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Abstract In seabirds, variation in breeding phenology

and success is often induced by macro- and mesoscale

fluctuations in oceanographic conditions, which is record-

able at the regional or colony scale. Variation in breeding

parameters may also exist at the microscale—among dis-

crete breeding aggregations and subcolonies. The aim of

this study was to compare breeding phenology and

parameters (hatching success, chick survival, chick body

mass indices) among little auks (Alle alle) nesting in three

subcolonies differing in their microtopographic and

microclimatic features, situated in Magdalenefjorden

(north-western Spitsbergen). The hatching phenology var-

ied significantly among the subcolonies. This was probably

due to the different duration of snow persistence in spring,

as nests are occupied as soon as the snow cover melts

sufficiently to allow access to them. The earliest hatching

was recorded in the subcolony located on steep slopes at

low altitude in the vicinity of the fjord, which favours early

ice and snow melting in spring. Hatching success differed

significantly among subcolonies, which could also have

been due to the microclimatic features of the subcolonies.

Hatching success was the lowest in the subcolony where

birds started to breed while patchy snow was still persist-

ing. Water from the melting snow could have flooded some

of the nests. Alternatively, the low hatchability could have

been caused by a higher frequency of less experienced

breeders (e.g., first-time breeders) among the individuals

nesting in this subcolony. Other breeding parameters (chick

survival and growth) were generally similar in all the

subcolonies.

Keywords Subcolony � Breeding success �
Chick growth � Phenology � Arctic � Little auk

Introduction

In many species of seabirds, breeding phenology and

success vary spatially and temporally. This variation is

induced by macroscale fluctuations of oceanographic con-

ditions (e.g., North Atlantic Oscillation, El Niño Southern

Oscillation; Stenseth et al. 2003) as well as mesoscale

processes (e.g., sea ice dynamics, sea current distribution,

upwelling strength and spread, atmospheric blocking;

Kitaysky and Golubova 2000; Harding et al. 2003; Adams

et al. 2004; Gaston et al. 2005, 2009; Sydeman et al. 2006;

Grémillet et al. 2008; Moline et al. 2008; Shultz et al.

2009). These phenomena affect marine food webs, among

other things, by changes in species composition and shifts

in their phenology. Seabirds may experience temporal and/

or spatial changes in the availability of food. Reduced food

availability often causes higher stress level, slower chick

growth and lower breeding success (e.g., Hedd et al. 2002;

Durant et al. 2003, 2007; Gjerdrum et al. 2003; Abraham

and Sydeman 2004; Kitaysky et al. 2007; Benowitz-

Fredericks et al. 2008; Hipfner 2008; Gaston et al. 2009).

Macro-scale effects of oceanic fluctuations or perturbations

are visible at a regional or colony scale. Variations in

breeding success and phenology may also exist at the

microscale—among discrete breeding aggregations (here-

after ‘‘subcolonies’’). This may be due to the different age

and social structure of breeding birds, foraging strategies,

predation rates, microtopograhic and microclimate condi-

tions (Tenaza 1971; Morbey and Ydenberg 1997; Rodway

et al. 1998; de Neve et al. 2006; Suryan et al. 2006; Hipfner

et al. 2007, 2010; Tavecchia et al. 2008). The influence of
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macro- and mesoscale phenomena on breeding success and

phenology in seabirds has been widely documented in

recent years, in contrast to less studied microscale effects,

e.g., subcolonial.

The little auk (Alle alle) is a planktivorous seabird that

breeds in the high Arctic and lays a single egg annually. It

nests in colonies situated mainly on unvegetated scree on

mountain slopes of 25–35� inclination. As the scree on a

slope forms a patchy pattern, breeding colonies are divided

into variably sized subcolonies. The timing of breeding of

little auks is strongly determined by snow melting in

spring, which allows birds to enter the nest (Cramp 1998;

Stempniewicz 2001; Moe et al. 2009).

