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ABSTRACT 

The present work reports re,sults of examination of the blood of two 
e'ryhaIme sp,ecies. Anguilla vulgaris and MugU cephabus, presellllting the nor
mal levels of the ery'throcyooilf'.)unts, s,ize of the ery11hl"ocytes and the 
erythI1oclytle, nuclei, the n~ber of leucocytes alud their tJr::fferel11tial ciounts, 
h.aematocrit values, haem.'oglohin content, erythrocyte sedimentation rwte and 
specif'ic gravity. It is to be noticed that., the cycl:ilc nature of haematocrif 
variaMlity is very lsiimilar to that observed in hi.l<th, the erythrocyte coun\l8 
and the ha,em\Olglob~11 COIlltent. It is eonieluded, therefore~ that there is. a clear 
correlation between tJhe thret> haenlatological parameters, the red cell count, 
the haematorcrit value lan/d the haemoglobin content. 

Seasonal variations are also demonsilra:l:ed 1n the total differential oounts 
of leuoocytes. An eocplana,tion for these chaillges is not yet available, since 
the exact functiJoln of each leucOiCyte type iJn. tdeoslt,s is still ohscure. 

INTRODUCTION 

Fishes represent the majority :of vertehrate species, yet Htde is known 
or their haematology. Primary llaematologlcal t1eehniques have been used 
indluding dell ooun~ haemoglobin ,detenninatioos., micronaematJolcrits and 
difiCerenrtial COUill.ts~ but reports are few and stcattered. Blood paralneters 
lare lIDit adequately knlOWln for wild specimens, cornaeql1endy the detectjiOtD 
of pathological deviait!i.')ius is often impossihle. Among the reported studies 
iI8 that by Katz~(l949) who determined oeH number per unit volume with 
the halemocytometer for the silver salmon, Oncorhy.nchut;; kisutch. De 
w'iaede & Hlouston (19'67) made a similar study of Salmo gairdl1!eri~ Katv. 
(1949) in addition, made differential ceU oounts, as did Watslon ell' al. (1962) 
for g'J,ldfish, Carassius auratus. Microhaematocrits for several 8almonid 
speoies weI1e reported by Sinieszko (1961) and Normandeau (1962). Piper 
and StepheillS (1962) reported addiltiooal microhaernatocrit data and alsu 
haemoglobinl detenn~nation8 flOr lake trout Salvelinus namayc'ltsh. De wiltle 
and Houston (967) inlcluded haemogloban detenninat~'.)1ll8 in their rainbow 
trout s,tudy. Bamhart (1969) meaSIUred haemoglohins, haematocrits and 
total blood ceU count perr unit volume in two strains of raiinhow trout exposed 
to different diets. 

MATERIAL AND METHOoS 

Two healthy emtyhaline tdleosts were sttdied : thel grey mullet:, ]\:[IlJ;i,[ 

cephalus Li,n" and the Egyptian eel, Anguilla vnlgariJs Lin. They ar'e known 
to be catadromus fishea,. i.:e. they reed in rresh-water and spawn in the sea. 
They were tiaken from the Nozha hydrodrome near Alexandria A.R.E., the 
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Nozha hydrodrome is not connected with the sea. hence the fish which 
reaches sexn,al maturity will 110t have the chance for spawning and resorp

tion or sexual products takes place. Blood was obtained by venepunlctur~, 

arterial plUlCture or cardiac puncture. The method being varied to suit 

the requirement or t'he in:dividual oondil11ions. TIn some 1ll1Stances it wa..; 

necessary to expose the heart and great vessels,. hefore blood could be obtai
ned. Coagulation was preiVenlte,d by the use of heparin. The blood so ob
tained was used ror red celIIs and leucocyte counts and for the determina
dons of haemoglobin, volume or packed re.) 'Cells. erythrocyte sedimenta
tion rate and specific ~avity. Tn addition blood smears were pn>pared and 
stlained with di1lnte'd Giemsa stain and fresh hlood preparatii()~,i were made. 
For the determination or erythrocyte sedimentation rate <l,nd the volun1f~ 

