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Abstract We examined feather molt progress of northern
fulmars (Fulmarus glacialis) at Cape Vera in the Canadian
High Arctic through opportunistic observation of individu-
als in Xight from 2003 to 2006, and examination of bodies
and wings of 127 individuals collected at the site, from
2003 to 2005. We found no evidence suggesting that ful-
mars shed primary feathers during breeding. Prebasic molt
was initiated in the head, neck, sides, belly and back
approximately 1 week before hatch. We failed to detect a
sex eVect on molt progress, but molt among breeders was
delayed compared to molt in non- or failed breeders. This
study constitutes a baseline we feel may be useful to: (1)
researchers interested in feather replacement chronology,
wherein feathers are used as sources of biological informa-
tion; and (2) researchers interested in eventual assessment
of relationships among large-scale environmental processes

and molt progress in this species, especially in light of
predicted changes to Arctic regions.
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Introduction

Characteristics of local breeding bird populations, such as
timing of breeding, measures of body condition and their
proxies, as well as reproductive output in birds, are com-
monly proposed metrics valuable to investigation of eco-
logical change (e.g., Visser et al. 1998; Frederiksen et al.
2004; Grosbois and Thompson 2005). More recently,
increasing numbers of studies use tissues, including feath-
ers, as source material (e.g., work with isotopes) to infer on
contaminant burden, diet and geographical distribution
within and among species (e.g., Hodum and Hobson 2000).
Studies which use feathers in particular rely on knowledge
of molt chronology (e.g., Thompson and Furness 1995),
often derived from the literature, and are vulnerable to
poorly understood potential sources of variation. Also, molt
strategies and variation in molt progress (i.e., timing of
onset, and rate) often are overlooked and remain largely
understudied (Ginn and Melville 1983). Molt, reproduction,
migration, and the accumulation of fat reserves are consid-
ered energetically-demanding processes for birds (Chu
1984; King and Murphy 1985), and tend to be temporally
segregated and timed with periods of food abundance
(Payne 1972; Ricklefs 1974). For example, molt of Xight
feathers and reproduction generally occur at diVerent times,
likely to optimise the trade-oV between breeding success
and survival until the next breeding season (Holmgren and
Hedenström 1995; Robertson et al. 1998). Though molt can
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represent a relatively small net daily expenditure in terms
of feather synthesis (King and Murphy 1985; Norstrom
et al. 1986), additional costs might also be incurred through
reduced Xying ability (Beck 1970; Swaddle and Witter
1997; Lindström et al. 1994) and reduced foraging eYciency,
as well as increased thermoregulatory expenses. According to
theory, costs incurred through increased energetic expendi-
tures related to molt would compete with allocation of
resources to reproductive eVort, and thus selection should
favour molt initiation occurring upon completion of breeding.

In some situations, however, where food resources are
not limiting, or environmental conditions place constraints
on the completion of other life history processes (e.g.,
migration), molt and breeding may overlap (reviewed by
Bridge 2006). For example, Barbraud and Chastel (1998)
showed that southern fulmars (Fulmarus glacialoides) breed-
ing in Antarctica initiated primary molt during incubation,
presumably due to a short summer season and abundant
marine food supplies, and a similar explanation was proposed
for molt-breeding overlap in giant petrels (Macronectes
spp.; Hunter 1984). Furthermore, the absence or removal of
costs of breeding should lead to earlier onset of molt for failed
breeders, non-breeding adults and juveniles, which has
been observed in many species (Ginn and Melville 1983).

