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ABSTRACT 
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Baseline Hematology of the African 

Blackfooted Penguin 

Ninety-four samples from 41 captive African 
blackfooted penguins, Spheniscus demersus, were 
used to determine baseline values for twelve 
hematological parameters. Mean values and 
standard deviations were calculated for total 
erythrocyte count, hemoglobin, hematocrit, 
mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration 
(MCHC), mean corpuscular volume (MCV), to
tal leukocyte count, and total plasma protein. 
Mean values for absolute heterophil, lympho
cyte, monocyte, and eosinophil countS were also 
determined. Significant effects of age were found 
on hemoglobin and hematocrit values. Seasonal 
effects were significant on total erythrocyte 
count , hemoglobin, MCHC, total leukocyte 
count, monocyte count, lymphocyte count, and 
eosinophil count. 
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Introduction 

Clinical laboratory data and, in particular, hemato
logical data can be extremely useful in supporting the 
diagnostic capabilities of the veterinary clinician. In 
order for such laboratory work to be of any value in 
evaluating an ill patient, a reliable set of baseline 
values must be available for the species. Extrapolation 
from family to family or order to order can be fraught 
with numerous pitfalls and may lead a clinician in 
fruitless directions. 

The need to provide adequate veterin~ry care to a 
large colony of African blackfooted penguins in the 
Baltimore Zoo stimulated this investigation. It is 
hoped that by establishing these values, differential 
diagnosis of the various diseases of penguins will be 
facilitated. 

Materials and Methods 

The subjects for this study were African blackfooted 
penguins, Spheniscus demersus , from a colony of over 40 
specimens maintained by the Baltimore Zoo. The 
sampled birds ranged in age from six weeks to over 
twelve years. All birds were either captive-reared or 
had been in the colony for more than six years. 

The birds were kept in an outdoor exhibit with free 
access to an indoor nesting area. The substrate of the 
enclosure was concrete and rock with clay litter prod
uct covering the floor of the nesting area. The birds 
had access (0 a 2) 3,000-gallon, fresh-water pool up to 
four-feet deep. 

The animals were maintained on a diet of frozen 
capelin, smelt, Spanish sardine, thread herring, and 
squid which was routinely thawed in cold water. Each 
bird received a daily supplementation of 5 gm ofNael 
and one-half tablet of a vitamin-mineral preparation." 

All birds not on nests or showing perceptible signs 
of illness were sampled. Samples were taken on three 
separate occasions: one each in October, June, and 
April. Each sampling session was begun at 10 A.M., 

and birds were drawn from the colony for sampling in 
no particular order. Each bird 's identifica tion from its 
permanent wing band and its moult condition were 
recorded prior to sampling. The birds were then held 
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by the neck and feet and pressed between the legs of 
the holder to allow venipuncture of the brachial vein 
with a 22-gauge needle attached to a 3-cc syringe. 
Uniform samples of 1.5 cc of blood were drawn and 
transferred immediately to sodium ethylenediamine
tetraacetic acid (EDT A) blood containers which were 
held on ice until transported to the laboratory. The 
average handling time for a single bird, including 
capture, was six to seven minutes. 

Leukocyte and erythrocyte counts were performed 
with a 1/100 dilution technique utilizing Natt-Herrick 
avian diluent (9) on a standard hemocytometer. 

Hematocrit (HTC) was determined by the micro
capillary tube technique, centrifuging the sample for 
five minutes at 10,000 rpm. Hemoglobin content was 
determined by the Spencer hemoglobinometer oxyhe
moglobin method. 

Total protein was evaluated by re·fractive index 
using an American optical total solids meter. No values 
for total protein were determined for the June sam
pling. 

Differential counts were made on sodium EDT A 
blood smears stained with Jenner-Giemsa stain. Indi
vidual cell type counts were reported in absolute val
ues. Erythrocyte indices were calculated by hand using 
standard formulas. 

The data were then tabulated and subjected to 

statistical analysis using the December 1977 revision 
of the University of California at Los Angeles 
BMDP2V program for analysis of variance and co
variance. 

Results 

A total of 94 samples were taken from 41 birds. 
Approximately one-half of the samples were from birds 
two years of age or younger. These birds were not 
sexually mature and their genders could not be deter
mined by our observing their behavior. The popula
tion of the colony contains several excess males. These 
factors, combined with the exclusion from the study of 
any female birds on the nest at the time of collection 
resulted in too few known female samples for signifi
cant statistical comparison in regard to sex. 

Analysis of the data with respect to age was per
formed, comparing immature birds two years or 
younger with adult birds over two-years old. Signifi
cant differences were found when the interactions of 
age and season were analyzed. Hematocrit and he
moglobin values increased significantly with age. The 
mean hemoglobin value for 39 subadult samples was 
14.37 gm/100 ml, as compared with the mean hemo
globin value for 52 adult samples of 16.8 gm/iOO' m!. 
Hematocrit (HTC) values for the same samples dis
played a similar pattern. The mean HTC for subadult 
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birds was 41.0% as compared with a mean of 47.0% 
for adults. No other significant variations due (0 age 
were found. 