The aim of this study was to compare the breeding

phenology and parameters (reproductive success, chick

growth) among three subcolonies varying in their micro-

topographic characteristics. Since microclimatic condi-

tions, including the distribution of snow and its persistence

in spring, are affected by microtopographic features, such

as altitude (air temperature gradient), aspect (different

insolation on slopes with different exposure), inclination

(a steep slope has a thinner snow cover) and also wind

operation (affecting the accumulation/redistribution of

snow) (e.g., Elder et al. 1991; Szor et al. 2008), we

hypothesized that the timing of breeding varies among

different parts of the colony. As the birds breeding in dif-

ferent subcolonies very probably forage in the same

oceanographic conditions, any inter-subcolony differences

in phenology or breeding success should be attributed to

microclimatic conditions, quality of nest sites and quality

of individuals. Reproductive success declines over the

course of the breeding season in many bird species,

including alcids (Hatchwell 1991; de Forest and Gaston

1996; Hipfner 1997; Rodway et al. 1998; Hipfner et al.

2010). If the timing of breeding varies among the subcol-

onies, differences in breeding parameters may be expected.

Prior to this study, within-colony variation in breeding

phenology and parameters in the little auk was mentioned

by Evans (1981), but it had not been studied in detail.

Stempniewicz (1986, 1995) compared among subcolonies

only the rhythm of attendance and chick mortality caused

by gull predation.

Materials and methods

The study was carried out in the little auk breeding colony

on the northern side of Magdalenefjorden, NW Spitsbergen

(79�350N, 11�050E) from 11 July to 15 August 2008 and

from 10 July to 15 August 2009 (the late incubation and

chick-rearing periods). Magdalenefjorden is considered to

be one of the largest breeding aggregations of this species

in Spitsbergen (Isaksen 1995). Three spatially separated

colony patches (subcolonies) situated on the Alkekongen

and Høystakken slopes and on the side moraine of the

Buchanbreen glacier slope (hereafter ‘Moraine’; Fig. 1)

were monitored. We chose those subcolonies because they

differed in their topographic features (Table 1) and had

been described as containing a large number of breeding

pairs (Isaksen 1995). The Høystakken subcolony was sit-

uated 1,255 m from Moraine and 1,355 m from Alkekongen.

A distance of 140 m separated the latter two subcolonies.

The Høystakken and Moraine subcolonies were similar in

area, whereas the Alkekongen subcolony covered a smaller

area (Table 1). The exact position of each subcolony was

located using a global positioning system (GPS) receiver

(±10 m). Certain topographic features were recorded/cal-

culated on the basis of GPS data (altitude, distance, area).

Slope inclination was measured with a protractor from

photographs. A similar number of nests were monitored

within each subcolony (Table 1).

Hatching phenology, chick growth and breeding success

were compared among the three subcolonies. Hatching

dates were estimated during regular visits (every 2 days) to

the group of 30–60 inspected nests, from late incubation

until the end of hatching within the group of monitored

nests. Since the majority of nests (88%) at Moraine were

found in 2008 after hatching, the dates of hatching for these

nests were back-calculated from an estimate of chick

growth. Two regression functions were used for that pur-

pose. The functions were derived from measurements of

other chicks examined from the first days of their life in the

same and other subcolonies. The following standard mea-

surements of chicks were made (carpometacarpus length,

flattened wing length, head-bill length, bill width, tarsus

length) with dial calipers (accurate to 0.1 mm) by the same

Fig. 1 Study area in Magdalenefjorden. The grey patches indicate

subcolonies of the little auk, the arrows and letters the subcolonies

studied (A—Alkekongen, M—Moraine, H–Høystakken). The light
grey area indicates a glacier. Map drawn on the basis of a Norsk Polar

Institutt map. The numbers next to isohypses indicate altitudes
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worker every 3 days. Among the parameters, carpometa-

carpus and head-bill length were the best correlated with

age (carpometacarpus: r = 0.97, df = 212, P \ 0.001,

R2 = 0.94, head-bill-length: r = 0.96, df = 252, P \
0.001, R2 = 0.93). Hatching dates were estimated based on

average values calculated from two functions (f1: day of

life = -8.51 ? 0.517 * carpometacarpus length, f2: day

of life = -46.37 ? 1.474 * head-bill length).

