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Abstract The Antarctic Peninsula is one of the areas

where the climate is changing at the fastest pace, having

several effects on the populations of pygoscelid penguins.

Few studies have analysed the variation in immune

parameters of antarctic birds in a geographical context;

thus, analyses of geographical differences in the immune

components of wild pygoscelid penguins are still scarce.

Leukocyte counts in birds provide information on their

immunity and physiological stress. The objective of this

study was to analyse the leukocyte counts in penguins of

the genus Pygoscelis (gentoo, Adélie and chinstrap pen-

guins), covering sites along the South Shetland Islands and

some islands on the west coast of the Antarctic Peninsula.

Our results revealed differences in the number of hetero-

phils and eosinophils and in the heterophil/lymphocyte

ratio in the northeastern populations of gentoo and Adélie

penguins as compared to the rest of the colonies studied.

The results contribute to better understanding of the vari-

ations in physiological parameters of penguins related to a

geographical context.

Keywords Antarctica � Geographical context � Leukocyte

counts � Pygoscelid penguins

Introduction

The western coast of the Antarctic Peninsula is one of the

areas in the world with the fastest warming trends (Vaughan

et al. 2003; Meredith and King 2005; Turner et al. 2009;

Ainley and Tin 2012). In some regions such as Faraday/

Vernadsky research station (65�150S, 64�160W), the average

temperature increased by 0.53 �C per decade from 1956 to

2006, whereas in the South Orkney Islands, the average

temperature increased by 0.20 �C per decade in a 100-year

record (Turner et al. 2009). One of the main effects of this

temperature increase has been reported to be a reduction in

mean annual sea ice extent (Fan et al. 2014). Such changes

have affected wildlife as well, with a decrease in krill den-

sity (Atkinson et al. 2004, Flores et al. 2012) and changes in

the populations of krill-dependent predators, including krill-

dependent penguins (Trivelpiece et al. 2011). For instance,

in the South Shetlands, chinstrap penguin populations have

declined 60 % on average (Barbosa et al. 2012). In Stranger

Point, 25 de Mayo/King George Island, the Adélie penguin

populations decreased by 62 % between 1996 and 2006,

while the gentoo breeding population size increased by

68 % (Carlini et al. 2009).

Global changes in climate and human movements affect

the health of wildlife and their ecosystems, with shifts in
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the distribution and abundance of parasites and pathogens

(Daszak et al. 2000; Harvell et al. 2002). It has been

hypothesised that these shifts can lead to an increase in the

distribution area of parasites and pathogens towards the

poles (Sutherst 2001). It is therefore expected that the

environmental changes affecting the Antarctic Peninsula

could be reflected in the distribution and/or abundance of

parasites and pathogens present in this region. Unfortu-

nately, this cannot be currently tested because of the lack of

detailed information about the geographical variation of

these organisms in Antarctica (Barbosa and Palacios 2009).

However, it is possible to study such variability in the hosts

by using information of their immune system, as it is one

the most important defence mechanisms against parasites

and pathogens (Zuk and Stoehr 2002).

Penguins are easy to study and are hosts of ectoparasites

such as ticks, fleas and biting lice, endoparasites such as

helminths and several diseases produced by both viruses

and bacteria (see Barbosa and Palacios 2009 and Grimaldi

et al. 2014 for a review). Regarding tick infestation, it has

been seen that it can vary in different locations along a

geographical gradient from northeast to southwest in the

Antarctic Peninsula (Barbosa et al. 2011), consistent with

expectations under a climate change scenario. Regarding

immunity, studies on the variation in the immune system of

Antarctic pygoscelid penguins have reported a geographi-

cal pattern in their humoral immune response, showing that

immunoglobulin levels increase towards the northwest

from sites in the Antarctic Peninsula to sites in the South

Shetland Islands (Barbosa et al. 2007a). However, although

some studies have been carried out in particular situations

or specific locations, no other components of the immune

system, such as the cellular immunity, have been studied in

pygoscelid penguins (see D’Amico et al. 2014a, b; Van-

streels et al. 2014; Vleck et al. 2000; Zinsmeister and

VanDer Heyden 1987). Considering that all the compo-

nents of the immune system could differ in their response

(Adamo 2004), it is necessary to have as much information

as possible about different immunological parameters,

including the cellular immunity.

Leukocyte counts (i.e. the proportion of the different

types of circulating leukocytes) is one of the parameters

most commonly assessed to find information on the cellular

immune response and the health and physiological stress of

animal populations (Apanius 1998; Davis et al. 2008).

