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MEAN SEA LEVEL FLUCTUATIONS OFF ALEXANDRIA COAST
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ABSTRACT

The effect of atmospheric pressure on the fluctuations of
monthly mesh sea level (NSL) off Alexandris coast for the
period from 1962 to 1978 t{s investigeted by different weys.
1t i{s found thet the gea level height {s generslly
decreasing with incressing stmospherfc pressurs especistly
during summer. Also, the power and cross-power spectrsl
densities of monthly MSL and etmospheric pressure sore
investigated for the frequency renge between 0.014 and 0.50
cycles per month. 1t fis found thet most of the power {s
centered at low frequencies particularly at annual and
semfannual cycles. There fg wome coherence between monthly
MSL and atmospheric pressure at certain low frequencies,
white ft s moderste to poor st most high frequencies.
Moreover, the pressure correction on mean sea level {s
cslculated.

In addition, the effect of weter density on sea level
oscilistions for the perfod from July 1977 to June 1978 is
studied. The density changes off Alexandria cosst showed &
significant effect on the sae level fluctuations.

Finally the fisostatic deperture [n ses level fis
determined on the basis of the varistion in stmospheric
pressuyre snd water density. The morithly MSL correspond in
sign and relatively in magnitude with the {sostatic
departure except during winter when ft strongly differs
efther in sign or tn magnitude.

INTRODUCTION

Monthly mean sea 1level (MMSL) is obtained by averaging
the recorded tide heights throughout one month to reduce the
tidal components of astronomic origin as much as possible.
In general, the monthly means show a marked seasonal effect.
At Alexandria, for example, sea level is highest in August
and léwest in"April: -The range of monthly ~sea level during
the year is small, seldom exceeding 35 cm, and when averaged
for many years is less than 20 cm.

Many investigators (Close, 1918; Nomitsu and Okamoto,
1927; La Fond, 1939; Rouch, 1944; Pattullo et al., 1955;
Doniol, 1956; Lisitzin and Pattullo, 1961; Thomopson, 1980;
Carrett and Toulany, 1982; Rebert et al., 1985; Pugh and
Thompson, 1986) have found that the cbserved changes in MMSL
are related to the variation in atmospheric pressure and the
density of the upper layers of the ocean. The relation
between sea level, atmospheric pressure and water density.
appears to be such that the total mean pressure at any fixed
point on the bottom in sufficiently deep water remains
constant. Thus sea level rises when the barometer falls an

also when the mean density of a vertical column of sea water
decreases. .



Pattullo et al. (1955) examined the variations of MMSL on

a global scale ancl féllhd fhlt Uﬂﬂﬁfﬂl _ ﬂﬁreement between

observed sea level and the sum of the density an&
atmospheric pressure effects was widespread. They suggested
the term "steric sea level" for the sea level computed from
the density (or specific volume) and that conditions be
referred to as "isostatic™ when the total pressure, due to
ocean and atmosphere, at a point on the deep sea floor does
not change with tine.

The distribution of air masses over the oceans is not
constant, it changes continuously and is,. in addition,
characterized by a marked seasonal variation. This change
can: not contribute materially to the variations in sea level
and must therefore be elliminated from the data when
examining sea level observations covering a time-span of one
year or more. Pattullo et al. (1955) were probably the first
oceanographers to carry out such an elimination.

The statistical removal of meteorological effects from
MSL changes makes it possible to reduce the background noise
to an extent which allows other cycles and secular changes
to be extracted with greater confidence (Rossiter, 1962;
Pugh and Faull, 1983).

The aim of the present work is to investigate the MMSL
variations off BAlexandria and to study the effect of
atmospheric pressure and water density on it.

MATERIAYL AND METHODS

The sea level data used in this work were taken from the
tide-gauge located inside the innermost basin of the Western
Harbour of Alexandria through the period from 1962 to 1978,
The atmospheric pressure data were cbtained from Ras Ej -~
meteorological station for the paricd from 1962 to .3 9.
The hydrographic data (temperature and =alinity) were tak:n
from the work of Eid (1979). Three stations were chosen
located on Kait Bey section at distances 1, 5 & 10 Km from
the coast. Figure i1 shows the locations of the tide-gauge,
the meteoroclogical station and the hydrographic stations off
Alexandria coast.

Pattullo et al. (1955) methods were used to eliminate the
effect of atmospheric pressure on sea level fluctuations,
and also "t¢ “calculate the effect Jf water “density oh &sea
level (steric sea level). The effect of relatively long-term
changes in annual MSL was allowed for by subtracting the
long-term annual MSL from each monthly mean.

In addition, the methods of correlation and spectral
analysis (Blackman and Tuky, 1958; Munk et -al, 1959) are
applied to investigate the relations between MMSL and
monthly mean atmospheric pressure (MMAP) . The
auto-correlations and the cross-~correlations between these
two variables are computed and from them the power and
cross-power spectral densities are obtained. To exploit all
data available from 1962 to 1976 (180 data points), a 36
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the number of
of lags are chosen. Table 1 shows

Egzgzrgata poigts (N), the number of lags (M), the numbeg gf
degree of freedom (2N/M) and the confidence 1limits used 1n
spectral analysis of both MMSL and MMAP.

TABLE 1
Number of data gonts (N), number of lags (M)
and the confidence limit used in spectral analysis of data

N M : No. of degress Confidence
of freedom limit (Munk et
al., 1959)
180 36 10 0.49 - 3.10

RESULTS AND DISCUSSION
The Effect Of Atmospheric Pressure On Sea Level

a~ Th e s Betw d P

The relationshii between MMSL and MMAP off Alexandria has
been studied by different ways. In the first, the monthly
mean values of sea level and atmospheric pressure for the
Yeriod from 1962 to 1976 were plotted against lines as shown
n Figure 2. Also the relationship between long-term monthly
mean of both sea level and atmospheric pressure for the same
period 1is shown in Figure 3a. Figure 3b shows . the
relationship between MMSL and MMAP for the period from July
1977 to June 1978. These three figures showed a slight
decrease in sea level with increase in atmospheric pressure
especially during summer months.

The second method  of investigating the effect of
atmospheric pressure on sea level was by plotting all the
values for a particular month for the years 1962-1976 in
one diagram to reduce the seasonal effects. Figure 4 shows
the results in the form of scatter diagrams. for all
months, for the years 1962-1976. In most cases there is
evidence that sea level increases with decreasing
atmospheric pressure. The highest correlation coefficient
between sea level and atmospheric pressure (-0.94) 1is
calculated during December, while the 1lowest correlation
(—-0.03) is found during May.