We studied molt in northern fulmars (Fulmarus glacialis),
the only petrel (Procellariiformes) found in the Boreal, Low
Arctic and High Arctic oceanographic zones (Salomonsen
1965). The timing of molt and reproduction typically are
segregated in the petrels (Warham 1996), including fulmars
(Hatch 1979; Hatch and Nettleship 1998), although Bridge
(2006) recently suggested that that Procellariiformes were
more likely to overlap molt and reproduction than other sea-
birds, especially in sedentary or dispersive populations. Ful-
mars undergo a single, complete molt (Hatch and Nettleship
1998), the timing of which varies primarily in relation to
breeding status. Non-breeders enter molt earlier than breed-
ers, and primary molt is initiated by failed breeders approxi-
mately 2 weeks after nest loss (Hatch and Nettleship 1998).
However, many earlier studies of molt in this and other spe-
cies failed to distinguish eVectively breeders from non- or
failed breeders. Furthermore, incorrectly qualifying failed or
non- breeders as breeders can lead to the false conclusion that
overlap exists between molt and reproduction. This stresses
the importance of individual-based information in molt stud-
ies and the challenge inherent to comparison with some
earlier studies. Molt has been documented in fulmars princi-
pally occupying colonies in the Boreal oceanographic zone
(DuVey 1950; Carrick and Dunnet 1954; Dott 1973; Hatch
1979). Body molt in breeding individuals at Alaskan colonies
was observed as early as late incubation, with onset of pri-
mary molt occurring rarely near the end of chick-rearing
(Hatch 1979; Hatch and Nettleship 1998). The observation
that some breeders initiate primary molt in late incubation

(Hatch 1979) might be attributable to high food resource
abundance (Carrick and Dunnet 1954).

We observed molt by fulmars breeding at the remote
Cape Vera colony in the Canadian High Arctic (Mallory
and Fontaine 2004) and assessed molt progress at both the
individual and colony levels, to compare to these previous
studies. Little information on molt chronology exists for the
large fulmar populations associated with colonies in this
region, except for some observations of molting fulmars at sea
(Brown 1988; data available at http://seamap.env.duke.edu).
Polar regions are characterized by having: (1) shortened
seasonal opportunities for reproduction; (2) extreme winter
conditions and sea-ice cover which collectively impose the
need to migrate; and (3) spatially and temporally concentrated
food resources (Hamer et al. 2002). At Cape Vera, fulmars
exhibit a compressed and adjusted breeding schedule and rel-
atively long incubation shifts (Hatch and Nettleship 1998;
Gaston et al. 2005), which presumably reXect behavioral adap-
tations to low marine productivity (i.e., food supplies) during
the early part of the breeding season (Raymont 1976).

The principal objectives of this study on northern fulmars
in the Canadian High Arctic were to: (1) establish the Wrst
baseline chronology of body molt for this region; (2) determine
whether incubation and molt overlap, as seen for southern
fulmars (Barbraud and Chastel 1998); (3) assess how molt
diVers among breeders and non-breeders; and (4) determine
whether there are sex-speciWc diVerences in molt patterns.

Materials and methods

The study was undertaken at Cape Vera, Devon Island,
Nunavut, Canada (76°15�N, 89°15�W) where 71, 32, and
24 individual fulmars were collected during 2003, 2004,
and 2005, respectively, as part of a larger project examining
the ecology of fulmars at this remote site. The 2003 sample
included breeders, failed breeders and likely non-breeders
captured between 10 June and 18 August. The remaining
fulmars were breeders collected 18 May and 16 July 2004,
and 4 May and 11 June 2005, respectively. Birds were cap-
tured on the nest using poles equipped with nooses, and
were quickly euthanized by decapitation. Those birds cap-
tured during pre-laying were assumed to be breeders (Mallory
and Forbes 2007), while those captured after egg-laying
were classed as breeders if they were incubating an egg.
The 2003 sample also included individuals shot with shotguns
in the vicinity of the colony (following Canadian Council
on Animal Care guidelines). These birds were principally
non- or failed breeders, based on telemetry work conducted
at the site (Mallory, unpublished data), as well as information
from dissection (below). Fulmars varied in color from dark
(DD) to light (LL), although the majority were in the
intermediate categories (D and L; Hatch and Nettleship
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1998). Carcasses were fully examined in a suite of studies
including diet, contaminants (Mallory et al. 2006a), marine
pollution, body condition, parasitology (Mallory et al. 2006b),
haematology (Edwards et al. 2005), and morphometry
(Mallory and Forbes 2005).