Leukocytes make up an important component of the

immune system as the primary line of defence against

pathogens (Roitt et al. 2001). Therefore, their concentra-

tions are often of particular importance and the interest in

obtaining data on leukocyte numbers is rapidly growing

among animal ecologists (Davis et al. 2008). The leukocyte

types known as granulocytes (heterophils, eosinophils and

basophils) and monocytes, associated with the innate

immune system, act as an initial non-specific protection

mechanism of wide range during the early stages of

infestation. The specific protection is driven by the

acquired immunity (lymphocytes), which provides the

vertebrate immune system with the ability to recognise and

remember specific pathogens (Roitt et al. 2001). Different

pathogens and environmental stimuli can lead to specific

patterns of leukocyte proliferation and activation (Camp-

bell 1995). The ratio between heterophils/lymphocytes (H/

L) has been described as a measurement of stress in birds

(Davis et al. 2008). The H/L ratio is a reliable indicator

because it is very sensitive to different stressors such as

injuries, severe heat, disease, extreme exercise, food

deprivation, contamination and/or exposure to novel social

situations (Vleck et al. 2000; Davis et al. 2008; Müller

et al. 2011; Banbura et al. 2013).

The aim of this study was to analyse the variation in

cellular immunity by means of determining the leukocyte

counts of different populations of three Antarctic pygos-

celid penguins along the South Shetland Islands and some

islands on the west coast of the Antarctic Peninsula. The

Antarctic Peninsula shows great environmental variability

in relation to climate change (e.g. Ducklow et al. 2007;

Martinson et al. 2008; Montes-Hugo et al. 2009). We have

previously found that along the Antarctic Peninsula, pen-

guin populations differ in different physiological parame-

ters such as immunoglobulin levels (Barbosa et al. 2007a),

heat shock proteins (Barbosa et al. 2007b) and the

expression of coloured traits (Barbosa et al. 2012) and that

the abundance of some parasites such as ticks (Barbosa

et al. 2011), the presence of pollutants (Jerez et al. 2011)

and the genotoxic damage to penguins (De Mas et al. 2015)

show geographical variability. Considering such variabil-

ity, we expected to find geographical variation in cellular

immunity, such as increases of leukocytes in northeastern

sites where penguins showed an abundance of parasites

(Barbosa et al. 2011; Diaz et al. 2013) or higher H/L values

in places where penguins are more exposed to pollutants

(Jerez et al. 2011) or human activities (Barbosa et al.

2013). We also wanted to establish a baseline for future

comparisons in the context of climate change.

Materials and methods

Breeding colonies of chinstrap, gentoo and Adélie pen-

guins located in the South Shetland Islands (Barton Point

and Stranger Point, 25 de Mayo/King George Island;

Hannah Point, Livingston Island and Vapour Col, Decep-

tion Island) and in islands located on the west coast of the

Antarctic Peninsula (George Point, Ronge Island; Yalour

Island and Avian Island) (Table 1; Fig. 1) were visited

during December 2009 and January 2010. Data from
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Adélie, gentoo and chinstrap penguins from 25 de Mayo/

King George Island were taken from D’Amico et al.

(2014a) and used as the northeasternmost comparative

breeding colonies in this study. Adults, without sex dis-

tinction, were randomly captured on the beach using a long

handled net in order to minimise disturbance in the

breeding colonies (Barbosa et al. 2007a, b). The penguins

were sampled when the chicks were in guard phase to

avoid the likely effects of variation related to the breeding

period. The penguins sampled showed no external signs of

illness or injuries.

Blood samples were collected from the metatarsal vein

with a 1-ml syringe within 5 min of capture to minimise

capture and handling stress (Davis 2005). Thin blood

smears were prepared with a drop of fresh blood, air dried,

fixed with absolute ethanol for 3 min and stained with

Tinción 15 (Biopur S.R.L., Rosario, Argentina). The

smears were examined with a light microscope scanning

monolayer fields with similar densities of erythrocytes for

all individuals (Campbell 1995). The proportion of each

leukocyte type was obtained from a sample of 100 leuko-

cytes in 1000x (oil immersion) classified into basophils

(B), heterophils (H), eosinophils (E), lymphocytes (L) and

monocytes (M) (Campbell 1995). The relative leukocyte

counts (RLC) per 10,000 erythrocytes were estimated by

counting the number of all erythrocytes in one microscopic

visual field and multiplying it with the number of the

microscopic visual fields that were scanned until reaching

100 leukocytes, following Lobato et al. (2005). The H/L

ratio was calculated from the leukocyte counts. For each of

the three species, ten smears were randomly selected to

analyse the repeatability. Repeatability was calculated for

RLC, H, E, L and M following Lessells and Boag (1987).

