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Table 1: Indian marine fishes: Erythrocyte and leucocyte counts aild haemoglobin concentration. 
Each value represents the mean (± SD) of a minimum of 10 values obtained from 4 to 5 indivi
dl1als. 

Sex and Weight <I:) 
Eryt hrocytes 

(1l111lion/roc3 J 

Male (31 g) 3A8±0.23 
Female (30 g) 296±0.19 
Young ( 2 g) 2.66±0.38 
Mean 3.03±0.27 

Male (35 g) 2.86±0.22 
Female (37 g) 2.43±0.22 
Young ( 4 g) 2.l6. ±0.18 
Mean 2.48±0.21 

Male (62 g) 2.64±0.23 
Female (SO g) 2.30±0.19 
Young ( S g) 2.19±0.32 
Mean 2.38±0.25 

Table 2: Boleophthal1nus boddaeTti: Changes in 

Period !hr) 
after 

forced to 

72 

12 
24 
36 
48 

12 
24 
36 
48 

blood properties of the male (30 g) forced 
to aquatic or aerial breathing. Each value 
represents the mean (± SD) of a minimum 
of 10 values obtained from 3 to 4 indivi
duals. 

Erytbrocytt"s 
(million I 

mmS ) 

Leucocytes 
(thousand I 

mmS) 

Haemoglobin 
(%; ml/lOO 

ml) 

In individuals allowed to breathe in 
water and air 

3.48 ±0.23 15.20±0.48 16.3 ± 1.2 
In individuals allowed aquatic breathing 

alone 
3.28 ±0.48 IS26 ±0.58 J3.0± 1.4 
3.1O±0.26 ISA8±0.63 11.9±1.6 
3.22±0.62 IS.21 ±0.80 12.6±2.2 
3.30±0.SO 15AO±067 11.8±1.9 
In individuals allowed aerial breathing 

alone 
3.60±OA4 14.98 ±086 lLO±1.2 
3A6±OA6 IS.36± 1.10 12.1±2.0 
3.32±0.51 15.21 ±0.85 11.3±L6 
3.35 ±0.33 l5.22±1.13 11.3±1.3 

Lt'ucocytes Haemoglobin 
(thousand ImmEl (%; ml/lOO ml) 

Boleophthalmus boddaert; 
15.20±0.48 16.3±1.2 
15.11 ± 1.01 15.2±0.6 
15.23±0.86 l2.8±L8 
15.18±0.78 14.8±1.2 

TherapoD jarbua 
l4.38±0.79 8. 9± 1.2 
IS.IO± 1.00 8.4±1.7 
14.96±0.56 6.9±0.9 
14.81 ±0.78 8.1 ± 1.3 

RastreIliger kanagurta 
IS.OO± 1.23 7.6±2.3 
14.92±0.99 7.S±1.1 
15.16±O.3S 7.0±0.9 
15.03±0.86 7.4 :t 1.4 

Table 3: Tilapia m088arnbica : Changes in blood 

properties of individuals (6 g) exposed 

to different physiological stress of 

salinity and Po,. Each value represents 

the mean (± SD) of a minimum of 10 

values observed for 4 to 5 individuals. 

Physiological 
etress 

Erythrocytes 
(million Imm ') 

Haemoglobin 
(%; ml/lOO ml) 

Individuals exposed to salinity 

0.3% 3.18±OAO 7.2 ±0.26 

7% 
14% 

21% 

28% 

2.86±0.3l 

2.53±0.12 

2.18±0.20 

2.22±0.13 

7.1 ±0.58 

7.0±0.81 

6.8±0.70 

7.3±0.65 

Individuals exposed to Po, of 

152 mm Hg 3.06±0.23 7.0±0.85 

98mmHg 3.11±0.30 6.9±04! 

76 nun Hg 2.89±0.18 8.6±0.39 

48 mm Hg 

3S mm Hg 
3.03 ±0.25 

2.76±0.22 
8.1 ±0.42 

8.S±OA4 
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fishes such as Tilapia spp. (Badawi and Said, 1971) 
and Labeo spp. (Hattingh, 1973). Such correlations 
were also apparent in the marine species B. boddaerti 
(r~0.756; P 0.02), T. jarb"a (r=0.805; P 0.01) and 
R. kanagurta (r=0.788; P 0.02) also. 

In all three species studied, values obtained for 
blood properties such as erythrocyte counts haemo
globin concentration were the highest for males, 
intermediate for females and least for juveniles. 
The reason for the sex-dependent changes in the 
blood properties is not at present clear. With increa
sing body weight, the gill area per unit weight of the 
fish is known to decrease; for instance, the area 
decreased from 440 mm'/g live weight in a 3 g rock
skipper Mnierpes macrocephalus to 295 mm2/g in a 
6 g individual (Graham, 1973). The larger indivi
duals may possibly . compensate the decreasing gill 
area by increasing erythrocyte counts and haemoglo
bin concentration. 

