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Nesting Two new nests in the usual nesting area on Curral Velho. Nest 1 was occupied by a female
on 8 December, 3 and 10 January. A male incubating an egg was reported in February. Egg was still
being incubated by a female in March, a male in April and again by a female in May. Egg shell
remains were found in July. Nest 2 was occupied by a male in December and by a female in
January, but no egg was seen; nest unoccupied in February and re-occupied by a female in March;
deserted from April onwards.

Sightings Two males and two females was the largest number of birds sighted during the season on
Curral Velho. No frigatebirds were observed in June and July. A male in breeding condition on 23
June was the only sighting on Baluarte.

SEASON: 2004-2005

Curral Velho 12 January, 12 February, 24 March, 22 April, 14 May & 16 June.
Baluarte 25 January & 21 February.

Nesting Frigatebirds utilized the same two nests as in the previous season. Nest 1 was occupied by a
female in January and February and by a female in March, deserted from April onwards. Nest 2 had

a non-incubating female in February, an egg incubated by a male in March, and was deserted on 22

April 2005.

Sightings A dead male was found on Baluarte on 25 January. This male, identified by a green piece
of cord tied to the left leg, was last sighted alive on 13 April 2004 on Curral Velho.

SEASON: 2005-2006

Curral Velho 14 October, 11 November, 20 December, 22 January, 27 February, 24 March, 20
April & 22 May.
Baluarte 3 January, 4 February, 23 March, 24 April & 25 May.

Nesting Nesting on the two piles of rocks arranged in the 2002-2003 season to prevent the
accidental loss of the egg. Nest 1 had an egg on 11 November. This egg was found broken in
December. Nest 2 had an incubating male on 20 December, an egg incubated by a female in
January, and egg shell remains on 27 February.

Sightings Two males and two females sighted on 11 November. Four frigatebirds also reported in
April: a female perched on a nest, a male and another female flying over Curral Velho, and an
immature bird overflying the area. No birds sighted on Curral Velho in May. No records of
frigatebirds during any of the five visits to Baluarte conducted in the season.
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LARGE NUMBERS OF CAPE VERDE
SHEARWATERS CALONECTRIS EDWARDSII OFF
SANTO ANTAO, CAPE VERDE ISLANDS,

IN JULY 2005

PETER VAN HORSSEN!

Horssen, P. van 2006. Large numbers of Cape Verde Shearwaters Calonectris
edwardsii off Santo Antdo, Cape Verde Islands, in July 2005. Atlantic Seabirds
7(3): 121-126. During systematic sea watching in the period 20-27 July 2005 at Ponta do
Sol, Santo Antdo, Cape Verde Islands, a total of 6653 Cape Verde Shearwaters Calonectris
edwandsii were counted. Largest numbers were counted 2-2.5 hours before sunset. Main
flight direction was east. Numbers of Cape Verde Shearwaters were low 1-1.5 hours after
sunrise, with the main flight direction being west.
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INTRODUCTION

Breeding distribution of the Cape Verde Shearwater Calonectris edwardsii is
confined to the Cape Verde Islands. In 1988-1993, the population was
estimated at c. 10,000 pairs, with main breeding colonies situated on Branco,
Raso and Brava, and smaller colonies on Santiago, S3o Nicolau, Boavista, and
Sal (Hazevoet 1995, Hazevoet et al. 1996). Cape Verde Shearwater is listed as
‘near threatened’ on the IUCN Red List (Birdlife International 2005).

Cape Verde Shearwaters are absent from the breeding region from late
November until late February (Hazevoet 1995). Birds arrive in the colonies
from late February to early March, egg laying and incubation takes place in
May-July, and young fledge from late September to November (Hazevoet
1995). Behaviour is poorly known, but many aspects are presumably as in
Cory’s Shearwater. Daily activity during the breeding period is also poorly
known and very little numerical information is available from any moment in
the life cycle of the Cape Verde Shearwater. This paper presents the results of
systematic land based counts on Santo Antdo during the period 20-27 July
2005.
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Figure 1. Location of Ponta do Sol, Santo Antdo, Cape Verde Islands
Figuur 1. Ligging van Ponta do Sol, Santo Antdo, Kaap Verdische Eilanden.

METHODS

Observations of passing Cape Verde Shearwaters were made from a vantage
point at Ponta do Sol, Santo Antdo (17°12°00”N, 25°05°23”W). The observation
point was located 500 m from the actual coastline at an altitude of c. 50 meters
a.s.l. The village of Ponta do Sol is located on the northern coast of Santo
Antdo and constitutes the most northerly point of the Cape Verde Islands
(Figure 1). Observations were made with 10x42 binoculars. All birds up to an
estimated 750-1,500 m from the coastline were counted. Flight direction (either
east or west) and behaviour (foraging, rafting, passing by) were noted. Nearly
daily counts were made two hours after sunrise and three hours before sunset.
Other hours of the day were subsequently sampled during the six day period,
with 15 minute counts each hour (Table 1). Because of the banking behaviour
in the northeast trade winds, birds flying east were more easily detected than
birds flying west, who generally flew without banking.
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Periods counted, cloud cover, wind direction, wind force and visibility (F =
fully counted; - = no wind or direction; empty fields indicate missing values).