Basophils were not included because of the many zeros

found in the matrix. Repeatability was high for the three

penguin species (Table 2; P\ 0.001).

Leukocyte counts and H/L ratios were statistically

described and compared between the penguin populations

studied using the nonparametric Kruskal-Wallis H test and

nonparametric multiple comparisons (STATISTICA ver-

sion 7.0) because of the lack of normality and

homoscedasticity of the data (Sokal and Rohlf 1995). To

maintain an experiment-wise error rate of 0.05, we used a

Bonferroni adjustment (Rice 1989) of a = 0.007 for n = 7

parameters compared.

Results

A total of 227 penguins were sampled in the seven sites. In

most of the sites, L was the most abundant leukocyte type

followed by H for the three species, except for the popu-

lation of gentoo penguins at Stranger Point (25 de Mayo/

King George Island), which showed an inverse pattern

(Table 3). Gentoo and Adélie penguin populations showed

statistical differences among the sites sampled, while

chinstrap penguins showed no statistical differences among

populations.

For gentoo penguins, RLC (H2,67 = 15.7, P\ 0.007), H

(H2,67 = 15.7, P\ 0.007), E (H2,67 = 15.7, P\ 0.007)

Table 1 Colonies of penguins sampled in the South Shetland Islands and along the west coast of the Antarctic Peninsula

Location Geographic

coordinates

Penguin species

sampled

Date N

South Shetland Islands Barton Point (25 de Mayo Island/King George

Island)

62�140S, 58�460W Chinstrap 29 Dec

2009

27

Stranger Point (25 de Mayo Island/King

George Island)

62�150S 58�370W Adélie 16 Dec

2009

25

62�150S 58�370W Gentoo 9 Jan

2010

25

Hannah Point (Livingston Island) 62�390S 60�360W Gentoo/Chinstrap 20 Jan

2010

16/

16

Vapour col (Deception Island) 63�000S 60�400W Chinstrap 19 Jan

2010

25

West islands of Antarctic

Peninsula

George Point (Ronge Island) 64�400S 60�400W Gentoo/Chinstrap 22 Jan

2010

20/

25

Yalour Island 65�150S 64�110W Adélie 23 Jan

2010

25

Avian Island 67�460S 68�430W Adélie 25 Jan

2010

23

N presents the sample size. Data from Adélie, gentoo and chinstrap penguins from 25 de Mayo/King George Island were taken from D’Amico

et al. (2014a) and used as the northeasternmost comparative breeding colonies in this study
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and H/L (H2,67 = 15.7, P\ 0.007) showed significant

differences, with the highest values at Stranger Point

(multiple comparisons, P\ 0.007) and lower values in the

other two more southwestern locations, Hannah Point and

Ronge Island (multiple comparisons, P\ 0.007) (Table 3

and Fig. 2).

For Adélie penguins, RLC values were higher for the

population sampled at Avian Island (H2,73 = 10.6, multiple

comparisons, P\ 0.007) (Table 3, Fig. 2). Values at

Stranger Point and Yalour Island were statistically similar

(multiple comparisons, P\ 0.007). L values were also

higher at Avian Island and similar in the other two sites

(H2,73 = 27.8, multiple comparisons, P\ 0.007). H was

statistically similar in Stranger Point and Avian Island and

lower at Yalour Island (H2,73 = 25.6, multiple mompar-

isons, P\ 0.007, Table 3). E values were highest at

Stranger Point (H2,73 = 16.1, multiple comparisons,

P\ 0.007, Table 3). Finally, the H/L ratio was highest at

Stranger Point (H2,73 = 29.9, multiple comparisons,

P\ 0.007, Table 3, Fig. 2).

For chinstrap penguins, none of the parameters mea-

sured showed statistical differences among the populations

(RLC counts: H2,87 = 2.4, P[ 0.007; B: H2, 87 = 0.19, E:

H2,87 = 5.5, H: H2,87 = 0.04, L: H2,87 = 0.03; M:

H2,87 = 2.31, P[ 0.007 and H/L: H2,87 = 0.0008,

P[ 0.007) (Table 3). In the two sites where chinstrap and

gentoo populations overlapped (i.e. Hannah Point and

George Point), leukocyte counts showed no differences

(Mann-Whitney U test, P[ 0.007).

