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ABSTRACT

The present work reports results of examination of the blood of two
eryhaline species. Anguilla vulgaris and Mugil cephalus, presenting the nor-
mal levels of the erythrocyte oounts, size of the erythrocytes and the
erythroeyte nuclei, the nuntber of leucocytes amd their differential counts,
haematocrit values, haemoglobin content, erythrocyte sedimentation rate and
specific gravity. It is to be noticed that, the cyclic nature of haematocrit
variability is very similar to that observed in both, the erythrocyte counts
and the haemoglobin content. It is concluded, therefore, that there is a clear
correlation hetween the three haematological parameters, the red cell count,
the haematorerit value and the haemoglobin content.

Seasonal variations are also demonstrated in the total differential counts
of leucocytes. An explanation for these changes is not yet available, since
the exact function of each leucocyte tvpe in teleosts is still obscure.

INTRODUCTION

Fishes represent the majority of vertebrate species, yet little is known
of their haematology. Primary haematological techniques have been used
incdluding cell counts, haemoglobin determinations, microchaematocrits and
differential counts, but reports are few and scattered. Blood parameters
are not adequately known for wild specimens, consequently the detection
of pathological deviations is often impossible. Among the reported studies
is that by Katz,(1949) who determined cell number per unit volume with
the haemocytometer for the silver salmon, Oncorhynchus kisutch. De
wilede & Houston (1967) made a similar study of Salmo gairdnerii, Katz
(1949) in addition, made differential cell counts as did Watson et al. (1962)
for goldfish, Carassius auratus. Microhaematocrits for several salmonid
species were reported by Snieszko (1961) and Normandeau (1962). Piper
and Stephens (1962) reported additiomal microhaematocrit data and also
haemoglobin determ'nations for lake trout Salvelinus namaycnsh. De wilde
and Houston (1967) included haemoglobin determinations in their rainbow
trout study. Barnhart (1969) measured haemoglobins, haematocrits and
total blood cell count per unit volume in two strains of rainbow trout exposed
to different diets.

MATERIAL AND METHOODLS

Two healthy euryhaline teleosts were sttdied : the grev mullet, Mugil
cephalus Lin, and the Egyptian eel, Anguilla vulgaris Lin. They are known
to be catadromus fishes, i.e. they feed in fresh-water and spawn in the sea.
They were taken from the Nozha hydrodrome near Alexandria A.RE., the
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Nozha hydrodrome is mot connected with the sea, hence the fish which
reaches sexual maturity will mot have the chance for spawning and resorp-
tion of sexual products takes place. Blood was obtained by venepuncture,
arterial puncture or cardiac puncture. The method being varied to suit
the requirement of the individual conditions. Tn some instances it was
necessary to expose the heart and great vessels. hefore blood could be obtai-
ned. Coagulation was prevented by the use of heparin. The blood so ob-
tained was used for red cells and lencocyte counts and for the determina-
tions of haemoglobin, volume of packed red cells. erythrocyte sedimenta-
tion rate and specific gravity. Tn addition blood smears were prepared and
stained with diluted Giemsa stain and fresh blood preparatiorts were made.
For the determination of erythrocyte sedimentation rate and the volume
of packed red cells Kato’s micro-haemopipette was used. After the deter-
mination of the sedimentation rate and the separation of the red cells from
the white corpuscles and platelets, the haemopipette was centrifuged for
30 minutes at the rate of 3,000 r.p.m. im order to read the haematocrit. Cen-
trifugation was carried out until complete packing occurred. Erythrocvte
counts were carried out according to the procedure described by Hesser
(1960) using the diluting solution recommended by Hendricks (1952). Hen-
dricks diluting solution used to circument the problem of cell distortion
and proved to be quite satisfactory #n the presemi work. Gowers and
Havem’s diluting solution Hesser (1960) were umsatisfactory because the
cells ‘become distorted after few minutes.

The sizes of the erythrocyte and the erythrocvte muclei were determined
by means of an ocular micrometer. Fifty cells were chosen at randoms
from a tvpical blood smear of each fish :nd ranges and means were cor-
puted. Tn hnman haematologv, dilut'mg fluids which lvee the erythrocvtes
are used. With fish blood this is not possible. as erythrocvtes are also
nucleated, and the nuclei remain without Jvsis thus making total ervthrocvte
counts difficult. Direct and indirect methods were used to determime the
numher of leucocytes. In the direct method, using Shaw’s solution (193M
the differentiation between leucocytes and erythrocvtes was readilv made.
The regular smeared preparations of blood stained with Mav-Giemsa's
method were nsed for the microscopic observations (indirect method).
This method was found to be very accurate in the present investigation. Beca-
use of the great similarity between leucocvtes and immature erthrocvtes
as seen in the haemocytometer, it was mot always possible to differentiate
accurately hetween these cells. TLucas and Jamroz (1961) reported errors
when usng both techniques with avian blood. but recornmended the in-

dJirect method.
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The specific gravity of the blood was determined by the stemdard copper
sulphate Phillips et al. (1950).