Tabel 1. Teltijden, bewolking, windrichting, windkracht en zicht (f = volledig geteld; - =

geen wind of richting; lege velden geven ontbrekende waarden aan).

Date from until " 15.m1n Total — cloud .qu wind visibility
periods (hours) cover direction force
20-07 12:30 16:00 8 2,0
16:45 19:00 F 2,25 8/8 NO 3/4 <1 km
21-07  6:00 7:30 F 1,5 8/8 NO 2/3 <2km
14:00 14:15 1 0,25
16:57 19:00 F 2,05 1/8 NO 5/6
22-07 6:00 7:00 F 1 8/8 NO 1/2
16:43  19:30 F 2,75 6/8 NO 3/4 <2km
23-07 9:07 9:22 F 0,25
13:57 14:07 F 0,25
16:00 19:30 F 3,5 8/8 N 3/4 <Skm
24-07 6:00 7:30 F 1,5 6/8>7/8 - - <lkm
8:40 855 F 0,25 7/8 - - <lkm
12:15 14:15 2 0,5 6/8;4/8 NO 3/2;3/4  <lkm
17:25 19:15 F 1,83 1/8 NO 4/5 <2,5km
25-07 6:00 7:00 F 1 7/8 NO 0/1 <lkm
13:45 14:35 2 0,5 8/8 NO 172 <lkm
15:00 19:00 F 4,0 3/8 NO 4/5 <lkm
26-07 6:00 7:45 F 1,75 8/8 N 2/3 3km
8:30 845 1 0,25 8/8 N 1/2 3km
16:30  19:20 F 2,84 2/8>7/8 NO 2/3 Skm
27-07  6:00 7:00 F 1,0 2/8 NNO 2/3 Skm
10:15 13:30 3 0,75 3/8 N;N:NO 2/3;3/4;3/4 Skm

1995).

Of all passing birds 99% were Cape Verde Shearwaters. The light
underwing and belly of Cape Verde Shearwaters made it easy to distinguish the
species from the occasional passing Cape Verde Petrel Pterodroma feae. One
afternoon was spent at the coastline to examine shearwaters passing by at close
range (< 25 m). Based on bill structure and plumage colour all birds examined
were Cape Verde Shearwaters. The occurrence of the closely related and rather
similar looking Cory’s Shearwater C. borealis and Scopoli’s Shearwater C.
diomedea in Cape Verde waters is confined to the winter months (Hazevoet
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Table 2. Numbers of Cape Verde Shearwaters and hours per day counted at Ponta do
Sol, Santo Antdo, Cape Verde Islands.

Tabel 2. Aantallen Kaapverdische Pijlstormvogels en aantal per dag getelde uren op
Ponta do Sol, Santo Antdo, Kaap Verdische Eilanden.

Date Numbers Hours counted
20-7 211 4,25
21-7 324 3,80
22-7 904 3,75
23-7 1247 4,00
24-7 1345 4,08
25-7 533 5,50
26-7 2088 4,84
27-7 1 1,75

Total 6653 31,97

RESULTS

The daily number of Cape Verde Shearwaters counted varied from 211 to 2,088
birds (Table 2). Numbers counted during the first afternoon were appro ximately
10 % of those counted during the last afternoon. During the course of the
afternoon, numbers of Cape Verde Shearwaters increased from c. 3.5 hours
before sunset until dusk. The highest numbers, with a maximum of 152/15 min.
period, occurred 1,5 hour before sunset (Figure 2). The main flight direction
before sunset was east. The number of Cape Verde Shearwaters flying west
before sunset was negligible, with the exception of the last 15 minutes before
sunset, when numbers reached 55/15 min. (Figure 2). Numbers counted after
sunrise were small (maximum 10/15 min.) and generally flew west. On one
occasion, feeding behaviour of a small party of 15 birds was observed, ending in
30 minutes of rafting, after which the birds flew east. On another occasion, tens
of birds associated with a group of Bottlenose Dolphins Tursiops truncatus
passing west for a short period and then flew east.

DISCUSSION

Since counts were made by a single observer, numbers given are minimum
estimates. Numbers counted at Ponta do Sol were high, with a maximum of
nearly 2100 birds on the afternoon of 27 July. Given an estimated breeding
population of 10,000 pairs, this implies that 10% of the world population was
counted on a single evening.
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Number of birds per 15 minute
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Figure 2. Mean numbers of Cape Verde Shearwaters per 15 minute period during the
period 20-27 July 2005 at Ponta do Sol, Santo Antdo, Cape Verde Islands.
Sunrise at 6:14; sunset at 19:15; periods between 10:00 and 15:00 are given as
15 minute counts, others are completely counted.

Figuur 2. Gemiddelde aantallen Kaapverdische pijlstormvogels per kwartier, 20-27 juli
2005 op Ponta do Sol, Santo Antdo, Kaapverdische Eilanden. Zonsopkomst
6:14; zons- ondergang 19:15; perioden tussen 10:00 en 15:00 zijn per kwartier
geteld, andere zijn geheel geteld.

