ¥
195 S 222-228 Aug 13- 15 4 10 1 25 1
6 229-235 Aug 19 - 20 23 2 1 9 1




Appendix 2.6  Proportional representation of Cottidae in bill-loads collected
from Atlantic Puffins provisioning nestlings on Baccalieu, Funk
and Small Islands between 1 and 1995.
Cottidae
Proportion (%)
Juian
Year Week Dates Sampling N Frequency Mass Occumence Energy
of Week  Calendar dates
Baccalieu istand
1992 7 236-242  Aug23-28 17 0 0 o °
8  243-249 Aug29-Sep5 10 0 0 [} (]
9 250-25%  Sep6-8 7 ° o o o
1993 2 201-207  Ju19-26 56 5 2 16 1
3 208-214  Jui27-31 48 1 1 2 1
4 215-221 Aug4-8 19 [ [ [ ]
5 222-228  Aug10-12 35 [ 0 [ [
6 229-235 Aug19-23 12 0 [ o o
7 236-242  Aug24-28 47 4 1 4 1
8 243-249 Aug30-Sep6 42 1 1 2 1
1994 3 208-214  Jui28-29 23 29 13 65 ]
229-235  Aug22-23 11 0 0 o [
236-242  Aug24-25 16 0 0 o 0
Funk Isiand
1992 5 222-228  AugB-10 56 20 14 L3 1
1983 4 215-221 Aug7-8 50 8 5 0 4
5 222-228  Awg10-11 77 1 1 12 1
1984 5 222-228  Aug12-16 50 4 3 28 2
1905 4 215-221 Aug6-8 40 1 1 3 1
5 222-228 Aug 9 22 1 1 B 1
Small Istand
1994 5 222-228  Aug11-16 109 2 1 10 1
6 229-235 Aug 18 6 & 5 s0 4
1995 5 222-228  Aug13-15 49 1 1 4 1
6 229-235  Aug19-20 23 0 0 0 [
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Appendix 2.7  Proportional representation of O-group Herring in bill-oads collected
from Atlantic Puffins provisioning nestiings on Baccalieu, Funk
and Small Islands between 1992 and 1995.
Proportion (%)
Jukan
Year Week Dates Sampling N Frequency Mass Occurence Energy
of Week Calendar dates
Baccaheu Isiand
1992 7 236-242 Aug 23 -28 17 8 17 14
8 243-249 Aug29-Sep5 10 ] o o o
9 250-256 Sep6-8 17 ] o o o
1993 2 201-207 Jul 19-26 56 o o o o
3 208 - 214 Jul 27 -31 48 o o o o
4 215-221 Aug4-8 19 o o 0 o
5 222-228 Aug 10 - 12 35 o o o o
6 229-235 Aug 19-23 12 o o o o
¥ 236 -242 Aug 24 -28 47 o o o o
8 243-249 Aug30-Sepf 42 o o o o
1994 3 208 - 214 Jul28-29 23 o o o o
6 229-235 Aug 22-23 1 o o o o
7 236 - 242 Aug 24 - 25 16 o o o
Funk Island o o o o
1992 5 222-228 Aug 8- 10 56 o o o o
1993 4 215-221 Aug7-8 50 o o o o
5 222-228 Aug 10- 11 7 o o o o
1994 5 222-228 Aug 12- 16 50 1 1 10 1
1995 4 215-221 Aug6-8 40 o o o o
5 222-228 Aug 9 2 o o o o
‘Small Istand
1994 5 222-228 Aug 11-16 109 13 13 2 10
6 229-235 Aug 18 6 7 12 50 10
1995 5 222-228 Aug 13- 15 49 o o o o
6 229-235 Aug 19 - 20 23 o o o o




Appendix2.8  Proportional ation of juvenile White Hake in billioads collected
from Atlantic Puffins provisioning nestlings on Baccalieu, Funk
and Small Islands between 1992 and 1995.
Juvenile White Hake
Proportion (%)
Julian
Year Week Dates Sampling N Frequency Mass Occumence Energy
of Week  Calendar dates.
Baccalieu island
192 7 236-242 Awg23-28 17 0 o o 0
8 243-249 Aug29-Sep5 10 o o o o
9 250-256  Sep6-8 17 0 0 0 0
1983 2 201-207  Jul19-26 56 1 1 5 1
3 208 - 214 Jul27-31 48 o o o o
4 215-221 Aug4-8 19 0 0 0 0
5  222-228 Auwg10-12 35 ° 0 0 °
6 229-235 Aug19-23 12 0 o 0 0
7 236-242  Aug24-28 47 8 1 4 1
8 243-249 Aug30-Sep6 42 12 1 7 1
1994 3 208-214  Jui28-29 23 1 1 9 1
6 229-235 Awg2-23 11 ° 0 0 0
/ 4 236 - 242 Aug24-25 16 o o o o
Funk Island
1992 5 222-228  Aug8-10 56 o ° 0 o
1993 4 215-221  Aug7-8 S0 3 1 2 1
5 22-228 Awgt0-11 77 1 1 " 1
1984 5 222-228  Aug12-16 50 1 1 8 1
1995 4 215-221  Aug6-8 40 0 o ° 0
222-228 Aug 9 22 0 0 0 0
‘Small island
1994 5 222-228  Aug11-16 109 2 4 B 3
6 229-235 Aug 18 B ° o 0 0
1995 5 222-228  Aug13-15 49 o o 0 0
6 220-235 Aug19-20 23 0 0 0 0