The alkali haematin method Oser ot al (1965) instead of acid haematin
preparation for the determination of haemoglobin content was adopted in
the present work since it gave more accurate results.

FRESULTS "AND "DI3CUSSION

The present work reports results of examination of the biood of two
bony fishes, Anguilla vulgaris and Mugil cephalus, presenting the normal
levels of the erythocvte counts, size of the erythrorytes and the erythrocite
nuclei, the number of the leucocvtes and their Aifferential count, haematoerit
values. haemoglobin content, erthrocyte sedimentation rate and speeific
gravity.

Erythrocyte counts

There is a lack of information concerning the morphologic and physio-
logic characteristics of the blood of both, Anguilla vulgaris and Mugil
cephalus. No reports for both species from the Egyptian waters have heen
found. {

The erythrocyte counts in the begininz of the experimented period in
autumn showed a ramge of 2.35 to 2.87 million per cubic millimeter (averaze
2,63 million/mm?) for the eel. and a range of 2.50 to 3.20 million/mm? (av--
rage 2.80 million/mm?®) for the mullet, this average decreases in hoth spe-
cies in winter after which it starts to increase gra-duallv until it reaches i's
ntamum value in summer (2.95 million/mm3) for eel and (3.25 million/
mm?®) for mullet.

The results of these determinations are given in table (1) and are shown

yraphically in Figs. (I, II).

As is evident from the tables and the graphs, erythrocyte counts of both
Anguilla vulgaris and Mugil cephalus, varies with respect to time. Erythro-
evte counts for the two species are higher in summer than in winter, this
may be attributed to the high activity of fish due to the elevations of water
temperature, low oxygen comtent and to the great amount of food found
in water.
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TABLE 1. ERYTHROCYTE COUNTS, HAEMATOCRIT VALUES AND HAEMO-
GLOBIN CONTENT OF HEALTHY Anguille vulgaris aND Mugil
cephalus MEASURED SEASONALY FROM AUTUMN 1972 TO SUMMER
1973, ALL MEASUREMENTS WERE MADE ON 1() FISHES TAKEN
IN EACH S$EASON,

| !
Species ‘ Amplitude ;  Autumn Winter Spring Summer
- Range 2.35 2.45 2.65 88
o | 2,87 2.67 2.91 2.99
=  EEL | — —
" | Aves 2.63 2.55 2.80 2.95
v’ L | 8D 0.05 0.02 0.10 0.05
3 S ;
= Rarge 2.50 2.10 2.65 2.85
= 3.20 3.00 3.23 3.25
N MULLET T — —
Aver. | 2.80 2.73 2.93 3.25
i Sboo 0.0 0.05 0.12 0.10
|
Rarge . 25.0 925.0 27.0 29.0
o 33.9 29.7 32.5 33.0
32 LEL —
2 Aver, 29.5 27.5 30.2 31.5
g s.D. 2.0 2.2 1.5 1.0
S .
5 Rarge 23.5 21.8 27.3 29.0
= 0.5 30.0 3.8 32.2
MULLET - —
Aver. 27.8 27.2 29.5 31.5
S.D. 23 2.0 2.0 1.0
Rarge 7.6 | 6.0 7.8 8.3
32 7.9 ! 7.3 8.6 9.0
> KL — ‘ — — —
= Aver, .7 6.8 8.0 8.7
< S.D. ‘ 0.6 | 0.3 1.0 0.08
= _
£ Rai.ge 7.3 6.50 7.56 8.75
3 1.9 7 2% 8.63 9.35
=~ MULLET — — -
Aver. 7.50 7.0 8.20 9.15
? S.D. ‘ 0.50 0.3 0.70 0.45
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No reports concerning the erythrocyte counts for the eel and mullet
except those of Kawamoto (1930) who reported a range of 2,546,000 mil-
lion R.B. Cs/mm?® for the Japanese eel, Anguilla japonica. MeCay (1930)
reported a range of 2,500,000 million R.B. Cs/mm® for the Congo eel. Kisch
(1949) showed a range of 2.15 to 2.73 million R.B. Cs/mm? for Anguil'a
bostoniensis. Wintrobe (1934) reported a range of 2.12 to 2.83 million
R.B. 0s3/mm?® for Anguilla rostrata.
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Fig (1) Zeasonal variations of erythrocyte counts  haemoglobin
content and haematocrit value of healthy Anguilla .
valgaris
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Fig (I} e seasonal varations of erythrocyte coints, haemoglobin
content and hematocrit value of heatthy Mugil cephalus.