Discussion

To our knowledge, only one study has assessed the geo-

graphical variation in the immune parameters of the

pygoscelid penguins living in Antarctica. This study

showed that the populations of penguins living further

northeast have higher immunoglobulin levels than the

others (Barbosa et al. 2007a). Our results of leukocyte

counts evidenced that RLC, L, H, E and H/L ratios were

different among the different populations of gentoo and

Adélie penguins sampled, which can be explained in a

geographical context. In addition, we found no leukocyte

differences for the populations of chinstrap penguins

sampled.

Gentoo penguins showed the highest RLC in the north-

eastern site Stranger Point. In general, higher RLCs indicate

higher exposure to parasites and pathogens (Roitt et al.

2001; Butler and McGraw 2010). As we expected, along

with increased RLC values, the proportion of H and E was

higher at the northeastern site Stranger Point. These

phagocytic cells are the first line of defence of the innate

immune response against gastrointestinal parasites incor-

porated through the diet (Shutler and Marcogliese 2011).

Recently, it has been reported that gentoos at Stranger Point

harbour gastrointestinal helminth parasites, showing high

richness, abundance and intensities of these parasites (Diaz

et al. 2013), probably due to their wider dietary spectrum.

This would in turn explain the results found in the RLC

counts. It is interesting to mention that a similar result was

found by Barbosa et al. (2007a) in their study of

immunoglobulins (IgY), where gentoo penguins showed the

Fig. 1 Sampling localities: 1 Stranger Point, 2 Barton Point, 3

Hannah Point, 4 Deception Island, 5 Ronge Island, 6 Yalour Island, 7

Avian Island

Table 2 Values of r for RCL (relative leukocyte counts), H (het-

erophils), L (lymphocytes), M (monocytes) and E (eosinophils) of the

analyses of repeatabilities for the three penguin species studied

RLC H L M E

Gentoo 0.8280 0.8796 0.8212 0.7416 0.8660

Adélie 0.9436 0.9849 0.9482 0.8678 0.7988

Chinstrap 0.9741 0.8505 0.8782 0.8311 0.7942

All P\ 0.001
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highest level of immunoglobulins at this site, which was

also attributed to a higher impact of parasites or pathogens.

The effect of the gastrointestinal infestation could also be

causing the increased H/L ratio values in gentoo penguins in

the northeast sites, since there is evidence that this ratio is

influenced by diseases and infections, as well as by the

stress hormones produced as a result of the infection (Davis

et al. 2008). It has also been reported that anthropogenic

activities have a strong impact on physiological parameters

such as H/L ratios in penguins (Barbosa et al. 2013).

Although the research and logistic activities tend to con-

centrate on relatively small areas or specific locations, the

human activities developed in Stranger Point can also pro-

mote the increase in H/L at this site.

In contrast to that observed in gentoos, Adélie penguins

displayed the highest RLC values at the southwesternmost

site of Avian Island; also L was higher at this site. Since

this is the first report of leukocytes at the site, the highest L

values could be normal for the species and can then be used

as baseline values. Adélie penguins, similarly to gentoos,

displayed the highest granulocyte values (H and E) at

Stranger Point. Although several stressors can increase

these values (Apanius 1998), most of these stressors pro-

duce particularly increased H values, which in turn lead to

increased H/L values, as described for gentoos. H/L ratios

were the highest for the northeast population of Adélie

penguins. In particular, Adélie penguins are ice-dependent

penguins that need ice for foraging during the breeding

period. Their diet is composed almost entirely of krill, a

species that has shown a significant reduction as a result of

the increase in the sea surface temperature due to the cli-

mate warming (Ainley et al. 2010). As a consequence,

Adélie penguins at Stranger Point decreased by 62 % in a

10-year period (Carlini et al. 2009). Furthermore, human

activities, as described for gentoos, can also add to these

impacts, as this species is very sensitive to human distur-

bances (Carlini et al. 2009). These environmental stressors,

as we expected, could be causing the increased values of

H/L ratios, which are the highest for the northeast popu-

lation of Adélie penguins.