The nearest (and largest) colonies of Cape Verde Shearwater are situated
on the slets of Branco and Razo, c. 75 km southeast of Ponta do Sol. Since
Cape Verde Shearwaters are incubating in July, the large numbers flying east
before sunset were presumably birds returning to the colonies. This resembles
the behaviour of Cory’s Shearwater in the East Atlantic (Azores, Madeira,
Canary Islands), which arrive at the colonies after sunset (Hamer & Read 1987,
Granadeiro ef al. 1998a) and usually raft at sea while waiting for darkness.

Cory’s Shearwater is known to make long (1-13 days; Granadeiro et al.
1998b) foraging trips to feeding grounds. Breeding Cory’s Shearwaters at
Selvagem Grande make foraging trips to the continental shelf of Morocco and
Western Sahara, as recently established by satellite tracking (Zino et al. 2005).
In the Azores, breeding Cory’s Shearwater probably feeds close to the islands.
Duration of foraging trips is probably related to the condition of the parent
birds, chicks and local food availability (Babuini & Hyrenbach 2003). The
feeding areas of Cape Verde Shearwater are presently unknown. To the west of
Santo Antdo there are a number of seamounts. These underwater mountains are
known to be rich in marine life and to attract shearwaters in the southern part of
the central North Atlantic (Skov ef al. 1994). However, since observational
effort in the seas around the Cape Verde Islands is lacking, no source area for
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the high numbers of Cape Verde Shearwaters seen at Ponta do Sol can be given
at present.

To date, there have been no published results of seawatching counts from
the Cape Verde Islands. Systematic counts of seabirds from the various islands
in the Cape Verde archipelago, as well as counts made from boats or planes
should help to better understand behaviour and distribution of this seabird.
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HOGE AANTALLEN KAAPVERDISCHE PIJLSTORM VOGELS
CALONECTRIS EDWARDSII BIJ SANTO ANTAO, KAAPVERDISCHE
EILANDEN, IN JULI 2005

Tijdens systematische zeetrektellingen in de periode 2027 juli 2005 op Ponta do Sol, Santo Antéo,
Kaapverdische Eilanden, werden 6653 Kaapverdische Pijltormvogels Calonectris edwardsii geteld.
De hoogste aantallen werden 2-2.5 uur voor zonsondergang gezien. De belangrijkste vliegrichting
was oost. De aantallen waren 1-1.5 uur na zonsopkomst het laagst, met west als belangrijkste
vliegrichting.
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DOUBLE WHITE LINES ON THE BILL OF THE
RAZORBILL ALCA TORDA: REMNANTS OF AN
ASSOCIATION WITH THE EXTINCT
GREAT AUK PENGUINUS IMPENNIS?

LAVERS J.L., MUZAFFAR' S.B. & JONES LL.

Lavers J.L., Muzaffar S.B. & Jones I.L. 2006. Double white lines on the bill of the
Razorbill Alca torda: remnants of an association with the extinct Great Auk
Penguinus impennis? Atlantic Seabirds 7(3): 127-132. One of the diagnostic features
of the Razorbill Alca torda is the distinct white line running vertically across the bill Here
we report the presence of two white bill lines in 10 wintering Razorbills from Newfoundland,
Canada i addition to a small number of unreported birds from museum collections and
personal records. Populations of Razorbills across their range have been divided into two
major subspecies based on momphological variation, although molecular studies do not
support such a subdivision. Molecular phylogeny of the auks place Razorbills as the closest
relatives of the extinct Great Auk Penguinus impennis. Multiple white bill lines were a
characteristic of the Great Auk and we speculate that this variation in the bill marking in the
Razorbill is an atavism, reflecting their common ancestry.

' M emorial University of Newfoundland, Department of Biology, St. John’s, NL
Canada, A1B 3X9, E-mail: v35sbm@ mun.ca

INTRODUCTION

Two subspecies of Razorbill are currently recognized: the larger nominate Alca
torda torda, breeding in eastern North America, Greenland, Norway,
northwestern Russia, Denmark and the Baltic; and the smaller A4.t. islandica,
breeding in Iceland, the Faeroe Islands, Britain, France, and Germany (Cramp
1985; Hipfner & Chapdelaine 2002). Breeding distributions are fairly well
known, with most colonies being located on offshore islands and mainland
cliffs, but there is limited information on the winter distribution of both
subspecies (Hipfner & Chapdelaine 2002). The plumage of both subspecies is
indistinguishable and clinal variation along a latitudinal gradient does not reveal
a clear pattern (Jones 1990; Barret et a/. 1997, Hipfner & Chapdelaine 2002).
The number of vertical grooves on the bill has previously been used to
subdivide A.t. torda into two subspecies: A.t. torda and A.t. pica (Salomonsen
1944). However, the number of grooves in Razorbills is variable and is related
to the age of the bird (Lloyd 1976; Jones 1988). The Razorbills closest relative,
the extinct Great Auk Penguinus impennis, had 6-12 grooves (Montevecchi &
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Kirk 1996). Only one of the several grooves in Razorbills (located proximal to
the base of the bill) is normally white in color. The Great Auk in comparison
had all or most of its grooves white (Montevecchi & Kirk 1996). Here we report
on 10 Razorbill specimens with two vertical, prominent white, bill lines
collected (accidental by-catch) from various localities around Newfoundland.

