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Hematological studies

on Antarctic birds

II. Changes of the hematolo-
gical indices during the develop-
ment of the pygoscelid pen-
guins *)

ABSTRACT: Changes in the red blood picture were studied during the development
of Pygoscelis adeliae, P. antarctica and P. papua. It has been found that the respiratory
function of a unit of the blood volume increases with the age of the investigated
birds. The mechanism of this changes is described.
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1. Introduction

Data referring to the values of hematological indices in various species
of penguins are very scarse. In the greater part of the cases these are the
results of the determinations supplementing other physiological studies
(Lenfant et al. 1969, Milson, Johansen and Millard 1973, Douglas,
Lockner and Murrish 1976). A more complete characteristic of the blood
picture in Eudyptes cristatus is given by KorZuev, Aljakarinskaja and
Glazova (1977), as well as by Myrcha and Kostelecka-Myrcha (1980)
describing three species of the genus Pygoscelis.

As regards the changes in the blood picture of penguins during their
development there are no available data, at all. The existence and develop-
ment under the conditions of relatively low temperatures in their environment
should lead these birds to the evolvement of the mechanism of adaptations,
enabling a quick achievement of a high level of the respiratory function
of a unit of blood volume. Moreover, it seems that considerable differences

*) These studies were supported by the Polish Academy of Sciences within the MR-II-16
Project carried out at the Arctowski Antarctic Station during the Second Antarctic Expedition
1977/78 headed by Dr. S. M. Zalewski.
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in oxygen uptake may occur between particular species, differing in the
geographical range of distribution and living conditions.

On that account it appeared to be interesting to investigate changes
in the red blood indices of three species of the genus Pygoscelis in the
course of their development, at the place where they nest collectively
in closely neighbouring colonies.

2. Material and methods

Altogether, 36 specimens of Pygoscelis adeliae (Hombron et Jacquinot),
47 — Pygoscelis antarctica (Forster) and 57 — Pygoscelis papua (Forster)
were under examination from the first day after hatching till the day of the
beginning of independent life (after moulting and first entering into water).
Studies were carried out during antarctic summer 1977/78 in a large colony
in the vicinity of the Arctowski Station (King George Island, South
Shetland Islands).

Standard methods were used for: determination of the content of hemo-
globin in the blood (Hb g %) and hematocrit (Hct %), erythrocyte count
per 1 mm3 of blood (RBC mln/mm3), measurements of the length and width
of erythrocytes and calculations of the mean cell hemoglobin content
(MCH 7y), the mean cell hemoglobin concentration (MCHC 9;), and the
average volume of erythrocytes (um3).

3. Results and discussion

It has been found that the size of erythrocytes (length 13—14 um,
width about 8 um, volume 220—240 um3) was very much alike in the three
examined species and did not change during their development.

The highest hemoglobin content in 100 ml of blood at the moment of
hatching was noted in P. adeliae (about 6.5—7.0 g %), but in the course
of the nestlings development the quantity of this pigment increases less
intensively than in the remaining two species and by the time the young
birds leave their colony it amounts to about 14% (Fig. 1). The youngest
nestlings of P. antarctica and P. papua the Hb content in blood is only
about 4.5—-50g9% and by the end of their development it is 14.5—
155g%.

At the end of the development the number of erythrocytes in 1 mm3
of blood (about 1.8—1.9 min/mm3) of the three examined species is also
similar (Fig. 2). The youngest nestlings of P. adeliae show not only the
highest Hb content but also the highest number of erythrocytes in a unit
of blood volume (about 1.8 mln/mm3). However, this value decreases during
the first 10—12 days of their development to 1.35 mln/mm3, then it
increases intensively up to about 1.9 mln/mm3. A reversed process was observed
in P. papua. In one-day nestlings the number of erythrocytes in 1 mm3
of blood is only about 0.6 mln, then it increases intensively during the
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Fig. 1. Changes in the hemoglobin concentration and hematocrit during the development of
pygoscelid penguins
Hemoglobin: 1. P. adeliae: y = 0.0022x+6.006, r =0.81; 2. P. antarctica: y = 0.0025x+
+5.055, r=10.99; 3. P. papua: y = 0.00205x+ 5.053, r =0.97
Hematocrit: 4. P. adeliae: 4a—y = —0.042x+ 56.62, r = —0.88; 4b—y = 0.0048x+25.97, r =
=0.54; 5. P. antarctica: 5a—y = 0.009x+21.85, r=0.54; 5b—y =0.0013x+33.19, r=0.14;
6. P. papus: 6a—y =0.044x+19.77, r=0.78; 6b—y = 0.00076x+ 30.62, r =0.20; 6c—y =
= 0.0053x+ 1597, r =0.57

following ten days (body weight 600—700 g) of their development (up to
1.5 mln/mm3), then it increases slowly reaching the value of 1.8 mln/mm3
in the individuals starting an independent life.