For chinstrap penguins, neither the RLC counts, types of

leukocytes nor H/L ratios showed statistical differences

among the populations sampled. The chinstrap penguin

populations in the Antarctic Peninsula are decreasing

Table 3 Mean ± standard error and range (in parentheses) for relative leukocyte counts (RLC) per 10,000 erythrocytes and the relative values

of basophils (B), eosinophils (E), heterophils (H), lymphocytes (L) and monocytes (M) and the heterophil/lymphocyte ratio (H/L) shown by

species in each sampled location

Site Species RLC H/L %L %H %B %E %M

Barton Point Chinstrap N = 27 127.8 ± 12.1

(42–292)

0.5 ± 0.05

(0.1–1)

62.4 ± 1.9

(46–82)

28.8 ± 1.8

(10–45)

1.5 ± 0.3

(0–7)

2.1 ± 0.3

(0–6)

5.3 ± 0.6

(0–13)

Stranger Point Gentoo N = 25 152.8 ± 8.6

(90–229)*a

1.6 ± 0.1

(1–2)*a

35.1 ± 1.4

(25–52)

51.6 ± 1.5

(35–67)*a

0.4 ± 0.1

(0–2)

9.4 ± 1

(2–18)*a

3.3 ± 0.6

(0–10)

Adélie N = 25 197.5 ± 16.1

(99–402)*b

1.07 ± 0.11

(0.3–3)*a

40.8 ± 2.1

(23–62)*b

38.8 ± 1.9

(20–63)*a

2.6 ± 0.3

(0–6)

13.5 ± 1.3

(6–26)*a

4.2 ± 0.7

(0–13)

Hannah Point Gentoo N = 17 112 ± 10.5

(21–183)*b

0.86 ± 0.07

(0.3–1)*b

49.1 ± 2.1

(39–69)

40.1 ± 2

(20–51)*b

0.2 ± 0.1

(0–1)

3.2 ± 0.5

(0–8)*b

7.3 ± 0.8

(3–12)

Chinstrap N = 15 130.2 ± 18.9

(35–332)

0.67 ± 0.07

(0.2–1.1)

54.7 ± 2.1

(44–70)

36.1 ± 2.5

(18–51)

1.6 ± 0.4

(0–5)

2.4 ± 0.5

(0–9)

5.1 ± 1.1

(1–20)

Deception Island Chinstrap N = 25 132.1 ± 9

(62–240)

0.70 ± 0.07

(0.2–2)

55.19 ± 2.2

(34–80)

35.10 ± 2

(16–60)

1.66 ± 0.4

(0–9)

2.5 ± 0.4

(0–8)

5.52 ± 0.5

(0–10)

Ronge Island Chinstrap N = 20 151.5 ± 15.9

(73–390)

0.73 ± 0.1

(0.2–2)

55.88 ± 3.1

(32–80)

35.38 ± 3.1

(15–56)

1.67 ± 0.4

(0–5)

1.27 ± 0.4

(0–4)

5.81 ± 0.6

(2–12)

Gentoo N = 25 98.9 ± 7.7

(34–179)*b

0.96 ± 0.2

(0.2–2)*b

47.7 ± 2.5

(25–75)

40.16 ± 2.2

(15–57)*b

1.05 ± 0.2

(0–4)

6.32 ± 1

(0–16)*b

4.7 ± 0.5

(0–9)

Yalour Island Adélie N = 25 183.4 ± 12.9

(98–340)*b

0.4 ± 0.04

(0.1–1)*b

60 ± 2.2

(39–82)*b

23.6 ± 1.5

(5–38)*b

2.8 ± 0.3

(0–7)

8.6 ± 1.2

(2–25)*b

5 ± 0.7

(0–15)

Avian Island Adélie N = 23 267 ± 23.2

(155–575)*a

0.5 ± 0.05

(0.02–0.94)*b

60.9 ± 2.2

(43–79)*a

29.5 ± 2.1

(2–45)*a

2.1 ± 0.3

(0–7)

5.9 ± 0.9

(1–17)*b

2 ± 0.2

(0–4)

N = sample sizes

* Statistical differences among penguin populations (H–W, P\ 0.007). a, b, c Levels of multiple comparison post hoc test in within species

comparisons. Levels not connected by the same letter are significantly different
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(Barbosa et al. 2012, Lynch et al. 2012), which probably

means that the same driver is operating at a regional level

on this species. Therefore, the lack of differences found in

our study could be explained by the fact that the degree of

potential stressors affecting cellular immunity may be

similar in the populations sampled (i.e. gastrointestinal

parasites). In chinstrap penguins breeding at Ardley Island,

South Shetlands (62�130S, 58�550W), Zinsmeister and

VanDerHeyden (1987) reported higher values of H and

lower values of the rest of the leukocyte types than those

found by us in the present study for all the breeding

colonies sampled. However, this discrepancy could be due

to the very small sample size used in their study (only two

chinstrap penguins). Vanstreels et al. (2014) compared two

close populations on 25 de Mayo/King George Island and

found no differences between leukocyte types. These

authors found higher H and H/L ratio values than those

found by us for chinstraps and found lower values of

eosinophils, basophils and monocytes. However, we cannot

conclude whether such differences are related to geo-

graphical differences because the sampling time was later

than in our case or to the different year of sampling.