C D

Figure 1. Adult Razorbills (a) winter plumage bird with two vertical white bill lines
recovered in Newfoundland in 1997, (b) winter plumage bird with one vertical
white bill line, (c¢) breeding plumage bird with one vertical white bill line
recovered in Newfoundland in 1969, (d) extinct Great Auk (photo courtesy of E.
Fuller).

Figuur 1. Adulte Alken (a) winterkleed met twee witte, verticale snavelgroeven,
Newfoundland 1997, (b) winterkleed met een witte, verticale snavelgroef, (c)
broedkleed met een witte, verticale snavelgroef, Newfoundland in 1969, (d)
uitgestorven Reuzenalk (foto E. Fuller).
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METHODS

We measured the head, bill, and wing of ten Razorbills collected in
Newfoundland which exhibited two vertical, white, bill grooves and compared
their measurements to those for other populations in Atlantic Canada. In
addition, we contacted several museums (A merican Museum of Natural History,
British Museum of Natural History, Cornell Museum, Provincial Museum of
Newfoundland, and Tromsg University Museum) with substantial collections of
Razorbills to determine if any of their specimens had this variation in bill
grooves. We also contacted 13 seabird researchers from around the world to
determine whether anyone else had observed or reported this double white line

condition.

Table 1. Biometrics (mm) of wintering and breeding adult Razorbills in North America.
Data shown as mean = SD (n).
Tabel 1. Biometrische gegevens (mm) van overwinterende en broedende volwassen Alken
in Noord-Amerika. De gegevens zijn gemiddelden + SD (n).

Bill

Cul . .

Colony, Plumags LGr;e}rll Depth at Bill Head Wing

year(s) Gonys Length Bill Chord  Ref
Twillingate, Winter 328+12 21.8+12 543+38 950+16 204+14.1 1
Newfoundland (10) (10) 5 (10) (10)
1997-2005
Gannet Is., Breeding 33.6+15 23.0+09 532+£27 947+29 204+6.0 2
Labrador (243) (253) (239) (42) (271)
1996-2005
Is. Ste.-Marie, Breeding 32.8+14 23.0£10 Not Not 20849 3
Quebec (474) (473) available  available (470)
1986-1996
Newfoundland* Breeding  33.8+14 23.1+14 Not 94.4+27 206+50 4
2000-2004 (23) (23)  avaibble  (23) (23)
Machias Seal Is.,  Breeding 34.7+16 22.7+09 543+20 950+3.1 202+55 5
New Brunswick (184) (247) (23) (243) (248)
1995-2005
Bay of Fundy, Winter  33.4+16 222+17 Not 963+ 203+54 4
New Brunswick (22) (22) available 24 (22) (22)

2003

* Gull Island, Small Islands, Wadham Islands, and Musgrave Harbor (all locations are on the
Avalon Peninsula)References: 'Present study; 2 I.L. Jones wpublished data; * Hipfner &
Chapdelaine (2002); * Canadian Wildlife Service unpublished data; > AW. Diamond, unpublished
data.
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RESULTS

All double white bill groove Razorbills collected in Newfoundland were in
winter plumage (Figure la) and were collected between August and November,
1997-2005. Morphometric comparisons of these birds with other Razorbills in
Atlantic Canada indicate little variation in these double line birds from other
Razorbills (both in winter and breeding plumage, Table 1). Through our
communications with museums, we were able to locate two additional double
white bill groove specimens: one in the British Museum of Natural History
(BMNH) and one in Comell Museum. Of 100 Razorbills in the collection at
BMNH, only one, a male, had the double white line condition. Of seven adult
Razorbills at Cornell Museum, one bird (sex unknown) exhibited one and half
white lines (instead of two full lines). A small number of Razorbills with two
white bill lines were observed but never reported in Skaggerak, Norway (Tycho
Anker-Nilssen and Rob Barrett, pers. comm.). A Razorbill banded as an adult in
Iceland in 1996, recovered on the Faeroe Islands in December 2005, exhibited
the double white line condition (Edward Soldaat, pers. comm.).

DISCUSSION

The presence of the second white bill line is seemingly inconsistent with all
existing descriptions of the Razorbill (Glutz von Blotzheim & Bauer 1982;
Cramp et al. 1985, Gaston & Jones 1998, Barrett et al. 2000). The frequency of
this condition seems to vary by locality with approximately 1-2% of the
population in Norway exhibiting double white vertical grooves (Tycho Anker-
Nilssen and Rob Barrett, pers. comm.). However, in Newfoundland, of 29 adult
Razorbills (winter and breeding plumage) examined, 10 had two vertical white
grooves on their bills. The frequency of this trait in the rest of Atlantic Canada
is not known as no records exist of such Razorbills in any other parts of their
range. Monitoring of Razorbills further north is minimal, thus reducing the
opportunity to detect double white line birds, we believe that these birds may be
from further north, perhaps Greenland, and have migrated down into
Newfoundland waters (all birds were collected in early fall; Lyngs 2003).
Molecular methods segregate the auks into five distinct lineages (Friesen
et al. 1996) with Little Auks Alle alle, Razorbills, guillemots Uria spp. and the
Great Auk occurring within the same lineage (Moum et al. 2002). Great Auks
are regarded as the closest relative of Razorbills. Since Great Auks had a large
number of vertical white grooves (Montevecchi & Kirk 1996, Figure 1) and no
other member within that lineage has any grooves, we speculate that the
presence of white grooves is an ancestral trait that emerged independently
within this lineage. The Razorbills retained only one white groove, whereas the
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Great Auks retained many. The observed additional white groove in the
Razorbills in this study could be a case of atavism (the reappearance of an
individual trait after several generations of absence), that has been documented
in traits in other bird species (Raikow et a/. 1979; Berman et al. 1990).