In general, it may be concluded that, there are other
parameters which contribute, beside the atmospheric
pressure, to the fluctuations of sea level off Alexandria
coast.
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FIG. 2
The deviation of MMSL (h) and atmoshperic pressure (p)
from long-term annual mean (1962-1976).
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b- The Power And Cross~Power Spectral Densities:

1- The sea level spectra:

The sea level spectra is shown in Figure 5a. Using the
confidence limits for the degree of freedom (Table 1), the
significant peaks were identified. The prominent peaks are
centered at a frequency 0.083 cycle per month {(cpm). This
corresponds to a well pronounced annual sea lgvel.vaglatlon.
There is also a high peak at 0.167 cpm, which indicates a
large semiannual component. There are other significant
peaks but with lower enerqy appeared at high frequencies
with periods 4, 3.3 and 2.6 months.
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The total energy _contained in the sea 1level spectra
amounts to only 15 cm?.

2—- The atmospheric pressure spectra:

The atmospheric pressure spectra is shown in Fig.. 5b. It
is seen that, both the annual and semiannual cycles are
significant, with the former dominating over the latter.
Also, there are many other peaks with lower energy centered
at many high frequencies with periods 4.5, 4.0, 3.6, 3.3,
3.0, 2.8, 2.6, 2.4, 2.3 and 2.1 months.

The total energy containeg in the atmospheric pressure
spectra amounts to about 31 mb“.
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3~ Coherence and phase between sea level and atmospheric
pressure:

The relation between sea level and atmospheric pressure
is now expressed in the coherence and phase difference as
func:'ons of fvesiciny. The coherence between two time
series at any fregu.nc  .ands to be zero, if the conponents

of the two ser} a1e not reltad at this  fr hquencyv and
tend to unity 7 oty re miliy related. The absance of
coherence does noc inGivate that two records are

independent, it merely states there exist no linear relation
between them.

Figure 6 shows the cohererce and phase between sea level
and atmospheric pressure. The coherence between sea level
and atmospheric pressure is relatively high (more than 0.5)
at a certain low frequencies, while it is moderate to poor
at high frequencies. It means that, there is a good linear
relation between sea level and atmospheric pressure at some
few frequencies, while at most frequencies the relation
between them is not .linear. This conclusion explains the
scattering diagram shown in Fig. (4).

The phase between these two variables varies little with
frequencX and scatters mostly around 180° (except at some
frequencies it scatters so much). This indicates there is an
inverse relationship between sea 1level and atmospheric
pressure fluctuations at most frequencies.
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TABLE 2
The values of pressure correction (c) off Alexandris

Year

1962 4.2 3.5 0.0 -0.1 -0.5 -2.8 -6.0 -5.0 -2.3 0.1 5.3 3.5
1963 6.5 2.6 -1.1 -3.2 -3.5 -1.9 -6.4 -5.8 -1.1 2.2 5.3 6.3
1964 7.4 2.7 -0.2 -0.2 -0.1 -4.7 -6.2 -6.4 -1.5 2.5 3.4 4.1
1965 1.8 2.7 2.2 -1.0 -0.4 -3.,4 -5.9 -4.7 -1.8 0.7 5.4 4.5
1966 3.1 2.9 2.4 -1.7 1.1 -2.4 -5.7 -5.6 -1.5 1.1 2.8 3.5
1967 6.1 6.4 1.8 -1.0 -1.4 -2.0 ~6.9 -6.2 -2.6 0.6 2.4 4.7
1968 4.2 3.7 2.1 -0.2 -2.4 -3.5 -6.4 -3.6 0.9 1.5 3.1 2.5
1969 1.2 3.7 -2.0 1.2 -1.1 -2.6 -4.1 -4.2 -1.6 0.3 5.8 3.5
1970 2.8 3.9 0.8 0.4 -0.4 -2.6 -7.1 -6.8 -3.3 1.3 3.9 7.0
1971 6.7 0.3 1.7 -1.4 -3.7 -3.9 -6.3 -6.7 -1.0 3.3 4.8 6.2
1972 4.0 3.7 -0.1 -4.5 -1,1 -3.4 -5.3 -5.1 -1.7 1.0 4.6 8.1
1973 5.0 1.4 3.0 -0.1 -0,7 -3,1 -7.8 -5.9 -3.0 -0.5 4.7 7.0
1974 3.4 2.9 1.3 -2.1 -0.3 -3.0 -6.0 5.3 -2.4 0.6 5.3 5.5
1975 5.8 2.8 2.3 -1.7 -1.3 -3.4 -7.2 -5.4 -3.1 1.8 5.0 4.5
1976 3.3 4.2 -0.4 -0.5 -1.6 -1.8 -5.3 -3.5 9.3 -0.9 *.7 4.2
1977 4.9 5.1 5.2 -2.7 1.6 4.5 -8.4 -6.4 -1.6 2.6 ../ 3.8
TR 2 8 1.5-1.0-1.0 -5.0 -6.9 -4.0 -0.8 0.3 6.9 4.0
1979 &.9 .5 2.1 -0.6 -0.4 -3.2 -4.4 -5.6 -1.3 0.7 1.9 4.3

G imination Qf The Effect O tmospheric Pressure From
MMSL:

1~ Pressure correction (c):

Using Pattulls et . . (1955) method, the values of
pressure correctiecn [: :pr eop ¢ff }lexandria are ralculated.
The resu.t of ths ... - wonic s is  shown im Table 2. The

maximum effect at atm«:- p..ric pressure on sea level occurred
during summer (negative effect) and winter (positive
effect), because the atmospheric pressure has a minimum and
maximum values during summer and winter, respectively. The
highest positive effect of the pressure correction (c) was
8.1 cm occurred during Decemker 1972. It corresponded to a
maximum value of atmospheric pressure (1021.8 mb). It means
that the sea level height must be arise by this amount of
(c) to eliminate the effect of that pressure on it. The
highest negative effect of (c) was -8.4 cm occurred during
July 1977, i. e. the sea level data must be depressed by this
amount to eliminate the effect of atmospherlc pressure on
1t The atmospheric pressure during that period had a
minimum value (1007.2 mb).

The results of these computations are applied to correct
the monthly MSL for the perjod from 1962 to 1976 as shown in
Fig. 7. to correct the long-term MMSL as shown in Fig. 8a
and finally to correct the MMSL for the period from July
1977 to June 1978 as shown in Fig. 8b.
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2- Regressibn analysis:

The monthly values of pressure correction (c) and
atmospheric pressure (p) were fitted using the least-square
method. The results of these correlation were written in the
form of a linear equation for each month. These equations
give directly the values of pressure correction (c) for each
month by knowing the corresponding values of atmospheric

pressure (p). Table 3 shows these linear equations and the
correlation coefficient (R) between the pressure correction
(c) and the atmospheric pressure (p) at Alexandria.

TABLE 3
The monthly linear equations and the correlation
coefficient (R) between the pressure correction (c)
and atmospheric pressure (p).