All birds sampled were sexed through dissection and
direct examination of gonads. Presence and size of a post-
ovulatory follicle, determined through dissection, allowed
us to classify further females as non- versus failed breeders.
Also, telemetry evidence suggests breeders leave the col-
ony to forage hundreds of kilometers to the east (Mallory,
unpublished data), thereby spending less time at or near the
colony shoreline area. We were otherwise unable to age
individuals. Northern fulmars at the site exhibited high
breeding synchrony, thus limiting the utility of correcting
for diVerences in breeding phenology among individuals
(i.e. number of days after clutch initiation), a potentially impor-
tant covariate in other circumstances and in other species.

We determined intensity of feather replacement through
counts of blood quills in 20 feather regions (Titman et al.
1990; Thompson and Drobney 1995): crown, cheek, chin–
throat, neck, upper back, scapulars, lower back, rump,
upper tail coverts, rectrices, undertail coverts, collar, breast,
belly, side, Xank, primaries, secondaries, tertials, and wing
coverts (Petrie 1998). Each feather region was subject to
three grab samples. Molt intensity initially was obtained by
calculating a percentage of the number of pin and/or grow-
ing feathers compared to completed molted feathers within
each of the 20 individual regions. For each individual, we
then calculated a mean total molt intensity value which rep-
resented the mean of all feather region molt intensities,
with values of 0 representing no molt, 0.01–1.0 represent-
ing light molt, and values ¸1.01 representing intermediate
or heavy molt (Thompson and Drobney 1995).

We used the method of Ashmole (1962) to obtain pri-
mary molt scores (PMS), calculated as the sum of molt
scores obtained from each primary feather (0, old feather in
place; to 5, new feather fully grown), from innermost P1 to
outermost P10, in each wing. Although primary molt typi-
cally is thought to be symmetrical (Weimerskirch 1991),
we examined and calculated molt scores for both right and
left wings. Also, from 2003 to 2006, through the breeding
season we recorded opportunistically the proportion of
Xying fulmars observed in primary wing molt, by counting
at least 100 birds at one viewing each day, and recording
how many of those birds exhibited wing molt. We con-
ducted the same procedure at a separate fulmar colony
(Prince Leopold Island, 74°N, 90°W) in 2005.

Statistical analyses

We used paired t tests, Mann–Whitney U tests, Kruskal–
Wallis tests, and Fisher’s Exact tests to assess possible

diVerences in molt symmetry between sexes, breeding sta-
tus, or months, or to compare proportions of molting birds.
An ANCOVA was used to test for diVerences in primary
molt scores between sexes, with sex as a main eVect and
date of collection as a covariate. Trends in proportion of
birds exhibiting primary molt were assessed using Pearson
correlation. All dates were converted to Ordinal Dates
(1 January = 001) for analysis. Means are reported § SE,
and all tests were two-tailed and use a signiWcance level of
0.05 (Systat Software Inc. 2002).

Results

Breeding chronology

The timing of breeding was consistent among years, with
mean date of egg-laying occurring on 6 June in 2004 (Ordinal
Date 157.1 § 0.6, n = 16) and 2005 (157.9 § 0.2, n = 103).

Wing molt

Pooling data from 3 years, 71 breeding adults were cap-
tured on the colony between nine and 83 days prior to the
median hatch date at the colony (i.e., pre-laying through
66% of incubation). Of these, none (0%) showed any evi-
dence of wing feather molt in primary, secondary, tertiary,
axillary, or alulae regions, including inner and outer wing
coverts (Table 1). We did not collect any known breeders
later in the season, but we observed no primary molt in 47
adults provisioning chicks during 1–14 August 2003. In
contrast, non- or failed breeders in 2003 exhibited molt in
various wing feather regions. During August, an average of
36 § 4 of 100 birds observed at the shoreline were in obvi-
ous primary molt, a signiWcantly higher proportion than
among conWrmed breeders (Fisher Exact test, P < 0.0001).

The proportion of fulmars exhibiting primary wing molt
increased through the breeding season (Fig. 1), both at
Cape Vera (r67 = 0.88, P < 0.001) and Prince Leopold
Island (r38 = 0.88, P < 0.001). Fulmars were Wrst observed
losing primary feathers on day 174 (23 June), approxi-
mately 2 weeks after the mean egg-laying date for the col-
ony. The proportion of birds observed in primary molt
between 14 and 19 July was similar each year: 2003—12%,
2004—13%, 2005—12%, 2006—16% (KW = 1.4, P = 0.7).
Peak counts of molters, averaging 43% of birds observed at
the shoreline, occurred between day 223 and 226 (11–14
August), although we cannot exclude the possibility that
higher proportions occurred after this date, as our observa-
tions ended then.