of packed red cells Kato'~ miCll'Owhaemopipctlte wa:1'l used. After the deter
mination of the sedimentation rate 3Jlld the separatnoll of the red cells from 
the white corpuscles and plaJtlele,t's. the haemopillf'tte wa~ c.f'ntrifuged for 
30 minutes at the rate or 3,000 r.p.m. ilIl order to read the haematocrif!. CeiD
trif'ugation was carrie,d out nnltil complete packlln~ oIreurre,d. Erythrocvtf' 
COllDtJS were carried out according to the procedure de!"c~bed bv Hesser 
(1960) usin~ the diluting solution redommelllded by Hendr.icks (1952). Hen
dricks -liIuting solution used to circumeltlt the problem of cell distortion 
and proved ft() be quite satiisf'aetory ilyl the pre"-eul work. Gower"!, and 
Havem's diluting eiolutiOll1 Hesser (IQ60) wp.rf> UTl!"atilSf.ac:tory becaus{" thf' 
reUB 'beclOme distorted after f(Ow TlVnutes. 

The ~zes of the erythrOClyte and th'e erythrocvte, nuclei WPJ"'f' detif'r'mincfl 
hv meaDS of an ocnlar micrometer. Fiftv cells were cho~if''tl at randoms 
from a tvpical blood smear lof eat'''' fish :m.) l'Ia:n~e~ and mpan~ were corn
pultled. In hnman haematolo~, dilut';ln~ flui{J'Q whi('h lwe the ervthrocvtf'~ 

are used. With eelSh blood this is not possihlf'. a'li erythro'cvtf'!, are a~80 

nucleate". and the nuclei remailn without Jvsh; thus mlakin~ total ~nrthroc"te 

COUJ11.1'B d'iffioolt. Direct and indirect Jnf'th:od@ werp used to df'l',p,nni!tl{" th~ 

num'hPT' of leu1codytes. In: the d'freet method, usin.~ Shaw':o, !'iolut~cln (1930) 

t1le difreremtiation between leucocytes and erythroc''1:es was rpadilv madf->. 
The regular sm;eared preparatioo.s or blood sttainetl with 1VIav-Giem~a'l'I 

JllP'lihod wpre u'W'd for the microscO'pm 'observations (indirect method\. 
This TIlpthod Was found to be very accurate in th{" pre~ent iJnveiSt';g.ation. Beca
u~e of rlw ~reat similarity between leuoocy1es emil hnmature en lh~oevteg 

a~ seen in 1lhe haemocytometer" i~ was 11101 alway" p~<i:ihle t,o difffrf'lntiate 
aocuratelv hetween these cells. I,ncal' an,.l Jamroz (1961) reported f'rrot:~ 

when U~'11~ hoth t~hnique~ with avian hloorl. but reorommoodf'!.-'J thf'l io
fli r("('t method. 
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The specific gravity of the hlood was detenninerl hy tlle slt<:cldard copper 
sulphate Phillips et al. (1950). 

The alkali haematin method Oscr eot al (1965) instead of acid haematin 
preparatiO!I1 for the detennination of haemoglobin content waS a<loptt'd in 
lh(' preselt1lt' work since it gave more accurate rCISullts. 

J'RESULTS ~'!'"AND -O:SCUSSION 

The present work reports results of exam,~natioil1 of the blood of two 
hony fishes, Anguilla 1JUIgaris and Mugil cephalus, presenting the nonnal 
levels of the erythocvte cou.nt\~~ size of the e,rythl"orytes ailld the erythrodtp 

nuclei~ the number of the IcuClocytes and their -l,:fferential Clomt, haematocrit 
value,s, haemoglobin content, ertlu'bcyte sedimentation r:al!;e and stpecr.~it· 

poavity. 

Erythrocyte cou:nts 

There is a lack of infonnaitlolIl concemLng the morphologic and phy:;;io
logic characteristJics of the blood of both, Anguilla vulgaris and Mu.,ail 
c:ephalus. No reports for both. species from the Egyptian waters havt' 1H>en 
found. 

The erythrocyte counts in the heginin~ of the experimented period in 
autumn showed a ramge of 2.35 to 2.87 million per cuhic mHlimetcr (avera~e 

2.63 million/rumS) for' the~ eel. and a r:lllnge of 2.50 to 3.20 mHEon/mm3 (av~

rage 2.80 nliIlion/mmS
) for the munet, this ,avera~e decrea<;;es llnl hoth spe

cies in wilnter after which it start,~ to increase gra'1uallv unt~l i.'t reache~ i·~ 

ma~mum value in summer (2.95 million/mm3 ) for eel and (3.25 miilIioiD/ 
mmS) for mullet. 