The one-day nestlings of P. antarctica have about 0.9 mln erythrocytes
in 1 mm3 of blood. During the first 20—25 days of their life (body weight
1400—1700 g) this value increases intensively to the level of about 1.7 mIn/mm3
and further on it does not change, practically.

The values of hematocrit changed during the development of the examined
penguins in exactly the same way as the number of erythrocytes in
1 mm3 of blood (Fig. 1), which seems comprehensible since the size of red
cells did not change at all. During the first three weeks of the life of
P. antarctica nestlings (body weight about 1500—1600 g) the Hct value
increases much more intensively (from about 229 to about 37%) than in
the later period of their development (up to about 38—39%). In P. adeliae the
value of this index is initially high (about 439%), then it decreases to about
349, and later increases again up to about 449/, 'at the end of the
development period. In P. papua the initially very low value of hematocrit
(about 24%) increases intensively during the first week of the nestlings .
development (30—319%), then until the end of the 5th week of their life
(body weight about 3200 g) the increase in the Hcr value is very slow (up
to about 33%). Afterwards the next phase of a quicker increase in the Hct
values occurs, reaching after the moulting the level of about 429%.
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Fig. 2. Change in the number of erythrocytes and the MCH during the development of
pygoscelid penguins
RBC: 1. P. adelige: la—y = —0.00151x+2.33, r = —0.82; 1b—y = 0.00018x+ 1.37, r = 0.47.
2. P. antarctica: 2a—y = 0.00063x+0.896,r = 0.86; 2b—y = 0.000107x+2.16, r = —0.26;
3. P. papua: 3a—y = 0.00083x+0.984, r = 0.67; 3b—y = 0.000049x+ 1.509, r = 0.37
MCH: 4. P. adeliae: y = 0.00794x+43.47,r = 0.74; 5. P. antarctica: y = 0.00864x+ 44.78,
, r=0.68; 6. P. papua: y = 0.00848x+42.25,r = 0.83
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Fig. 3. Changes in the MCHC values during the development of pygoscelid penguins
1. P. adeliae: y = 0.00453x+19.36, r = 0.79; 2. P. antarctica: y = 0.00419x+20.99, r = 0.84;

3. P. papua: y = 0.00416x+ 18.81, r = 0.85
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The above described changes in the Hb and RBC content in a unit of
blood volume and in hematocrit values find consequently their expression
in the changes of the MCH and MCHC indices, which take a similar
course in all of the three examined species (Figs. 2 and 3). During the
development of the nestlings of penguins of the genus Pygoscelis the MCH
increases from about 45 yy up to about 75—80 yy and MCHC from about
18—219/ up to about 36—40%.

It may be said generally ‘that the values of the investigated indices
in all of the three species are similar at the endstage of their development.
Whatsoever, it seems that during the first few days following the hatch
P. adeliae nestlings have more favourable conditions for securing their
oxygen demand, which gives evidence of the highest degree of their
metabolic cold adaptation. The basic mechanism in the development of the
examined penguins leading to intestification of the respiratory function of
a unit of blood volume depends on the increase in the number of
erythrocytes and Hb content in this unit of blood volume. The hemoglobin
content increases incommesurably more than the number of the erythrocytes,
which is reflected in the increase in the MCH and MCHC indices. Thus,
the total surface of the erythrocytes increases only due to an increase
in the number of red cells and the hemoglobin content per a unit of that
surface is higher and higher. '

In the nestlings of the temperature zone the process of intensification of the
respiratory function in a unit of blood volume is more complex (Ko-
stelecka-Myrcha, Pinowski and Tomek 1970, 1972). The total surface
of erythrocytes may increase in these birds more intensively than in penguins,
since. due to a decrease of the size of the red blood cells during their
development the increment in number of erythrocytes may be considerably
higher (at a restricted possibility of an increase in the Hct value).
However, in the nestlings of the temperate zone such a high increase in
MCHC was never observed. It seems that utilization of this high content
of hemoglobin per a unit of the surface of erythrocytes in penguins is
possible while diving, when the rate of blood flow is lower, and con-
sequently the duration of the contact of the respiratory pigment with the
air in lungs is sufficiently long to be saturated with oxygen.

