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Incubation may be an important component of reproductive costs, and birds can spend
considerable amount of energy during this period. We investigated how the stress associ-
ated with incubation affects hematological parameters (proportion of leukocytes) and
size-adjusted body mass of males and females of Little Auk (Alle alle), a monogamous
species. Body mass of both sexes increased significantly between the early and late
phases of incubation; both sexes gained 3—4% of their initial mass on average. Stress level
(heterophil/lymphocyte ratio) was higher in females than in males during the early incu-
bation phase, which could result from physiological stress associated with egg formation
and production, and/or allocation of resources from the immune system to reproduction.
Female stress level decreased with the advance of incubation, whereas in males both
stress level and body mass increased. The latter finding could be associated with the
higher contribution of males in activities other than incubation. Our results show that
body mass and hematological parameters respond independently to stressors. Thus, the
assessment of the condition of an individual should be based on various parameters.

1. Introduction

Avian reproduction requires a high energetic ex-
penditure (Drent & Daan 1980). Egg incubation
may be considered less costly than chick rearing
but may actually be an important component of re-
productive costs. Birds can indeed spend about the
same amount of energy in incubating as in feeding
nestlings (Reid et al. 2002, Tinbergen & Williams
2002). Energetic constraints imposed during incu-
bation may be related to parent condition (Moreno

& Sanz 1994, Heaney & Monaghan 1996, Min-
guez 1998) and may influence the number of
fledglings, reproductive decisions in subsequent
breeding attempts, and parental survival (Minguez
1998, Reid et al. 2000). These costs can be differ-
ent between males and females, as parental invest-
ments of females include a high initial investment
in egg production (Monaghan ez al. 1998). Even in
monogamous seabirds with biparental care, males
and females often differ in their specific parental
roles, foraging behaviour, or the timing of certain
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forms of parental care across the breeding season
(Creelman & Storey 1991, Weimerskirch ez al.
1997, Gray & Hamer 2001, Ainley et al. 2002,
Bradley et al. 2002, Paredes et al. 2006).

Costs of incubation can be measured by study-
ing body condition and/or stress level. To assess
changes in these parameters we applied size-ad-
justed body mass and hematological parameters,
here leukocyte proportions. Measurement errors
for these indices are relatively small as compared
to their total variation, suggesting that these are ad-
equate variables for ecological research purposes
(Ots et al. 1998). Body mass is affected by a multi-
tude of components of individual state. However,
this easy measurement is widely used in studies
dealing with captured animals (Ots et al. 1998).
Size-adjusted body mass, on the other hand, al-
lows a researcher to separate the effects of body
condition from those of body size (Reist 1985,
Krebs & Singleton 1993, Jakob et al. 1996). He-
matological parameters, such as ratios of white
blood cells, reliably indicate stress (Ots & Horak
1996; Ruiz et al. 2002) and provide a useful indi-
cator of body condition (Zuk 1996).

Proportion of leukocytes, especially the
heterophil/lymphocyte (H/L) ratio, are widely
used stress estimators in poultry and are known to
increase as a response to various stressors, includ-
ing infectious diseases, starvation and psychologi-
cal disturbance (Gross & Siegel 1983, Dein 1986,
Maxwell 1993). Gulls and penguins also respond
to stress conditions by increasing their H/L ratio
(Averbeck 1992, Totzke et al. 1999, Vleck et al.
2000). This reaction is detectable within hours fol-
lowing an exposure to a stressor (Gross & Siegel
1983, Gross 1990, Ots & Horak 1996, Vleck et al.
2000, Ruiz et al. 2002). Thus, blood parameters re-
flect the current physiological status of an individ-
ual and are not affected by stress associated with
animal handling and blood sampling. The H/L ra-
tio is less variable than individual cell numbers and
is generally more reliable than plasma cortico-
steroid level as an indicator of avian stress (Max-
well 1993).