Month Linear equation Corr. Coef. (R)
J c=0.85p - 10.58 cu 0.95
F c=10.79p~- 9.79 0.87
M c =0.78 p - 10.41 0.97
A c = 0.82p - 11,99 0.91
M c = 0.73 p -~ 10.64 0.91
J c=0.77 p - 11.82 0.77
J c=0,81p - 13.51 0.80
A c = 0.8 p~ 13.08 £.80
s c=0.72 p - 10.90 0.74
0 c=0.76 p - 10.53 6.87
N Cc = 0.95p ~ 12.64 0.89
D c=0.79p - 9.55 0.97
where, P = (MMAP - 1000) mb.

3- Reference pressure (P.):

Here, the reference pressure P,., meaning that the values
of the atmospheric pressure has a zero effect on sea level.
So, the devgation of the monthly mean values of atmospheric
pressure (p) from it directly gives the values of the
pressure correction (c). If the values of (p) are large than
those of reference pressure (Pp), then we have a positive
pressure correction i.e. the seéa level height must be arise
by this amount of pressure correction to eliminate the
effect of that atmospheric pressure on it, and vice versa.

The values of reference pressure (P,) were calculated
from the above results as follow:
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1- From the above equations (Table 3), the values of
atmospheric pressure (P,) which give =zero -  in pressure
correction (c) were calculated for each month.

2- The deviation of MMAP (p) from_ (pg) gives the positive
and negative pressure corrections (c").

3- These values of pressure correction (c*) were compared
with those values of pressure correction (c) (Table 2). From
this comparison, the magnitude_  of the error (dc*) in the
values of pressure correction (c’) was calculated.

4- Adding this magnitude of the errxor (dc*) to the values
of (po) gives the values of the reference pressure (P.).

Thus, if the MMAP at Alexandria are known, then the
values of pressure correction (c) can directly be calculated
by two ways: The first-by using the linear equations written
in Table 3, 1let us denote this value by ¢ (equation). The
second way-by its deviation from the reference pressure (P.)
which is shown in Table 4, let us denote it by c
(deviation) .

TABLE 4
The values of reference pressure (p.)
at Alexandria

Month P, (mb) Month P (mb)
January 1013.47 July 1015.38
February 1013.46 August 1014.83
March 2013.77 September 1014.68
April 1014.52 october 1014.38
May l1014.32 November 10132.68
June 1G14.62 Decenber 1013.35

4- Normal atmospheric pressure:

It is known that the normal atmospheric pressure is the
pressure of atmospheric at mean sea level, at 45° latitude
and at a standard temperature i.e. the pressure at normal
condition, and it equals to 14.7 psi = 29.92 inches of Hg =
1013.3 mb.

The monthly MSL at Alexandria may be corrected to that
normal atmospheric pressure. Let us denote the pressure
correction due to the normal pressure by c (normal).
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Figure 9 shows an example for these computations of
pressure correction by different methods for the values of
long~term MMAP (1962~1976). This fiqgure shows there 1is a
significant coherence between the values of pressure
correction calculated by these different methods. Only the
pressure correction calculated by using the normal pressure
is slightly differ from that calculated by the other
methods.

1962-1976

-8 } 1 ] ! L L 1 e i

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Po- T

—— Pattullo —+—¢(normal) —*-clequation}) —5— ¢{deviallon)

FIG. 9
The pressure correction (c¢) calculated by different
methods for the long-term monthly mean atmospheric
pressure.
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Steric Effect On Sea lLevel

a- Steric sea level off Alexandria

Figure 10a shows. the steric sea level at the three
hydrographic stations located at distances of 1, 5 and 10 km
off Alexandria coast with depths of 15, 35 and 55 m,
respectively. fThe steric sea level is positive from June to
November with maximum value during August. It means that the
specific volume is hi?h during these periods with maximum
value during August, .e, the water density is low during
these periods. Hence, the observed sea level must be
depressed by these positive values to be corrected to the
water density. The steric sea level 1is negative fronm
December to May with lowest value during February for the
‘first two stations and during March for the third station,
It means that the specific volume is 1low during these
periods, and thus, the water density is high. Consequently,
the observed sea level must be arise by these negative
values to eliminate the effect of water density on it.

Also, it is seen tuat, from Fig. 10a, the value of steric
level increases with increasing the water depth because the
welght of water column becomes larger. The steric level at 5
Km offshore is nearly double of that at 1 Km, while those at
.10 Km from the coast is almost 3-times of that at 1 Km. On
an average, the second station located at 5 Km from the
coast 1is considered to represent the steric sea level off
Alexandria.

-6 M i
- 10 1 A 1 L 1 I 1 - ) 1 i
Jul Aug 8ep OQct Nov Dec Jan Feb Mar Apr May Jun
I 1977 | 1978 |
— station| —+— statlonll —*— station Il
FiG. 10a

The steric sea level at 1,5 & 10 Xm off Alexandria
coast with depths 15, 35 & 55 m respectively,
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Figure 10b shows the steric sea level at the mentioned

thwg sta[mnﬁ byt inY for the upper 15 m depth. The steric
sea Yevel at-the -first station. (. 1 km off!hﬂf@) lg Ellqﬂily
different from that at the other two stations due to the
effect of diluted water from El-Mex and sewage pipeline at
Kait Bey.

-3 1 L 1 i 1l 1 1
Jul Aug 8Sep OQct Nov Dec Jan Feb Mar Apr May Jun
[ 1977 | 1978 |
—— otaticn ! — station it  —=— gtation I

FIG. 10b
The steric sea level off Alexandria coast for
the upper 15m depth.

b- Corrected Sea level

Now, the observed monthly mean sea level off Alexandria
is corrected to the water denslty for the water column from
surface to 35 m depth as shown in Fig. 11. This figure shows
that the density changes in the upper 35 m depth has a
significant effect on monthly mean sea level especially
during summer and winter.
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3- Isostatic departure:

The isostatic departure in sea level is determined on the
"basis of the variation in atmospheric pressure and water
density, or specific volume. Figure 12 shows the values of
- isostatic departure (the pressure correction (c) plus the
steric level (s))} after changing its sign to compare it with
- the observed monthly MSL. The monthly departure in sea
level, except during winter, generally corresponds in sign
ang relatively in magnitude with the isostatic departure.

16
cm 1,_\ ——h —%— cea(Bkm)
10

/N
. N

I 1 1 1 | 1 1 i
_10 [ | -

Jul Aug Sep ©Oct Nov Dec Jan Feb Mar Apr May J?n
. 144 | 78 !

FIG. 12
The monthly NSL (h) and the negative effect of
isostatic departure (c+s) at 5 Km off-shore.

Figure 13 shows the corrected sea level to the isostatic
departure. The isostatic effect is large during summer and
winter but with reverse effect. During summer  its effect
appears as a depression of sea level, while during winter
its effect seen as a raising of sea level having a maximunm
corrected value during February.
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Comparing Fig 8b and fig 11
that, r
equally to the fluctuations
Alexandria.

with fig 13 : _
the atmospheric pressure and water density contribute
of monthly mean sea

it is concluded

level off
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The monthly MSL (h) and the corrected sea [e{gl
to the>isostutic departure (hects).