The body mass of chicks, the parameter least biased by

human measurement error, was used to compare chick

growth among the subcolonies. It has been demonstrated

that body mass in little auk chicks may act as a direct

measure of parental resource allocation between self-

maintenance and current reproduction (Harding et al.

2009). Chicks were weighed with an electronic balance

(accurate to 0.1 g) every 3 days after hatching (2008) and

every 2 days after the 14th day of life (2009) until they left

the nest (at the age of 25–27 days, Stempniewicz 1981;

Harding et al. 2004). Four chick body mass parameters

were analysed: body mass on the 14–15th day of life, peak

mass (the highest mass noted per chick), fledging mass (the

last mass measured before the chick’s departure from the

colony) and mass recession (difference between peak and

fledging mass; after Stempniewicz 1980; Konarzewski

and Taylor 1989). The day when peak mass was achieved

and the day of fledging (the last presence in the nest) were

also compared among the subcolonies. At the age of

14–15 days, chicks begin to exercise their wings outside

the nest chamber (Stempniewicz 1995). Thus, until that age

chicks remain in the nest, expending energy mainly on

growth and thermoregulation. The peak and fledging

masses have been found to be effective growth indicators,

even more efficient than the widely used growth-curve

analysis (Zach 1988).

Four parameters of breeding success were calculated:

hatching success (number of chicks hatched/number of

eggs monitored), breeding success up to 14 days (number

of chicks 14 days old/number of eggs monitored), chick

survival up to 14 days (number of chicks 14 days old/

number of chicks hatched; chicks at that age start to appear

outside nest chamber, becoming more vulnerable to pre-

dation; Stempniewicz 1995), chick survival up to 20 days

(number of chicks 20 days old/number of chicks hatched;

chicks that disappeared from the nest after 20 days were

assumed to have fledged; Harding et al. 2004; Welcker

et al. 2009). Because the study was completed before all

the chicks the whole colony fledged, data on chick survival

up to 20 days and on body mass after 14 days were

available only for some subcolonies (Tables 2 and 3). To

investigate the reasons for hatching failures, we classified

lost eggs as abandoned (a cold egg found during two

consecutive visits after inspections with adult/warm egg

present), failed to hatch (dead embryo found in post-

hatching egg shell), predated (empty nest with faeces and

scent of the arctic fox Alopex lagopus), caved in (nest with

egg destroyed by stones) and unknown (lack of egg and

adult). Breeding success was also compared between nests

of early (egg hatched before the overall colony median

date) and late (egg hatched after the overall colony median

date) breeders, from all subcolonies combined. All tests

were calculated using STATISTICA 8.0.

The occurrence of snow events and the duration of

thawing during the study period (late incubation and chick-

rearing period) were systematically observed and recorded.

To estimate the duration of snow persistence in the three

subcolonies in spring, two temperature loggers (Maxim

Integrated Products, Inc., CA, USA) were deployed close

to the nests in each subcolony at the end of the fieldwork in

2008 for measuring ground temperature in May–June 2009.

They were buried in the soil at a depth of 4 cm in the

central parts of the subcolonies at altitudes similar to the

middle points presented in Table 1. The loggers measured

the temperature every 4 h. We analysed and presented the

mean daily values for the period from 29 April to 12 July,

representing the little auk’s pre-laying, egg-laying and

incubation periods.

Table 1 Characteristics of the three little auk subcolonies in Magdalenefjorden

Parameter Subcolony

Alkekongen Moraine Høystakken

Aspect South East South

Slope inclination (�) 30–40 35–40 25–35

Altitudes (above mean sea level) Min 35 m, max 67 m,

middle point: 51 m

Min 16 m, max 51 m,

middle point: 34 m

Min 42 m, max 86 m,

middle point: 61 m

Area 754 m2 1,263 m2 1,111 m2

No. of nests studied (2008/2009) 37/32 42/66 45/59

Location in the fjord The innermost Middle The outermost

Other features – Well protected against west winds by moraine –
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Results

Snow conditions and ground temperature

Sudden and intensive snowfall was recorded during late

incubation in 2008 (11–12 July) in the study area. All the

subcolonies were covered with snow (for at least 4 days),

whereas during the same period in 2009 there was no snow

cover. After the snow event in July 2008, the Moraine

subcolony was the first to become snow free. In the two

other subcolonies, snow persisted throughout the next few

days, in some places even until the third decade of July.

