
shaped granules. Cell diameters range from 10.08-12.42 mi-
crometers, with an average cell diameter of 11.19 micrometers.
The polymorphic nucleus consisted of two to three lobes, con-
nected by a thick chromatin strand. The majority of heterophils
possessed three nuclear lobes, which were observed close to the
cell periphery. Prominent clumps of purple-blue staining het-
erochromatin were observed surrounded by lighter blue-
stained euchromatin. One nucleolus/nucleus was usually ob-
served. Spindle-shaped specific granules were closely packed
within the cytoplasm, and therefore it was not possible to count
or measure the granules accurately. These granules stained a
brilliant red in Wright stain preparations. A dark-purple stained
core was often seen in these granules. No partial dissolution of
the specific granules was observed. Cytoplasmic-to-nucleus
ratio was approximately 2 to 1.

Eosinophils. Eosinophils constituted 4.7 percent of the total
white blood cell count in the Adélie penguin (Zinsmeister and
VanDerHeyden 1987). These cells (2, 4, 5, and 10 in the figure)
were imperfectly oval/round with an average diameter of 9.99
micrometers, range 8.46-11.88 micrometers. The nucleus pos-
sessed a lobar appearance of two to three lobes (most with 2
lobes) that lies along the cell's periphery and usually extended
one-half of the circumference of the cell. The nucleus possessed
dense heterochromatin and stained a deep purple. Nucleoli
(1-2) were present and stained a pale blue and often appeared
as an area of negative image within the nucleus. The specific
granules were pink, lightly refractile, and filled to bulge the
cytoplasm. The average diameter of the specific granules was
0.97 micrometer. Cytoplasm-to-nucleus ratio was approx-
imately 3 to 1.

Basophils. Basophils constituted 2.3 percent of the total white
blood cell count in the Adélie penguin (Zinsmeister and Van-

DerHeyden 1987). The basophils (6 through 9 in the figure)
possessed an irregular round shape with small blunt
pseudopodia projecting from the cell surface. The bulging of
the cytoplasmic granules lend a mulberry appearance to the
basophils in blood films. Cell diameters ranged from 7.02 to
10.44 micrometers with an average cell diameter of 8.41 mi-
crometers. The nucleus was eccentric in location, irregular rou-
nd and stained darkly. It had an average diameter of 5.17 mi-
crometers, range of 4.32-6.48 micrometers. Usually one large,
very dark nucleolus was seen. The round cytoplasmic granules
were highly metachromatic and stained purple-blue in Wright
stain. Granule size was variable and could not be accurately
measured on blood films due to the solubility of the granule
contents in aqueous solutions. Cytoplasm-to-nucleus ratio was
1 to 2.
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Cellular characterization and
morphometric analysis of resin-

embedded blood samples of Adélie
penguins (Pygoscelis adeliae)
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This microscopic study describes the cellular and mor-
phometric features of the granular leucocytes (granulocytes are
heterophil, eosinophil, and basophil) of wild adult Adélie pen-
guins of Antarctica. The description of the Adélie granulocytes
are based on the analysis of methylene blue-Azure II stained
resin embedded 0.5-micrometer sections. For specific methods
and procedures the reader is referred to Zinsmeister, Valencia,
and Golowasch (1984) and Zinsmeister (in press). The methods

and techniques employed in our studies greatly enhance cel-
lular detail thereby facilitating more accurate morphometric
assessment and characterization of these unique cells.

Heterophils. The large, round heterophils had an average di-
ameter of 6.93 micrometers, range 6.39-7.66 micrometers (1 in
the figure). The polymorphic nucleus consisted of one to three
lobes, the majority had two lobes. The nucleus was laterally
eccentric and possessed a very irregular nuclear membrane.
Prominent heterochromatin clumps were observed and nuclear
strands could be detected between the nuclear lobes. Eu-
chromatin appeared basophilic. Peripheral nuclear hetero-
chromatin stained an intense blue. One nucleolus/nucleus was
commonly observed. Cytoplasmic basophilia was difficult to
access due to the close-packed arrangement of the spindle-
shaped, light pale green specific granules. It was not possible to
accurately count or measure the heterophil granules.
Cytoplasmic-to-nucleus ratio was approximately 2 to 1.

Eosinophils. Eosinophils had an average diameter of 7.25 mi-
crometers range 6.24-8.76 micrometers (2 in the figure). These
cells were large round/oval in shape with an oblong or bibbed
nucleus which averaged two lobes per cell and laid laterally in a
polar placement. Patchy peripheral heterochromatin was ob-
served along the inner nuclear membrane and stained a dark
blue. Light basophilic euchromatin was observed between the
three to four blue heterochromatin clumps. The staining charac-
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1. Heterophils. Notice the numerous rod/spindle shaped intra-
cytoplasmic granules and the peripheral location of the nuclei. "He"
denotes "heterophils"; "Eo" denotes "eosinophils." Methylene
blue-Azure II stained 0.5-micrometer section, x 604. 2. Eosinophils.
Notice the large round intracytoplasmic granules of the eosinophils
and the polar location of their nuclei. "Eo" denotes "eosinophils";
"He" denotes "heterophil"; "Ba" denotes "basophil." Methylene
blue-Azure II stained 0.5-micrometer section, x 604. 3. Basophils.
Notice the round metachromatic intracytoplasmic granules and the
central position of the single round nucleus. Compare the basophil
size and characteristics with those of the eosinophils. "Ba" denotes
"basophils"; "Eo" denotes "eosinophils." Methylene blue-Azure II
stained 0.5-micrometer section, x 604. 4. Basophils. The round
metachromatic intracytoplasmic granules ring the nucleus. Com-
pare the basophil size and nuclear characteristics with those of the
heterophil. "Ba" denotes "basophils"; "He" denotes "heterophils."
Methylene blue-Azure II stained 0.5-micrometer section, x 604.

teristics of the nucleus gave it a lacy appearance. Large promi-
nent nucleoli were observed and appeared irregular in shape,
being either oblong or round. One to two nucleoli were com-
monly present in these cells.

An average of 29.52 specific granules per cell section were
counted. The majority of granules were round or oblong in
shape with an average diameter of 1.13 micrometers.

The granules stained a dark green and the cytoplasm ap-
peared colorless. Cytoplasm-to-nucleus ratio was approx-
imately 3 to 1.

Basophils. The basophils (3 and 4 in the figure) were round
with an average diameter of 6.05 micrometers, range 5.36-6.63
micrometers. The nonlobulated nucleus was irregular-round
with a slightly eccentric position. The nuclear mean diameter
was 4.34 micrometers, range 3.08-4.7 micrometers. One, or
rarely two, irregularly shaped nucleoli were seen. Small aggre-
gates of heterochromatin were attached to the nuclear mem-
brane in a patchy network. Large, round cytoplasmic granules
surrounded and often overlaid the nucleus. Granule size and
numbers varied from 0.5 to 1.39 micrometers in diameter with
12-20 granules per cell section, respectively. The granules were
highly metachromatic, staining pink, blue to deep purple. The
larger granules usually stained more intensely.
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