Little Auk (A4lle alle) breeds in the high Arctic
and is the most numerous seabird in the Palaearc-
tic. It is a colonial seabird with long-term pair
bonds and socially monogamous breeding system.
Both sexes incubate a single egg and feed the
chick. However, females cease chick feeding a

few days before fledgling, whereas males continue
parental care, including escorting the chick in its
first flight to sea (Stempniewicz 2001, Harding et
al. 2004). Until now, the only study on changes in
Little Auk body mass during the breeding season
has been performed by Taylor (1994), and to our
knowledge hematological studies focused on leu-
kocytes have never been conducted in this species.
Thus, our study is the first to report leukocyte ref-
erence values for Little Auk.

The main objective of our study was to com-
pare the body condition and stress levels of Little
Auk males and females during the incubation peri-
od. Because females invest more energy on egg
production, we expected that, at the beginning of
the incubation period, body condition would be
poorer and stress level higher in females than in
males. As both sexes similarly contribute to incu-
bation (Stempniewicz & Jezierski 1987, Wojczu-
lanis-Jakubas 2007), females may not have time to
replenish their energetic reserves during egg lay-
ing and incubation. Hence, we hypothesized that
females would be in poorer condition than males
also in the late phase of incubation.

2. Methods

We conducted the study in 2006 in a Little Auk
breeding colony at Arickammen slopes in Horn-
sund, South Spitsbergen (77°00° N, 15°33” E). We
caught adults in their nest chambers during early
(3"-11" day) and late (20"-25" day) phases of the
incubation period. We estimated the advance of
incubation in the sampled pairs by a backward cal-
culation from the hatching date. After the first
catching, we ringed and measured all individuals.
We collected data on the flattened wing length
(from the bend in the wrist to the tip of the longest
primary), head-bill length (distance from the back
of the head to the tip of the bill), bill width (from
the left to the right edge of the bill at the base) and
tarsus length (the diagonal distance from the mid-
dle of the joint between tibiotarsus and tarso-
metatarsus to the junction of the tarsometatarsus
with the base of the middle toe). We took all mea-
surements to the nearest 0.1 mm with dial callipers
except for wing length, which was measured to the
nearest 1.0 mm using a stopped wing ruler. All
birds were measured by the same person. We



92

ORNIS FENNICA Vol. 85, 2008

0,05
AFemales (N=14) o
S 0,04+
g mMales (N=13)
8 0,03
S ¢ OMales excluded (N=3) ]
10}
£ 0,02 .
5
~ 0,014 . . s Fig. 1. Changes in body
2 — " mass and heterophil/
4 0 . leukocyte (H/L) ratio
A . . (arcsin square-root
I -0,01 A Al , N
= 4 . transformed) between
g 0,02 A A the early and late
© a phases of incubation in
% -0,03 A a males and females of
s Little Auk in Hornsund in
“0.04 2006; regression line
-10 -5 0 5 10 15 20

Change in body mass

weighed all birds to the nearest 1.0 g using 300 g
PESOLA spring balance.

During both periods, we collected a small
blood sample (ca. 1020 ul) from the brachial vein
of each individual for hematological analyses. The
sample was smeared on a microscopic slide imme-
diately after collection and stored until staining.
One blood smear was prepared from each blood
sample. Blood smears were stained using the
May—Griinewald—Giemsa method. The propor-
tion of different types of leucocytes (lymphocytes,
heterophils, monocytes, eosinophils and baso-
phils) was assessed on the basis of an examination
of 100 leucocytes under oil immersion (1,000 x
magnification).

To analyze the relative abundance of lympho-
cytes and heterophils, we used the heterophil/lym-
phocyte (H/L) ratio. As this proportion may not be
normally distributed, we applied the non-paramet-
ric Mann-Whitney U test to compare between
sexes and incubation phases.

During the first period we took an additional
blood sample from each individual for a DNA-
based sex identification. The sample was immedi-
ately suspended in 1 ml lysis buffer and stored un-
til molecular analysis in the laboratory at the Uni-
versity of Gdansk (Poland). DNA was extracted
from 100 pl blood and buffer solution, using the
Blood Mini kit (A & A Biotechnology, Gdynia,
Poland). The protocol described by Griffiths et al.
(1998) was optimized to amplify the CDH-W and
CDH-Z genes located on the avian sex chromo-
somes using two sets of primers 2550 F and 2718

equation for males, y =
0.0005 x + 0.0042.

