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SUMMARY.—We studied leucocyte levels in several Antarctic and non-Antarctic penguins. A total of
107 blood samples of chinstrap Pygoscelis antarctica, gentoo P. papua and Adélie P. adeliae penguins
at Isla 25 de Mayo/King George Island (South Shetland Islands, Antarctica) and Magellanic penguins
Spheniscus magellanicus at Península Valdés (Chubut, Argentina), were collected and analysed during
the 2009-2010 breeding season. We observed that chinstrap and Adélie penguins had lower total
leucocyte counts than Magellanic and gentoo penguins. We provide some potential explanations for
species differences in leucocyte levels.

RESUMEN.—En este trabajo se estudiaron los niveles de leucocitos como valores de referencia en
especies de pingüinos antárticos y no antárticos. Se analizaron 107 muestras de sangre de pingüinos
barbijo Pygoscelis antarctica, Juanito P. papua y de Adelia P. adeliae en la isla 25 de Mayo/Rey Jorge
(islas Shetland del Sur, Antártida) y de pingüinos magallánicos Spheniscus magellanicus en Península
Valdés (Chubut, Argentina) durante la temporada de reproducción 2009-2010. Los resultados mos-
traron bajos conteos de leucocitos en pingüinos barbijo y Adelia en comparación con los pingüinos
Juanito y magallánico. Se presentan diferentes explicaciones para las diferencias en los niveles de
leucocitos entre las especies de pingüinos.
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INTRODUCTION

The study of immune function has ac-
quired great importance for understanding
the life histories of organisms (Norris and
Evans, 2000) because it is the primary de-
fence against pathogens in animals (Zuk and
Stoehr, 2002) and also because immunity
can be regulated depending on the availabili-
ty of energy resources (Norris and Evans,
2000). Variation in immunological parame-
ters in response to different factors (e.g.
body condition, Møller and Erritzøe, 2003;
sex, Fargallo et al., 2002; age, Palacios et
al., 2007; breeding stage, Dehnhard et al.,
2011) and environmental characteristics (e.g.
geography, Barbosa et al., 2007; pathogens
and parasites, Horrocks et al., 2012) has
been reported.
One of the components of the immune

system of an organism is cellular immunity,
which can be assessed by leucocyte counts
(Roitt et al., 2001). Leucocytes are classi-
fied as phagocytes, that form part of innate
immunity, or as lymphocytes, that enable
acquired immunity (Roitt et al., 2001).
Among phagocytes, heterophils are the pri-
mary phagocytic leucocytes and proliferate in
circulation in response to infections, inflam-
mation and stress or malnutrition (Maxwell
and Robertson, 1998). The other phagocytes
are eosinophils and monocytes, which are
involved in defence against parasites, and
basophils whose function is not clearly
understood but is thought to be related to
inflammatory processes (Campbell, 1995).
Lymphocytes are involved in a variety of
immunological functions, such as the pro-
duction of immunoglobulins and modula-
tion of immune defence (Campbell, 1995).
The heterophil/lymphocyte ratio (H/L) has
been described as a good measure of stress
in birds (Davis et al., 2008). During chronic
stress, such as poor feeding conditions,
plasma baseline corticosterone levels re-

main elevated and lead to adaptive changes
in physiology and behaviour, including an
increase in the H/L ratio (Davis et al., 2008). 
Antarctica, and specifically the Antarctic

Peninsula, is suffering the effects of climate
change with a temperature increase ranging
between 0.2ºC and 0.4ºC in the last 60-100
years (Turner et al., 2005). This is also the
case elsewhere, such as in Patagonia, where
temperature increased by 0.5º C and 1º C
during the last 52 years, with marked im-
pacts on the environment (Rabassa, 2010).
These environmental changes can affect such
factors as the distribution, abundance and
virulence of parasites and diseases, which in
turn can affect the immune system of or-
ganisms (Harvell et al., 2002). Therefore, it
is important to have baseline information on
immune parameters of organisms in order to
make future comparisons in this changing
ecological context. 
To date, information on cellular immu-

nity is almost absent for free-living Sphenis-
ciform penguins. One study reports data on
leucocyte cell numbers in only one Antarctic
penguin species (Vleck et al., 2000), a second
includes three species but with a small sam-
ple size (Zinsmeister and Van Der Heyden,
1987) and a third involves a captive penguin
species (Hawkey et al., 1985). Moreover,
no baseline data on leucocyte profiles have
been reported to date in the Magellanic pen-
guin Spheniscus magellanicus, the penguin
species present in Patagonia. Since penguins
have a broad geographical distribution and
have variable life histories (Boersma, 2008)
they can make good models to study immune
investments.
Here, we report for the first time base-

line leucocyte numbers under natural con-
ditions in three Antarctic penguins: the
chinstrap Pygoscelis antarctica, gentoo P.
papua and Adélie penguins P. adeliae and
in a non-Antarctic species, the Magellanic
penguin. 
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MATERIAL AND METHODS