The results of these determinations are given illl table (l) and are shown 
~raphically in Figs. (I, II). 

As is evident fronl the tables and the graphs~ erythro'C'Yte COUillts of both 
Anguilla vult{aris and. Magil cephalus. varies witJl respect to time. Erythro
cyte oou:nts for the two species al'le hl/?:Jler in summer than in winter~ this 
may be attrilJllted to the high activity ,~f fish due to the elevations of water 
temperature, low oxygen content ,and to the great amount of food found 
in water. 
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TABLE 1.	 ERYTHHOCYl'E COUNTS, HAEMA'£OCRIT VALUES AND HAEMO

GLOBIN CONTENT OF HEALTHY Anguilla vulgaris AND Mugil 
cephalu8 MEASURED SEASONALY FRO~I'I AUTUMN] 972 TO SUMMER 

197~. .\LL MEASUREMENTS WERE MADE ON 10 FISHES TAKEN 

IX B.\.CH SEAS0N. 
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No reports concerning the erythrocyte counts for the eeil and mullet 
except tho~ of Kawamoto (1930) who reported a range of 2,546,000 mil. 
lion R.B. Cs/mms for the Japanese eel, Alnguilla japonica. McCaJY (1930) 
reported a range of 2,500,000 million R.B. CS/!1:m13 for the Congo eel. Kisch 
(1949) showed a 1'1ange of 2.15 to 2.73 IDliUilOill R.B. Cs/m,m3 fior Anguil.'a 
bosttoniensis. Wintl"'ohe (1934) reported a range of 2.12 to 2.83 millioll 
R.B. Qsi/mms for AnguiUa rostrata. 

3.2 

28 
R B. Cs ( X 106 ) 

10 

8 

6 

32 

30 fit % 

28 

26 
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Fig ( 1 ) Seasonal variations of erythrocyte counts ~ haemoglobin 

content and haematocnt value of healthy AnguIlla: 

va19ans 
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Ftg (JIJ me seasonal vartatlOns of erythrocyte CO'Jnfs ,f'1aemoglobm 

content and hematocrtt value of heaUhy Mugtl cephalus. 

L _ 

The rallige reported by the previous authors for eel species lies. bet~ 

ween 2.12 -- 2.355 milHon R.B. Cs/nlill3 and this coincides nearly with the 
rang" we oh:amed (2.55  2.9) for the lsame sipecies in the present investiga
tion. On the other hand, CamerOlD. (1970) was the only auther we could 
find who reported a range of 2.343 to 3.131 miLlion R.B. Cs/l!1lU3 for Mugil 
cephalus other than that of our Egyptlian water whiiCh is nearly in agree
ment with our study on the same spoo:Ie8-. 

Ery~hrocyte size 

Eryd:J.rooyre size and nucleus size lilowed a raiIlge of 14.4 x 6.9 to 1504· 
x 7.6 u .and a range or 7.2 x 3.5 u 1(.) 7.6 x 3.9 u for Anguilla vulgaris, whiile 
Mugil o2phalus showed a range of 14.0 x 9'.0 u to 14.9 x 15.5 u and a range 
of 7.0 x 4.0 u 10 7.7 x 4.8 u [Table, (2) Fi~,.III, IV. 
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T A.BLE 2. ERYTHROCYTE AND NUCI,EUS SIZE OF HEALTHY Anguilla wlgari.,,· 
AND Mugil cephalus. MEASURED SEASONALY FROM AUTUMN 197:> 
TO SUMMER 1973. 

I 

AutumnAmplitudeSpecieg 

~ 

~~ 
t-l"'""

.".. ~ 
v.. :;e 

Q: 
~....:l 
~ 
Q~ 
0
;...~ 

~~ ,
~ 

II 

Raq;e 

IEEL 

I Aver. I 
S.D. 

Ra-r.go 

i
)lULL~JT 

' ~\.·vD·e.l'. 
D 

14.2 
15.0 

14 .4 
0.2;. 

r.5 
7.4 

11. ~ 
U.'l 

~ EEL
 
~ ~
 

.:; 
';3 ~ 
._~ = 
.." JIl'LLET 

. . 