The mean ground temperatures recorded during the pre-

laying, egg-laying and incubation periods in 2009 differed

significantly among the subcolonies (Kruskal–Wallis test,

H = 34.90, df = 2, 228, P \ 0.0001; Fig. 2), and those

recorded at Moraine were significantly higher than at

Høystakken and Alkekongen (Dunn test, P \ 0.005). In all

the subcolonies, the mean ground temperature rose above

0�C in the first week of May (Fig. 2). After the few next

days of generally higher temperatures, it dropped at

Høystakken to 0�C on 16 May and remained at that level

until 21 June. In the same period, the temperature in the

two other subcolonies rose to 3–7�C, dropping to 0�C

and even below zero only for short periods (up to 3 days).

At the time when the little auks started to lay eggs, mean

ground temperatures at Moraine and Alkekongen rose to

above 5�C. Only at Høystakken did the temperature rise

above 0�C 4 days after the beginning of egg-laying

(Fig. 2).

Hatching phenology

Hatching dates differed significantly among the subcolon-

ies in 2008 (Kruskal–Wallis tests, H = 51.7, df = 2, 95,

P \ 0.001) and 2009 (H = 64.2, df = 2, 120, P \ 0.001).

The earliest hatching was recorded in the Moraine sub-

colony (median dates: 16–17 July; Fig. 3). Birds from the

two others hatched significantly later (2008–2009: median

dates: 24–27 July at Høystakken and 27 July–1 August at

Alkekongen; Dunn test, for 2008 and 2009: Alkekongen vs.

Moraine and Høystakken vs. Moraine, P \ 0.001, Fig. 3).

There was a significant difference in hatching dates

between Høystakken and Alkekongen in 2008 (Dunn test,

P = 0.01), but in 2009 these dates were similar (Dunn test,

P [ 0.05; Fig. 3).

Hatching dates in all the subcolonies combined were

similar in 2008 (median: 25 July) and 2009 (median: 22

July; Mann–Whitney U test, Z = 1.45, N = 95, 120,

P = 0.15). However, considering the subcolonies separately,

Table 2 Chick growth parameters recorded in the three little auk subcolonies

Subcolony Year Body mass on the

14–15th day [g]

Peak mass [g] (A) Fledging mass [g] (B) Mass recession [g] (A–B)

Alkekongen 2008 107.5 ± 10.97 (6) – – –

2009 115.5 ± 6.26 (10) 124.0 ± 3.54 (6) – –

Moraine 2008 110.5 ± 9.30 (11) 125.6 ± 8.33 (25) 112.6 ± 10.79 (22) 13.8 ± 7.34 (22)

2009 110.6 ± 8.31 (19) 125.3 ± 10.70 (23) 113.0 ± 6.49 (19) 14.3 ± 7.70 (17)

Høystakken 2008 112.9 ± 11.76 (13) 134.4 ± 9.34 (8) 118.7 ± 9.47 (7) 15.3 ± 9.24 (7)

2009 112.0 ± 10.26 (21) 127.1 ± 9.68 (14) – –

Numbers indicate mean ± SD (sample size)

Table 3 Hatching and breeding success in the three little auk subcolonies (unhatched eggs excluded from chick survival, included in breeding

success up to 14 days)

Year Subcolony Hatching

success (N)

Breeding success

up to 14 days (N)

Chick survival (N)

Up to 14 days Up to 20 days

2008 Alkekongen 81% (37) 66% (29) 86% (22) –

Moraine 95% (42)a 86% (42) 90% (40) 92% (36)

Høystakken 71% (45)a 68% (40) 100% (27) 100% (14)

2009 Alkekongen 88% (32)c 79% (29) 92% (25) 82% (11)

Moraine 86% (66)b 73% (62) 85% (53) 80% (51)

Høystakken 66% (59)b,c 62% (53) 100% (33) 100% (24)