The study was conducted during the 2009-
2010 breeding season. Antarctic penguin
species were sampled at Isla 25 de Mayo/
King George Island (Stranger Point, 62º 15’S,
58º 37’W, for Gentoo and Adélie penguins
and Barton Point, 62º 14’ S, 58º 46’W, for
Chinstrap penguin) during December 2009
and January 2010. Magellanic penguins were
sampled at Estancia San Lorenzo, Península
Valdés in the Patagonia region of Argentina
(47° S, 63° W) in November 2009. 
The sampling occurred during the guard

phase of chicks (10-15 days after hatching)
to avoid potential variation related to the
breeding period. Adults were captured and
immediately sampled at the nest from the
foot vein. All birds were sampled within 5
minutes of capture to avoid leucocyte pro-
duction due to stress of handling (Davis et
al., 2008). We sampled a total of 107 indi-
viduals of the four penguin species. Sampled
birds showed no external signs of illness or
injuries and presented normal body masses
(4.5 kg for Adélie, 5.5 kg for gentoo, 4 kg
for chinstrap and 4.5 kg for Magellanic
penguins; mean body masses reported in
Bertellotti, 2014).
Thin blood smears were prepared with a

drop of fresh blood from each individual
and placed on slides, air-dried, fixed with
ethanol for 3 min and stained with Tinción 15
(Biopur). Blood smears were examined with
a microscope by scanning fields with similar
densities of erythrocytes (Campbell, 1995).
The total leucocyte count (TCL) was esti-
mated by counting all leucocytes in 10 con-
secutive 400x monolayer fields. Leucocyte
proportions were obtained as the part of each
leucocyte type in a sample of 100 leucocytes
scanned at 1000x (oil immersion) (Campbell,
1995). The H/L ratio was calculated from
the heterophil and lymphocyte values. For the
four penguin species, 10 smears were ran-

domly selected for analysis of repeatability.
Three consecutive leucocyte counts were
made using the described counting method
for each of the 10 smears. Repeatability was
calculated following Lessells and Boag
(1987) for TCL, heterophils (H), eosinophils
(E), lymphocytes (L) and monocytes (M).
Basophils (B) were not included because
of many zeros in the matrix. All values of
repeatability ranked between 74 and 98%.
All leucocyte counts were made by VLD.
Data were statistically described and

compared among the four species using
the nonparametric Kruskal-Wallis H test
and nonparametric Multiple Comparisons
(STATISTICA version 7.0). To maintain an
experiment-wise error rate of 0.05, we used
a sequential Bonferroni adjustment (Rice,
1989) of a = 0.007 for N = 7 parameters
compared. 

RESULTS AND DISCUSSION

This study is the first to report leucocyte
data for Magellanic penguins, and we also
report leucocyte data for three additional
species of Antarctic penguins. Our results
(table 1) differ from results reported by
Zinsmeister and Van Der Heyden (1987) for
the percentage of monocytes in the three
Pygoscelis penguins and this could be ex-
plained by the very small sample sizes used
in that study (4 Adélies, 6 gentoos and 2
chinstraps). Also our results differ from the
percentage of heterophils and H/L ratio
reported by Vleck et al. (2000) for Adélie
penguins in Torgersen Island, Antarctic
Peninsula (64º S, 64º W), who reported
higher values of heterophils and H/L than
ours (50.4 and 0.16-8.09 respectively). Those
differences in heterophils and H/L ratio could
be explained by differences associated with
geographical or temporal differences, since
their samples were taken in 1996. 
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We observed that gentoo and Magellanic
penguins had more leucocytes than chinstrap
and Adélie penguins (TLC: H3, 107 = 41.8,
Multiple Comparisons, P < 0.007, table 1).
It has been reported that higher total leuco-
cyte counts generally indicate a higher level

of exposure to parasites and/or pathogens
(Roitt et al., 2001). Among our study species,
Magellanic and gentoo penguins carry a
greater species diversity of helminth para-
sites than chinstrap and Adélie penguins
(table 2). Differences found for TCL are
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TABLE 1