I 
Winter 

14.5I 15 :)
I - 
i 

i 14.8 

I 0.4 
1---- 
! G.8 
I ... P\

I .'J 
\ 

7.1 
0.35 

Spring 

14.0 
15.7 

1;j .2 
0.4 

G.2 
7.8 

7.0 
o fir) 

\ 1
--------r-n-\,a-l-'~g-."e-, ~--7.~2-1 --7-.4- ---7-.-1

I 
I
I Aver.
I S.D. 

I' Ral.ge I' 

i 
Aver. I 

7.8 7.8 7.2 

7.6 1I 7 .5 7 .'2 
0.4 1__0_._5 0,38 

:L 9 :L 7 ;,L5 
~.O 4,.2 ;L6 

3 .9 ;'L 9 3 .5 

I Summer 

\ 

]5.0
I 15.6
I - 
i
i 15.·1 

'_~l~~),_ 
...! i. I

i 
I 7.9I, 

-~ 

I.G 
O~D 

---7-.(-)

7.4 

7:2 
__0_.4_..

;;.6 
:LH 

.) ... 

.). I 

I-s-.-D-.---I--o-.,-:n- __O_.~_'2 o_.;')_>U o_.~_~ _ 

Ra,r.ge 13.8 
14.8 

14.3 
15.0 

13.8 
14.5 

14.0 
14.9 

Aver. 
S.D. 

Avel. 
S.D. 

10.3 
0.58 

t4.5 
0.25 

8.GO 
11.2 

8.5 
]1.2 

10.0 
0.60 

14.7 
0.65 

9.0 
0.63 

8.5 
10.0 

14.0 
O.S;-, 

10.5 
0, :35 

9.0 
11. ] 

t4.9 
0 ' I)r'

..)<) 



354 A HAEMATOLOGICA.I~ HrrUDY OF HEALTHY A~(jCILLA 

VULGARIS AND MUGIL CBPHALUS 

( Count. ) TABLEr 2. 
============;:======;==1===::;-::======= 
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Fig Wr)	 Seasonal vanatJons of er.'lfhrocytQ and nuclear sIze of 
A.ngJulla va/garls 
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Kawamoto (1930) reported a range of 13.16 x 6.8 u in diamertm- and 
2-3 u in thicmeS/s' ,~f Angu~lla japonica.: Kisch (1949) reporled a range of 
11.7 x 8.2 u to 13.2 X 7.6 u for Anguilla bostOiniensis. Downey (1930) 
reported that the erythrocyte size other than tlla,t of E~ptian water fior 
AlnguiUa vulgaris w,as 14..6 X 9.0 u and the nucleus size was 3.4 X 2.5 u. 
K:1sch (1949) reported a range of 13.3 X 8.1 u for Anguilla boston.ien~;,s. 

These find5ngs are not in agreement with our findjngs. To our knowledge, 
no reports for Mugil O€phalus with respelDt to both erythrocyte and nuolear 
size were found. 

'"f'llCocyte count4 

Apart from the erythrocytes wjth their res1pira'tory pigmell1ts~ fish blood 

contains varlious 'types of colourless or white cells, the leucocyte'S in the 
majority of imhes colIlJSiderably exceeds that in mammals especially man, 
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and amoWlting in some species of bony fishes, to more than 100,000 leucQlcy

le8 per nun3 of blood (Pavlovskii 1962). 

Leucocyte countS showed a range of 2.50-4.20 thousand/mm3 ill An
guiUa vulgaris, and a range of 2.69-4.99 thousand/nuns in Mugil cephalus, 
Table (3) Fig81. (V, VI). No siglllificlllIlt differeiDCes could he 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 MugU 
cepha.lus blood that they possess a considerably lower leucocyte cOWlt.s of 
valu~ recorded for some other species of tele08t8. Yokayama (1947) gave 
a mean of 43~ 400/nuns for the hlood of yellow perch,. Perea flavescens. 
Lagler et al (1967) reported a ralllge from 20,OOO/mm3-150,OOO/nuns for a 
uumber of fish slpecies.. Badawi (1968) showed a range of 2.705-4.993 tho.! 
nunS for Iuales rainbow trout and: a rwnge of 2.730-4.995/mm' for Females of 
Oriental Yt':.it Co., and a range of 2.900·5.063 thousand/nuns for the males 
and a range of 2.852-4.850 thousillDd/mms for females of Nikko. However, 
Some authors reported leucocyte counts, for certain fishes, which are lower 
than those of both Anguilla vulgaris, and ll-fugil cep:halus. Field cit a1 

(1943) gave an average of 3,675 and 2,105 W.E. Cs/mm3 for the earp Cypri

nus carpio and brook trout, Salvelirou..() fOlntenalis respectively. 