R. A gel electrophoresis revealed one band in the
male and two in the female.

We weighed 23 males and 23 females in the
early phase and 18 males and 17 females in the late
phase and prepared smears from blood samples for
all of these; the latter numbers include 17 males
and 15 females shared with the early phase. There-
fore we were able to calculate changes in body
mass and hematological parameters between both
phases for the same 16 males and 14 females.

We adjusted the body mass of the studied indi-
viduals to head-bill length, a surrogate measure
for body size, using analysis of covariance
(ANCOVA; Garcia-Berthou 2002) with the head—
bill length as a covariate. We chose this measure to
represent the individual size due to a significant
correlation between this parameter and body mass
during early (r,, = 0.43, P =0.009) and late phase
of incubation (r,, = 0.42, P = 0.01). The relation-
ships of several other body-size parameters — na-
mely wing and tarsus length, bill width, bill depth,
and the first principal component of all mentioned
measurements (PC1) — with body mass were not
significant (P >0.05). Because of the high degree
of measurement overlap between the sexes (Jaku-
bas & Wojczulanis 2007), we calculated all corre-
lation coefficients for males and females com-
bined.

We calculated changes in body mass between
the first and second periods using raw data (i.e.,
not adjusted for head-bill length) because these
changes were not correlated with body size.

We evaluated the relationship among hemato-
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logical parameters, body mass and body size (i.c.,
head-bill length) separately for both sexes using
multiple regression (Freckleton 2002). To ap-
proach data normality in regression, we arcsin
square-root transformed all changes in hematolog-
ical parameters (Zar 1999). In the case of the H/L
ratio change in males, data were normally distrib-
uted after excluding three outliers representing in-
dividuals with peak values of H/L ratio increase
(their values exceeded three inter-quartile ranges;
Stanisz 2007; Fig. 1).

3. Results
3.1. Body mass

The ANCOVA revealed that body mass, corrected
for body size by using head-bill length as a
covariate, of males and females were similar dur-
ing the early phase of incubation (respective mean
values 166.1 =SD 1.99 g and 165.4 £+ SD 1.95 g;
F,,=0.06,P= 0.80). We observed a similar pat-
tern also during the late phase (males: mean 171.5
+ SD 2.35 g; females: mean 171.7 + SD 2.48 g;
F ; =0.002, P = 0.96). Body size (head-bill
length), but not gender (P >0.05), had a significant
effect on body mass during the early (¥, ,, =4.92,
P=0.03) and late (¥, ,, = 6.44, P=0.02) phase of
incubation.

The change in body mass between the early
and late phases was independent of body size (i.e.,
the bill-head length) both in males and in females
(Pearson correlation: 7| =-0.12, P=0.63 and 7 ;=

1,33
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0.14, P = 0.60, respectively). During the late
phase, body mass was significantly higher as com-
pared to the early phase (Student’s 7 test for de-
pendent variables; males: ¢, = -3.81, P = 0.001,
females: 7, ,=-2.71, P=0.01). The mean increases
of the male and female body mass were similar
(6.2and 4.9 g, respectively; Student’s 7 test: 7,, =—
0.52, P =0.60). The increase constituted on aver-
age 3.8% in males and 3.0% in females from the
initial values. However, the direction of the body
mass change varied among individuals. In 11% of
males and 23% of females, body mass decreased
between the early and late phase of incubation.

3.2. Proportion of leukocytes

Heterophils and lymphocytes were the most nu-
merous leukocytes found in males (76% of all re-
corded leukocytes) and females (78%) during the
early phase of the incubation. Eosinophils, baso-
phils and monocytes were present less frequently
(Table 1).

We found that the number of heterophils per
100 leukocytes was significantly higher in females
than in males. A reverse was recorded for lympho-
cytes. The numbers of eosinophils, basophils and
monocytes were similar in both sexes. The H/L ra-
tio was higher in females than in males (Table 1).