N number of nests studied

Significant differences between particular subcolonies (2 9 2 Fisher’s exact test): aP = 0.004; bP = 0.01; cP = 0.05

34 Polar Biol (2011) 34:31–39
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phenological shifts between the seasons were recorded at

Moraine (median hatching date earlier by 1 day in 2008,

Z = -2.20, N = 36, 54, P = 0.03) and Alkekongen

(median hatching date earlier by 4 days in 2009, Z = 4.01,

N = 27, 28, P \ 0.001). Only at Høystakken, despite the

4-day difference between median dates, the distribu-

tions of the hatching dates were similar in both seasons

(U test: Z = 0.33, N = 32, 38, P = 0.74) (Fig. 3). Nests of

late breeders (whose eggs hatched after the overall colony

median date) made up 95 and 75% of all the nests inspected

at Alkekongen, 10 and 8% at Moraine and 46 and 87% at

Høystakken, in 2008 and 2009, respectively.

Generally, one quite well-pronounced hatching peak

was observed at Alkekongen and Moraine in 2008 and in

all three subcolonies in 2009. At Høystakken in 2008, two

smaller peaks were recorded at the time of the peak

occurrence at Moraine and Alkekongen. In both seasons,

the hatching peak at Moraine was more advanced than in

the other subcolonies. However, hatching dates in the

subcolonies overlapped strongly (Fig. 3). At the subcolony

scale, hatching lasted 19 and 14 days at Moraine, 23 and

20 days at Høystakken and 27 and 25 days at Alkekongen

in 2008 and 2009, respectively. In all the subcolonies

combined, hatching in 2008 lasted 32 days, i.e., 7 days

longer than in 2009 (25 days).

Chick body mass

Two-factor ANOVA of the body mass of 14- to 15-day-old

chicks versus year and subcolony showed no significant

effect of either factor (year, F = 1.07, df = 1, P = 0.30;

subcolony, F = 0.30, df = 2, P = 0.74) or interaction

(F = 1.14, df = 2, P = 0.32). Two-factor ANOVA of

peak chick body mass versus year and subcolony

(excluding Alkekongen—insufficient sample size in 2008)

revealed a significant subcolony effect (F = 4.47, df = 1,

P = 0.04). The effects of the year (F = 2.21, df = 1,

P = 0.14) and interaction (F = 1.87, df = 1, P = 0.18)

were not significant. The peak chick body mass recorded at

Fig. 2 Mean daily ground

temperatures (�C) recorded in

the three subcolonies during the

pre-laying, laying and

incubation periods in 2009. The

lines on the graph indicate

estimated ranges of egg laying

[dates back-calculated from the

hatching dates and the length of

the incubation period (29 days;

Stempniewicz 1981)] in the

three subcolonies

Fig. 3 Hatching dynamics (moving average with a period of 2 days)

in the particular subcolonies of little auk in Magdalenefjorden in

2008–2009. The lines above the graphs indicate the 25–75% quartiles

and median (vertical line), the asterisks indicate a lack of significant

inter-subcolony differences in phenology (Dunn test, P [ 0.05)
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Høystakken was significantly higher than that at Moraine

(Table 2). In 2009, peak body mass at Alkekongen was

similar to that recorded at Moraine (Student’s t test,

t = 0.27, df = 27, P = 0.79) and Høystakken (Mann–

Whitney U test, U = 34.0, N = 6, 14, P = 0.51). Fledging

mass was similar at Høystakken and Moraine in 2008

(Student’s t test, t = 1.34, df = 27, P = 0.19) and at

Moraine in both seasons (t = -0.14, df = 39, P = 0.88;

Table 2). Likewise, no differences were found for body

mass recession. Similar values were recorded at Høystakken

and Moraine in 2008 (Student’s t test, t = 0.44, df = 27,

P = 0.66) and at Moraine in both seasons (t = -0.21,

df = 37, P = 0.83; Table 2). None of the body mass

parameters was related to the hatching date (Pearson cor-

relation coefficients for all colonies combined in 2008 and

2009—P [ 0.10).