By far the most visible effect on the hemogram of 
normal blackfooted penguins in this study was sea
sonal. Season of the year had significant effect on 
erythrocyte count , hemoglobin, MCHC, total leuko
cyte count , monocyte count, lymphocyte count and 
eosinophil count (fable 1). Hemoglobin values were 
lowest in the summer (Figure I), as was the absolute 
monocyte count. Autumn showed an increased (Otal 
leukocyte count (Figure 2) with a significant increase 
in the absolute number of lymphocytes (Figure 3) . A 
decrease in total erythrocytes was also significant. The 
spring values revealed several significant changes. To
tal erythrocyte count and hemoglobin values were 
elevated. The hemoglobin index MCHC was also 
significantly elevated. Lymphocyte count, h?_wever, 
was significantly decreased (Figure 3) with increases 
in monocytes and eosinophils holding the total leuko
cyte count near the summer values. 

Normal values given as simple arithmetic means, 
with their standard deviations, are given in Table 2 
for all of the parameters examined in this study. 

Discussion 

Total erythrocyte count 

The total erythrocyte count for the birds in this study 
was considerably lower than normal values reported 
in the literature for other birds, including chickens, 
pigeons, swans, ducks, sparrows, gulls, and doves (3, 5, 
6, 8, II , 13). The blackfooted penguin did not dem
onstrate a significant rise in erythrocyte count at ma
turity as has been shown in other avian species (6). 
The seasonal influence on erythrocyte count also did 
not concur with findings in other birds. Studies with 
the domestic chicken, the dove, and the pigeon showed 
a definite increase in erythrocyte count in the aut umn 
(3), with a corresponding decrease in counts in the 
spring (II ). The African blackfooted penquin dem
onstrated a significant increase in erythrocyte count in 
the spring. 

The birds used in other studies of seasonal effects on 
blood parameters have been from the Northern Hem
isphere (3, II) . Birds from the Southern Hemisphere 
demonstrate a total reversal of life pattern, including 
reproduction and moulting, when compared directly 
by date of year with Northern Hemisphere species. 
Therefore, autumn in the Southern Hemisphere cor
responds by date of year with spring in the Northern 
Hemisphere. This could explain the lack of agreement 
of our findings for seasonal variation with those in the 
literature. 
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Table 1. Mean hematologic values with statistically significant 
seasonal variations of African black footed penguin, Spheniscus 
demersus . 

Mean Standard Number of 
Season value deviation samples 

Erythrocyte count Summer 1.553 ± .246 31 
(X 106

) Autumn 1.496 ±.202 33 
Spring 1.668 ±.493 27 

Hemoglobin Summer 14.94 ±1.70 31 
(gm/100 ml) Autumn 15.00 ±1 .83 33 

Spring 16.45 ±2.38 28 
MCHC (%) Summer 31.90 ±1.54 31 

Autumn 32.06 ±1.59 32 
Spring 34.62 ±2.55 29 

Total leukocyte count Summer 10.580 4.998 31 
(X 103

) Aut umn 13.788 7.240 33 
Spring 10.091 6.317 29 

Lymphocyte count Summer 4187 ±2058 31 
(absolute) Autumn 5257 ±2857 34 

Spring 2893 ±1799 29 
Monocyte count Summer 199 ± 152 31 

(absolute) Autumn 351 ± 212 34 
Spring 573 ±1819 29 

Eosinophil count Summer 63 ;t 100 31 
(absolute) Autumn 63 ± 90 34 

Spring 212 ± 439 29 

Hemoglobin 

Reported hemoglobin values of other birds (7,12,13) 
have often been disparate due to the numerous meth
ods available for determining hemoglobin content of 
the blood. Much early work utilized the acid hematin 
technique which has a very high intrinsic error, par
ticularly when app lied to bird blood in which the 
erythrocytic nuclei cause turbidity in the solution (I, 
13). The cyanmethemoglobin technique is considered 
reliable ( I, 13) . It measures total hemoglobin including 
carboxymethemoglobin. The oxyhemoglobin deter
mination used in this study does not include carbox
ymethemoglobin, and therefore the values obtained 
should be considered low in relation to reported values 
obtained with the cyanmethemoglobin technique. The 
hemoglobin values for blackfooted penguins in this 
study were higher than those reported in the chicken , 
turkey, gull, and sparrow (6, 13). The obtained values 
were in the same range as those reported for doves, 
pigeons, and ducks (8, II) . 