During the late phase of the incubation, hetero-
phils and lymphocytes were the most numerous
leukocytes, together making up 78% of all re-
corded leukocytes in both male and female blood
smears. Percentages of particular types of leuko-

Table 1. Baseline leukocyte reference intervals for Little Auks during the incubation period in Hornsund,

SW Spitsbergen in 2006 (IQR = inter-quartile range).

Early incubation

Late incubation

Males, N=23 Females, N=23 Males, N=17 Females, N=15
Leukocytes (%) Median; IQR; Range Median; IQR; Range  Median; IQR; Range Median; IQR; Range
Heterophils 37%, 7; 32-46 45%; 9; 35-54 42; 6; 34-57 42;7; 38-56
Lymphocytes 38*; 4; 3545 33*:12; 21-41 37; 3; 27-39 35;10; 27-42
Eosinophils 9; 4; 3-15 8;4;0-13 7,2;1-12 7;4;2-10
Basophils 5; 5;2-14 7;6;1-23 5;2;2-12 6; 4; 1-10
Monocytes 8;4;4-17 7:4; 0-11 9;7;4-15 1;5;4-17
H/L ratio 1.0%,0.2; 0.7-1.1 1.3% 0.6; 0.9-2.5 1.2;0.1; 0.9-2.1 1.2;0.2;1.0-2.1

* — significant (P <0.001) intersexual difference (Mann-Whitney U test).
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Table 2. Differences in percentage of particular leukocyte types between the early and late incubation

phases in the Little Auk (Wilcoxon matched-pairs test).

Males, N=17 Females, N=15

Leukocytes Change T P Change T P
Heterophils increase 15.0 0.004 decrease 16.5 0.02
Lymphocytes decrease 24.0 0.01 increase 19.5 0.02
Eosinophils decrease 22.0 0.03 no change 32.5 0.21
Basophils no change 41.5 0.29 no change 32.0 0.348
Monocytes no change 66.5 0.94 increase 9.5 0.004
H/L ratio increase 1.0 <0.001 decrease 15.0 0.01

cytes and the H/L ratio were similar for both sexes
(Table 1).

For males, the number of heterophils was sig-
nificantly lower during the early than during the
late phase of incubation. We found the opposite
for females (Table 2). The number of lympho-
cytes, however, was significantly higher during
the early than during the late phase for males,
whereas we found the opposite for females. The
numbers of basophils were similar during the
whole incubation period for both sexes, as were
the numbers of eosinophils for females. For males,
on the other hand, values recorded were lower in
the late than in the early phase. The numbers of
monocytes in males remained relatively constant
throughout the incubation period; however, in fe-
males, values recorded were lower in the early
than in the late phase. The H/L ratio for males in-
creased significantly between the early and late
phase of incubation, whereas a decrease was re-
corded for females (Table 2). Changes in all these
hematological parameters did not significantly
correlate with body size (i.e., bill-head length;
Pearson correlation; P >0.05).

3.3. Relationship between the size-adjusted
body mass and hematological parameters

Multiple regression revealed no significant rela-
tionships among changes in body mass, hemato-
logical parameters and body size (i.e., head-bill
length) (P >0.05 for both males and females). In
males, however, an exclusion of three individuals
with the highest values of H/L ratio increase led
the analysis to reveal a significant relationship be-
tween changes in body mass and H/L ratio (8 =

0.72, P =0.02; R* = 0.46, F, ,=4.25,P=0.046;
see Fig. 1 and Material and methods). The influ-
ence of body size (i.e., head-bill length) remained
non-significant (8 =-0.34, P=0.20). In males, the
H/L ratio value increased the most in individuals
with the highest increase in body mass (Pearson
correlation; . = 0.60, t=2.49, P=0.03; Fig. 1).