Appendix2.9  Proportional representation of Agonidae in bill-icads collected
from Atlantic Puffins provisioning nestiings on Baccalieu, Funk
and Small Islands between 1992 and 1995.
Agonidae
Proportion (%)
Julian
Year Week Dates Sampiing N Frequency Mass Occuence Energy
of Week Calendar dates
Baccaiieu Isiand
1992 7 Aug23-28 17 0 ° 0 °
8 Aug29-Sep5 10 ° 0 ° o
° Sep6-8 17 o ° 0 °
1993 2 Jul 19-26 56 1 1 4 1
3 Jul27-31 48 1 1 2 1
4 Aug4-8 19 3 1 5 1
5 Aug10-12 35 0 ° 0 o
6 Aug19-23 12 0 0 0 0
7 Aug24-28 47 o o ] o
8  243-249 Aug30-Seps 42 0 ° ° 0
1994 3 208 - 214 Jui 28-29 23 8 1 2 1
6 229-235 Aug22-23 11 0 o ° o
7 236-242  Aug24-25 16 o 0 0
Funk Island
1992 5 222-228  Aug8-10 6 3 1 " 1
1993 4 215-221 Avg7-8 50 1 1 4 1
5 222-228  Aug10-11 77 1 1 4 1
1994 5 222-228 Aug 12- 16 50 1 1 4 1
1995 4 215-221 Aug6-8 40 0 o 0 0
5 222-228 Aug9 2 0 0 0 °
‘Small Istand
1994 5 222-228  Aug11-16 109 ° 0 o 0
6 229-235 Aug 18 6 ° 0 0 o
1995 5 222-228  Aug13-15 49 0 ° 0 o
6 2290-235 Aug19-20 23 0 0 0 o




Appendix2.10  Proportional representation of Lipans sp. in bill-loads collected
from Atlantic Puffins provisioning nestlings on Baccalieu, Funk
and Small Islands between 1992 and 1995
Liparis sp.
Proportion (%)
Jutian
Year Week Dates Sampiing N Frequency Mass Occumence Energy
of Week  Calendar dates
Baccalieu Island
1992 7 236-242  Aug23-28 17 ° [ [ [
8 243-249 Aug29-Sep5 10 0 [ [ [
9 250-25%  Sep6-8 17 0 0 0 °
1983 2 201-207  Jui19-26 56 7 1 9 1
3 208-214  Ju27-31 48 1 1 2 1
4 215-221 Aug4-8 19 0 o 0 °
5 222-228 Aug10-12 35 0 0 [ 0
6 229-235  Aug19-23 12 0 o o 0
7 23%6-242  Aug24-28 47 2 1 2 1
8 243-249 Aug30-Sep6 42 ° o o 0
1994 3 208-214  Jui28-29 23 1 1 9 1
6 229-235 Aug22-23 11 o 0 0 °
7 236-242  Aug24-25 16 ° ° 0 °
Funk Istand
1982 5 222-228  Aug8-10 56 2 1 23 1
1993 4 215-221 Awg7-8 50 1 1 8 1
5 222-228 Aug10-11 77 1 1 3 1
1994 5 222-228  Aug12-16 50 ° 0 0 0
1985 4 215-221 Aug6-8 40 o o o o
222-228 Aug9 2 0 0 ° °
‘Small istand
1994 5 222-228  Aug11-16 109 0 0 0 0
6 220-235 Aug 18 6 0 0 [ 0
1995 5 222-228  Aug13-15 49 0 0 0 0
6 229-235 Aug19-20 23 o 0 o 0
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Appendix2.11  Proportional representation of Squid in bill-loads collected
from Atiantic Puffins provisioning nestlings on Baccalieu, Funk
and Small Islands between 1992 and 1995.

Squid
Proportion (%)
Jukan
Year Week Dates Sampiing N Frequency Mass Occumence Energy
of Week  Calendar dates.
Baccalieu island
1992 7 236-242  Aug23-28 17 0 0 o °
8  243-249 Aug29-Sep5 10 o 0 0 [
9 250-256  Sep6-8 17 2 5 6 8
1993 2 201-207  Jui19-26 56 o o 0 0
3 208-214  Jui27-31 48 1 1 2 1
4 215-221  Auge-8 19 3 0 0 o
5 222-228  Aug10-12 35 0 0 0 0
6 229-235 Aug19-23 12 ° 0 0 0
7 236-242  Auwg24-28 47 2 5 4 9
8  243-249 Aug30-Sep6 42 1 3 2 B
1984 3 208-214  Jui28-20 23 [ 0 0 0
6 229-235 Awg2-23 11 0 0 ° 0
7 236-242  Aug24-25 16 0 ° 0
Funk Island
1982 5 222-228  Awg8-10 56 3 " 2 18
1983 4 215-221 Aug7-8 50 1 1 & 1
s 222-228 Aug 10- 11 7 1 3 10 6
1994 5 222-228  Aug12-16 SO 1 6 12 1"
1995 4 215-221  Awg6-8 40 1 2 s 3
5 222-28 Aug 9 22 ° 0 ° °
‘Small Island
1994 5 222-228  Aug11-16 109 1 1 2 1
6 229-235 Aug 18 6 o0 0 0 0
1995 5 222-228  Aug13-15 49 O 0 0 0
6 229-235 Aug19-20 23 O 0 0 0




Appendix 2.12 i tion of in bill-loads collected
from Atlantic Puffins provisioning nestlings on Baccalieu, Funk
and Small Islands between 1992 and 1995.

Crustacea
Proportion (%)
Julian
Year Week Dates Sampling N Frequency Mass Occumence Energy
of Week  Calendar dates
Baccalieu Island
1992 7 236-242  Aug23-28 17 o 0 0 0
8 243-249 Aug29-Sep5 10 o 0 o o
9 250 - 256 Sep6-8 17 4 1 6 1
1993 2 201-207 Jul19-26 56 6 1 16 1
3 208-214  Jul27-31 48 4 1 4 1
4 215-221 Aug4-8 19 o ] o o
5 222-228  Aug10-12 35 0 ° ° [
6 229-235 Aug19-23 12 0 ° 0 0
7 236-242  Aug24-28 47 0 0 [ °
8 243-249 Aug30-Sep6 42 3 1 5 1
1994 3 208 -214 Jul 28-29 23 7 1 35 1
6 229-235 Aug22-23 " ] o o
7 236-242  Aug24-25 16 o o 0 0
Funk Island
1 5 222-228  Aug8-10 56 1 1 13 1
1993 4 215-221 Aug7-8 50 1 1 12 1
5 222-228 Aug 10-11 7 2 1 14 1
1994 5 222-228  Aug12-16 50 1 1 6 1
1995 4 215-221  Aug6-8 40 ° ° ° o
5 222-228 Aug9 22 0 0 0 0
Small Island
222-228 Aug 11-18 109 2 1 3 1
6 229-235 Aug 18 6 o o 0 0
1995 5 222-228 Aug 13- 15 49 o o o o
6 220-235 Aug19-20 23 0 0 ° 0