The range reported by the previous authors for eel species lies bet-
ween 2,12 — 2855 million R.B. Cs/mm? and this coincides nearly with the
rang: we obtained (2.55 — 2.9) for the samne species in the present investiga-
tion. Omn the other hand, Cameron (1970) was the only auther we could
find who reported a range of 2.843 to 3.131 million R.B. Cs/mm?® for Mugil
cephalus other than that of our Egyptian water which is nearly in agree-
ment with our studv on the same spedies.

Erythrocyte size

Erythrocyte size and nucleus size showed a range of 14.4 x 6.9 to 15.4
x 7.6 u and a range of 7.2 x 3.5 u to 7.6 x 3.9 u for Anguilla vulgaris, while
Mugil ozphalus showed a range of 14.0 x 9.0 u to 14.9 x 15.5 u and a range
of 70 x 4.0 u t0 7.7 x 4.8 u [Table, (2) Figs.III, IV.
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TABLE 2. ERYTHROCYTE AND NUCLEUS SIZE OF HEALTHY Angutlla vulgaris
AND Mugil cephalus. MEASURED SEASONALY FROM AUTUMN 1972

0o SumMmEr 1973,

}

Species Amplitude Autumn Winter Spring Summer
Raige 14.2 14.5 14.0 15.0
= X 15.0 153 15.7 15.6
3:& EEL - _ - T
D ( Aver. 14.4 14.8 15.2 15.4
e S.D. 0.2 .4 0.4 0.5
s RIS U S
2 Rar.ge 85 | 6.8 6.2 7.
=S 7.4 | 7.5 7.8 79
= MULLET - | T —
[ Aver. 5.9 7.1 7.0 7.6
$.D. td o 0.55 0 55 0.25
- SN R
Rar.ge 7.2 7.4 7.1 7.0
. 7.8 7.8 7.2 7.4
"« EEL — - e
3% Aver. 7.6 7.5 7.2 7.2
= 8.D 0.4 0.5 0.38 0.4
3% Ras g 3.9 3.7 5.5 | 5.6
Sk 1.0 4.2 3.6 S
MULLET T — — ! T
Aver. 3.9 3.9 3.5 : 3.7
S.D. 0.31 0.22 0.3 | 0.4l
Rar.ge 13.8 14.3 13.8 14.0
= 14.8 15.0 4.5 | 14.9
+S EEL - — | -
3 s Aver. 14.5 4.7 4.0+ 14.9
N S.D. 0.2b 0.65 | 0.8 0.35
> . — , {
S Rarge 8.60 85 1 85 | 9.0
IR 11.9 1.2 1 100 1 111
&  MULLET — P
Aver. 10.3 10.0 1 9.0 | 10.5
S.D. 0.568 0.60 } 0.63 0.35

[RS——
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( Count. ) TABLET 2.

Species Amplitude Autump Winter Spring l Sumuwmer
- — ]
Rarge 6.8 6.9 7.1 6.7
5.5 7.8 7.9 7.6
® .= EEL _ o
3 > Aver. 7.7 7.3 7.5 7.0
B 3.D. 0.35 0.43 .38 0.53
@ —_—— I
e Range 4.79 5.7 5.4 1.0
:§ N 4.30 4.3 50 4.9
] T
MULLE Ave . 4. 80 +.0 4.8 4.0
8.D 0.52 0.4 0.3 0.31
l
17¢
15 k/AJ/l’”‘* length
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Fig (IT) Seasonal variations of erytirocyte and nuclear size of
Angulla valgaris
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Kawamoto (1930) reported a range of 13.16 x 6.8 u in diameter and
2-3 u in thickmess of Anguilla japonica, Kisch (1949) reported a range of
117 x 82 u to 132 x 7.6 u for Anguilla bostoniensis. Dpwney (1930)
reported that the erythrocyte size other than thar of Egyptian water for
Anguilla vulgaris was 14.6 X 9.0 u and the nucleus size was 3.4 X 2.5 u.
Kisch (1949) reported a range of 13.3 X 8.1 u for Anguilla bostoniens's.
These find'ngs are not in agreement with our findings. To our knowledge,
no reports for Mugil cephalus with respect to both ervthrocyte and nuclear
size were found.