> 11

4. Discussion

The increase in body mass of males and females
during incubation that we found is consistent with
Taylor’s (1994) results obtained from the same
colony. Taylor (1994) found that this increase was
almost solely due to fat deposition and was associ-
ated with high lipid content in the diet (Taylor &
Konarzewski 1992). This pattern is not common in
birds (Moreno 1989) but has been recorded in
some other alcids and gulls (Hario ef al. 1991,
Gaston & Perin 1993, Jones 1994). These findings
seem to support the “Incubatory Reserves Con-
stancy Hypothesis” which suggests that the incu-
bation period may be a departure from breeding
stress that allows for the maintenance or recovery
of body reserves (Houston et al. 1983, Moreno
1989, Hario et al. 1991). Body reserves may be
beneficial for incubating Little Auks which often
have long incubation shifts (the longest recorded
bout was 33 hours; Stempniewicz & Jezierski
1987). These reserves function as insurance
against the parents being forced to abandon their
egg (Taylor 1994).

Lack of intersexual differences in body mass
during early and late phases of incubation and in
magnitude of body-mass increase suggest similar
conditions for both sexes during the incubation,
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despite varying energy investments before this pe-
riod. Our analysis of hematological parameters re-
vealed a different pattern, however. In males, we
observed an increasing H/L ratio (i.e., a rise in re-
sponse to stressors; Ots ef al. 1998) and a decreas-
ing number of lymphocytes (i.e., a sign of immu-
nodepression; Gross & Siegel 1983, Dohms &
Metz 1991, Horak et al. 1998, Totzke et al. 1999,
Lobato et al. 2005) with the advancement of the in-
cubation period. We recorded the opposite for fe-
males: despite equal sharing of incubation duties
by both sexes of Little Auk, males spend more
time than females in the colony and outside the
nest, and they also more frequently take part in ag-
gressive  interactions  (Wojczulanis-Jakubas
2007). Thus, the increase in H/L ratio during the
incubation period in males probably reflects this
additional activity. The recorded higher H/L ratio
in females during the first phase of incubation
could be a consequence of physiological stress as-
sociated with egg formation and production (Lati-
mer & Bienzle 2000). Moreover, although body
and fat mass did not differ before and immediately
after egg laying (Taylor 1994), other types of ac-
tivity such as self-defense against forced extra-
pair copulations (Wojczulanis-Jakubas et al., in
prep.) and pre-laying foraging at sea (Wojczu-
lanis-Jakubas 2007) are certainly stressful and
may cause immunodepression. Alternatively, the
higher H/L ratio may result from buffering against
increased reproductive demands by allocating re-
sources from immunity to reproduction (Folstad &
Karter 1992, Sheldon & Verhulst 1996, Norris &
Evans 2000).

Body condition and stress level of females at
the end of the incubation period were similar to
males and better than during the early phase. This
result contradicts the proposed reason of cessation
of feeding young by a female shortly before fledg-
ing. Early termination of chick rearing by females
has been hypothesized to balance the high initial
investment in egg production (Harding et al.
2004). Our results suggest that after egg-laying
and during incubation, females rebuild their body
reserves. Thus, the reason for them leaving a chick
earlier should be investigated during the chick-
rearing period.

Contrary to our predictions, in the majority of
the studied males the increase of stress level
peaked in individuals with the highest body mass

increase. Such a pattern could result from trade-
offs within or between components of the immune
system (Salvante 2006), suggesting a need for fur-
ther studies that examine other components of the
immune system. The mentioned relationship was
obtained after excluding three analysis outliers.
These excluded males might have been in a poorer
state of health than the rest of the males or were
more stressed by food resources (e.g., they may
use less profitable foraging areas).

Our results showed that body mass and hema-
tological parameters respond independently to
stressors, as earlier reported for Zebra Finch
(Taeniopygia guttata; Ewenson et al. 2001). Little
Auk males were able to gain body reserves inde-
pendently of stress levels. We conclude that the as-
sessment of the actual body condition of a bird in-
dividual is a complex procedure and should there-
fore be based on various parameters.
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Ruumiinkunnon ja veren parametrien erot
pikkuruokin Alle alle sukupuolten vililla
haudonta-aikana