Appendix 4.1 Atlantic Puffin nestling body mass (g) and wing-length (cm)
measurements from Baccalieu, Funk and Small Islands during 1992 -
1995,
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Appendix 4.2 Truncated data sets of Atlantic Puffin nestling body mass (g)
and wing-length (cm) measurements from Baccalieu, Funk and Small
Islands during 1992 - 1995 used as input for analysis of covariance.
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Appendix 4.3 Residuals from an analysis of covariance on Atlantic Puffin
nestling body mass (g) and wing-length (cm) plotted against the quantiles

of a standard normal distribution.
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Appendix 4.4 Residuals from an analysis of covariance on Atlantic Puffin
nestling body mass (g) and wing-length (cm) plotted against the
independent variable from the same variable (log of nestling wing-length).
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Appendix 4.5 Residuals from an analysis of covariance on Atlantic Puffin
nestling body mass (g) and wing-length (cm) plotted against the predicted

values from the same analysis
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Appendix 4.6  Summary of measurements
and body mass (g) including longitudinal data

of puffin nestling wing-length (cm)

Nestling wing length (cm)

Nestling body mass (g)

Year Month Day N Mean SD Min Max N Mean SD Min Max
Baccalieu Island

July 9 5 208 24 26 32 6 S3 51 49 60
1M1 3 - 33 }® 1 88 - 55 55

13 11 321 38 25 39 12 S4 105 41 73

14 11 314 37 26 3 12 T3 32 44 152

15 4 338 22 32 37 4 603 102 48 73

1 6 28 71 20 41 6 545 101 46 69

17 17 299 48 19 37 17 657 16 39 96

18 21 332 87 25 59 21 802 364 44 163

19 12 314 57 23 40 12 703 194 39 95

21 22 372 85 25 65 23 988 376 45 190

22 8 373 96 25 50 8 1008 403 46 165

23 23 40 159 25 78 23 1086 55 49 244

24 7 416 92 35 61 7 1373 371 80 180

25 9 336 137 21 58 9 824 558 44 185

26 24 523 161 29 91 24 1629 614 60 265

27 20 53 209 25 91 20 1685 81 49 299

28 10 438 193 25 80 10 1238 712 32 250

30 19 528 234 23 85 19 1547 818 45 275

31 17 681 192 31 98 17 2185 681 81 320

August 1 24 627 228 29 102 24 1939 87 45 355
3 10 665 232 33 9% 10 852 110 350

6 23 787 266 20 109 23 95 70 385

7 29 849 275 30 123 29 872 65 425

8 5 952 144 81 118 5 574 235 385

23 13 1257 201 77 145 13 532 194 406

25 10 1203 17 87 141 10 432 261 381

26 6 1212 146 102 146 6 493 258 396

27 12 1218 223 75 143 12 499 219 381

28 7 1224 353 50 148 7 70 183 413

31 10 1374 8 123 47 10 20 341 393

September 1 5 1126 378 48 147 5 82 131 339
2 6 1315 102 112 141 6 117 321 351

4 6 1362 146 111 151 6 286 241 321

6 4 125 236 9 141 4 60.1 276 391

7 5 1334 108 116 144 5 493 282 408
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Appendix 4.6
(continued)

Summary of measurements of puffin nestling wing-length (cm)
and body mass (g) including longitudinal data

Nestling wing length (cm) Nestling body mass (g)
Year Month Day N Mean SD Min Max N Mean SD Min Max
Baccalieu Istand (continued)
1993 July 12 2 14 27 29 2 0 44 a4
4 2 35 26 31 4 31 49 6
21 16 42 28 43 10 14 50 95
26 1 105 26 59 11 427 51 176
27 8 133 27 69 8 494 67 215
28 10 115 30 6 10 475 51 213
2 3 12 3B 57 3 478 101 188
31 18 182 21 84 17 682 40 290
August 4 19 20 20 108 19 616 76 348
7 20 256 25 117 20 757 98 384
10 9 192 70 123 9 62 215 387
2 9 178 75 128 9 448 205 355
19 7 102 109 134 7 379 315 416
23 19 115 114 149 19 3619 368 253 422
24 36 20 58 153 36 M3 518 167 418
28 16 67 125 146 16 3108 314 270 368
30 10 8 125 150 10 3518 577 290 440
September 2 8 281 59 143 8 343 797 136 385
3 9 375 45 145 9 3088 762 179 370
5 14 259 66 149 14 2846 50 155 332
6 2 14 142 144 2 2965 12 288 305
7 9 349 63 150 9 2833 696 170 345
1994 July 27 5 256 24 78 5 1466 741 53 222
28 3 231 20 102 31 200 708 50 350
29 14 28 25 97 14 191 73 77 320
August 24 23 235 58 151 23 344 54 162 384
25 17 1288 234 74 155 17 3334 485 242 407
Funk Istand
1992 August 6 26 47.3 185 22 90 26 1347 613 41 301
7 20 $52 191 24 83 20 1954 709 35 283
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Appendix 46  Summary of measurements of puffin nestiing wing-length (cm)
(continued) and body mass (g) including longitudinal data

Nestling wing length (cm) Nestiing body mass (g)
Year Month Day N Mean SD Min Max N Mean SD  Min Max

Funk Istand (continued)
1993 August ;i 32 e 177 27 90 31 1696 493 66 246
8 4 74 329 25 103 4 1888 849 66 265
10 28 777 151 32 95 27 2283 368 156 284
12 30 764 177 30 104 30 2098 567 70 299
1994  August 122 19 815 244 27 106 19 2497 739 85 345
13 8 856 164 61 115 8 2539 596 182 360
14 23 9NS 267 24 119 23 2993 759 90 350
1995  August 7 3% 924 23 38 21 36 2943 656 152 3™
9 30 872 359 17 121 30 2664 1156 41 382

‘Small island

1994  August 13 35 739 12 108 35 2053 786 40 295
15 34 777 22 130 34 2163 766 39 369
18 24 90 25 129 24 2413 819 72 349
1995 August 12 35 89 22 126 35 2685 883 54 397
15 35 107 181 70 131 35 3081 55 199 395
19 35 1211 156 89 141 35 3256 49 235 437