The authors wish to thank Dr. B. Jablonski for rendering accessible his unpublished

data on the rate of growth of penguins of the genus Pygoscelis collected in the same area
near Arctowski Station.

4. Summary

Changes -of the erythrocytes image of blood were studied during the development of
_ three species of penguins of the genus Pygoscelis from the first day after hatching to the
beginning of self-depended life (change of plumage and immersion in water).

It was found that the basic mechanism leading to the intensification of the respiratory
function of a volume unit of blood during the development of penguins depends on an
increase of the erythrocyte number and of the amount of hemoglobin (Figs. 1 and 2).
The amount of hemoglobin increases more intensively than the erythrocyte number, thus
MCH and MCHC increase, too (Fig. 2 and 3). The size of erythrocytes does not change,
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thus they total area increases only due to the rise of the erythrocytes number, and there
is more and more of hemoglobin per unit of this surface.

The observed differences in the changes of the blood image durmg the development
of studied penguin species can suggest their uneven adaptation to thermal conditions.

5. Pe3rome

I1pOBHAEHO MCCENOBAHUSA .M3MEHEHHH KpPACHBIX KDOBSHBIX LIAPMKOB B pPa3BUTHH TPEX
BHUIOB NHUHIBHHOB pona Pygoscelis ¢ mepBoro OHs OT BbUIyI'UICHPlH J0 Hauyajga camocCTo-
ATEJIbHOM XXU3HHU (ONEpeHHe, BXOI B BOIY).

KoHcTaTHpOBaHO, YTO OCHOBHOW MeXaHM3M BeAYLMH K PIHTCHCMC])PIK&LIP[PI JIbIXaTeJbHOM
GyHKUMK eIuHULB 00bEMAa KPOBH B Pa3BUTHH NMHIBUHOB COCTOUT B YBEJIMYEHMH KOJMYECTBA
SpUTPOUMTOB U remoriobuna (puc. 1 u 2). KonuuectBo remorjoGuHa pacTéT MHTCHCHBHEE
Y€M YHCJO KPacHBIX KPOBSHBIX 1apukoB. bnaromaps stomy yBenuuuBaetcs takxe MCH
u MCHC (puc. 2 u 3). BeinunHa 3pUTPOUMTOB HE MOJABEPraeTcs HU3MEHEHHIO, 3HAYUT HX
ob11asi MOBEPXHOCTb YBEJIMYHUBAETCS MYyTEM POCTA KOJUYECTBA KPACHBIX KPOBSHBIX IIAPHKOB.
W Tak B eauHuue 3TOH NOBEPXHOCTH BHICTynaeT BCE OoJibllie reMOrjIO0OMHA.

3aMeyeHHbIE Pa3HHLBI B M3MCHEHHSX 00pa3a KpOBM BO BPEMS Pa3BHUTHS HCCJIEJOBAHHBIX
BUJIOB NIMHTBUHOB MOTYT CBHAETEJbCTBOBATb O UX HEOAMHAKOBOM INPHUCNOCOO/IEHHH K TEPMH-
YECKHUM . YCJIOBHSM.

6. Streszczenie

Zbadano zmiany czerwonokrwinkowego obrazu krwi w rozwoju trzech gatunkéw pingwi-
now z rodzaju Pygoscelis od pierwszego dnia po wykluciu si¢ z jaja do momentu roz-
poczecia samodzielnego Zycia (zmiana upierzenia i wejscie do wody).

Stwierdzono, ze podstawowy mechanizm prowadzacy do intensyfikacji oddechowej funkcji
jednostki objetosci krwi w rozwoju pingwindéw polega na zwigkszeniu si¢ liczby erytrocytow
i ilosci hemoglobiny (rys. 1 i 2). Ilo§¢ hemoglobiny wzrasta intensywniej niz liczba czerwonych
krwinek, dzigki czemu zwigksza si¢ rowniez MCH i MCHC (rys. 2 i 3). Wielko§¢
erytrocytow nie ulega zmianie, a wigc sumaryczna ich powierzchnia zwigksza si¢ tylko dzieki
wzrostowi liczby czerwonych krwinek i na jednostke tej powierzchni przypada coraz wigcej
hemoglobiny.

Zaobserwowane roznice w zmianach obrazu krwi w czasie rozwoju badanych gatunkow
pingwinoéw moga $wiadczy¢ o ich niejednakowej adaptacji do warunkow termicznych.
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