SUMMARY AN CONCLUSION

The effect of atmospheric pressure on monthly MSL ofj
Alexandria coast was studied in details during the period
from 1962 to 1978 by different ways. The direct relationship
between them showed that the sea level height slightly

decreases with increasing atmospheric pressure especially
during summer. The correlation coefficient between MMSL and
MMAP for . each month of several years (1862-1976) is
calculated. The highest correlation coefficient (-0.9%94) is
found during December, while the lowest one (-0.03) during
May.

?;

The power and croséFpower spectral density of MMSL and
MMAP are investigated. It is found that most of the power is

concentrated at low frequencies with periods of 12 and 6
months. The coherence between these two variables is
relatively high at certain low frequencies, while it is

moderate to_poor at high frequencies. The phase between gea
level and _atmospheric pressure is scattered very little
around 180~ 1indicating an inverse relationship between them
at most frequencies.
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On the basis of the MMAP of several years (1262-1976) the

pressure correction on the mean sea level was calculated.
The results showed a maximum effect of atmospheric pressure
on mean sea level appearing during winter and summer. The
pressure correction had positive values during the cold
months and negative ones during hot months. These results of
pressure correction were fitted using the least sguares
method. The outputs were written in the form of 12 linear
equations one for each month. If the MMAP is known at any
time off Alexandria, then the wvalues of the pressure
correction can directly be obtained by using these linear
eguations. Also reference values of atmospheric pressure off
Alexandria were calculated which give directly the values of
pressure correction by subtracting from them the values of
MMAP.

The effect of water density (specific volume) on sea
level off Alexandria 1s also studied for the period from
July 1877 to June 1978. The results showed that, the steric
sea level is positive from June to November with maximum
value during August, while it is negative from December to
May with minimum value during February or March. Also, the
density changes in the upper 35 m depth have a significant
effect on monthly MSL especially during summer and winter.

Finally, the variations in atmospheric pressure and water
density are combined to study the effect of isostatic
departure in sea level off Alexandria. it ‘= fonui tnat, the
monthly MSL corresponds in sign and relative'y I1a pagnitude
with the isostatic departure except during winter when it
strongly differs either in sign or in wagnitude.
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ANIONIC DETERGENTS IN THE EASTERN HARBOUR,
ALEXANDIRA, EGYPT.

THANAA H. MAHMOUD
Institute of Oceanography and Fisheries, Kayet Bey,
Alexandira, Egypt.

ABSTRACT

Surface and bottom sea water samples were collected from
the Eastern Harbour during the perfod from May 1987 to May
1988. Detergents, salinity, total phosphorus and
polyphosphates coccentrations were determined. Average
surface contents of detergents at the surface was 0.92 mg
eq. LAS/l end at the bottom wag 0.43 mg eq. LAS/L. The
frequency distribution of anfonic detergents showed that 48X
of the analysed samples Lies in the range of 0.0-0.8 mg eq.
LAS/1. Total phosphorus average concentration at the surface
was 3.76 umol/l and at the bottom wes 2.1 umol/l and
polyphosphates content at the surface was 2,96 umol/l and at
the bottom was 1.45 umol/l. Salinity concentration at the
surface was 35.85X, while at the bottom was 38.2%0 In June
and July 1987 a significantly high negative correlation
exists between booth salinity and detergents, total
pgosphorus and polyphosphates. On the other hsnd detergents
show high positive correlation with total phosphorus and
polyphosphates in the same period. We aimed to study the
distribution of anionic detergents in the Harbour and fts
effects on the zatal phosphorus content.

INTRODUCTION

Through grese  s<iety of chemicals which omprise
detergents effective pcllution problems may Eossibly arise
from the discharge of laundering or cleaning processes.
There are two main effects from these discharges and may be
conveniently classified as the impact of dissolved inorganic
compounds particularly nutrients leading towarsd enrichment.
Phosphorus is conssidered as a limiting productivity factor.
Therefore much attention has been paid to phosphorus control
in municipal sewage. The principale sources of phosphorus
are human excrement and detergents.. The contribution of
phosphorus from human excrement correspondin? to about
1.0-1.2 1b of g/personal anualy but its contribution from
detergents may be as high as 3.3 1b of p/person. It has been
suggested that 20%-40 of all phosphorus entering the
environment via detergents.

In the present work it is aimed to study the distribution
of detergents in Eastern Harbour and its correlations with
salinity, total phosphorus and polyphosphates and the impact
gf gleven outfalls which discharge untreated sewage into the

arpour.



MATERIAL AND METHODS

The Eastern Harbour is a semi-enclosed area with its
mouth protected from the sea by an artificial break water
leaving into two openings to the sea. The mean depth of the
Harbour is about 3.5 m reaching a maximum depth of 9-11 m at
some places,

Water samples were collected monthly during May 1987 to
May 1988, except during October 1987 and April 1988. Surface
and bottom water samples were collected from five stations

inside the Harbour (Fig.1). Surface samples were collected
by polyethylene backet attached to plastic 1line, while
bottom ones were collected by Nesken bottle. Detergents
samples were analysed using methylene blue methoed as
described b{ standard Method for the examination of water
and waste water (1981). The absorbance of the chloroform
extract of anionic surfactant and methylene blue were
measured at 650 nm using Schemadzu spectrophotometer
Uv-150-02 and results were expressed as mg ed. LAS/1l. Total
phosphorus and polyphosphates samples were collected during
June 1987 to May 1988. They were analysed according to
Grasshoff (1976), the absorbances were measured by the same
instrument and the results were expressed as umol/1l.
‘Salinity samples were measured using salinometer "Beckman".

FIG. 1
Sampling stations
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RESULTS AND DISCUSSION

The distribution of anionic surfactants in the Harbour is
illustrated in Table 1. From this table it is observed that
surface water is characterized by high concentrations of
detergents, they ranged between 0.05-3.59 mg eq. LAS/1,
while at the bottom they ranged between 0.00-1.57 mg eq
LAS/1. This may be due to the discharge of séwage to the
surface water.

Table 1

Surface and bottom distribution of anionic detergents
in the Eastern Harbour area during May 1987
to May 1988,( mg eq. LAS/L).