Leucocyte counts

Apart from the erythrocytes with their respiratory pigments, fish blood
contains various types of colourless or white cells, the leucocytes in the
majority of fishes considerably exceeds that in mammals especially man,
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and amounting in some species of bony fishes, to more than 100,000 leucocy-
tes per mm?® of blood (Pavlovskii 1962).

Leucocyte counts showed a range of 2.50—4.20 thousand/mm?® in An-
guilla vulgaris, and a range of 2.69—4.99 thousand/mm?® in Mugil cephalus,
Table (3) Figs. (V, VI). No significant differences could be noticed between
the two species. The lowest average for leucocyte counts was found in
winter. It is a characteristic feature of both Anguilla vulgaris and Mugil
cephalus blood that they possess a considerably lower leucocyte counts of
values recorded for some other species of teleosts. Yokayama (1947) gave
a mean of 43, 400/mm? for the blood of yellow perch, Perca flavescens.
Lagler et al (1967) reported a ramnge from 20,000/mm?®-150,000/mm? for a
number of {ish species. Badawi (1968) sl:owed a range of 2.705-4.993 tho./
mm® for males rainbow trout and a range of 2.730-4.995/inm?® for Females of
Oriental Yest Co., and a range of 2.900-5.063 thousand/mm® for the males
and a range of 2.852-4.850 thousand/mm? for females of Nikko. However,
some authors reported leucocyte counts, for certain fishes, which are lower
than those of both Anguilla vulgaris and Mugil cephalus. Field et al
(1943) gave an average of 3,675 and 2,105 W.B. Cs/mm® for the carp Cypri-
nus carpio and brook trout, Salvelinus fontenalis respectively.

Leucocyte differential counts

In stained preparations, granular (the neutrophil, acidophil, eosinophil
and basophil) and mon-granular (Lymphocytes; the small and the large)
types were observed. No polymorphonuclear leucocytes as described by
Pavloviskii (1962) were observed in the blood of both Anguilla vulgaris and
Mugil cephalus.

In the eel the lymphocytes showed a range of 78.0-89.8% and the mullet
showed a range of 78.6-92.2% while granulocytes showed a range of 14.6-
17:2% for the eel. and a range of 14.5-22.3% for the mullet, Table (3),
Figs. (V, VI). e £

Comparing the differential counts of both species studied with those
of other fish species, we find that there are considerable differencex. Counts
for both trout, Salmo manaycush Lieb et al (1953) showed 91.2% lymphocy-
tes,. 8.2% monocytes and 0.6% granulocytes. The yellow perch, Perca
flavecens had 67.7% lymphocytes and 32.4% neutrophilic granulocytes which
the auther names “heterophils” (Yokayama, 1947). Onoda (1934) reported
34.9% lymphocytes, 65.1%. meutrophilis for the common carp, Cyprinus
carpio, 22.0% lymphocytes and 78.0% granulocytes for the carp, Cyprinus
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cyprinus, and 40.09% lymphocytes, 60.09% granulocytes for the Loach Miscu-
rnus fossillis. Sano (1957) reported 2.5% monoeytes, 77.5% lymphocytes
and 20.0% neutrophilis for the Japanese eel, Anguilla japonica.

TABLE 3. LEUCOCYTES AND THEIR DIFFERENTIAL COUNTS (LYMPHOGYTES
AND (GRANULOCYTES) OF HEALTHY Anguille vulgaris ANpD Mugil
cephalus, MEASURED SEASONALY FROM AUTUMN 1972 10 SUMMER