Individuals observed Xying along the breeding cliVs near
the mean hatch date for the colony were less likely to show
signs of molt than conspeciWcs observed Xying along the
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shoreline away from the colony (¸1 km). Between 23 July
and 9 August at Cape Vera, only 6.0 § 1.8% of birds Xying
near the cliVs showed primary molt (n = 7 counts), whereas
during this same period, 28.6 § 3.5% of birds near the

coast were in wing molt (n = 18; Mann–Whitney test,
U = 3.0, P < 0.001; Fig. 1).

Primary molt scores

We detected considerable variability in PMS in our sample
of birds known to contain non- or failed breeders from 2003
measured between 7 July and 18 August (PMS range 0–12).
Of these birds, many non-zero PMS were obtained prior to
hatch at the colony.

For birds in primary molt, we did not detect a diVerence
between mean PMS for the left wing (3.7 § 0.6, n = 36)
and right wing (3.4 § 0.6; paired t35 = 1.24, P = 0.2).
Primary molt scores were perfectly symmetrical in 64%
of the birds examined, and nearly symmetrical (PMS
diVerence · 1) in 80% of all individuals not identiWed as
known breeders (Fig. 2). Only one individual exhibited a
PMS diVerence >2 (PMS diVerence = 6).

We tested whether log10-transformed PMS in non- or
failed breeding males diVered from females, but there was a
signiWcant interaction eVect of sex with date for both right
and left wings (F1,34 > 5.5, P < 0.03). Instead, we compared
PMS values between sexes in July and in August, using
Mann–Whitney tests. We did not detect a signiWcant diVer-
ence in PMS between males and females for either month
(all P > 0.15), except for a tendency for August males to

Table 1 Mean (SE) percentage 
of molt intensity of 20 feather 
regions from northern fulmars 
collected during the breeding 
seasons of 2003–2005 at Cape 
Vera, Nunavut, Canada

Feather tract Breeders Non- or failed breeders

Male (35) Female (29) Male (23) Female (23)

Crown 0 0 0.1 (0.1) 1.4 (0.6)

Cheek 0 0 0.9 (0.6) 5.5 (2.4)

Chin/throat 0 0 1.0 (0.7) 2.6 (2.0)

Neck 0.1 (0.1) 0.1 (0.1) 0.6 (0.4) 3.4 (1.6)

Upper back 0.6 (0.4) 0.1 (0.1) 2.1 (1.1) 3.4 (1.4)

Scapulars 0.1 (0.1) 0 1.7 (0.9) 4.5 (1.9)

Lower back 0.8 (0.6) 0 1.4 (1.0) 3.4 (1.3)

Rump 0.3 (0.3) 0 1.3 (0.9) 5.9 (2.4)

Upper tail coverts 0.7 (0.5) 0 0.5 (0.5) 3.3 (1.6)

Rectrices 0 0 0 1.2 (1.2)

Undertail coverts 0 0 1.8 (1.2) 2.1 (1.0)

Collar 0.9 (0.6) 0 0.3 (0.3) 3.8 (1.8)

Breast 0.04 (0.04) 0 0.5 (0.5) 0.02 (0.02)

Belly 0.1 (0.1) 0 0.3 (0.3) 0.2 (0.2)

Side 0.8 (0.5) 0 0.4 (0.3) 0.7 (0.7)

Flank 1.6 (1.3) 0.3 (0.3) 0 0.4 (0.4)

Primaries 0 0 19.6 (3.7) 27.8 (3.7)

Secondaries 0 0 0.7 (0.4) 1.6 (0.8)

Tertials 0 0 42.0 (9.4) 47.8 (9.8)

Wing coverts 0 0 0.3 (0.2) 1.8 (0.9)

Total molt score 0.05 (0.03) 0.03 (0.02) 0.22 (0.04) 0.40 (0.06)