Haudonta voi muodostaa merkittdvin osan jilke-
laistuoton kustannuksista, ja lintuyksilot voivat
kayttda huomattavasti energiaa tdmén jakson aika-
na. Tutkimme, miten haudonnanaikainen stressi
vaikuttaa veren parametreihin (valkosolujen osuu-
teen) ja ruumiin kokoon suhteutettuun massaan
pikkuruokkikoirailla ja—naarailla; laji on monoga-
minen. Molemmilla sukupuolilla massa kasvoi
merkitsevasti haudonnan edetessd; molemmilla
sukupuolilla nousu oli keskimaérin 3—4 % l4hto-
tasosta. Stressitaso (heterofiilien ja lymfosyyttien
suhde) oli naarailla koiraita korkeampi varhaises-
sa haudonnan vaiheessa, mika voi liittyd munan-
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tuotannon elimistoon kohdistamaan stressiin,
ja/tai resurssien jakoon immuunisysteemin ja li-
sddntymispanoksen vililld. Naaraiden stressitaso
laski haudonnan edistyessd, mutta koirailla seka
stressitaso ettd massa nousivat. Jilkimmainen ha-
vainto voi liittyd koiraiden korkeampaan aktiivi-
suuteen muussa kuin haudontaan liittyvéssé toi-
minnassa. Tuloksemme osoittavat, ettd ruumiin
massa ja veren parametrit muuttuvat toisistaan
riippumatta stressitekijoiden vaihdellessa. Yksi-
16n kunnon arvioinnin tulisi siten perustua useam-
paan parametriin.

References

Ainley, D.G., Nettleship, D.N., Carter, H.R. & Storey,
A.E. 2002: Common Murre (Uria aalge). — In: The
Birds of North America, no. 661 (eds. Poole, A. &
Gill, A.). Philadelphia, PA. Academy of Natural Sci-
ences, Washington DC, American Ornithologists’
Union.

Averbeck, C. 1992: Haematology and blood chemistry of
healthy and clinically abnormal great black-backed
gulls (Larus marinus) and herring gulls (Larus
argentatus). — Avian Pathology 28: 215-223.

Bradley, R.W., Laura, A.M., Vanderkist, B.A. & Cooke,
F. 2002: Sex differences in nest visitation by chick-
rearing Marbled Murrelets.— Condor 104: 178—183.

Creelman, E. & Storey, A.E. 1991: Sex differences in re-
productive behaviour of Atlantic Puffins. — Condor
93:390-398.

Dein, E.J. 1986: Hematology. — In: Chemical avian medi-
cine and surgery (eds Jarrison, G.J. & Harrison, L.A.):
174-191. W. B. Saunders, Philadelphia.

Dohms, J.E. & Metz, A. 1991: Stress-mechanisms of
immunosuppression. — Veterinary Immunology and
Immunopathology 30: 89—109.

Drent, R.H. & Daan, S. 1980: The prudent parent: ener-
getic adjustments in avian breeding. — Ardea 68:
225-252.

Ewenson, E.L., Zann, R.A. & Flannery, G.R. 2001: Body
condition and immune response in wild zebra finches:
effects of capture, confinement and captive-rearing.
— Naturwissenschaften 88: 391-394.

Folstad, I. & Karter, A.J. 1992: Parasites, bright males and
the immunocompetence handicap. — American Natu-
ralist 139: 603-622.

Freckleton, R.P. 2002: On the misuse of residuals in eco-
logy: regression of residuals vs. multiple regression.
— Journal of Animal Ecology 71: 542-545.

Garcia-Berthou, E. 2001: On the misuse of residuals in
ecology: testing regression residuals vs. the analysis
of covariance. — Journal of Animal Ecology 70: 708—
711.

ORNIS FENNICA Vol. 85, 2008

Gaston, A.J. & Perin, S. 1993: Loss of mass in breeding
Briinnich’s Guillemots Uria lomvia is triggered by
hatching. — Ibis 135: 472-475.

Gray, C.M. & Hamer, K.C. 2001: Food-provisioning be-
haviour of male and female Manx Shearwaters,
Puffinus puffinus. — Animal Behaviour 62: 117-121.