Station May June  July  Aug. Sept. Nov. Dec. Jan. Feb., March May
No. 1987 1988

1 s 0.95 1.3¢ 1.02 0.96 2.16 1.63 0.53 0.05 0.33 0.43 1.0
B 0.42 0.47 0.1 0.63 1.57 0.96 0.23 0.00 0.17 0.3 0.43

2 s 1.23 2.48 3.59 1.16 0.60 1.02 0.43 0.15 0.58 0.15 0.5
B 0.38 0.29 0.83 0.68 0.43 0.39 0.35 0.00 0.11 0.% 0.31

3 s 1.07 1.02 0.70 1.15 3.06 1.52 0.51 0.27 0.8 0.46 0.31
B 090 0.25 0.5 0.8 1.33 0.00 0.26 0.09 0.46 0.26 0.32

4 S 0.66 1.16 2.02 0.69 053 1.04 054 0.9 0.22 0.33 0.38
B 0.45 0.23 0.51 0.2 0.90 0.66 0.34 0.19 0.1 0.22 0.23

5 s w73y 0.73 uo.1 1oal 1,47 1.26 0.55 0.69 0.26 0.39 0.33
8 0.23 0.30 o.u¢  1.17 0,67 0.99 0.41  0.18 0.15 0.34 0.29

The average distributions of detergents, total phos
polyphosphates and salinity are 111ugtratéd in Tgb?epgogié
Fig. 2. From the table it is noticed that the surfac water
had higher average concentrations of total phosphorus and
pelyphosphates (3.76 and 2.96 umol, respectively) than the
bottom (2.1 and 1.45 umol respectively). on the other hand
surface average salinity was less than bottom one (35.85%
and 38.2%, respectively). From this table it is observed
that stations 2 and 3 had higher content of detergents (1.09
and 0.99 mg eq. LAS/1), total phosphorus (8.51 and 3.02
umol/1) and polyphosphates (6.76 and 2.37 umol/1l), and they
had lower salinity 35%, and 36.01%,. This may be due to the
fact that these two stations are d?rectly affected by the
untreated sewage discharged to the Harbour. oOn the other
hand statjons 4 and 5 are situated at the interances of the

Harbour and are affected b
vayoour Y open sea water reflecting lower
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Table 2

Average concentration of detergents, total phosphorus
polyphosphates and salinity in the Eastern
Herbour area during May 1987 - May 1988.

Station No. Deterg. T.p. Poly.Phos sxo

1 H 0.95 2.79 2.190 35.79
B 0.48 1.57 1.22 38.20

2 s 1.09 8.51 6.76 35.0
’ B 0.36 4,43 2.70 38.02
3 ] 0.99 3.02 2.37 36.01
8 0.47 2.02 1.58 37.96

4 S 0.78 2.53 1.97 35.75
B 0.40 1.14 0.82 38.26
S H 0.77 1.94 1.51 36.68
8 0.43 1.33 0.91 38.54
avereages § 0.92 3.76 2.96 En.88

8 0.43 2.10 1.45 38.20

Seasonal variations of detergents in the Eastern Harzronr
during investigation period is shown in Table 3 and ¢ . 3
From the table it is observed that higher concenlraticr noi
detergents was recorded during summer and autumn; 1.34 aud
1.43 mg eq. LAS/l respectively and lower wne was recoraad
during winter 0.47 mg eq. LAS/1.

The detergentg content during both summer and autumn was
6 times more than detergents content during winter and this
is because more than million peoples visite Alexandria
during summer.

The fregquency distribution of the concentration of
methylene blue active substances in the Eastern Harbour area
during investigation period is represented in Fig. 4. The
most abundant values are 0.0-0.4 mg eq. LAS/1 which
cornstitute about 40% of the total values while values
between 0.4-0.8 mg eq. LAS/]l constitute 28% of the total
values. The means of detergents content 1in the Harbour
ranged between 0.0 and 0.8 mg eqg. LAS/1l (68%). 18% of the
total samples represents a concentrations of 0.8-1.2 mg eq.
LAS. 8% of the Eotal samples was ranged between 1.2 and 1.6
mg eq. LAS/1. While values ranged between 1.6 and 3.6 mg eq.
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LAS/1 constitute only 5% of the total samples. Mahmoud and
Beltagy (1988) found that detergents content of Lake
Borollos ranged between 0.0 and 0.3 mg eq. LAS/l, which is
less than the values found at the . Harbour. Albaster (1978

found that acute toxicity (LCgy) of the non ionic surfactan

most commonly used in the detergents and cleaning agents in
the range of 3-7 mg/l of active substances in static test
with golden rofes. Kozarac et al. (1977) found that values
above 0.01 mg/l are obtained in regions under the influence
of urban pollutants. He found that values between 0.0 and
0.01 mg eq. LAS/1l constitute more that 40% of the total




Table 3

Seasonal variations of detergents in the Eastern Harbour

St.  Summer Autum Winter Spring

1 s 1.09 1.900 0.3 0.79

8 0.40 1.26 0.13 0.39

2 8 2.41 0.81 0.39 0.65
8 0.60 0.41 0.15 0.28

3 s 0.9 2.29 0.54 0.61
B 0.55 0.67 0.27 0.46

$ &8 1.29 0.79 0.57 0.46
B8 0.45 0.78 0.21 0.30

S s 093  1.37 0.50 0.48
-8 0.52 0.83 0.25 0.26

s 1.34 1.43 0.47 0.60

B 0.50 0.79 0.20 0.37
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FIG. 3
geasonal variations of detergents
in the Eastera Harbour at surface
and bottdm water.
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values at the North Adriatic. He concluded that the values
below 0.01 mg/l correspcend to unpolluted sea water. Cosovic
et al. (1982) fouru that the concentrations of anionic
detergents in the .udriztic Sea-off shore stations-were low
and rarel{ exceed 0.05 wmg/l, while the anionic detergents
contents in Rovinj flar. >ar were 0.62, 0.01 and 0.08 mg/1,
and its concentrations in Rejeke Harbour were 0.1 and .03
mg/l. He also found that the concentrations in Split
plastice industry were 0.20-0.14 mg/l. Cosovic et al. (1979)
concluded that the surface active substances modify the
structure of inter boundary layers and affect the processes
of mass and energy transfer. De Renzi et al. (1978) found
that detergents content in coastal water infront of Italy
ranged between 0.005 and 0.08 mg/l. Kozarac et al. (1975)
found that the content of anionic detergents in samples of
sea water ranged from 0.01 to 0.62 mg eg. SLS/1.

Correlation coefficients were calculated between
detergents total ghosphorus, polyphosphates concentrations
and salinity. sal nity as a conservative parameter 1is
considered lo be the most obvious indicator variable

showing the extent of mixing of seawater in the Harbour with
sewage discharged. During June and July (1987), there were
a significantly high negative correlations between
salinity, detergents, total phosphorus _and polyphosphates
They were r = -0.95, -0.93 and -0.92 durlng June (1987) and .
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r= -0.96, 0,7 and -0.7 durini Jull (1987?. This reversib*e

!!!!!l!!lbﬁd lnilcale Lhe aliochthonous origin of these

parameters. During February 1988) there was a negativ

correlation between salinity ané detergents r = —0.78.gTher:
were no correlations between =gal nity and the other
parameters at the rest of the year. Also during June and
July (1987) detergents gave a very high positive
correlations with total ghosphorus and polyphosphates r =
gég7and 0.9 during June 1987 and r = 0.8 and 0.8 during July

This high significant correlations indicate tha
these two months, detergents are the main factoguzé:g
increases the concentrations of total phosphorus and
polyphosphates. while in February (1988) there were no
correlations between detergents and these two parameters
%Egigzﬁéggrthat detergents did not affect their content in
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GENETIC VARIABILITY AND SIMILARITY
IN TWO FAMILIES OF CRABS

SAFAA 1. EL-DEEB
- National Institite of Fishery and Oceanography, Alexandria

Academy of Sclence, Egypt
ABSTRACT

Serum Proteins and esterase fisoxymes of crabs: Eriphia
spinoforms (red); Eriphis spinoforms (green) Family
xanthidee and Portunus pelagicus; portuus srcustus,
Carcinus mediterraneus and Charybdis  bellerf Family
Portunidee were studied electrophoretically. SDS
‘polyacrylamids pel was used to estimate the molecular
weight of the varfsble protein between the two
familien. The genetic distance wes calculated for the
two families. .