Only birds with complete data 
for all feather regions are includ-
ed. Inferences should not be 
drawn from comparisons 
between breeders and non- or 
failed breeders

Fig. 1 Sampled proportions of 11,500 individuals in Xight exhibiting
primary molt. Each point represents a sample of 100 birds observed
from either a colony or shoreline position. Points diVer by year and
location as follows: (1) Cape Vera 2003 (Wlled circles), 2004 (Wlled tri-
angles; black are counts made from the cliVs), 2005 (Wlled diamonds),
2006 (Wlled squares); (2) Prince Leopold Island 2005 (open circles) 
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have lower PMS than females (P = 0.082), although samples
sizes were small (Fig. 3). We could not test for a sex diVerence
in PMS for our sample of individuals known to be breeders
as none had initiated primary molt.

Molt of primary feathers was initiated at the second pri-
mary (P2), followed by P3, P1, P4 and P5 (Fig. 2), as
indexed by the development scoring pattern from Ashmole
(1962). No fulmars at the colony were observed molting
feathers in the P6 to P10 positions. For 19 fulmars with
molt in the secondary feather tracts, molt was initiated at an
inner node, with 89% having blood quills in the S21 posi-
tion, 68% in S20 and S19, 10% in S18, and 5% in S15. The
maximum number of primary feathers being replaced per
wing at a given time in any individual sampled was Wve

(n = 7). Of these, no single feather obtained a molt score
greater than three (i.e., vane more than two-thirds grown),
which suggests that an even greater number of feathers
undergoing replacement in an individual is possible.

Body molt

Although breeders showed no evidence of molt in Xight
feather regions in any year, molt onset was detected on
other parts of the body in 13 of 64 adults (20%) captured at
the nest. However, only those individuals captured near the
end of the incubation period (four of Wve individuals cap-
tured within 2 weeks of hatch) exhibited mean molt inten-
sity greater than 1% (mean 6.2%, range 2–11%). Among
these individuals, molt had been initiated in the capital,
side, collar, back, scapular, leg, and tail areas (Table 1).

Unlike active breeders, molt was initiated by non- or
failed breeding fulmars in all feather regions examined in
females, and all but the rectrices and Xank feathers in males
(Table 1). For these birds, molt had progressed most in the
scapular and primary feather regions, as well as the head.

We did not detect a signiWcant diVerence in the mean
molt intensity between breeding male and female fulmars
(Table 1; Mann–Whitney tests, all P > 0.1). However,
female non- or failed breeding fulmars tended to have
higher mean molt intensity in the crown (P = 0.07), cheek
(P = 0.06), neck (P = 0.04) and wing covert (P = 0.06)
feather regions than male non-breeders (Table 1). Overall,
non-breeding females had a higher total molt score than
non-breeding males (P = 0.02).

Discussion

Northern fulmars breeding in the Canadian High Arctic
did not initiate primary feather molt during incubation
or early chick-rearing, consistent with most observations
from studies in the Boreal part of the fulmar’s range
(Wynne-Edwards 1939; DuVey 1950; Fisher 1952; Hatch
and Nettleship 1998). However, failed or non-breeding birds
were observed in primary molt as early as 23 June, approx-
imately 2 weeks after the mean egg-laying date for the
colony, as found elsewhere (Hatch and Nettleship 1998).
Some breeding fulmars did initiate molt in other parts of
their body, notably the neck, upper back, and Xank regions.
Nonetheless, total molt scores for breeding and non-breed-
ing birds indicated no molt to light molt (Thompson and
Drobney 1995). Molt may be energetically-expensive in
petrels; Chu (1984) found that shearwaters lost 12% body
mass during molt. Thus, in the High Arctic, fulmars appear
to temporally segregate primary molt and reproduction.