Mean ± standard error for total leucocytes, heterophil/lymphocyte (H/L) ratios and leucocyte types
of the four penguin species (N = sample size). Minimum and maximum values are shown in brackets.
Significant differences (Multiple Comparisons, P < 0.007) among species are denoted by shared letters
(a, b, c), where “a” is assigned to the highest value for each measure.
[Media ± error estándar del total de leucocitos, relación heterófilos/leucocitos (H/L) y tipos de leuco-
citos en cuatro especies de pingüinos (N = tamaño muestral). Los valores mínimos y máximos se mues-
tran entre paréntesis. Las diferencias significativas (Comparaciones Múltiples, P < 0,007) entre espe-
cies están indicadas por letras compartidas (a, b, c), asignándose “a” al valor más alto de cada medida.]

Non-Antarctic
penguin Antarctic penguins

Magellanic Chinstrap Adélie Gentoo
(S. magellanicus) (P. antarctica) (P. adeliae) (P. papua)

N = 30 N = 27 N = 25 N = 25

Total leukocytes 32.7 ± 0.3a 22.7 ± 0.2b 15.5 ± 0.09b 32.5 ± 0.1a
(10.7-85.3) (8.4-50.4) (7.8-28.5) (21.2-43.9)

H/L 1.1 ± 0.1b 0.4 ± 0.05c 1.0 ± 0.1b 1.6 ± 0.1a
(0.3-5) (0.1-1) (0.3-3) (0.7-3)

Lymphocyte % 39.9 ± 1.8b 62.3 ± 1.9a 40.7 ± 2.1b 35.1 ± 1.5c
(13-59) (46-82) (23-62) (25-52)

Heterophil % 38.5 ± 1.8b 28.7 ± 1.8c 38.7 ± 1.9b 51.6 ± 1.5a
(20-60) (10-45) (20-63) (35-67)

Basophil % 0.3 ± 0.1c 1.5 ± 0.3b 2.6 ± 0.3a 0.4 ± 0.1c
(0-2) (0-7) (0-6) (0-2)

Eosinophil % 13.6 ± 1.3a 2.3 ± 0.3c 13.5 ± 1.3a 9.4 ± 1b
(5-32) (1-6) (6-26) (2-18)

Monocyte % 7.5 ± 0.6a 5.3 ± 0.6b 4.3 ± 0.6b 3.3 ± 0.6b
(2-15) (0-13) (0-13) (0-10)



similar to those reported for immunoglobu-
lin levels among the Pygoscelis species, in
which the levels were higher in gentoo pen-
guins than in chinstrap and Adélie penguins,
and this has been suggested to be related to
a higher impact of parasites (Barbosa et al.,
2007). Therefore, this agreement between
both immune parameters could reflect com-
mon variation of parasites or diseases
affecting both components of the immune
response. The higher parasite loads could
also explain the heterophil counts (H3, 107 =
46.6, Multiple Comparisons, P < 0.007), and
consequently the H/L ratios (H3, 107 = 50.7,
P < 0.007, Multiple Comparisons, P < 0.007)
found in these species (tables 1 and 2). Fur-
thermore, several kinds of stressors such as
site temperature, severe heat, extreme exer-

cise, food or water deprivation, contami-
nation and/or exposure to novel social situa-
tions, can also cause an increase in H/L ratios
(Davis et al., 2008 and references therein). 
Magellanic penguins showed higher

numbers of eosinophils (H3, 107 = 54.5, Mul-
tiple Comparisons, P < 0.007) and mono-
cytes (H3, 107 = 35.5, Multiple Comparisons,
P < 0.007) (table 1), which could be related
to infestations of gastrointestinal parasites
(Campbell, 1995) and Magellanic penguins
exhibit more diverse and greater helminth
parasite loads (table 2). Chinstrap pen-
guins showed the highest lymphocyte counts
(H3, 107 = 42.7, P < 0.007) whereas gentoo
penguins showed the lowest (Multiple Com-
parisons, P < 0.007, table 1). Raised lym-
phocyte counts could be indicative of a good
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TABLE 2

Comparison of gastrointestinal parasite parameters between Antarctic pygoscelid penguins at Isla 25
de Mayo/King George Island and the non-Antarctic Magellanic penguins at Península Valdés. Data are
from Díaz et al., 2010 and Díaz et al., 2013.
[Comparación de parámetros representativos de la carga de parásitos gastrointestinales entre pingüinos
pigoscélidos antárticos en la isla 25 de Mayo/King George y el pingüino magallánico (no antártico)
en Península Valdés. Según datos de Díaz et al., 2010 y Díaz et al., 2013.]