Griffiths, R., Double, M.C., Orr K. & Dawson, R.J.G.
1998: A DNA test to sex most birds. — Molecular
Ecology 7: 1071-1075.

Gross, W.B. & Siegel, H. S. 1983: Evaluating the
heterophil / lymphocyte ratio as a measure of stress in
chickens. — Avian Diseases 27: 972-979.

Gross, W. B. 1990: Effect of exposure to a short duration
sound on the stress response of chickens. — Avian
Diseases 34: 759-761.

Harding, A.M.A., van Pelt, T.I., Lifjeld, J.T. & Mehlum,
F. 2004: Sex differences in Little Auk Alle alle paren-
tal care: transition from biparental to paternal-only
care. — Ibis 146: 642-651.

Hario, M., Kilpi, M. & Selin, K. 1991: Parental investment
by sexes in Herring Gull: the use of energy reserves
during the early season. — Ornis Scandinavica 22:
308-312.

Heaney, V. & Monaghan, P. 1996: Optimal allocation of
effort between reproductive phases: the trade-off be-
tween incubation costs and subsequent brood rearing
capacity. — Proceedings of the Royal Society Ser. B
263: 1719-1724.

Horak, P., Ots, I. & Murumigi, A. 1998: Haematological
health state indices of reproducing Great Tits: a re-
sponse to brood size manipulation. — Functional Eco-
logy 12: 750-756.

Houston, D.C., Jones, P.J. & Sibley, R.M. 1983: The effect
of female body condition on egg laying in lesser black-
backed gull Larus fuscus. — Journal of Zoology 200:
509-520.

Jakob, E.M., Marshall, S.D. & Uetz, G.W. 1996: Estimat-
ing fitness: a comparison of body condition indices. —
Oikos 77: 61-67.

Jakubas, D. & Wojczulanis, K. 2007: Predicting the Sex of
Dovekies by Discriminant Analysis. — Waterbirds
30: 92-96.

Jones, I.L. 1994: Mass change of least auklets Aethia
pusilla during the breeding season: evidence for pro-
grammed loss of mass. — Journal of Animal Ecology
63: 71-78.

Krebs, C.J. & Singleton, G.R. 1993: Indices of condition
for small mammals. — Australian Journal of Zoology
41:317-323.

Latimer, K.S. & Bienzle, D. 2000: Determination and in-
terpretation of the avian leukogram. — In Schalm’s
Veterinary Hematology (eds. Feldman, B.F., Zinkl,
J.G. & Jain N.C.): 417-432. Lippincott, Williams and
Wilikins, Philadelphia.

Lobato, J., Moreno, J., Merino, S., Sanz, J. & Arriero, E.
2005: Haematological variables are good predictors of
recruitment in nestling pied flycatchers (Ficedula
hypoleuca). — Ecoscience 12: 27-34.



Jakubas et al.: Body condition and hematological parameters in incubating Little Auks 97

Maxwell, M.H, 1993: Avian blood leukocyte responses to
stress.— World's Poultry Science Journal 49: 34-43.

Minguez, E. 1998: The costs of incubation in the British
Storm Petrel: an experimental study in a single-egg
layer. — Journal of Avian Biology 29: 183—189.

Monaghan, P., Nager, R.G. & Houston, D.C. 1998: The
price of eggs: increased investment in egg production
reduces the offspring rearing capacity of parent. —
Proceedings of the Royal Society B265: 1731-1735.

Moreno, J. 1989: Strategies of mass change in breeding
birds. — Biological Journal of the Linnean Society 37:
297-310.

Moreno, J. & Sanz, J.J. 1994: The Relationship between
the Energy Expenditure during Incubation and Clutch
Size in the Pied Flycatcher Ficedula hypoleuca. —
Journal of Avian Biology 25: 125-130.

Norris, K. & Evans, M.R. 2000: Ecological immunology:
life-history trade-offs and immune defence in birds.
— Behavioral Ecology 11: 19-26.

Ots, 1. & Horak, P. 1996: Great Tits Parus major trade
health for reproduction. — Proceedings of the Royal
Society of London Ser. B 263: 1443—-1447.