Our results conWrm the unusual molt pattern suggested
by Thompson et al. (2000), whereby fulmars, sooty shear-

Fig. 2 Mean (SE) primary molt score of individual primary feathers
using the Ashmole (1962) method, for the left and right wings of 29
northern fulmars exhibiting primary molt. Molt initiation was never
observed for feathers P6–P10 in any birds at the colony

Fig. 3 Total primary molt scores for left (circle) and right (square)
wings of failed and non-breeding fulmars
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waters (PuVinus griseus) and certain albatrosses (Tickell
2000) initiate primary molt at P2. In fulmars, the progres-
sion was rapid, with P2–P3 and then P1 and P4 almost
molting as a block. This pattern is diVerent from most other
seabirds, notably the other procellariids, where the typical
primary molt sequence initiates at P1. Also consistent with
Thompson et al. (2000), we found that secondary molt was
initiated at an inner node, with considerable changeover of
S18–21. However, none of the fulmars we examined had
initiated secondary molt at a second node, despite being in
the process of replacing up to four of the innermost second-
aries. Thompson et al. (2000, p. 50) stated that “shortly
after molt begins at the inner node, secondary molt begins
at a middle node (S5)...”. The rate of feather replacement
may diVer between High Arctic and Boreal fulmar popula-
tions, but at present we lack data to evaluate this possibility.

The timing of primary molt clearly diVers among north-
ern fulmar colonies, which is probably related to diVerences
in nesting dates (Mallory and Forbes 2007). Fulmars nest-
ing in diVerent parts of the British Isles may exhibit large
diVerences in molt chronology (Ginn and Melville 1983).
On 10 July 1960, Bourne (1966) observed 33% of the ful-
mars at St. Kilda, UK in primary molt, while around this
date only 6% of fulmars at Cape Vera were in primary molt
(Fig. 1). However, mean egg-laying dates at these colonies
diVer by approximately 1 month (Mallory and Forbes
2007). Thus, at the same stage of the breeding season,
about 26% of fulmars at Cape Vera were exhibiting pri-
mary molt (Fig. 1). In contrast, Hatch (1979) found a peak
of approximately 75% of fulmars at the Semidi Islands,
Alaska colony exhibiting primary molt in mid-July in 1977,
and the Wrst week of August in 1976. Moreover, the earliest
birds in primary molt were seen 24 May. The highest pro-
portion of molters observed at Cape Vera was 57% on 11
August, with primary molt Wrst observed on 23 June. Typi-
cal mean egg-laying and hatch dates diVered by only 2 days
between Hatch’s Alaskan site and Cape Vera, yet primary
molt initiation and peak proportional occurrence were
observed 1–4 weeks earlier in Alaska. We speculate that
either colony attendance dynamics of non-breeders (out-
lined below), or the timing of molt in relation to mean egg-
laying dates or migratory habits (Bridge 2006) diVer for
fulmars in the North PaciWc and North Atlantic populations.

Harris (1971) and Verbeek (1977) have hypothesized
that diVerences in food availability and/or changes in forag-
ing strategies during some years might explain diVerences
in molt initiation dates between populations and years. For
most bird species, reproduction occurs in synchrony with
maximum food availability, due to high energetic costs to
breeding adults. Hence, reproduction and molt may only be
temporally exclusive in situations where food resources are
limited or when speciWc ecological constraints otherwise
determine allocation of energy budgets. In years with abun-

dant food, parent birds might be able to both feed young
and initiate molt earlier than expected. If this is the case,
changes in patterns of molt chronology, both within and
between populations over time, might serve as indicators of
ecological conditions in the marine environment.

Furthermore, timing of molt may be related to environ-
mental conditions or energetic requirements that are spe-
ciWc to given populations or locations. For example, local
availability of, and access to, natural or anthropogenic food
resources (Harris 1971), geographic constraints (i.e., migra-
tion duration and distance; Holmgren and Hedenström
1995), photoperiod (Lesher and Kendeigh 1941; Lindstrom
et al. 1994), and ice conditions could lead to regionally-spe-
ciWc molt timing. Environmental conditions that vary
widely within the fulmar’s distribution range might explain
the variability in molt chronologies among colonies
reported in the literature.