Appendix47  Summary of measurements of puffin nestling wing-length (cm)
and body mass (g) used in the analysis of covariance reported
in Chapter 4
Nestling wing length (cm) Nestling body mass (g)
Year Month Day N Mean SD Min Max Mean SD  Min Max
Baccalieu island

1992 July 3 1 0 - 70 70 19 - 1% 196
24 1 88 - 55 55 180 - 10 180
2 8 64 147 51 91 2045 419 150 265
27 5 724 151 55 91 253 421 179 279
28 1 s - 80 80 250 - 250 2%
0 3 8 35 79 8 226 128 215 240
31 7 764 B4 62 83 2519 387 195 305
August 1 6 767 144 62 98 265 599 205 355
3 6 748 152 55 91 2208 63 135 310

6 15 841 19 51 109 2681 801 140
7 10 80 112 63 101 2345 379 180 285
8 4 85 77 81 97 265 235 235 290
23 2 89 17 77 101 2425 686 194 201
25 2 965 134 87 106 3025 587 261 344
26 1 102 - 102 12 258 - 258 258
27 3 9% 167 75 108 2783 696 219 355
28 1 108 - 108 108 329 - 329 329
Seplember 6 1 %0 - 9% % 276 - 28 218
1993y 26 1 S8 - 58 58 178 - 18 178
27 1 e - 69 689 215 - 215 218
28 4 S8 75 52 68 188 232 165 213
22 2 85 28 53 5 1835 64 179 188
31 5 &2 76 62 81 238 216 220 272
August 4 7 B4 123 72 108 2687 298 225 303
7 5 8s8 213 59 107 2868 599 233 374
10 3 8 181 70 106 267 453 215 298
12 2 985 12 87 104 295 354 270 320
19 2 19 O 109 19 W7 28 315 319
24 4 84 217 58 106 2458 686 167 326
September 2 1 5 - 59 59 138 - 1% 136
3 1 e - er e 180 - 180 180
7 3 73 10 6 83 1977 275 170 225
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Appendix47  Summary of measurements of puffin nestling wing-length (cm)
(continued) and body mass (g) used in the analysis of covariance reported
in Chapter 4

Nestling wing length (cm) Nestling body mass (g)

Year  Month  Day

N Mean SD Min Max Mean SD Min Max
Baccalieu Istand

1994 Juty 27 1 - 78 78 222 22 222
28 23 737 155 51 102 2244 476 157 350
2 8 74 151 51 97 234 501 165 320
August 24 4 87.3 228 S8 109 2288 467 162 270
25 4 938 159 74 109 272 252 242 302

unk Island
1992  August 6 9 671 145 52 90 1916 612 121 301
7 13 675 87 51 83 2361 318 181 283
1993  August 7 23 708 107 56 90 1937 271 154 246
8 3 %03 11 84 103 227 329 208 265
10 22 815 11 81 95 233 351 183 284
12 26 79 126 51 97 2178 464 1% 299
1994  August 12 16 901 144 51 106 2756 44 180 345
137 814 121 61 96 2387 447 182 292
14 14 %4 89 79 108 2636 341 210 320
1985 August 7 27 899 179 52 109 2955 606 163 392
9 12 893 187 52 108 2943 698 154 382

mall istand
1994  August 13 28 856 175 51 108 238 455 133 295
15 25 862 172 52 109 2374 441 155 315
18 13 863 169 53 108 2352 556 123 296
1995  August 12 22 923 141 63 108 279 453 184 367
15 15 897 135 70 108 2585 46 199 340
19 8 97 68 8 107 285 216 235 291

178



Literature cited

Anderson, J.T. and Dalley, E.L. 1995. Distributions and abundances of pre-
recruit capelin (Mallotus villosus) in the Newfoundland Region, 1991 -
1994. Department of Fisheries and Oceans Res. Doc. 95/70: 146 - 166.

Anderson, J.T. and Dalley, E.L. 1997a. The Nekton of the coastal and shelf
waters of Newfoundland. Department of Fisheries and Oceans Res. Doc.
97/124 30 pp.

Anderson, J.T. and Dalley, E.L. 1997b. Distributions and abundances of pre-
recruit capelin (Mallotus villosus) in the northwest Atlantic (NAFO
Divisions 2J3KLNO), 1991 - 1996. Department of Fisheries and Oceans
Res. Doc.  97/29: 125 - 147.

Anderson, J.T. and Dalley, E.L. 1997c. Plankton and Nekton of the Northeast
Newfoundland Shelf and Grand Banks in 1996 compared to 1994 and
1995. Department of Fisheries and Oceans Res. Doc. 97/120 28 pp.

Anker-Nilssen, T. 1987. The i of Puffins F arctica

on Rost, northem Norway in 1979-1985. Fauna norv. Ser. C, Cinclus 10:
21-38.

Anker-Nilssen, T. 1992. Food supply as a determinant of reproduction and
population development in Norwegian Puffins Fratercula arctica. Dsc

Thesis, University of Trondheim.

179



Anker-Nilssen, T.and L 1990. Distribution of Puffins F arctica
feeding off Rost, northern Norway, during the breeding season, in relation
to chick growth, prey and i Polar 8:
67 -76.

Ashcroft, R.E. 1979. Survival rates and breeding biology of Puffins on Skomer
Island, Wales. Omis Scand. 10: 100-110.

Baird, P.H. 1990. Influence of abiotic factors and prey distribution on diet and

reproductive success of three seabird species in Alaska. Omis Scan. 21:
224-235.

Baird, P.H. 1991. Optimal foraging and intraspecific competition in the Tufted
Puffin. Condor 93: 503-515.

Barrett, R.T., Anker-Nilssen, T., Rikardsen, F_, Valde, K., ROv, N., and Vader,
W. 1987. The food, growth and fiedging success of Norwegian puffin
chicks Fratercula arctica. Omis. Scand. 18: 73-83.

Barrett, RT., Rav, N, Loen, J., and Montevecchi, WA  1990. Diets of shags

is and P. carbo in Norway and

implications for gadoid stock recruitment. Mar. Ecol. Prog. Ser. 66: 205-
218.

Bertram, D.F. and Kaiser, G.W. 1993. Rhinocerus Auklets (Cerorhina
rmonocerata) nestling diet may gauge Pacific sand lance (Ammodytes
hexapterus) recruitment. Can. J. Fish. Aquat. Sci. 50: 1908-1915.