1973.
Species i Amplitude Autumn | Winter Spring Species
|
T T R e !
o Rargs | 3.52 2.50 3.75 3.61
= ‘ . 3.81 3.82 4.10 4.20
" EEL - s = ==
e Aver. 3.65 3.35 3.98 3.88
g S.D. 0.39 0.19 0.25 0.23
(]
£ Rarge 3.46 2.69 4.33 4.33
3 4.11 9.998 4.86 1.99
g MULLET _,_ - = =
3 Aver. 3.79 2.880 4.56 4.81
S.D. 0.33 0.21 0.27 0.19
- I _
Range 83.1 78.0 78.0 81.8
L) T 8.0 80.5 89.8
~¢ EEL - — — —
% Aver. 87.3 79.2 79.5 85.9
< S.D. 130 1.95 2.05 2.0
(3 T o
"§ Rarge | 83,6 87.3 78.6 8 .7
g 903 9 9 815 90.3
R MULLET — — —
Aver, 89.7 89.2 80.3 88.2
8D, | 1.3 1.35 1.2 1.72
|
Rarge 15 15.3 14.8 15.5
17.2 16.8 16.4 16.9
s EEL - —
A AVeer || 16.3 16.1 155 | 16.2
3 L0.T0 0.30 0.69 0.25
) N A D D
% Ra_.gc 15.5 14.6 14.5 4.6
s 13.0 20.3 92.3 20.4
S MULLET T T — —
Aver, 16.7 17.2 18.2 17.5
S.D. 0.6D 0.73 0.70 0.65
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Recently Mcknight (1966) reported the following averages : small
lymphocytes 37.5%, large lymphocytes 2.4% and mneutrophilic granulocytes
66.1% for the mountain white-fish, Prosopius williafsoni. He also reported
that basophils were seen in few fishes, neither esinophil nor monoceytes
were found in the blood of these species. Badawi (1968) reported that lym-
phocytes ranged from 75-94.5% and from 80.5-94.2% for males and females
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ruinbow trout taken from Oriental Yest Co. and a range of 79.2-92.5 and
{rom 75.7-92.2% for males and females taken from Nikko. While granulocyte
showed a rangc of 13.4-18.8% and a range of 14.2-19.1% for males and fema-
les taken from Oriental Yest Co. and a range of 14.3-18.8% males and a range
of 14.5-18.9% for females taken from Nikko.

It is evident from tables and the graphs, that the total leucoyte counts
of both species undergo  seasonal changes, its behaviour is similar to the
erythrocyte counts,

Seasonal cycle is also demonstrated in the leucocyte differential count.
Blood sedimentation rate :

In these experiments blood sedimentation rate has been determined
seasomaly from autumn 1972 until summer 1973. The results of these deter-
minations are given in table (4) and are shown graphically in figs. (7.8.
Anguilla vulgaris had a range of 2.2-4.0 mm/h, while }ugil cephaleus had
a range of 2.4-4.30 mm/h. No clear seasonal variations could be observed
for erythmocyte sedime. . 1ition rate. We could only found Sano (1957) who
determined theerythrocyte sedimentation rate for the Japanese eel Anguilla
japonica and reporied a range of 2.0-2.9 mm/h.

Haematocrit :

Experimental results of haematocrit determinations are reported in table
(1) and are shown graphically in Figs. (1, 2). In these studies Anguiila
vulgaris ranged from 27.5-31.5%, while Mugil cephalus ranged from 27.2-
31.5%. From the tables and the grapls one can easily recognize that there
is a good aorrelation between the red cell count and haematocrit value.

McCay (1930) reportec a range of 26-40% for Congo eel. Wintrobe
(1934) gave a range of 36.0-39.8% f[or the American eel Anguilla rostrata.
Kisch (1949) reported a range of 35-36.2% for Anguilla bostonienis. Sano
(1957) gave a range of 24.0-45.2% for the Japanese eel, Anguilla Jjapanica.
Poluhowich & Parks (1972) reported, a range of 11.0-43.8% (mean 31.8)
for the [re:li-water American cel Anguilla rostrata, and a range of 3.00-44.0%
(mean 37.95%) for the marine American ecel Anguilla rostrata. Cameron
(1970) gave a range of 25.9-31.1% for Mugil cephalus. Our results are in
harmony with the higher values Cameron obtained for Mugil cephalus.
Specific gravity

Results of specilic gravity determination are given in table 4) and
are shown graphically in figs. (VIL, VIII). Anguille vulgaris showed
a range of 1.035-1.043, while Mugil cephalus showed a range of 1.038-1.044.
No significant seasonal variation was observed regarding this parameter.
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TABLE 4. Sprorric
HEALTHY Anguille onlgaris AND