Hatch (1979, 1989) surmised that seasonal and annual
patterns of fulmar colony attendance, including the timing
of molt, were linked to annual marine productivity. If we
assume that the relative timing of nest failure was similar
between these colonies, then we propose two possible
explanations for the diVerence in the timing of molt com-
pared to breeding in Alaska and Cape Vera. First, propor-
tionally more non-breeding birds exhibiting wing molt may
attend Alaskan colonies relatively earlier in the breeding
season, compared to High Arctic fulmars. This may be pos-
sible, but Hatch (1989) speculated that many non-breeding
birds arrived at the Alaskan colonies in August. Second,
non-breeding High Arctic fulmars may delay entering wing
molt until later in the season when local marine productiv-
ity is higher (Raymont 1976). Although we lack data to test
these two hypotheses, we note that low marine productivity
early in the breeding season probably accounts for the rela-
tively long pre-laying exodus (Mallory and Forbes 2007)
and incubation shifts (Falk and Møller 1995; Gaston et al.
2005) in High Arctic fulmars.

A diVerence in the proportion of birds showing signs of
molt between those observed near nesting ledges and those
observed farther away from the colony, suggests that indi-
viduals visiting the colony, probably breeders and recently
failed breeders, were slower to initiate wing molt than other
conspeciWcs (see Fig. 1). It therefore is likely that, in addi-
tion to known breeders, a signiWcant proportion of the sam-
pled birds shot along the shoreline near the colony
consisted of failed breeders and non-breeding juveniles.
This Wnding is in agreement with results of telemetry stud-
ies conducted at the site, where breeding birds all left the
colony to feed hundreds of kilometres to the east (Mallory,
unpublished data), and also was conWrmed in part through
internal examination of carcasses. Also, this result high-
lights the importance of colony-speciWc information for use
in intercolony comparisons. We cannot rule out the possi-
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bility that some of the variation in molt proportions
observed among fulmar colonies could be related to diVer-
ences in local, unreported movements of breeding, non-
breeding and failed breeders.

We found that non- or failed breeding female fulmars
were somewhat more advanced in molt than non- or failed
breeding males, but there was little progression of molt
between July and August in non-breeders. This observation
is probably attributable to more advanced, non-breeding
molters leaving the colony for pelagic zones to molt their
outer primaries (Brown 1988) while new molters (recently
failed breeders) enter the near-colony molting group, result-
ing in little apparent change in molt progress. Also, the
overall percentage of molt intensity was low in both sexes
(Table 1). We suspect that this pattern is driven by failed
breeders, and may be attributable to the timing of contribu-
tions to incubation by each sex. For example, a female may
lay its egg and then Wnd itself in relatively poor physical
condition, and abandon the nesting attempt (and thus, could
potentially shift resources towards molt). Because its part-
ner takes the Wrst incubation shift for up to 2 weeks, the
male may not realize that the attempt has been abandoned
until the female fails to return. Similarly, if a female returns
to Wnd that the nest has been lost during the male’s Wrst
shift, it would be in relatively good condition, and could
immediately switch resource allocation towards molt. In
contrast, the male may Wrst have to recover resources lost
during the incubation shift before being in suitable condi-
tion to initiate molt.

The factors that determine molt progress in fulmars
remain to be explored fully. Despite advances in knowledge
of fulmar reproduction, diet, and body condition, we con-
sider that the potential for molt chronology to serve as an
ecological metric remains presently dubious, in the absence
of studies at other sites. Nonetheless, our study documented
consistent patterns over 3 years at one High Arctic site, and
similar patterns at a second site. These should serve as a
suitable baseline set against which future comparisons can
be made. Documenting this baseline is timely, as ecological
conditions are changing in the Arctic, and fulmars are
known to respond to these environmental changes (Thompson
and Ollason 2001; Gaston et al. 2005). Given the ease
with which primary molt can be observed and recorded, we
suggest that investigation of ecological factors aVecting
timing and duration of molt in many seabird species could
lead to the use of molt, especially primary molt, as a possi-
ble indicator of ecological change. We suggest that all stud-
ies at fulmar colonies include regular (at least weekly),
standardized surveys of molting birds within the core col-
ony to detect date of Wrst primary molt, and the proportion
of molting birds in relation to date of egg-laying and hatch-
ing. Such quantitative studies of molt timing and rate in
relation to sex, age, breeding success, and foraging consid-

erations, among diVerent populations and using common
methodologies, are clearly warranted for this and other
broadly-distributed species.
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