Bertram, D.F., Welham, C.V.J. and Ydenberg, R.C. 1996. Flexible effort in
of provisionif ing to nestling age
and mass. Can. J. Zool. 74: 1876-1881.

Beuchamp, DA, Stewart, D.J., and Thomas, G.L. 1989. Corroboration of a
bioenergetics model for sockeye salmon. Trans. Am. fish. Soc. 118: 597-
607.

Bolton 1995. Experi i for ion of food delivery to storm-

petrel, Hydrobates pelagicus, nestlings: the role of chick body condition.
Anim. Behav. 50: 231-236.

Bost, C.A. and P. Jouventin. 1991. Relationship between fledging weight and
food availability in seabird populations: is the gentoo penguin a good
model? Oikos 60:113-114.

Bowen, SH, Lutz, EV. and Ahigren, M.O. 1995. Dietary protein and energy as
determinants of food quality: trophic strategies compared. Ecology 76:
899 -907.

Bradstreet, M.S.W. and Brown, R.G.B. 1985. Feeding ecology of the Atlantic
Alcidae. /n Nettleship, D.N. and Birkhead, T.R. (eds) The Atlantic
Alcidae:264-313. London: Academic Press.

Brekke, B., and Gabri G.W. 1994, imilati i of adult

and ich's Guills fed capelin and arctic cod. Polar

Biol.



Brown, R.G.B. and Nettleship, D.N. 1984. Capelin and seabirds in the
Northwest Atlantic. in Nettleship, D.N., Sanger, G.A. and Springer, P.F.
(eds.) Marine Birds: Their Feeding Ecology and Commercial
Fisheries Relationships:  184-194. Canadian Wildiife Service Special
Publication, Ottawa.

Burger, A E. and Simpson, M. 1986. Diving depths of Atlantic Puffins and
Common Murres. Auk. 103: 828-829.

Caims, D.K. 1987. Seabirds as indicators of marine food supplies. Biol.
Oceanogr. 5: 261-271

Caims, D.K. 1992. Bridging the gap between omithology and fisheries science:

use of seabird data in stock assessment models. Condor 94: 811-824.
Carscadden J.E., Frank K.T. and Miller D.S. 1989. Capelin (Mallotus villosus)

on the shoal: i of physical factors past and

present. Can. J. Fish. Aquat. Sci. 46: 1743 - 1754.

Carscadden, J., Nakashima, B.S. and Frank, K.T. 1997. Effects of fish length
and temperature on the timing of peak spawning in capelin (Mallotus
villosus). Can. J. Fish. Aquat. Sci. 54: 781-787.

Clarke, A. and Prince, P.A. 1980. Chemical composition and calorific value of

food fed to chicks Di is and D.
at Bird island, South Geogia. Ibis 122: 488-494.



Cook, M.I. and K.C. Hamer. 1997. Effects of supplementary feeding on
provisioning and growth rates of nestling Puffins Fratercula arctica:
evidence for regulation of growth. J. Avian Biol. 28: 56-62.

Corkhill, P. 1973. Food and feeding ecology of puffins. Bird Study. 20: 207-
220.

Creelman, E. and Storey AE. 1991. Sex di in it ior of

Atlantic Puffins. Condor 93: 390-398.

Cruz, J.B. and R. Cruz. 1990. Effect of EI Nit O
on nestling growth rate in the Dark-Rumped Petrel. Condor 92: 160-165.
Diamond, AW., Gaston, A.J, and Brown, R.G.B. 1993. Studies of high-latitude
seabirds. 3. A model of the energy demands of the seabirds of eastern
and Arctic Canada. Can. Wild. Serv. Occas. paper 77. 39pp.
Drinkwater, K_F_, Petri, B. and Narayanan 1994. Overview of environmental
conditions in the northwest Atlantic in 1991. North Atlantic Fisheries
Organization Science Council Studies 20: 19 - 46.
Dri . KF. 1996. ic and oceanic variability in the northwest

Atlantic during the 1980s and early 1990s. J. Northw. Atl. Fish. Sci. 18:
77-97.
Fisheries and Oceans 1986. Chemical Methods Manual. Fisheries and Oceans,

Canada.



Gaston, A.J. 1985. Development of the young in the Atlantic Alcidae. In
Nettleship D.N. and Birkhead T. R. (eds) The Atiantic Alcidae
Academic Press, London, England.

Gebezynski, A., Taylor J.R E. and M. Konarzewski. 1996. Growth of Dovekie
(Alle alle) chicks under conditions of increased food demand at the nest:
two field experiments. Can. J. Zool. 74: 1076-1083

Gilliland, S. G. and Ankney A.D. 1992. Estimating age of young birds with a

multivariate measure of body size. Auk 109: 444-450.

Harfenist, A.E. 1995. Effects of growth-rate variation on fledging of Rhinoceros
Auklets (Cerorhinca monocerata). Auk 112: 1-17.

Harris, M.P., and Hislop J.R.G. 1978. The food of young Puffins. J. Zool. 185:
213-236.

Harris M.P_and Bailey R.S. 1992. Mortality rates of puffin Fratercula arctica
and guillemot Unia aalge and fish abundance in the North Sea. Biol.
Conserv. 39-46.

Harmis, M.P. and Birkhead, T.R. 1985. Breeding ecology of the Atlantic Alcidae.
In Nettleship, D.N. and Birkhead, T.R. (eds) The Atlantic Alcidae: 156-
204. London: Academic Press.

Harris, M.P. 1984. The Puffin. Poyser, Calton, England.



Hatch, S A. and Sanger, G.A. 1992. Puffins as samplers on juvenile pollack and

other forage fish in the Gulf of Alaska. Mar. Ecol. Prog. Ser. 80: 1-14.

Hatchwell, B.J. . The effects of disturbance on the growth of young Common
Guillemots Unia aalge. Seabird 12: 35-39.

Hislop, J.R.G., and Harris, M.P. 1985. Recent changes in the food of young
Puffins Fratercula arctica on the Isle of May in relation to fish stocks. Ibis
127: 234 - 239.