Leucocyte differential counts 

In stained preparations, gr:anular (the neutrophil, acidophiJ~ eOHIDophiJ 
and hasophil) and non-granular (LyInphocyte6; the small ailld tlle large) 
types were observed. No polymorphonuclear leucocytClS as described by 
Pavlomkii (1962) were observed in the blood of both Anguilla vull{aris and 
.iJtIugil 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 granulocyte.s showed a range. of 14.8
17:2% for the eel. and a range of 14.,)-22.3·% for the lUuJIet~ Table (3), 
Figs. (V, VI). "'-,., ~...... £~ • 

Com,paring the differential cOWlts of hoth species studied wilh dIose 

of other fish species, we rind that there are cOlllsiderahle differences. Count.. 
for hoth tJ'iOIllt;, Salmo manaycush Lien et al (1953) showed 91.2% lymphocy
tes,. 8,,2% mOiD()cytes and 0.6% granulocytes. The yellow perch~ Perea 
flaveoens had 67.7% lymphocytes and 32.4% neutrophilic granulocytes which 
the auther Dames "he,te'rophils" (Yokayama, 1947). Onoda (1934) reported 
34;9% lymphocytes, 65.1%. neutrophilia for the commOitl carp, Cypfinus 
CllTpio, 22.0% lym,phocytes and 78.0% granulocytes for the carp, Cyp~ 
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cypnnus, and 40.0% lymphocyteF., 60.0% granulocJteF for the Loach Mi,'icu
J'Inus fossillis. Sano (1957) reported 2.;;% mOIlJocytes, 77.5% lymphocytel 
and 20.0% neutrophilis for the Japanese eel, AnguiUa japonica. 

TABLE 3. LEUCOCYTES AXD THEIR DIFFERRXTIAL COUNTS (LYMPHOCYTES 

AND GRANl1i~OCYTES) OF HEALTHY Anguilla vulgaris AND Mugil 
cephalus, MEASURED SEASONALY FROM AUTUMN 1972 TO SU~[MER 
1973. 

Spec;" : Amplitude Au1umn I Win'.' Sp,ing l_s_pe_Cl_'es_
--~-~---~--I --_ - --
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3.82 4.10 4.203.81 

EEL 
3.98 3.883.353.65Aver. 
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1-----1--- 
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-~_- I -__I_.-- ----1---
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89.880.5R9 7 8' .0 
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85.979.579.287. :~Aver. 
2.02.051. 95] 30S.D. 

~_._- -- ----/----1---I 

8 .778. ti87.3RaLge 83.6 
90.38'2.5~!() . ~) 92.2I 
88.280.389.280.7Aver. 
1. 721.21.:351. 3:1S.D. , 

-----I~----

15.515. :) 14.8R"r.go I 1G.1 
J6.916.41-,.-'

0) 16.8 
EEL i ]5.5 16.~1() .1Aveer. I 16.3 

0.250.69S.D. \ 0.70 I 0.30 

-·-~n~a..~-e-I--l-;)~;~
 

18.0 

Aver. 16.7 
S.D. 0.65 

-- '1~4-.(j 14.61·1.5 
20.422 .~)20.3 

17.518.217.2 
0.650.700.73 
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Recently Mcknight (1966) reporte1d the following averages : small 
lymphocytes 37.5%, large lymphocytes 2.4% and neutrophilic granulocytes 
66.1% for the mountain white-fish., Prosopius williafsoni. He also reported 
that basophils were seen in few fishes, neither esinophil nor moooceytes 
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 



360 A lIAE':.\tA'1'(ILOt;\('"\L ~TI 1»)' OF LlU"\LTLlY _\:\UULLA 

VULGARIS A~D iYIUGIL C:FJPHALUS 

rainbow tr'Out taken from Or,jrclltal 1 c:-;l Co. and a range of 79.2-92.5 and 
from 75.7-92.2% for nI,ale~ and female~ taken frolll Nikko. ~~hile g.r!alIlulocyte 
showed a range of 13.4-18.80/0 and a range of 14.2-19.1% for males and fem,a
les taken from Odental Yc~t Co. and a range of 14.3-18.8% nIalerS and a range 
of 14.5-18.9% for females taken fron1 Nikko. 