Peak body mass was achieved by chicks at a similar

mean age at Moraine (19.8 ± 2.12 day of life) and

Høystakken (19.7 ± 2.73 days) in 2008 (Student’s t test,

t = 0.07, df = 31, P = 0.95). The pattern in 2009 was

much the same (Høystakken: 19.6 ± 2.76 days; Moraine:

20.1 ± 2.40 days; t = -0.57, df = 35, P = 0.57). No

interannual difference was found in the day peak body

mass was achieved, either at Moraine (t = -0.60, df = 46,

P = 0.55) or Høystakken (t = 0.09, df = 20, P = 0.93).

In 2008, chicks were recorded for the last time in their

nests at a similar mean age at Moraine (25.0 ± 1.72 days)

and Høystakken (25.1 ± 1.35 days; Student’s t test,

t = -0.20, df = 27, P = 0.84). On the fledging day at

Moraine in 2009, chicks had a mean age of 24.7 ±

1.41 days. There was no significant difference in the day of

the last presence of the chick in the nest between the sea-

sons at Moraine (t = 0.53, df = 39, P = 0.60).

Breeding success

In both seasons, the percentage of successfully hatched

chicks was [80% at Moraine and Alkekongen and was

significantly higher than at Høystakken (Fisher’s exact test,

Table 3). Despite the differences in hatching success, the

reasons for egg losses were similar in all subcolonies. Over

60% of eggs failing to hatch had been abandoned by the

parent birds. In 27% nests, the reason for hatching failure

was unknown (Table 4). The proportion of eggs failing to

hatch as a result of abandonment was similar in all the

subcolonies (both seasons combined, G test, G = 0.01,

df = 3, P = 0.99). Also, the proportion of nests with an

unknown reason for egg loss was similar in all the sub-

colonies (G test, G \ 0.001, df = 3, P = 0.99). A breeding

success up to 14 days, chick survival up to 14 and 20 days

were similar in all the subcolonies in both seasons

(Table 3). In each subcolony, all breeding success param-

eters were similar in both seasons (Fisher’s exact test,

P [ 0.05). Chick survival up to 14 days of life in all

subcolonies combined was similar in both seasons in early

(hatched before the median date, 2008: 96%, N = 50,

2009: 88%, N = 58) and late broods (chicks hatched after

the median date, 2008: 86%, N = 37; 2009: 93%, N = 46;

Fisher’s exact test, 2008: P = 0.13, 2009: P = 0.51).

Discussion

The present study shows that hatching phenology and

success of little auks varied within the colony and that

these parameters were probably related to the microclimate

produced by microtopographic features. The sequence of

median hatching dates in the three subcolonies (Moraine,

Høystakken/Alkekongen) seems to be consistent with the

pattern of snow melting in July 2008 and in spring 2009

(assuming that the mean ground temperatures B0�C

recorded by the loggers in May–June 2009 reflect the

presence of snow cover on the ground; Fig. 2). The easterly

orientation (the lowest insolation) of the earliest hatching

subcolony at Moraine and the fact that this locality is

protected against westerly winds and blizzards favour the

accumulation of snow during a long winter. However,

access to the nests was the earliest in low altitude locations

in the vicinity of fjord waters and on steep slopes (higher

air temperatures and thaw rate in spring). Breeding at

Høystakken and Alkekongen started significantly later in

both seasons. Despite the southerly orientation (linked to

the warmer microclimate due to strong insolation; Szor

et al. 2008), both these subcolonies were located at higher

altitudes, which meant lower air temperatures. With no

protection against winds and blizzards, snow is readily

Table 4 Reasons for egg losses in the three little auk subcolonies in all seasons combined

Subcolony Egg abandonment Failed hatching Reasons for egg losses (%)

Predation Nest caved in Unknown No. of nests

Alkekongen 63.6 9.1 – – 27.3 11

Moraine 63.6 9.1 – – 27.3 11

Høystakken 60.6 6.1 3.0 3.0 27.3 33

All combined 61.8 7.3 1.8 1.8 27.3 55
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blown away, uncovering nesting sites. However, as snow

persisted the longest in those subcolonies after the July

2008 snowfall, the lack of protection against winds and

blizzards may tend to favour the local accumulation of

redistributed snow (reflected in Høystakken by long period

when the recorded mean ground temperature was 0�C),

which delays nest accessibility in spring.