Table 2. Overall mean hematologic values of normal 
African blackfooted penguins, Spheniscus demersus 

Mean Standard Number o[ 

value deviation samplts 

Erythrocyte count 
(X 106

) 1.566 ±0.3314 91 
Hemoglobin 

(gm/100 ml) 15.4 ±2.0 92 
Hemarocrit (%) 46.7 ±S.2 93 
Total leukocyte count 

(X 10") 11.566 ±6.427 93 
Heterophil count 

(absolute) 8,234 ±4,420 94 
Lymphocyte count 

(absolute) 4,189 ±2,488 94 
Monocyte count 

(absolute) 370 ± 212 94 
Eosinophil count 

(absolute) 107 ± 257 94 
MCH 

(micromicrograms) 10.3 ±2.4 91 
MCHC (%) 32.80 ±2.27 92 
MCV (cubic microns) 31.5 ±9.7 91 
Total protein 

(gm/IOO m l) 5.92 ± .82 62 

The higher hemoglobin values observed in mature 
penguins agrees with similar studies in the sparrow 
and gull (6). The seasonal variation of hemoglobin 
values, however, did not correlate with that reported 
in other birds. Pigeons and doves show a definite rise 
in hemoglobin in the winter months (11). The Balti
more penguins showed a significant increase in the 
spring. This could again be an effect of the African 
penguin originating from the Southern Hemisphere. 

Hematocrit 

The HTC is one of the simplest and most reliable tests 
to evaluate the presence or absence of blood abnor
mality involving red cells. lts value in birds can be 
significantly affected by environmental temperature 
(4), but no auempt was made in this study to examine 
or control this effect. Mean values obtained for the 
African blackfoOted penguin were significantly higher 
than those reported for the domestic chicken and 
turkey, but fell in the same range as most geese, ducks, 
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Figure 1. Seasonal variations of individual hemoglobin 
values were examined b y plotting values for individual birds 
against season. 

hawks, and coots reported (13) . The penguin mean 
was also in close agreement with values reported for 
emperor penguins in environmental temperatures ap
proximating those experienced by the Baltimore birds 
(4). Correlation of higher HCT values with age was 
similar to that found with hemoglobin values and was 
expected from reports on other species (6) . A signifi
cant dilTerence did exist with older birds exhibiting 
higher HTC values than did immature birds. 

Er),lhrocyte indices 

The erythrocyte indices MCH, MCV, and MCHC 
showed no remarkable variations from what could be 
expected in light of the values used to calculate them. 
The MCHC showed the most significant elTect by 
season, being significantly increased in the spring. 

The high mean values for MCV and MCH com
pared with the relatively normal value for MCHC 
indicates a large erythrocyte with more hemoglobin 
per cell due to the increased cell size, and not increased 
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Figure 2. Seasonal variations of individual total leukocyte 
counts were examined by plotting values for individual birds 
against season. 

hemoglobin concentration. This finding has been reo 
ported in marine mammals (10) and may be related 
10 adaptations for an aquatic environment or increased 
diving capability. 

Total leukocyte count 
The IOtal leukocyte counts for this study exhibited an 
extremely wide range. This has been a problem with 
total leukocyte counts in birds and has led some 

authors to the conclusion that the test has little real 
value in evaluating a bird 's health (7, 8, 13) . Of 
interest was that the mean values for the blackfooted 
penguin were below those reported for the chicken , 
duck, pigeon, goose, and ostrich (8, 13). The sign ificant 
rise in leukocyte counts seen in the autumn may be 
related to malaria, which is endemic in the Baltimore 
colony and reaches its peak of morbidity and mortality 
early in the autumn. It is quite possible that appar
ently healthy birds would be mounting a leukocytic 
response to these parasites, a phenomenon which does 
occur. 
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Figure 3. Seasonal variations of individual absolute lym
phocyte number were examined by plotting values for indi
vidual birds against season. 

DifferentiaL Leukocyte counts 

As the total leukocyte count increases in the autumn, 
there is a significant increase in total lym phocytes. 
The absolute heterophil count is stable throughout the 
year, but as lymphocyte numbers decrease in the 
spring, an increase in monocytes and eosinophils oc
curs. Seasonal changes in differential counts have not 
been well studied in birds, and no ready explanation 
is available for these shifts. It may be possible with 
further study to correlatr. such shifts with disease or 
stress factors rather than to consider them as purely 
seasonal shifts. 

Most species of birds reported in the literature have 
differential counts which predominantly consist of 
lymphocytes (13). This is true of the pigeon, chicken, 
many ducks, quail, and blackbirds (8, 13). Fewer 
species of birds have been reported to have d ifferential 
counts in which the heterophil predominates. The 
black footed penguin shows this panern as well as 
ostrich and some species of geese (13). 



TotaL protein 

The values for total plasma protein remained fairly 
constant in regard to season and age. The significant 
point in this data was the extreme difference bet\~een 
the African blackfootcd penguin mean total protein of 
5.9 gm and the reported normal total protei.n value 
for Adelie penguins of 3.7 gm/ \00 ~~ (2). This sh~ws 
the risk involved in extrapolating c1IOlcal pathological 
data between even fairly closely related species. 
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