Ots, 1., Murumigi, A. & Horak, P. 1998: Haematological
health state indices of reproducing Great tits: method-
ology and sources of natural variation. — Functional
Ecology 12: 700-707.

Paredes, R., Jones, I.L. & Boness, D.J. 2006: Parental roles
of' male and female thick — billed murres and razorbills
at the Gannet Islands, Labrador. — Behaviour 143:
451-481.

Reid, J.M., Monaghan, P. & Ruxton, G.D. 2000: The con-
sequences of clutch size for incubation conditions and
hatching success in starlings. — Functional Ecology
14: 560-565.

Reid, J.M., Monaghan, P. & Nager, R.G. 2002: Incubation
and the costs of reproduction. — In: Avian incubation,
behaviour, environment, and evolution. (ed. Deem-
ing, D.C.): 314-325. Oxford University Press.

Reist, J.D. 1985: An empirical evaluation of several
univariate methods that adjust for size variation in
morphometric data. — Canadian Journal of Zoology
63: 1429-1439.

Ruiz, G., Rosenmann, M., Novoa, F.F. & Sabat, P. 2002:
Hematological parameters and stress index in rufous-
collared sparrows dwelling in the urban environments.
— Condor 104: 162—166.

Salvante, K.G. 2006: Techniques for studying integrated
immune function in birds. — Auk 123: 575-586.
Sheldon, B.C. & Verhulst, S. 1996: Ecological immunol-
ogy: costly parasite defences and trade-offs in evolu-
tionary ecology. — Trends in Ecology and Evolution

11:317-321.

Stanisz, S. 2007. Przystgpny kurs statystyki z zasto-
sowaniem STATISTICA PL na przyktadach z
medycyny. Tom 2: Modele liniowe i nieliniowe. —
StatSoft, Krakow. (In Polish)

Stempniewicz, L. 2001: Alle alle Little Auk. — The Jour-
nal of the Birds of the Western Palearctic. Oxford Uni-
versity Press. BWP Update, Vol. 3: 175-201.

Stempniewicz, L. & Jezierski, J. 1987: Incubation shifts
and chick feeding rate in the Little Auk Alle alle in
Svalbard. — Ornis Scandinavica 18: 152—155.

Taylor, J.R.E. 1994: Changes in body mass and body re-
serves of breeding Little Auks (4/le alle L.). — Polish
Polar Research 15: 147-168.

Taylor, J.R.E. & Konarzewski, M. 1992: Budget of ele-
ments in little auk (4/le alle) chicks. — Functional
Ecology 6: 137-144.

Tinbergen, J.M. & Williams, J.B. 2002: Energetics of in-
cubation. — In Avian incubation: Behaviour, Envi-
ronment and Evolution. (ed. Deeming, D.C.): 299—
313. Oxford University Press, New York.

Totzke, U., Fenske, M., Hiippop, O., Raabe, H. & Schach,
N. 1999: The influence of fasting on blood and plasma
composition of herring gulls (Larus argentatus). —
Physiological and Biochemical Zoology 72: 426—437.

Vleck, C.M., Vertalino N., Vleck D. & Bucher I.T. 2000:
Stress, corticosterone, and heterophil to lymphocyte
ratios in free-living Adelie Penguins. — Condor 102:
392-400.

Weimerskirch, H., Cherel, Y., Cuenot-Chaillet, F. & Ri-
doux, V. 1997: Alternate foraging strategies and re-
source allocation by male and female wandering alba-
trosses. — Ecology 78: 2051-2063.

Wojczulanis-Jakubas, K. 2007: Inwestycje rodzicielskie
samca 1 samicy monogamicznego gatunku ptaka
morskiego (alczyk Alle alle) w warunkach dnia
polarnego. Unpublished Ph. D. thesis, University of
Gdansk, Poland. (In Polish)

Zuk, M. 1996: Sexual selection, endocrine-immune inter-
actions and disease. — Ecology 77: 1037-1042.

Zar, J.H. 1999: Biostatistical Analysis. 4" Edition. —
Prentice Hall, Upper Saddle River, New York.