Chinstrap populations overlapped with gentoo ones in

two of the locations sampled (Hannah Point and George

Point). However, we found no differences in leukocyte

counts for either species at these two sites.

Few studies have analysed the variation in immune

parameters in a geographical context in Antarctica. Bar-

bosa et al. (2007a) reported for the first time a geographical

variation in immunoglobulin levels to assess humoral

acquired immunity in pygoscelid penguins. Results of that

study showed a clear geographical pattern, with higher

immunoglobulin levels in the northeastern locations in the

three pygoscelid species studied. Here, we found the same

pattern in gentoo penguins but the opposite in Adélie

penguins and no geographical differences in chinstrap

penguins. Published results about associations of the dif-

ferent components of the immune system are contradictory.

Some studies have found positive associations between

humoral and cellular immunity (e.g. Morales et al. 2004),

while others have found negative associations (e.g. Johnsen

and Zuk 1999). Our results agree with both possibilities

depending on the species and suggest that the relationships

between humoral and cellular immunity in pygoscelid

penguins could be species-specific.

The present study, which incorporates the variation of

leukocyte counts in the same species of penguins in several

sites in Antarctica, increases the knowledge of how

immune parameters could vary in a geographical context.

However, the number of populations sampled (three or four

populations of each species) could be considered low to

generalise the conclusions and more populations should be

sampled at the same time. However, logistic constraints

make this scenario very difficult to achieve.

Finally, it is possible that the sample timing (see date of

sampling in Table 1) could have influenced our results.

However, most of the sampling (five locations) was carried

out within 5 days and it is unlikely that this timing affected

our results. In 25 de Mayo/King George Island, sampling

was carried out 10 days before the next sampling for

gentoos, 22 days before the next sampling for chinstraps

and 38 days before the next sampling for Adélies. In this

case, the results could have been influenced by the sample

collection time. However, as breeding time is different in

the different populations (i.e. Adélies in King George

Island breed before Adélies in Avian Island), all the indi-

viduals were sampled during the chick-rearing period in
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Fig. 2 Graphs show the mean (points) and standard error (whiskers)

of the relative leukocyte counts (a) and heterophil-lymphocyte ratios

(b) of the three penguin species in each site sampled. Sites are shown

in a northeast-southwest order from the left to the right. BACH

chinstrap penguins from Barton, STGE/STAD gentoo and Adélie

penguins from Stranger Point, HAGE/HACH gentoo and chinstrap

penguins from Hannah Point, DECH chinstrap penguins from

Deception Island, ROGE/ROCH gentoo and chinstrap penguins from

Ronge Island, YAAD Adélie penguins from Yalour Island and AVAD

Adélie penguins from Avian Island
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spite of the time differences. Thus, a sampling time effect

could be ruled out. Nevertheless, to avoid any concern,

simultaneous sample collection at the different locations

should be considered in future studies.
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penguins. Condor 102:392–400

Zinsmeister VAP, VanDerHeyden MJN (1987) Differential leucocyte

counts from Pygoscelid penguins of Antarctica. J Wildl Dis

23:521–552

Zuk M, Stoehr AM (2002) Immune defense and host life history. Am

Nat 160:9–22. doi:10.1086/342131

206 Polar Biol (2016) 39:199–206

123

http://dx.doi.org/10.1016/j.envpol.2011.06.036
http://dx.doi.org/10.1016/j.envpol.2011.06.036
http://dx.doi.org/10.1890/11-1588.1
http://dx.doi.org/10.1016/j.dsr2.2008.04.038
http://dx.doi.org/10.1029/2005GL024042
http://dx.doi.org/10.1139/Z04-132
http://dx.doi.org/10.1111/j.1365-2435.2010.01816.x
http://dx.doi.org/10.1073/pnas.1016560108
http://dx.doi.org/10.1073/pnas.1016560108
http://dx.doi.org/10.1007/s00300-013-1401-x
http://dx.doi.org/10.1086/342131

	Leukocyte counts in different populations of Antarctic Pygoscelid penguins along the Antarctic Peninsula
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Acknowledgments
	References