Hislop J.R.G., Harris, M.P. and Smith J.G.M. 1991. Variation in the calorific
value and total energy content of the lesser sandeel (Ammodytes
marinus) and other fish preyed on by seabirds. J. Zool. Lond. 224:
501-517.

Hudson, P.J. 1979. The parent-chick feeding relationship of the puffin,
Fratercula arctica. Joumal of Animal Ecology 48: 889 - 898.

Hudson, P.J. 1983. The variation and synchronization of daily weight
increments of Puffin chicks Fratercula arctica. Ibis 125:557-561.

Hunt, G.L. Jr., Piatt, J.F. and Erikstad, K.E. 1991. How do foraging seabirds

sample their ? Acta XX Ci
Ornithologici, Symposium 41.
Huitema, B. E. 1980. The Analysis of Covariance and Alternatives, John Wiley

and Sons, New York.



Johnsen, |. Erikstad K.E. and B. E. Saether. 1994. Regulation of parental
investment in a long-lived seabird, the Puffin Fratercula arctica: an
experiment. Oikos 71: 273-278.

Kamler, E. 1992. Early Life History of Fish: An Energetics Approach. London,
Chapman and Hall.

Kirkham, |.R., and Montevecchi WA. 1982. Growth and thermal development of
Northern Gannets in Atlantic Canada. Colonial Waterbirds 5: 394-402.

Lawson, JW., Magalhdes, A M. and Miller, E.H. 1998. Important prey species

of marine in the Atlantic:
composition and energy density. Mar. Ecol. Prog. Ser. 164: 13 - 20.

Martensson, P.E., Later Gotass, AR, Nordoy, E.S., and Blix, A.S. 1996.
Seasonal changes in energy density of prey of northeast Atlantic seals
and whales. Mar. Mamm. Sci. 12: 325-331.

Martin, A.R. 1989. The diet of Atlantic Puffin Fratercula arctica and Northern
Gannet Sula bassana chicks at a Shetland colony during a period of
changing prey availability. Bird Study 36: 170-180.

McClintock, J.B. 1986. On estimating energetic values of prey: implications in
optimal diet models. Oecologia 70: 161-162.

Methven, DA, Schneider, D.C., and Ings, D.W. 1997. Fleming survey of
demersal juvenile cod in the coastal zone of eastern Newfoundiand,
1959- 1996: protocols and results. A report to the Department of
Fisheries and Oceans.

186



Monaghan, P., Walton, P., Wanless, S., Uttley, J.D. and Bums, M.D. 1994.
Effects of prey abundance on the foraging behaviour, diving efficiency
and time allocation of breeding Guillemots Uria aaige. Ibis 136: 214-222.

Monaghan, P., Wright, P_J., Bailey, M.C., Uttley, F.D., Walton, P., and Bums,
M.D. 1996. Theii of ch: in food on diving and

surface feeding seabirds. In W.A. Montevechhi, Ed. Studies of High

Latitude Seabirds 4. Trophic d ips and ics of
in cod ocean systems. Ottawa, Canadian Wildlife Service. Occasion
Paper 91: 10-19.

Montevecchi, W.A. and Porter, J M. 1980. Parental investments by seabirds at
the ing area with is on gannets, Morus bassanus.

In Burger, J. and Olla, B.L. (eds) Behavior of Marine Animals, Vol 4.
Plenum, New York.
Montevecchi, W.A. and Tuck, L.M. 1987. Newfoundland Birds: Exploitation,
Study, Conservation. Nuttall Omithological Club, Cambridge, U.S.A.
Montevecchi, WA. and Piatt J. 1984. Composition and energy contents of
mature inshore ing capelin villosus): implicati for

seabird . G ive Bi istry and iology 78A: 15-20.
Montevecchi, W.A. and Piatt J.F. 1987. Dehydration of seabird prey during
transport to the colony: effects on wet weight energy densities. Can. J.

Zool. 65: 2822-2824.

187



Montevecchi, W.A. and Myers R A. 1995. Dietary changes of seabirds reflect
shifts in pelagic food webs. Sarsia 80: 313-322.

Montevecchi, W.A. and Myers R A. 1996. Prey harvests of seabirds reflect
pelagic fish and squid abundance on muitiple spatial and temporal scales.
Mar. Ecol. Prog. Ser.

Montevecchi, W.A. 1996. Baccalieu Island: Seabird Capital of the Northwest
Atlantic. Report for NF/Lab Parks Div. St. John's

Montevecchi, W.A. and Kirk, D. 1997. Great Auk Penguinis impennis In: Poole,
A. Stettenheim, P. and Gill, F. Birds of North America. Philadelphia
Academy of Science.

Nakashima, B.S. 1994. The i i i itions in
the 1990s and changes in spawning in behaviour, growth and early life
history of capelin (Mallotus villosus). North Atlantic Fisheries
O izatic ientific C i for , 94/74. 18 pp.

Nakashima, B.S. and Winters, G.H. 1995. Results from monitoring six
spawning beaches on the coast of D
of Fisheries and Oceans Atlantic Fish. Res. Doc. 95/70: 72 - 80.

Nakashima, B.S. and Winters, G.H. 1996. Results from monitoring capelin
spawning beaches on the northeast coast of Newfoundland in 1995.
Department of Fisheries and Oceans Atlantic Fish. Res. Doc. 96/90: 131-

143.



Nakashima, B.S. and Winters, G.H. 1997. Multiplicative trends of biomass,
cohort abundance, and recruitment of capelin, Mallotus villosus.
Department of Fisheries and Oceans Atlantic Fish. Res. Doc. 97/29: 168 -
188.

Nettleship, D.N. 1972. Breeding success of the Common Puffin (Fratercula
arctica) on different habitats at Great Island, Newfoundiand. Ecol.
Monogr 42: 239-268.

Nettleship, D.N. 1991. The diet of Atlantic Puffin chicks in Newfoundland before
and after the initiation of an international capelin fishery, 1967-1984. Acta

XX C ionalis Ol - ium 41

Qyan, H.S. and Anker-Nilssen, T. 1996. ion of growth in food-
Atiantic Puffin chicks. Auk 113: 830 - 841

Percy, JA. and Fife, F.J. 1981. The biochemical composition and energy
content of arctic marine macrozooplankton. Arctic 34: 307-313.

Pery, G. and Pianka, E.R. 1997. Animal foraging: past, present and future.
TREE 12: 360-364.