Leucocyte counts of the fishes studied averaged 
15,OOO/mm'. Surprisingly, very few authors have 
given total leucocyte counts for fishes (Farghaly et 
al., 1973; McLeay, 1975). Total leucocyte counts 
differ very little with changes in body weight, size 
and sex in the 3 species (Table 1), and when B.bodd
aerti was forced to breathe only in water or air 
(Table 2). 

Boleophthulrnus bocldaerti: 

With the view to studv the changes in the blood 
characteristics of the mud~ ;dpper, which were restri
cted to aquatic breathing alone, healthy male indi
viduals (31 g) were kept in aquaria containing aera
ted sea water (24% S; 30"C); suitable plastic wire 
meshes w\!re introduced into the aquaria so as to 
prevent the individuals from breathing atmospheric 
air. To force B. boddae,·ti to breathe only from the 
atmospheric air, a few other individuals were rolled 
in wet cloth with their heads exposed, (sea water) 
24% S) and kept in terraria at 30"c' 

As mentioned earlier, the erythrocyte counts 
and the haemoglobin concentration were 3.5 million/ 
mm3 and 16.3% in B. boddaerti, which was given 
free access to breathe in water as well as in air. 
From these high levels the values decreased to 
3.3 million/mm' and 13% (Table 2), when the 
individual was allowed to breathe only in water; 
the corresponding values for the individuals res
tricted to aerial breathing alone were 3.6 million! 

mm' arid 11%. Subsequently the erythrocyte count 
stabilised around 3.2 million /mm' and the haemo
globin concentration around 12% in these individuals. 
The lOckskipper M. macrocephalus is reported to 
stabilise the O2 uptake level within 4 to 6 hr 
after it was forced to respire only in water or in 
air (Graham, 1973). An important feature to be 
noted was that the blood characteristics were 
similar in individuals allowed to breathe in water 
or in air. Perhaps this may explain the fact 
t hat the mudskipper Pe1'iophthal",,,s sobr·inus (Teal 
and Carey, 1967) and the rockskipper M. m"01'oce
pha.l1/.s (Graham, 1973) stabilised their O2 uptake, 
when forced to respire only in water or air. 

Whereas B. boddaerti forced to breathe only 
in water was quite normal even after 48 hrs, 
that allowed to breathe only in air succumbed 
to death after 51 (± 2.8 SD) hrs exposure. 
Nevertheless, the ability of B. bodda,,·ti to tolerate 
aerial exposure is greater than that recorded for 
the mudskipper P. sobriunu, (37 hr; Teal and Carey, 
1967) and for the Chilean C\ingfish Sicyases sang"ineus 
(40 hr; Gordon ef al., 1970). A possible explana
tion for the death of these fishes is the loss of 
body weight due to evaporation of water, especially 
from the branchial chamber. B. boddae,.t·; lost 
23±3.7'1'0 of body weight, when succumbed to 
death. This value compares with that reported 
for the mudskipper P. 80briun"8 (22%; Teal and 
Carey, 1967) and the rockskipper (25%; Graham, 
1973). Another reason is that these fishes could 
not eliminate CO 2 for want of sufficient water 
and accumulated CO, in the blood and body 
tissues beyond a critical level. Air-breathing 
amphibious fishes are known to have difficulties 
with aerial excretion of CO, (Johansen, 1970). 
For instance, rate of aerial CO2 release from 
_711. mac1'ocephalus forced to respire aerially was 
much lower than that of O 2 consumption (Graham, 
1973). The possibility that B. boddae,.ti succumbed 
to death for want of sufficient O2 uptake, appears 
to be ruled out by the observations of Teal and 
Carey (1967) and Graham (1973). These authors 
found that the mudskipper and the rockskipper 
procured cutaneously 40 to 48% of the total oxygen 
requirement, when allowed to breathe only in water 
or only io air or in both. These amphibious skippers 
(including B. boddaerti) have well developed cutaneous 
vascularization and hence could very effectively 
respire cutaneously. Further work is in progress to 

73 



r 

.• 

know whether CO 2 accumulation or water loss is the 
primary re.ason for the death of the mudski pper 
B. boddaerti. 

'1'ilap ia'm08sambica : 

To study the effect of salinity, the euryhaline 
fre shwater fi sh T.?no8sa11tbic.a (6+0'5g) was chosen. 
Healthy individuals were gradually acclimatized to 
7, 14, 21 and 28% S at 30"C; the aq uaria we re con
t inuously aerated (Po,: around 150 mm Hg) and the 
fish were fed on mutton once a day. 