The results indicated that Eriphia spinoforms (red) and
Eriphia spinoforms (Green) appeared as two species. Portuws
pelagicus, Carcinus mediterrancus and Carybdis hellieri were
closely related to each other and constitute one group;

- vhile Portunus arcustus constitutes another group, loosely
related to the first. Esterase isorymes patterns showed
genetic variability in the different species of Crabs.

- The motecular weight of the varisble proteins between the
two families ranged between 140,000 0 and 18,000 D.

The genetic distance indicated also that portunus
pelagicus; Carcinus mediterransus and Carybdis helleri were
closely related to =ach other and Portum arcustus swas
loosely related to this group. Eriphia spinoforms (red) and
Eriphia spingforms (Green) were two related species.

' INTRODUCTION .

Craba are the most commercislly important
edible Crustaceans. They are classified in Order decapoda,
Suborder Reptania, Section Brachura. Its fishery has grown
consideraply and are now commercially well exploited.

The study of groteln variation enables us to evaluate the
amounts of genetlc variation in populations of economicall
important species that cannot yet be bred 1in culture an
later to document the genetic chan?es brought by their
domestication. Furtthermore, identificatioh of biochemical
genetic ° markers and their distribution in natural

- populations facilitate the development of guantitative
genetics research and breeding programs as control over
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The biochemical genetics,therefore is bein ‘QY‘ ni‘ii nn
) lll!“!u AHJ e”lclenlz approach tc|J .qeneta}e muEh of the

basic genetic information crucial to the development of
aquaculture (Utter et al,, 1974).

The study of gene ptrotein variation is accomplished by
straight forward of electrophoresis. All electrophoretic
methods have proved usefu to varying degrees in
characterizing specific organisms. In particular, acrylamide
?el electrophoresia has been extensive used because of

ts excellent resolving power (Brewer, 1970).

Few of - gg:e procedures were described adequately for use
with crust hs (Redified and salini, 1980).

Accordingly, the present study includes preliminary
observation  concerning the applicability of protein and
esterase isozymes to evaluate the amount of genetic
variation 1in six specles of <crabs collected from
Mediterranean Sea at Alexandria.

MATERIALS AND METHODS

The present investigation was carried out on crabs:
portunus pelagicus (P.P), portunus arcuatus (P.a), Carcinus
mediteraneus(C.m), Charybdis helleri {¢.h) (Family
Portunidae), Exiphia splniforms red (ESR) and Eriphia
spiniforms green (ESG) Famil Xanthidae (Fig. 1). The
samplea were collected from Medlterranian Sea at Alexandria.
Flesh was removed from alive samgles and used for analysis
immediately or after storage at 4°C. A crude aqueous extract
of soluble proteins #s obtained by homogenizing tissue.. ¢
centrifuging for 20 mlnutes at 3000 rpm. The zupernatoucs
were vtilized to determine serum proteing by vertical
poclyacrylamide gel electrophoresis. The procedures were
modified from Davis (1964).

Esterase isozymes wef2 determined for the six species in
the serium proteins %y vertical polyacrylamide gel
electrophoresis and the staining method was modified from
Stordeur (1976) and Shaw and Prasad (1970).

SDS polyacrylamide gel electrophoresis was used to study
serum proteins of Eriphia spinoforms red (Fam. Xanthidae)
and Portunus pelagicus {Fam. - Portunidae according- to
Stegemann et al. (1987). The molecular weight of the
separated proteins was calculated from Table 1 which
represents the molecular weight of the used marker proteins.

The genetic distances were calculated for each species of

the two families from serum protein according to Sokal and
Sneath (1963).
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FIG. 1
Family Portunidae
A= Portunus Pelagicus B= Porturnus arcuatus
C= Carcinus mediterrneus D= Charybdis helleri

Family Xanthidae :
Eriphia spinoforms (red), Eriphie spinoforms (red)
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TABLE 1
fiarker proteins and thelr motecular welghts.

Proteins s Producer, Order rumber Mol .weight -
of Protomers
tmmmnoglobul in, Normat Mumen 19G, Purif. Byk-Mallinokrodt, Nordic Immunology, (150,000 D)
0-6051 Dietzenbach-Steinberg ¢ 50,000 p
. 23,500 D
Phosphorylsse b (rabbit muscle) Boehringer, 108 275 97,400 0
Tyophilized (40 mg= S mg protein)
Atbumin (bovine serum), dry puriss Dehringuerke, oRNO 67,000 0
- Fumarsse (pig heort) Sochringer, 104 957 49,000 0
Crystal suspension
Alcohol -dehydrogenese (yesst), (ADN) Boehringer, 102 709 37,000 0
Lyophilized (50 mg=30 mg protain)
Chymotrypainogen A (bovine), Serva, 17 200 25,700 D
6 x Cryst., puriss.
Lysozyme from egg white, puriss, Sarve, 28.260 14,300 0

RESULTS AND DISCUSSION

Since successful genetic improvement either through
selection or hybridization depends on the amount of genetic
variation within and between populations, this study has
concerned with the quantification of genetic variation in
natural populations by using protein and esterase
electrophoresis in the species of crabs. Fig. 2 shows_ the
serum’ protein -patterns o©of Fam. Xanthidae: = Eriphia

- spiniforms (red) and Eriphia spiniforms green. It is clear
that 15 proteins migrated towards the anode. No apparent
‘differences could be observed between the two species in

major proteins except protein No. 13 and 14, but the
differences between the two species appeaxred in the minor
.proteins at No. 1, 6, 9, 10, 14 and 15.

~ Figure 3 shows the serum proteins patterns of four

species of Family Portunidae: Portunus pelagicus, portunus
arcuatus, Carcinus mediterraneus and Charybdis helleri.It is
clear that no two patterns are exactly alike in the four
species. However, this family have been characterized by the
presence of proteins 1, 2, 6, and 9 in the four species.