Phillips, R A, Caldow RW.G., and Fumess RW. 1996. The influence of food

on the ing effort and rep live success of Arctic

Skuas Stercoranius parasiticus. Ibis 138: 410-419.

189



Piatt, J.F. 1987. Behavioural ecology of common murre and Atiatnic puffin
on capelin: implications for ion biology. PhD thesis,
Uni ity of St. John's.

Piatt, J.F. and Nettleship, D.N. 1985. Diving depths of four alcids. Auk. 102:
293- 297.

Rickiefs, R E., and S.C. White. 1975. A method for constructing nestiing growth
curves from brief visits to seabird colonies. Bird Banding 46:135-140.

Ricklefs, R E. and Schew, W.A. 1994. Foraging stochasticity and lipid
accumulation by nesting petrels. Functional Ecology, 8: 159 - 170.

Ricklefs, R.E. 1979. g int, and ise in avian

development. Biol. Rev. 54: 269-290.
Ricklefs, R.E. 1983. Some i ions on the i ics of

pelagic seabirds. Stud. Avian Biol. No. 8:84-94

Rodway, M.S. 1994. Intra-colony variation in breeding success of Atlantic
Puffins: an application of habitat selection theory. MSc. thesis, Memorial
University of Newfoundland, St. John's.

Rodway, M.S., Montevecchi, W.A. and Chardine, JW. 1996. Effect of
investigator disturbance on breeding success of Atlantic Puffins
(Fratercula arctica). Biol. Conserv. 76: 311-319.

Rodway, M.S. and i, WA 1996. ing methods for

the diets of Atlantic Puffin chicks. Mar. Ecol. Prog. Ser. 144: 41-55.



Rodway, M.S. 1997. Relationship between wing length and body mass in
Atlantic Puffin chicks. J. Field Omithol. 68: 338-347.
Russell J. and i WA. 1996. ion on adult Puffins Fratercula

arctica by Great Black-backed Gulls Larus marinus at a Newfoundland
colony. 138: 791-794.

Safina C., Burger J., Gochfeld M. and Wagner R H. 1988. Evidence for prey
limitation of Common and Roseate Tern reproduction. Condor 40: 852-
859.

SAS. 1988. SAS/STAT Users guide, release 6.03 edition. SAS Institute Inc.,
Cary NC. 1028 p.

Schneider, D.C. and Hunt, G.L. 1982. Carbon flux to seabirds in water with
different mixing regimes in the southeastern Bering Sea. Marine Biology
67: 337 - 344.

Schiuter, D. 1981. Does the theory of optimal diets apply in complex
environments? Am. Nat. 118: 139-147.

Scott, W.B. and Scott, M.G. 1988. Atlantic fishes of Canada. Can. Bull. of
Fish. and Aquat. Sci. 219:731.

Shackell N.L., Carscadden, J.E, and Miller D.S. 1994. Migration of pre-
spawning capelin (Mallotus villosus) as related to temperature on the
northern Grand Bank, Newfoundland, ICES J. Mar Sci. 51: 107 - 114.



Shea, R.E. and Ricklefs, R.E. 1985. An experimental test of the idea that food
supply limits growth rate in a tropical pelagic seabird. Am. Nat. 126: 116-
122.

Sidwell, V.D., Foncannon, P.R., Moore, N.S. and Bonnet, J.C. 1974.
Composition of the edible portion of raw (fresh or frozen) crustaceans,
finfish, and mollusks. |. Protein, fat, moisture, ash, carbohydrate, energy
value, and cholesterol. Mar. Fish. Rev. 36: 23-35.

B.O. and i, WA. 1989. The world's largest
documented colony of Leach’s Storm-petrels on Baccalieu Island,
Newfoundland. American Birds 43: 36-42.

S-PLUS. 1993. S-PLUS Users Manual version 3.1. Seattle, Statistical
Sciences, Inc.

Sokal, R.R. and Rohlf, F.J. 1995. Biometry, The principles and practice of
statistics in biological research, Third Edition. Freeman and Co, New
York.

Springer, AL, Roseneau, D.G., Murphy, E.C. and Springer, M.I. 1984.
Environmental controls of marine food webs: food habits of seabirds in
the eastemn Chukchi Sea. Can. J. Fish. Aquat. Sci. 41: 1202-1215.

Springer, A.L., Roseneau, D.G., Lloyd, D.S, McRoy C.P. and Murphy E.C. 1986
Seabird to ing prey ilability in the Eastern Bering

Sea. Marine Ecology Progress Series, 32: 1-12.

192



Steimle, F.W. Jr., and Terranova, R.J. 1985. Energy equivalents of marine

from the it sheif of the Atlantic.
J. Northw. Atl. Fish. Sci. 6: 117-121.

Templeman, W. 1948. The life history of the capelin (Maliotus villosus Muller) in
the Newfoundiand waters. Nfid. Gov. Lab. Bull. 17.

Therriault, T.W., Schneider, D.C. and Methven, D.A. 1996. The timing of
spawning in capelin (Mallotus villosus Miller) at a coastal location in
eastern Newfoundland. Polar Biol. 16: 201 - 207.

Uttley, J.D., Waiton, P., Monaghan, P. and Austin G. 1934. The effects of food

on i and adult time budgets of

Guillemots ~ Unia aalge. Ibis 136:205-213.
Valiela, |. 1995. Marine Ecological Processes. New York, Springer-Veriag.

Van Heezik, Y. 1990. Patterns and variability of growth in the Yellow-eyed
Penguin. Condor 92: 904-912.

Van Heezik, Y. and Davis, L. 1990. Effects of food variability on growth rates,
fledging sizes and reproductive success in the Yellow-eyed Penguin
Megadytes antipodes. Ibis 132: 354-365.

Wehle, D.H.S. 1983. The food, feeding, and development of young Tufted and
Homed Puffins in Alaska. Condor 85: 427-442.

Wiens, J.A. and Scott, J.M. 1975. Model estimation of energy flow in Oregon
coastal seabird populations. Condor 77: 439-452.