Traits observed in extant auks are a reflection of a complex evolutionary
history involving changes in ecology, behavior, and biogeography (Hoberg
1992). Genetic methods have added significantly to our understanding of
evolutionary relationships within the Alcidae, although major gaps still remain
(Gason & Jones 1998; Moum et al. 2002). Further genetic studies, incorporating
Razorbills from across their distribution (Moum et al. 2001), would shed more
light on traits, such as the double white lines, and help us elucidate the
phylogeny of these seabirds.
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DUBBELE WITTE SNA VELGROEVEN Bl DE ALK ALCA TORDA;
OVERBLIJFSELEN VAN REUZENA LK PENGUINUS IMPENNIS?

Het verticale witte lijntje over de snavel is één van de opvallendste kenmerken van de Ak Alca
torda. In dit artikel worden tien Alken beschreven die zelfs twee witte verticale groeven hadden. De
vogels waren allemaal in winterkleed en werden in Newfoundland (Canada) gevangen. Speurwerk
in een aantal grote musea leverde nog enkele exemplaren op en Noorse onderzoekers wisten zich
kleine aantallen te herinneren die zij nog niet eerder gerapporteerd hadden. Tegenwoordig worden
bij de Alk twee ondersoorten onderscheiden. Dit onderscheid is gemaakt op grond van de
gemiddelde afmetingen; moleculair werk heeft tot dusverre deze onderverdeling niet kunnen
ondersteunen. De naaste verwant van de Alk is de inmiddels uvitgestorven Reuzenalk Penguinus
impennis. Deze soort had een flink aantal witte, verticale snavelgroeven en de auteurs speculeren
dan ook dat de gevonden variatie in het aantal witte groeven bij de Alk een atavisme is, een terugval
naar kenmerken van een gemeenschappelijke voorouder.
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EFFECTS OF SUPPLEMENTARY FEEDING ON
PROVISIONING AND GROWTH RATES OF
ATLANTIC PUFFIN FRATERCULA ARCTICA

CHICKS IN NORTH NORWAY
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Dahl H.K., Barrett R.T. & Ims R.A. 2005. Effects of supplementary feeding on
provisioning and growth rates of Atlantic Puffin Fratercula arctica chicks in North
Norway. Atlantic Seabirds 7(3): 133-143. After many years of a gradual change in chick diet
and a supposed deterioration in feeding conditions, chicks of Atlantic Puffins Fratercula arctica were
fed 50 g supplementary food per day (capelin Mallotus villosus) fo test if they grew faster than
control chicks, thus indicating that conditions really were suboptimal. Growth rates were, however,
approximately the same as for control chicks through a near halving of provisioning rate by the
experimental parents. This suggests that feeding conditions, despite a large change in diet
composition, were still adequate for normal breeding.
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INTRODUCTION

The energetic costs of reproduction in general and provisioning of young in
particular are the highest an adult bird will experience throughout its lifetime,
except perhaps during migration (Bryant 1997). The high energetic costs that
parents incur while provisioning young are due largely to increases in foraging
time, which for auks often involve very costly flight and diving activities
(Bryant 1997). Life-history theory suggests that parents should regulate their
reproductive investment in each breeding attempt in order to maximize their
lifetime reproductive success (Stearns 1992). One would expect long-lived
species such as the Atlantic Puffin Fratercula arctica to be restrictive in the
degree to which they exhibit increased effort in one breeding attempt, because
current offspring contributes relatively little to total lifetime reproduction
(Ricklefs 1983, Wooller et al. 1992).

Some seabird parents feed chicks at a rate independent of their chicks’
current requirements (Ricklefs & Schew 1994, Takahashi et al. 1999),
suggesting that parental effort in long-lived species may be regulated to a fixed
schedule in order to maximize the survival of adults (Sether et al. 1993).
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However, there is growing evidence for the ability of puffins to adjust
provisioning in response to their chick’s need (Hudson 1979, Harris 1983,
Johnsen et al. 1994, Cook & Hamer 1997, Erikstad et al. 1997, Wemham &
Bryant 1998), although an individual’s response to its chick’s need may also
depend on the current body condition of the adult, the size of the chick (and
hence the prospect of survival and recruitment to the population), and temporal
variation in local food availability (Johnsen et al. 1994, Erikstad et al. 1997).