Shaw (1970) mentioned that closely related species which
occur in the same genus, differ at about 50-80% of their .
genes. From Figs. 2 and 3, it is possible to state that in
these samples the serum protein patterns are specific for

.any one of species and constitute a single by which these
two families may be identified. The results also indicated

that Eriphia spinoforms (red) and Eriphia spinoforms
(green) are related to each other and appeared as two
species.
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Conventional systematics usually depend to a larger
extent on mortphological characters. But morphological
differences in congenetic animal species probably depend on
relatively few genes. It can therefore not be ruled out that

special selection ressure might have been exerted
predominantly on thls small fraction of the genome only,
which mainly determines morphological characters,

Morphological dissimilarities therefore may falsely imply in
some cases considerable evolutionary divergence. Conversely
it has already been shown that leght morphological and/or
ecological dissimilarities exist between sibling species
canno be taken as evidence of little = genetic
differentiation. Sibling species of the Drosophila
willistoni group are morphologicall very similar but
genetically very different (Ayala et al., 1971).

Figures 4 and 5 show the esterease 1isozymes of the
different species of crabs. It is clear that four isozymes
of esterases at Exiphia spp. and the differences between the
two species appeared at E,, E; and E,. But in family

Portunidae, it is appeared three isozymes of esterases and
the differences between the four species 1in the three
isozymes.

Kirpichnikov, (1973) said that esterases are inherited
codominantly without formation of hybrid rings. As =z rule,
the esterase wolecule is a homopolymer (probably a dimer)
and therefore, the number of isozymes is not considerable
for this en&imes. In some ' fishes, however, it is large
(Holmes and Whitt, 1970).

Since electrophoresis examins on1¥ the structural genes
which comprise approximately 1 of the genome.
Hypothetically two groteins of different molecular wel ;his
may migrate iuoward the anode at the same rate if thelr size
differences are balanced by compensating charge differenc.s.
For this r#ason acrylamide gel electrophoresis may not be
used to #in information about molecular weight coif a
rotein. second restriction placed on electrophoretic
echniques concerns the number of species observed on the
gel molecules which are tightly but mnot covalently bound
together and not usually separted frum one another during
electrophoresis.

Shapiro et al. (1967) attempted to surmount these
problems by separate a mixture of proteins in the presence
of sodium dodecyl sulfate (SDS), an anionic detergent. The
binding of SDS introduces one negative charge per bound
molecuge of SDS on the protein molecule. At neutral pH the
total charge of the protein SDS complex is almost entirely
dependent upon the charge of the SDS molecules. It has been
found that the charge per unit mass 1is approximately
constant and therefore the electrophoretic mobility of the
complex is mainly dependent on the molecular weight of the

" protein.
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To gain information about the molecular weight of
proteins in the two families. Portunus pelagicus (Fam.
Portunidae) edible performance species and Eriphia
spiniforms red, the higher growth rates have been chosen to
study the variation between the two specles at the molecular

weight (Fig. 6). The molecular weight of the variable

preceins in the two species has been calculated from the
standard curve (Fig. 7).
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Table 2 represents the variable proteins in the two
species and their molecular weights. It is clear that the
variation between the two species 1is 1localized at 12
proteins and their molecular weilght ranges between 140,000 D
and 18.000 D.

For the development of inbreeding and c¢ross breeding
programs, biochemical genetics permits the evaluation of the
degree- of homozygosity . and the enetic. similarity. of
populations making designed crossing more 1likely to be
productive.

TABLE 2
Tthe molecular weight of the varisble proteins In
Portuws pelagicus ond Eriphis spinoformes red.

Species Holecut a—r—_

Protein Mobility weight
P.P ESR w1078
5 + - 2.1 %.0 |

6 - * 2.3 13.7

9 - + 4.0 1.5
10 N - 4.2 n.2
1 - . bk 11.0
13 + - 4.9 10.1
20 + - 8.0 6.0

e A e 25 - + 9.9 4.5
27 - + 10.4 2.5
28 - . 10.6 2.4
29 + . 10.8 2.4
30 + 1.0 1.8

The genetic distance was calculated from serum i
of the two families at 12 genetic loci in Fam,. Xanthgggge;gg
;tbg genetic 1loci in Family Portunidae. It is clear from
ia es 3, 4 and Fig. 8 that the distance between ESR and ESG

s 0.05 while the genetic distance in Family Portunidae
range from 0.0054 _to 0.125, and (P.P), (C.m) constitute
one group closely related to each other while (P.a)
constitutes another group loosely related to the previous
g;?;gia :he d}stance1 between the group (P.P), (C.m) and

PP. 1s nearly the same distance b .
the group (p.p, cm. c. h). S etween (P.a) and
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TABLE 3
Genetic distences betueen members of Family:Portunidae.

p.P P.a c.m C.h
P.P e 0.078 0.0054 0.0062
P.a - 0.1250 0.0890
C.in - 0.0064
C.h. .
Table &
The genetic distances between ESr, ESr, ESG
Fom.: Xanthidae and C.h. Fam.: Portunidae.
ch ESF ESG
ch — 0.115 0.117
ESr — 0.050
ESG _
1e.5 5 50,
e ey 5 . RS
Py
Pt
— G
o.h
B3x
B30
FIiG. 8

Genetic distances of the Family: Portunidae and
Family: Xanthidse.
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Hedgecock et al.(1976) reported that genetic distance has
enabled to measure the amount of genetic divergence between
the American and European Lobsters (H. americanus and H,
gamnarus), Decapoda; Crustacia, wusing Nei’'s measure of
genetic distance D. The statistic for this inter specific
comparison D= 0.103 is 10 times that amon different
populations of American lobsters, D=0.006. Hybridization of
the European and American species appears feasible and will
result in highly heteroczygous offspring. By measuring the
performance of these lobsters, hybrid wvigor can be
correlated with heterozygosity and the practically of the
hybridization program may by evaluated.
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BIOMASS OF THE STANDING CROP OF PHYTOPLANKTON
IN LAKE BUROLLUS (EGYPT)

ZEINAB M. EL-SHERIF

National Institute of Oceanography and Fisheries
Alexandria, Egypt.

ABSTRACT

The phytoplankton biomass in Lake Burollus (Egypt) was
estimated monthly during 1979. Results indicate that the
biomass of the different classes was altered when Compered
with (ts nrumerical velues. Thus, Secillariophyceae
constituted about 69 X of the totsl algal biomass, while
Chlorophycese and Cysnophycese showed decreased frequencies
to about 16 X snd 15 X respectively. On the other hand,
Chlorophycese was rumerically the most {mportant plankters
and comprised collectively 58.9 X of the tatal phytoplankton
counts. This was followed by Becillariophycese (31.1 X) end
Cysnophyceae (8.8 X).

The phytoplankton biomass showed a gradual incresse from
the eastern Lake towards the west perticularly due to the
increased biomass of Bacillariophycese.

The more dominant species which contributed the bulk of
the phytoplankton biomess comprised, Cycletells meneghiniana
Kutz., Nitzachis palea (Kutz) V. $m., 8. reversa V. Sa.,
Nelosira verians Ag., Synedrs ulne Ehr., Pleurcsigms Sm. wnd
Nicrocystis seruginosa Kutz.