193



Wilson, UW. 1993. Rhinoceros Auklet burrow use, breeding success, and
chick growth: gull-free vs. gull-occupied habitat. J. Field Omithol. 64

256-261.
Winters, G.H. 1970. Biological changes in coastal capelin from the over-
to the i iti J. Fish. Res. Board Can. 27: 2215-
2224.
Winters, G.H. 1995. A iplicatit to capelin indices.

Department of Fisheries and Oceans Atlantic Fisheries Research
Document 95/70: 270 - 297.

Ydenberg, R.C. 1989. Growth-mortality trade-offs and the evolution of juvenile
life histories in the Alcidae. Ecology 70: 1494-1506.

Ydenberg, R.C., Clark, C.W. and Harfenist, A. 1995. Intraspecific fledging mass
variation in the Alcidae, with special reference to the seasonal fledging
mass decline. American Naturalist 145: 412 - 433.















	0001_Page 1
	0002_Inside Cover 
	0003_Blank Page
	0004_Blank Page
	0006_note to users 
	0007_Title Page
	0008_Abstract 
	0009_Abstract iii
	0010_Acknowledgements 
	0011_Acknowledgements v
	0012_Table of Contents 
	0013_Table of Contents vii
	0014_Table of Contents viii
	0015_List of Tables 
	0016_List of Tables x
	0017_List of Tables xi
	0018_List of Tables xii
	0019_List of Figures 
	0020_List of Figures xiv
	0021_List of Figures xv
	0022_List of Figures xvi
	0023_List of Figures xvii
	0024_list of Appendices
	0025_list of Appendices xix
	0026_list of Appendices xx
	0027_list of Appendices xxi
	0028_Chapter 1 - Page 1
	0029_Page 2
	0030_Page 3
	0031_Page 4
	0032_Page 5
	0033_Page 6
	0034_Page 7
	0035_Page 8
	0036_Page 9
	0037_Page 10
	0038_Page 11
	0039_Page 12
	0040_Figure 1.1
	0041_Page 13
	0042_Figure 1.2
	0043_Page 15
	0044_Figure 1.3
	0045_Page 17
	0046_Chapter 2 - Page 19
	0047_Page 20
	0048_Page 21
	0049_Page 22
	0050_Page 23
	0051_Page 24
	0052_Page 25
	0053_Page 26
	0054_Page 27
	0055_Page 28
	0056_Page 29
	0057_Page 30
	0058_Page 31
	0059_Page 32
	0060_Page 33
	0061_Page 34
	0062_Page 35
	0063_Page 36
	0064_Page 37
	0065_Page 38
	0066_Page 39
	0067_Page 40
	0068_Page 41
	0069_Page 42
	0070_Page 43
	0071_Page 44
	0072_Page 45
	0073_Page 46
	0074_Page 47
	0075_Page 48
	0076_Page 49
	0077_Page 50
	0078_Page 51
	0079_Page 52
	0080_Page 53
	0081_Page 54
	0082_Page 55
	0083_Page 56
	0084_Page 57
	0085_Page 58
	0086_Page 59
	0087_Page 60
	0088_Page 61
	0089_Page 62
	0090_Page 63
	0091_Page 64
	0092_Page 65
	0093_Page 66
	0094_Page 67
	0095_Page 68
	0096_Page 69
	0097_Page 70
	0098_Page 71
	0099_Page 72
	0100_Page 73
	0101_Page 74
	0102_Page 75
	0103_Page 76
	0104_Page 77
	0105_Page 78
	0106_Page 79
	0107_Page 80
	0108_Page 81
	0109_Chapter 3 - Page 82
	0110_Page 83
	0111_Page 84
	0112_Page 85
	0113_Page 86
	0114_Page 87
	0115_Page 88
	0116_Page 89
	0117_Page 90
	0118_Page 91
	0119_Page 92
	0120_Page 93
	0121_Page 94
	0122_Page 95
	0123_Page 96
	0124_Page 97
	0125_Page 98
	0126_Page 99
	0127_Page 100
	0128_Page 101
	0129_Page 102
	0130_Page 103
	0131_Page 104
	0132_Chapter 5 - Page 105
	0133_Page 106
	0134_Page 107
	0135_Page 108
	0136_Page 109
	0137_Page 110
	0138_Page 111
	0139_Page 112
	0140_Page 113
	0141_Page 114
	0142_Page 115
	0143_Page 116
	0144_Page 117
	0145_Page 118
	0146_Page 119
	0147_Page 120
	0148_Page 121
	0149_Page 122
	0150_Page 123
	0151_Page 124
	0152_Page 125
	0153_Page 126
	0154_Page 127
	0155_Page 128
	0156_Page 129
	0157_Page 130
	0158_Page 131
	0159_Page 132
	0160_Page 133
	0161_Page 134
	0162_Page 135
	0163_Page 136
	0164_Page 137
	0165_Page 138
	0166_Page 139
	0167_Page 140
	0168_Page 141
	0169_Page 142
	0170_Page 143
	0171_Page 144
	0172_Chapter 6 - Page 145
	0173_Page 146
	0174_Page 147
	0175_Page 148
	0176_Page 149
	0177_Page 150
	0178_Page 151
	0179_Appendix 
	0180_Appendix 2.2
	0181_Appendix 2.3
	0182_Appendix 2.4
	0183_Appendix 2.5
	0184_Appendix 2.6
	0185_Appendix 2.7
	0186_Appendix 2.8
	0187_Appendix 2.9
	0188_Appendix 2.10
	0189_Appendix 2.11
	0190_Appendix 2.12
	0191_Appendix 4.1
	0192_Page 165
	0193_Appendix 4.2
	0194_Page 167
	0195_Appendix 4.3
	0196_Page 169
	0197_Appendix 4.4
	0198_Page 171
	0199_Appendix 4.5
	0200_Page 173
	0201_Appendix 4.6
	0202_Page 175
	0203_Page 176
	0204_Appendix 4.6
	0205_Page 178
	0206_literature citation
	0207_Page 180
	0208_Page 181
	0209_Page 182
	0210_Page 183
	0211_Page 184
	0212_Page 185
	0213_Page 186
	0214_Page 187
	0215_Page 188
	0216_Page 189
	0217_Page 190
	0218_Page 191
	0219_Page 192
	0220_Page 193
	0221_Page 194
	0222_Blank Page
	0223_Blank Page
	0224_Inside Back Cover
	0225_Back Cover