Evolution has favoured the adoption by puffins of a k life-history strategy
in order to cope with high spatial and temporal variability in marine food
supplies. They show delayed maturity (first breeding when 4-8 years old), lay a
single egg clutch, have high adult survival rates (c. 96%), have a long lifetime
(an average lifespan of 25 years), and have a low fecundity rate (Harris 1984,
Sandvik et al. 2005). Because of the buffering effect of these traits against
environmental changes, numbers of Atlantic Puffins would be the least
influenced in the short-term. Instead, responses would probably be manifested
in changes of chick diet (species composition and the amount of fish caught),
chick growth rate, delayed fledging, and under extreme food shortage, chick
mortality (Harris 1978, Anker-Nilssen 1987, Barrett et al. 1987, Barrett &
Rikardsen 1992, Baille & Jones 2003).

In the early 1980s, capelin Mallotus villosus and sandeel Ammodytes spp.
dominated puffin chick diet on Homeya, NE Norway, 70° 23> N 31° 9" E
(Furness & Barrett 1985). Both capelin and sandeel have high calorific, lipid
and protein contents, and are thus preferred prey species for the Atlantic Puffin
(Harris & Hislop 1978, Montevecchi & Piatt 1984, Furness & Barrett 1985).
Food loads consisted of few large fish and both chick growth and production
were considered optimal (Barrett et al. 1987, Barrett 2002). As a possible
consequence of the large variations and overall decline in capelin stocks in the
Barents Sea (Iversen et al. 2006), there has since been a wide diversification in
the diet of Atlantic Puffin chicks on Hornegya. By 2000, the puffins were feeding
their chicks on much smaller larval and juvenile fish of a variety of species and
of comparatively lower energetic values than in the early 1980s (Barrett 2002).
Furthermore, load mass decreased and the number of prey items per load
increased, suggesting a deterioration in the diet quality (Harris 1984).

Our study addressed the feeding behaviour and growth of adult Atlantic
Puffins on Homgya following the collapse of the capelin stock between 2000
and 2003. If food availability was low, did the adults compensate in any way to
ensure normal growth of their chicks? We carried out an experiment to test
whether supplementary feeding had a positive effect on puffin chick growth and
survival on Homeya in 2003.

We tested the hypothesis that the fish species in the vicinity of the colony
constituted a poor chick diet such that, given that the adults were foraging at a
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fixed rate, chicks fed supplementary capelin grew faster than control chicks. As
several studies suggest that Atlantic Puffin adults regulate their feeding effort in
relation to their chick’s demand (Harris 1983, Cook & Hamer 1997, Wernham
& Bryant 1998), this hypothesis would be rejected if the experimental parents
decreased their feeding frequency while their chicks grew at the same rate as the
control chicks. That would indicate that the availability of alternative prey
species was high enough to compensate for the lack of capelin, so enabling
control Puffins to maintain their breeding success.

MATERIALS AND METHODS

Puffin chick growth In mid June 2003, 44 experimental burrows and 41 control
burrows with an egg or young chick were fitted with inspection lids and marked
with a numbered stake. The control and experimental nests were all chosen in
the same area with approximately the same burrow density, slope and distance
to the cliff edge, as these parameters may each affect breeding success (Rodway
et al. 1998). Where a chick was already present it was aged by comparing wing
and culmen length with those of known-age control chicks.

The study was conducted from 15 June-5 August 2003. After the first
chick had hatched, all nests were inspected every three days and all chicks were
weighed to the nearest 5 g and their wing length (maximum flattened chord,
including down but minus the little tuft at the end) was measured to the nearest
1 mm using a stopped ruler. The culmen was measured to the nearest 0.1 mm
using vernier callipers. As the study ended before the chicks were fully grown,
growth rates were compared statistically until 34 d post-hatching.

Supplementary feeding of experimental chicks Chicks were fed with recently
thawed capelin. Each daily ration was cut in ¢. 3.0x0.7 cm slices, weighed on an
electrical balance, and placed in small plastic bags. From the fourth to the
seventh day after hatching each chick received 30 g (= 0.1 g) per day of thawed
capelin, which was placed in the nest chamber. Thereafter they were given 50 g
(= 0.1 g) per day, thereby approximately following the protocols of Harris
(1983) and Cook & Hamer (1997). All the fish appeared to be eaten in addition
to those which the adults brought, and the adults were presumed not to eat the
food supplement because they do not take fish from the floor in captivity
(Wemham & Bryant 1998).

Food choice Food items being brought into the colony were identified, counted
and their lengths estimated (in relation to bill size) using Zeiss 10x40
binoculars. This method was used rather than catching fish-carrying adults in
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mist nets in order to reduce the loss of very small food items in the vegetation,
and also to reduce disturbance in the colony.

However, 26 food samples were also collected by catching fish-carrying
puffins with a noose pole or at burrow entrances. They were used as controls for
the visual identification and estimates of numbers and sizes of prey items. The
mass of each observed food item was integrated from its estimated length based
on the length/mass relationships determined from samples of the same species
collected in the field from adult puffins in the same season (RTB unpubl. data).
The energy content (kJ g wet weight) of each food item was calculated using
published values of fish caught in summer since prey species often have
variable energy content throughout the year (Montevecchi and Piatt 1984).