It i.s evidelllt from tables and the graphSi, that the liOtal1leuooyte counts 
of hoth species undergo seasonal changes" its behaviour is iSimilar to the 
erythrocyte couillts. 

Sea.8onal cycle is also demonstrated in the leucocyte differellltial count. 

B load sedimentation rate : 
In these experrimenl:S blood sC1dimentatioll rate has been determined 

r-;casOIIlaly from autumn 1972 until sllIllUIler 1973. The results of these deter
lllmatiOiItS are given in table (4) and are shown graphrirc;ally jn figS!. (7,,8;. 
Anguilla vulgaris had a range of 2.2-4.0 mm/h, while Mugil cephaleus had 
a range of 2.4-4.30 mw/h. No dear seasonal variation:, could he observed 
for erythIl')cyte sedame, ,_ Ition lia.te. 'Ve co~d, only fOIDIu Sano (l9S7) who 
determined the erythrocyte seWinIentatioiD. rate for the Japane@e eel Anguilla 
ja,ponica and I1epor~f?d a range of 2.0-2.9 mm/h. 

naematocrit : 

Experimental rl'~uilts of haelllatocrit detenninatiollis are reported in table 
(1) and are shown graph~u~ally in Fig,s. (1" 2). In these 8t~es AnguJi,la 
vulgaris ralllged froIl1 27,5-31.5%, while 111ugil cephalus ranged from 27.2
31.5%. Fronl the tables and the gr,aphs one can easily rec.ognize that there 
11" a good Ol~rrelatiOQ1 between the red cell count and haematocritJ vaJue. 

McCay (1930) reporte(: a range of 26·40% for Congo eet Wmtrohe 
(1934) gave a l'Iallge of 36.0-39.8% for the American eell AnguiiUa rostrata. 
Kisch (1949) report<f>d a range of 35-36.2% for Angwilla bost~n'is. Sano 
\ L957) gave a range of 24.0-45.2% f,or the Japanese eel, AnguilJa japan..ica.. 
Poluhow:ch & Parks (1972) reported, a range of 11.0-43.8'% (mclau 31.8) 
for the fre<l-water American eel Anguilla rostrata. ,and a range of 3.00-44.0% 
(mean 37.95%) for the marine American eel Anguilla rostrala. Cameron 
(1970) g,ave a range of 25.9-31.1% for Jlfugil cepha,[us. Our Ie$wts ,are in 
hannony with the higher values Cameron obtained for Mugil cephalu..,. 

Specifie gravity 

Results of specific gravity de,terIninat~ll are given in table (4) ctlHI 

are ShO'Wll graphic-ally in fig's. (VII, VIII). Anguilla vulga.riB showed 
a range of 1.035-1.043, while Mugil cephalus tSIllOwed a range of 1.038-1.044. 
No signific:ant seasonal variation was observed regar:ding this parameter. 
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TABLE 4-. SPIWIFIC GRAVITY ANI> l~:H.YTHn,OCYI'g SElHMEN1'ATION RATJ~ OF 

HEAl/fRY An,qW:Url '/J1I{IPl'i., A:\I'D IJlugif (:pp!l,U{US lVU:ASUREll 

SEASONALY FRO\l '\PTIT\I:--' l~n:! 'I'll ~U\J\Jl';R IH,:). 

o 
C.;:> 
.~ 

tI) 

:; 

~-;:: 
~

~ 

~ 

MULLET 

EElJ 

)lULLET 

Amplitude 

Rar.ge 

'\ \"el'. 
S.D. 

RaLge
 

A\-e1'.
 
S.D. 

-----~-

Har.ge 

kn~r. 

S.D. 

Rar.ge 

Aver. 
S.D. 

... \.uillmn 

1.0'10 
1 .045 

1.(H2 
o.t)(}:? 

1 . tf19 
1.0/16 

1.014 
O.OC:~ 

---- --- ----_. 

] .~5 

~ .:-H~ 

.J .) 