Antarctic pygoscelid penguin Non-Antarctic
penguin

Gentoo Adélie Chinstrap Magellanic
(P. papua) (P. adeliae) (P. antarctica) (S. magellanicus)
(N = 37) (N = 9) (N = 3)* (N = 30)

Prevalence (%) 62 55 100 100

Mean abundance 22.6 9.7 64 1064

Mean intensity 36.3 17.6 64 1064

Species richness 4 2 3 5

* Data of parasites in chinstrap do not differ from data obtained in Deception Island with a higher sample size (N = 64)
(Vidal et al., 2012).



state of health or, conversely, could indicate
an immune response to a current infection
(Davis et al., 2008). In both cases, more
analyses of body condition should be
addressed to establish the state of health. 
Adélie penguins displayed the highest

basophil counts among the penguin species
in this study, which is difficult to explain
(table 1). However, it has been reported that
some stressors such as severe heat may cause
variation in phagocyte counts (Davis et al.,
2008) and that some birds respond to a stress
situation, for example an abrupt increase in
temperature, both with heteropenia (a fall
in heterophils in blood) and significant
basophilia (an increase in basophils in
blood) (Maxwell and Robertson, 1995). In
the present study, an extraordinary weather
event consisting of extreme temperature
fluctuations took place at the site during
the Adélie sampling (Bases Argentinas:
http://www.dna.gov.ar), leading to clutch
losses because the snow melted and flooded
the eggs (pers. obs.). This may explain why
this population displayed unexpected high
levels of basophils and also eosinophils
(H3, 107 = 46.5 and H3, 107 = 54.5 respectively,
Multiple Comparisons, P < 0.007, table 1).
It is important to note that the Adélie popu-
lation at Stranger Point has been declining
dramatically over the past 15 years, probably
due to the effect of climate warming in this
region (Carlini et al., 2009), to which this
species seems to be very sensitive. 
Other factors, such as differences related

to nesting behaviour or coloniality, which
can affect immune investment (Møller and
Erritzøe, 1996; Møller et al., 2001), may
also explain the differences found. Whereas
Magellanic penguins nest in burrows, the
pygoscelid penguins breed in densely packed
and open nests, which could facilitate para-
site/pathogen transmission, resulting in a
high immune investment (Møller et al.,
2001). Infective agents that cause diseases
(e.g. Salmonella sp., Chlamydia sp., In-

fluenza, Paramyxovirus, Infectious Bursal
Disease, Feather loss disorder) have been
reported in all four penguin species studied
(Barbosa and Palacios, 2009; Kane et al.,
2010), although at present there is no infor-
mation about interspecific differences in
prevalence. Therefore, in this case, such fac-
tors do not seem to explain our results since
we found differences in immune investment
in the four species, but surely the intensity
of infection may be variable and more im-
portant than presence/absence.
Finally, leucocyte counts can also vary in

response to different factors intrinsic to the
individuals, such as body condition or age.
Although we have no data on body condi-
tion, it is unlikely that consistent interspe-
cific differences in this variable exist and
affect our results, as variation at this level is
more relevant at the intraspecific level. In
fact this is the case for humoral immunity as
interspecific differences among Antarctic
penguin species in immunoglobulin levels
were not related to body mass (Barbosa et
al., 2007). Regarding age, all individuals
sampled were adult breeders and it is thus
very unlikely that a bias towards younger
birds in a species existed. 
We realise that leucocyte counts inform

only on the relative proportions of leucocyte
types that are currently circulating in blood
(Davis et al., 2008). They do not indicate if
leucocytes are stored elsewhere in the body,
or (without doing another smear after a stress
paradigm) how many would be released or
redistributed in response to a stressor or in-
fectious agent (Davis et al., 2008). Leucocyte
counts as described here can be used as a
reference parameter for the four penguin
species. We provide new data for leucocyte
counts for pygoscelid Antarctic penguins
and, for the first time, leucocyte counts for
Magellanic penguins. These baseline data are
important for future comparisons in order to
assess likely changes produced by environ-
mental changes in the region.
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