Feeding frequency Comparative rates at which control and experimental chicks
were fed were determined during 2-4 hour watches of 5-14 experimental
burrows for a total of 39 hours. In a neighbouring area, 11-13 control burrows
were simultaneously watched from another hide by another investigator, thus
allowing direct comparisons to be made without having to consider variations
due to weather or time of day (Harris & Hislop 1978). The observations were
made from 14 June-3 August at randomly chosen hours from 0900 to 2320 hrs.
A feed was recorded every time an adult with fish entered the burrow. Feeding
frequency observations began at least three days after the first supplementary
feeding in order to allow the adults to adjust to the experimental conditions
(Hudson 1979, Harris 1983, Wernham & Bryant 1998).

The average number of feeds per hour was calculated for each chick
during each watch, and each chick was assigned to a 3 day age class.

Statistical methods Analyses of growth patterns (weight, wing and culmen
length) were carried out using mixed effects linear models with age, treatment
group (control vs experiment) and the interaction age*treatment group as fixed
effects and chick identity as a random effect nested in the treatment effect.
Temporal autocorrelation between sequential measurements of the same chick
was modelled as a first order process (AR-1 process). As the field season ended
before the chicks were fully grown, there were few observations of the size
variables for chicks older than 34 days. Any such observations were excluded
from the analyses in order to achieve convergence of the numerical algorithm
(restricted maximum likelihood). Logarithmic transformations (In) were
necessary for growth variables to obtain stable variance of the residuals. All
mixed model analyses were executed in PROC MIXED SAS version 6.1.

As the feeding frequency data were skewed with respect to chick age, it
was not possible to take age into account using a similar analysis as that for
growth pattern. Thus, a simple ANOVA model with mean feeding frequency
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(number of feeds per hour) at each nest over the whole observation period was
applied. No transformation was necessary for this analysis.

RESULTS

Puffin chick growth Although the growth curves were very similar (Fig. 1),
there was a significant interaction between treatment and age in both wing
length and body mass at least until day 34 (see Methods). The interaction on
body mass (Fjjeg = 224, P = 0.011) was mainly due to a tendency of
experimental chicks to become relatively heavier at older age, whereas a
stronger interactive effect on wing length (F; g4 = 12.73, P<0.001) was due to
longer wings in young control chicks. Also, the main effect treatment was
significant for wing length (F, 77 = 7.66, P<0.007), whereas it was not for body
mass (F;77 = 0.000, P<0.99). Although the experimental chicks tended to be
heavier at ages > 25 d, none of the differences in mean mass for each age class
was significant (t-tests, P> 0.05).

Feeding frequency There was a large overall difference in feeding frequency
between experimental and control chicks (F;,; = 10.87, P = 0.003). The
estimated overall feeding frequency in the experimental group (0.25 times per
hour, 0.16-0.33 95% CI) was 60% the rate of the feeding frequency of the
control group (0.42 times per hour, 0.35-0.53 95% CI). A plot of feeding
frequency in the different age groups did not suggest any consistent differences
among age groups in experimental or control chicks (Fig. 2).

The chicks’ daily food intake The overall mean number of fish per load
brought to the control chicks was 8.2 (£0.28 SE), whereas the mean load mass
(and energy equivalent) of fish was 8.1-8.8 g (48-55 kJ) for 12-15 and 20-25
day old chicks respectively. The control chicks were fed 9-10 times per day and
so received 70-90 g or approximately 450-550 kJ d'. The experimental chicks
were fed at 60% of the rate of control chicks and, assuming no differences in
bill load size (as documented by Cook & Hamer 1997, Gjerdrum 2004), thus
received 40-50 g (270-330 kJ) from their parents. With a supplementary ration
of 50 g capelin per day (mean length 166.5 mm + 1.3 SE, n = 50, energetic
equivalent = 5.6 kJ g"l, Furness & Barrett 1985), the experimental chicks
therefore ate an equivalent of 550-610 kJ d™.

DISCUSSION

Chick diet and feeding frequency In 2003, the diet of the Puffin chicks was
varied and consisted of gadoid fish, sandeels, herring, capelin, and unidentified
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Opposite page: figure 1. Growth rate (wing length and body mass) of experimental (dots)
and control (circles) Atlantic Puffin chicks on Hornaya, 2003. Means + 1 SE. N
= 25-36 except two oldest age classes where N = 7-23.

Tegenoverliggende pagina: figuur 1. Groeisnelheid (vleugellengte en lichaamsgewicht)
van bijgevoerde (punten) en ‘controle-kuikens’(cirkels) van Papegaaiduiker op
Hornaya, 2003. Gemiddelden = 1 SD. N = 25-36 behalve de twee oudste
leeftijdsklassen, waarbij N = 7-23.
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Figure 2. Feeding frequency (no. of feeds b + 1 SE) with respect to age of experimental
and control Atlantic Puffin chicks on Hornoya, 2003. N is number of chicks in
each age class.

Figuur 2. Voederfrequentie (voerbeurten h' £ 1 SD) in relatie tot de leeftijd van
bijgevoerde en ‘controle-kuikens’ van Papegaaiduikers op Hornoya, 2003. N is
het aantal kuikens in iedere leeftijdsklasse.

juvenile fish. Small, O-group gadids (cod and saithe Pollachius virens)
dominated in number, whereas small sandeels (mean length 87 mm) dominated
in mass (RTB unpubl. data). The overall mean number of fish per load brought
to chicks was relatively high (8.2 = 0.28 SE), and the mean load mass (and
energy equivalent) of fish was 8.1-8.8 g (48-55 kJ). A comparison with data
from years dating back to 1981 showed a considerable change in diet from one
dominated by large capelin and sandeels to one composed of many small larval
and juvenile fish. Mean numbers of fish per load increased from 2-3 in the early
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1980s to 8-10 in 2003, while the mean load mass dropped from 11-12 g to 8 g,
both suggesting a gradual deterioration in the availability of high quality fish
(Barrett 2002, this study).