U.::~ 

2.22 
2.55 

2..+ 
(). :15 

\\'lllln Sl'l'il'g

---I
I .O:{;I.I 1.0·~ 0 
1.0:),7 ] .Ot!:~ 

I 

1 .O;-H) I 1 .0,1:2 
(I.O!)l 0.001 

1.o;'I)-I,·~-1-.-0-'-0 
1 ()/ () ] .OJ 3 

1 .(!3~ 1.0 2 
o.f)(ll O.OO~ 

~-~-'----------- - 

.) ,

.J. :L~ 
j . :~ "1 .1 

:~. 9 4.0 
0.:)1 ().~ 

:L:~G .J .15 
:L 7() 4 .·I·~ 

:>'00 Lj .:30 
OAO (L~5 

I ~ 
~lllllI1H'r 

1 .042 
] .0,1 5 

1.0t! ;~ 

0.001 

1.037 
1 .0.12 

1.040 
0.002 

:~ .:1 
:~ 7 

:L5 
o.~.w 

;3.75 
4 .:!O 

4.0 
() .25 

Haemo.globin 

Hae!lllOglohiu has bef'n dete:nnilIled seu~olla]~ fmlll autumn 1972 to 

s.ununer 1973. Anguilla vulgaris showpd a rangt' of 6.S-B.7 g/100 ml. and 
the Mugil cephalus showed a rall~(~ (If 7.0-9.15 g/100 nIL TIle result::" of 

the~e determ.11natIion... are given hI!. tahle (1) aud are ~llOWH ~raphicall)' jll 

figs. (L II). Wirutrobe (1934 i determined the range of 8.0-10.0 g/lOQ ml. 

fo:..· American eel, Anguilla rostrata. Ki~ch (1949) reportl'd a rangf' of 8.6-1().~ 

g/100 mt ~or Angu.illa bos'toni.ensi.'i. Poluhowich & Parks (1972) sh(w,7ed 
a range of 6\.63-10.74 g/100 ml. for Anguilla rostrata. wh '~e Eisler (196;)1 
gave a mean haemoglohjn concelIltration of American f'd 6.12 g/100 mI. 
Cameron (1970) detemtined the haenllogJohin for ]~lugil cepthalus a~~1f1 reo 

por1:.eld a range of 6.73·7.58 g/JOO mL 
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In conclusion there is a close oorrelation between the numh~r oferythro~ 
cytes, haematocrit value and haemoglobin COOlOOillt. 

Wintr'obe (1934) correlation between the three haematolol:,rical parame
, ~. 

ters, red cell counts, haematocrit andhaemoglobin ooutent ~81 clearly d~on-
strated 141 the hlootd of both species. The s:ame corneJation was also reported 
by Wintrobe (1934) for all vertebrates he examine,d. SinJieszko (1961~ ~~ 

proted that the oorrelatiion hetween haema'tolJrit, red cellcount and haemo
globin is as good in the trout as in human and other vertf ',)rates. 
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Recently this correlation was widely uemo1lJstrated hy various inve~..,t~

~ators. (E:.sler, 1965; Summerft'lt elt at. 1967h; De \Vill.,de and How-lOU, 

1967; Badawi., 1968, Badawi lind Said. 197! and Rl-Domiaty 1972. 

SUMMA.RY 

The eeasooaI variations of the cellular hlood ('()Illstituents, erythrocyte 
oounts, she of the erythrocyt,e~ and.the ('rythrocyjf~ nuclei, the num.her of 
leuc0cyte8 and their differential count~, haematocrit vrulues, haemoglobiJI 
content, erythrocyte sedimentatiOill rate and specific gravity have been re· 
poned. 

A'Yerage erythrocyte counts, haematocrit value'S aI;'<] haemoglohin co.ntent 
for Mugil cephalus were aJways higher. than those of Anguilla vulg1tris 
throughout the whole experimental period. 

The three parameters in 'both specie:, v,ary considerahly wiul rCiSpect 
to time, being higher in summer than in wiillter which may be attributed to 

. the high activity ,':)f fislh due to elevation of water' temperature, low oxygen 
content aiIlid to the greater amount of food. 

It was cOlllcluded that the correlation 'between the number of erythro
cytleS., h.aematJocr1t values and haemo:!lohin contell1t is as close in the two 
8pec~es as iJn humans and other vertebrates. 

No clear seasonal va,riations could he observed for both species illl the 
erythrocyte sedimellltat;.on rate anel lo"pecific gravity. 
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