GRAVITY AND WRYTHROCYTE SEDIMENTATION RATE OF
Mugel cephulus  MEASURED

SEASONALY FrROM AUty 1972 ro Suvwver 1973,
!
Speeios Amplitude Autumn j Winter J Spring Summer
Rarge 1.040 1.03 1.0£0 1.042
1. 045 1. ()’"’ 1.043 1.045
> EKEL J I I E—
‘g Aver. 1.635 1.042 1.043
s S.D. 0 04\/ I 6.001 0.0¢1 0.001
5§ Rar.ge 1.039 1.06 1.0°0 1.037
g 1 (M 1 0 0 1.043 1.042
v’ MULLET ) "‘—
Aver. 1.014 1.038 1.0 2 1.040
S.D. 0.003 0.001 0.002 0.002
Rarge ] 95 3.8 | 3.3
EEL 2.38 1.1 | 3 7
E Aver, & 4.0 3.0
g S.D. 2 0. 5\ ¢.2 0.20
2 |
e Rar.ge 2.22 ‘ 3 35 .15 | 3.7D
g 2 55 4 .44 4.20
MULLET \ T -
Aver. | 2.4 | 5.50 4.30 4.0
S.D. | 0.35 | 040 0.25 1 0.25
i | l !
Haemoglobin

Haemoglobin has been determined searonaly fmom autumn 1972 to
g/100 ml. and
The resalts of

Anguilla vulgaris showed a range of 6.8-8.7
7.09.15 ¢g/100 ml.
these determimations are given in table (1) and are shown graphically in
figs. (I, II). Wintrobe (1934) determined the range of 8.0-10.0 g/100 ml.
for American eel, Anguilla rostrata. Kisch (1949) reported a range of 8.6-10.2
g/100 ml. for Anguilla bostoniensis. TPoluhowich & Parks (1972) showed
a range of 6.63-10.74 g/100 ml. for Anguilla rostrate. wh'le Eisler (19651
gave a mean haemoglobin concentration of American eel 6.12 g/100 ml.
Cameron (1970) determined the haemoglobin for Mugil cephalus and re.
ported a range of 6.73-7.58 g/100 ml.

sammer 1973.
the Mugil cephalus showed a rangze of



362

A HAEMATOLOGICAL STUDY OF HEALTHY ANGUILLA
VULGARIS AND MUGIL CBPHALUS

1045

1043 | | /!
1.041 1\ A

\ // S.-RG
1.039} o
o
1.037 v/
; \
1.035
|
I
4 !"”“"’/” N
| /! f ESR
/ .
3
-/
/

A W SP sU
Fig (Il ; Seasonal variations of specif:c gravity (upper) a-d

erythroc te sec‘mentaiion rate (lower) of Anguiile




BULL. INST. OCEAN. & FISH., ARE. VOL. 4, 1974 463

[
e
<
s
Lo
Ul
.
]

1038} e

ESR

o e e e e e e
%

V]

- . .
4 w SP SU :
Sig (Il') Seasoral variations of specific gravity (upper) an-, .

erythracyte sedunentaticn rate (lower) of Mu,
ceptialus : ¥

In conclusion there is a close correlation between the number of erythra-
cytes, haematocrit value and haemoglobin content.

Wintrobe (1934) correlation between the three haematological parame-
ters, red cell counts, haematocrit andhaemoglobin content :s clearly demotn-
strated in the blood of both species. The same correlation was also reported
by Wintrobe (1934) for all vertebrates he examined. Smnieszko (1961) re-
proted that the correlation between haematocrit, red cellcount and Kaemo-
globin is as good in the trout as in human and other vertrorates.
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Recently this correlation was widely demonstrated by various investi-
gators. (E’sler, 1965; Summerfelt et al.. 1967b; De Wilde and Houston,
1967 ; Badawi. 1968, Badawi and Said. 197! and Fl-Domiaty 1972.

SUMMARY

The eeasomal variations of the cellular blood comstituents, erythrocyte
counts, size of the erythrocyte: andthe erythrocyie nuclei, the number of
leucocytes and their differential counts, haematocrit values, haemoglobin
ocontent, erythrocyte sedimentation rate and specific gravity have been re-
ported.

Average erythrocyte counts, haematocrit values and haemoglobin content
for Mugil cephalus were always higher. than those of Anguilla vulguris
throughout the whole experimental period.

The three parameters in both species vary considerably with respect
to time, being higher in summer than in winter which may be attributed to
‘the high activity of fish due to elevation of water temperature, low oxygen
content and to the greater amount of food.

It was concluded that the correlation between the number of erythro-
cytes, haematocrit values and haemoglobin content is as close in the two
spec’es as in humans and other vertcbrates.

No clear seasonal variations could be observed for both species in the
erythrocyte sedimentation rate and specific gravity.
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