Parental food provisioning is a readily adjustable component of
reproductive effort in long-lived seabird species, and many studies have
demonstrated an ability to regulate reproductive effort through adjustments of
provisioning rates in response to the chick’s need (e.g. Johnsen et al. 1994,
Bolton 1995, Hamer et al. 1998, Granadeiro et al. 2000, Jodice et al. 2002).
While the degree to which parents adjust provisioning may be influenced by
species-specific constraints such as the assimilation capacity of the digestive
tract (Ricklefs 1992), body condition of the adults (Johnsen et al. 1994) or
nocturnal, single-meal provisioning habits (Takahashi et al. 1999), any increase
probably reaches a threshold above which further investment by the parents
compromises future survival (Erikstad ez al. 1998).

The supplementary feeding on Hormeya resulted in a significant decrease
in the experimental parents’ feeding frequency demonstrating that adult Puffins
can reduce food provisioning in response to a decrease in their chick’s
nutritional requirements. This corroborates other studies where conditions have
been experimentally improved for e.g. the Atlantic Puffin (Johnsen et al. 1994,
Cook & Hamer 1997, Wernham & Bryant 1998), the Homed Puffin F. cirrhata
(Harding et al. 2002), and the Tufted Puffin F. corniculata (Gjerdrum 2004).

Chick growth Several studies have suggested that mass increase is a more
sensitive measurement than the somatic growth of e.g. bill or wing length
(Ricklefs & White 1975, Gaston 1985). An experimental study by @yan and
Anker-Nilssen (1996) indicated that growth of the skull is given highest priority
in food-stressed puffin chicks, followed by the culmen, forearm, middle toe,
tarsus, 2"¢ primary and, lastly, mass increase.

Despite supplementary feeding, however, there were no significant
differences in mass increase during the period of maximum growth between
experimental and control chicks in this study, suggesting that both sets of chicks
grew near their physiological maximum rate. Harris (1978) showed that
supplementary feeding of puffin chicks had a greater effect on the chick’s mass
at one Scottish colony, St Kilda, where feeding conditions were poor, than it had
at another, the Isle of May, where feeding conditions were favourable. This
suggests that puffin chick growth is limited by the maximum rate at which
adults can supply food when feeding conditions are poor. The non-significant
difference in mass growth rate between experimental chicks and control chicks
in this study suggests that, despite a considerable change over time towards a
supposedly poorer diet (Barrett 2002), the feeding conditions were still adequate
for the chicks. It seems that, despite the reduction in size and increase in number
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of fish fed to the chicks, the amount and quality were nevertheless high enough
to maintain normal chick growth. However, the implications of any possible
increase in effort required by the parents to catch a larger number of fish, such
as a possible reduction in adult body condition at the end of the breeding season,
remain to be investigated.

Furthermore, because change in mass is a more sensitive parameter than
change in wing length (Ricklefs & White 1975, Gaston 1985, Qyan & Anker-
Nilssen 1996), it is unlikely that the wings were actually longer in the young
control chicks than in experimental chicks as the results suggest. The
differences are most likely to be due to inconsistencies in the measurements,
which were made by two different persons. That there were differences in
measurements of young chicks only was probably due to the difficulty of
accurately measuring downy wings, whereas the measuring method readily
became standardized when the feathers erupted. The fact that supplementary-fed
chicks tended to be heavier than controls towards the end of the experiment
(Fig. 1; also shown by Hudson 1979, Cook & Hamer 1997, Wernham & Bryant
1998), however, suggests that experimental chicks were willing to eat more food
than their parents would normally have provided at the end of the season, which
in turn may accord some post-fledging survival advantages (Hamer ef al. 1991).
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EFFECT VAN BIJVOEDERING OP VOEDEREN EN GROEISNELHEID
VAN KUIKENS VAN PAPEGAAIDUIKER FRATERCULA ARCTICA IN
NOORD-NOORWEGEN

Na vele jaren van een geleidelijke verandering in het dieet van kukens van Papegaaiduikers
Fratercula arctica en een veronderstelde achteruitgang in foerageeromstandigheden, werden
kuikens bijgevoerd met 50 g lodde Mallotus villosus per dagomte controleren of ze sneller groeiden
dan de ‘controle-kuikens’. Daarmee zou aangetoond kunnen worden dat de omstandigheden
inderdaad suboptimaal zijn. De groeisnelheid van de bijgevoerde kuikens was echter ongeveer
hetzelfde als voor ‘controle-kuikens’ als gevolg van een afhame van de voederen door de ouders. De
resultaten suggereren dat foerageeromstandigheden, ondanks een grote verandering in de
samenstelling van het dieet, nog steeds voldoende zijn om normaalte broeden.
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