The mean values obtained for the blond charac
teristics of T . 1fw8sumbica kept in freshwater were 3.2 
mill ion erythrocytes/mm' and 7.2% haemoglobin 
(Table 3). The following values (m illion mm') are 
avail able in the literature for erythrocyte counts of 
different species of l'ilapia : 1.7 to 2.1 for T. zilli 
(Farghaly ef al . . 1973), OS for T. (falila"", 
1.2 for 1', nilotica, 1.3 for T. kurea and 
1.6 for T. zilli (Badawi and Said, 1971). Uniformly, 
the Egyptian Tilapia Spp have lower erythrocyte 
counts than the 'Indian Tilapia.; however, the Egyp
tian l'ilapia Spp compensate the lower counts by 
increasing the size of erythrocytes . Haemoglobin 
concentration (%; ml / 100 ml) was 7.2 for 
T. mossambica, 5.8 to 7.6 for T. zill; (Farghaly el. (,z" 
1973), 6.3 for T. galilaea., 6.5 for T. nilo!ica, 8.2 for 
1'. kU"e" and 8.7 for T. zilli (Badawi and Said, 1971). 
Since Badawi and ·Said (197 1) and Farghaly el al. 
(1973) have not described the feeding history and 
other conditions, to which the test Tilapias were 
exposed to, it is difficult to compare the value of 
T . m088ambica to anyone of them . Even the capture 
methods and handling stress are known to affect the 
blood characteristics in fish (Bouch and Ball, 1966: 
Hattingh, 1973). 

~Vith increasing salinity there was a steady 
decrease in erythrocyte counts of 1'. nws8ambica from 
3.2 mill ion/mm' in freshwater to 2.2 million/mm' in 
280/0 'S, but there \\'as no statistically significant 
change in the haemoglobin concentration . Farghaly 
et al. (1973) reported the fo llowing values for ery
throcytes (million/mm'): 2.1 at 30°C (possibly in 
freshwater), 1.7 in freshwater (possibly at 16"C?), 
1.7 at 10% .S, 2.0 at 20% .S and 2.2 at 40%.S; ihe 
corresponding values for haemoglobin concentrati on 
were 7.7, 5.8, 6.2, 6.5 and 7.4%. From the last 4 
values, one may infer that there is a steady increase 
in the erythrocyte counts and haemoglobi n concen-

74 

tra li on with increasing sa linity. Bu t it becomes con
fusing, when the first values are considered. More 
information is required before any conclusion is 
drawn. 

Effect qf Po, of v'aier 

To follow the changes in blood characterist ics of 
'1'., mossambica kept in non-aerated aquaria, a 
number of individual s (kept and fed in se parat e 
aquaria containing freshwater at 30°C) was sacr ificed 
011 the 0 , r, II, HI and IV day; on these days, the 
Po:! in the non-aerated aquaria averaged 152, 98, 76 
48 and 35 mm Hg. Hence, it has been possible to 
follow the changes in the blood characteristics as a 
function of (fluctuating and) decreasing P02. 

Individuals sacrificed from aquaria containing 
freshwate r fully saturated with 0, on the 0 day exhi
bited 3.1 million erytllfocytes/mm' ~nd 7% haemo
globin, The erythrocyte counts fluctuated around 
3 million/mm' during the subsequent 4 days, when 
the Po, decreased rapidly from 152 to 35 mm Hg 
(Table 3 J. However. the haemoglobin concentration 
showed a statistically significant increase to 8.4% on 
the II. HI and IV day, after wate, change when the 
Po, was 76, 48 and 35 rom Hg respectively. The 
set of experiment was repeated twice, each time on a 
minimum of 4 or 5 individuals/ day for each group 
and consistent values were obtained. Hence, Po~ 

level lower than 76 111m Hg induces adaptive changes 
in the blood characteristic of ,]', m08s(I,1nbica" namely 
increase in haemoglobin concentration. 

The tropical air-breath ing fishes inhabiting fresh
water swamps, where the Po,! levels are usually below 
60 mm Hg (Will mer, 1934), exhibit higher blood 
oxygen capacities than aqu atic breathers found in 
more oxygenated water. However, the compensa
.tory changes In the blood characteristics of' 'P, 
mo.ssamhica to the decreasing P0 2 appear to be par
tial in view of the fact that a 5 g 'J1. mos8ambica 
decreased its 0 , uptake from 2.25 ml hr at die Po, 
of 150 mm Hg to 0.67 mllllf in freshwater :holding a 
Po, of 50 mm Hg at 30' C (Job, 19~9). In Job's 
f(:spirometer, '1'. mossumuicu had no access to oxygen 
from air. In our aquaria, T. mossamb£ca stayed at 
the water~sllrface and commenced breathing air orally 
from the II day onwards when the Po, decreased 
below 75 mm Hg. Such Po,-induced behavioural 
changes are not uncommon among other teleosts 
(e, g. Moss and McFarland, 1970). Hence, it is 
very likely that the Po ,-induced changes in blood 
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characteristics may become fully compensated in 
T. 'mossambica, which has access to breathe in water 
and in air. Such adaptive changes in the blood 
characteristics and behaviour of 'T, mossmnbica appear 
to be of great survival value only within the range of 
Po, be tween 7S and 30 mm Hg; for, more than 50% 
of '['. nilotica exposed to the Po, of about 30 mm Hg 
at 24°C succumbed to death within 24 hour (Mahdi, 
1973). 
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