Hatching success differed significantly among the

subcolonies, which may have been due to the microcli-

matic features of the subcolonies. In both seasons,

hatchability was lowest at Høystakken. The temperatures

recorded there at the time when the birds started to breed

were considerably lower than in the other subcolonies.

This suggests that the little auks at Høystakken started to

incubate when the snow still persisted in patches. As a

consequence, water from melting snow could have flooded

some of the nests in this subcolony. After the intensive

snowfall in July 2008, we found cold, wet eggs inside

three nests at Høystakken. In the Atlantic puffin (Frater-

cula arctica), nest burrow flooding after intense rainfall

reduced the hatchability of eggs (Rodway et al. 1998). In

the present study, hatching success was not particularly

affected by egg predation, as most eggs that had failed to

hatch were found abandoned in the nest in all the sub-

colonies. Even if predation was responsible for the egg

losses for unknown reasons, its rate did not vary among

the subcolonies. Moreover, investigator disturbance,

adversely affecting the hatching success of little auks

(Stempniewicz 1995), was similar in all the subcolonies.

Hatching success is often lower in the nests of young birds

(Koenig 1982) and of individuals in poor body condition

(Yorio and Boersma 1994) or with high stress levels

during incubation due to prior nutritional stress (Kitaysky

et al. 2007). Young and/or ‘low-quality’ individuals often

occupy worse, peripheral parts of colonies (e.g., Spurr

1975; Mı́nguez et al. 1998; Gibbs et al. 2000). The

southern part of Høystakken is a peripheral part of the

colony. If this subcolony had been occupied mainly by

young and/or ‘low-quality’ individuals, their low experi-

ence/poor condition might have explained the low hatch-

ability. At present, we are unable to conclude whether it

was the quality of individuals or the micro-climatic con-

ditions that were responsible for different hatching success

rates in the subcolonies. These two possibilities are not

mutually exclusive, i.e., worse quality individuals may be

forced to breed in parts of a colony with a less favourable

microclimate. The results presented here are an important

basis for further investigations into this subject.

The temporal extension of breeding in Magdalenefjorden

could cause a mismatch between the timing of reproduction

and the annual peak in food availability (cold-water cope-

pods) for early and/or late breeders. In the planktivorous

Cassin’s auklet (Ptychoramphus aleuticus), breeding

success is determined largely by breeding being synchro-

nous with the main prey item biomass peak (Hipfner et al.

2010). The dynamics of the availability of little auk’s pre-

ferred prey in the study area is unknown. However, inter-

subcolony differences in the timing of breeding generally did

not result in any differentiation in chick growth or survival.

This suggests that feeding conditions were favourable

throughout the season or that adults were able to compensate

for poorer feeding conditions by increasing their parental

efforts. The only inter-subcolony difference in chick body

mass concerns the higher peak mass in Høystakken than at

Moraine in 2008. This could have been a consequence of the

small sample size at Høystakken. However, considering

the heterogeneity in quality among individuals nesting at

the same colony manifested in various reproductive perfor-

mances reported for kittiwakes (Rissa tridactyla) (Cam and

Monnat 2000), it cannot be ruled out that in the unfavourable

conditions prevailing at Høystakken prior to hatching,

chicks hatched only in the nests of high-quality parents.

Those individuals may have provided food of better quan-

tity/quality, which resulted in a high peak body mass. The

better conditions at Moraine enabled successful hatching

also in the nests of poorer-quality breeders. Their hypo-

thetically worse food provisioning could have decreased the

mean peak body mass value in that subcolony.

Both the present study and some others (e.g., Hipfner

et al. 2007; Tavecchia et al. 2008) indicate that in seabirds

some important traits like hatching success, isotopic

niches, fledging mass, adult survival and transience prob-

ability may vary within the colony. This variation should

be considered when comparing and interpreting data from

different colonies, as they are often collected in one patch/

subcolony.
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