THFRODGCTION
Lake Burllus Is a ghallow brackish water lake lying
the North of the Nile Delta along the Mediterranean Coas 35
Egypt, with -an area of about 50,000 hectares and an averagg
water depth of 115 "cm. The Lake receives most of its wate
from fivé main drains which open at the southern margin o
the Lake, .beside Burllus Drain which is located at the
north-eastern side. The western extremity of the Lake is
connected -with Rashid Estuary through Brimbal Canal (Fig.
1). The amount of water discharged into the Lake amounts toa
about 2.6 wmilliard cubic meter per year. The surplus water
flows constantly from the Lake into the sea through a small
opening named as Boughaz El-Bourg. Sea water may on rare

occasions invada the Boughaz region particularly during
winter.

The phytoplankton community in Lake Burllus is rich, both
in densi 5 and number of species. 1Its composition and
numerical distribution "were -previously given by El-Sherif
.{19813) . This paper deals with the quantitative estimation of
the phytoplankton bionass in the Lake. ‘
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MATERIAL AND METHODS

The phytoplankton biomass was determined by measuring the
size of the different species (average volume of 30
- specimens for each species) according to the formulae
‘recommended by Edler (1979), taking in consideration that
the specific gravity of phytoplankton cells is wunity (cf.
Strickland, 1960). The blomass is expressed in mg fresh
weight/l. The rare plankters were excluded in the present
estimation. :

Eighteen stations were selected as representing the
different habitats in the Lake, their locations are shown in
Fig. 1. These stations were further grouped into three main
sectors, namely; eastern Lake (Stations 1-6), middle Lake
(Stations 7-12) and western Lake (Stations 13-18).

Sampling was carried out monthly from January ta
December, 1979.

RESULTS AND DISCUSSION
Cell Volume Measurements

Results of measurements of cell volumes of the different
species and thair: standard deviation are illustrated in
Table 1.

Composiiion And Distribution

While Chlorophyceae was numerically the dominant group as
it formed about 58.2 % of the total phytoplankton counts
during 1979 (El-Sheuif, 1983), yet it contributed only 16.2
$ of tihe total ph,!cplarkton biomass. Similarly the biomass
of Cyanophyceae was comg:.rakle to that of the green algae
and 1t constituted d.cut 14.8 % of the total phytoplankton
biomass. On the othe¢: hand, Bacillariophyceae representad
the major bulk of the phytoplankton and formed 69.0 % of its
total biomass, although it ranked numerically as the second

important group with 31.1 % of the total phytoplankton
,counts.

As shown in Table 2, the highest Ehytoplankton biomass
appeared in the western sector particularly dua to the
increased values of diatoms and it decreased gradually
eastwards. B

Seasonal Variations

The monthly fluctuations of the total phytoplankton
biomass is shown in Fig. 2. The eastern and middle Lake
showed maximum persistence of phytoplankton-biomass in early
‘autumn (September). Relatively high values were also
‘recorded during the winter in the eastern Lake and in March
in the middle sector.
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TABLE 1

Algal volumes in cubic microns of the different
species of phytoplankton in Lake Burollus and thefr

standard deviation.

Phytoplankton species

volume {n cubfc
microns (= x10"")

Bacillariophycese

Cells :

- Hitzechia microcephala Grun
- ¥. palea (Kutz) W. Sm.

* f. reversa W. Sa.

« Cyclotella meneghiniana Kutz

* Nelosira grenulata (Ehr.) Ralfs.

- M. Varisma Ag.

« Synedra ulne Ehr.

- 8. tabulata Kutz.

+ Cocconeis placentula Ehr.
» Mastogloia braunii Grun.
* N, smithii Thu.
Pleurosigma Sm.

PSR d

QIMM

1. Calls 2

» Scenondosmus quadricauda (Turp.) Breb

< Sc. diagonalis 8. Fang.
- Sc. bijugatus (Turp.) Kutz.
- $¢c. opaliensis Rich.

- Dictyospheerium pulchellum Wood.

- delutn. duplex Meyen.
- P. boryarum (Turp.) Menegh.
- P. simplex Meyen.

- Ankistrodesmms falcatus var. mirabile W. & G.S. West
= Ankistrodesmus felcatus var. spirilliformis G.S. west

- Crucigenia quadrata Morren.
- Oocystis borgel Snow.

- Tetraedron minimm (A. Sraun) Hang.

- Sphaerocystis schroeteri Chod.
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356,22 ¢ 27

824.12+ S7
1144.00 + 119
3297.55 ¢+ 235
1009.55 + 81
13766.13 + 688
11726.39 + 704
1076.36 + 54
2296.77 & 207
8522.95 ¢ 596
5174.45 ¢ 259
56207.60 * 1686

159.03 ¢ 14
RMME 4
170.61 ¢ 15
.63+ &4
35.0¢ 6
187.212 15
563.00 + 45
8378.33 + 127
5.9+ 7
7.7 + 10
398+ 4
277.66 + 148
490.74 & 49
220.78 + 18



Table 1: Contiune

2. Filaments :

- Geminella minor (Nag.) Hansg. 2532.24 + 126
Cyanophyceae

1. Cells =

- Merismopedia minime Beck. 0.52 + 0.08
- H. punctata Meyen. AT.42 ¢+ 12

2. Fitaments @

- Lyngbya limnetics Leam, 899.43 + 33
- Oscitlatoris Liznetica Lenm, 1138.08 + 155
- Anabaeenopsis sp. 2476 .45 + 124
- Anabaens sp. 2664.29 + 133
3. Ceencbia :

- Microcystis eeruginosa Kuiz. ;6198‘00 + 310

Table 2
Average Liow. » 7 3 . [ erel., y oups of phytoplankton (mg/i)

recorded in the three sectors of Lake Burcllus and their
percentage frequency for the whole Lake during 1979.

Section Eastern Middle Western
Phytoplankton Lake Lake Lake Average %
Bacillariophyceae 1.2726 1.1419 2.4398 1.6181 69.0%
Chlorophyceae 0.1251 0.5120 0.5052 0.3808 16.2%
Cyanophyceae 0.1292 0.3869 0.5258 0.3473 14.8%
Totat 1.5269 2.0408 3.4708 2.3462 100%
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Seasonal veriations of the phytoplankton biomass
(mg\1) recorded in the three sectors of the lake
during 1979. ’
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The highest peak of abundance was observed in the western
Lake during the summer (Junea & July) beside smaller ones in

September and December. Most of these peaks were attributed
to diatoms. .

The following is a quantitative survey orr the
distribution of the different classes of phytoplankton
recorded in the Lake.

a - Bacillariophyceaa :

Diatoms contributed about 69 % by weight to the total
phytoplankton (average 1.6181 mg/l). As shown in Table 3 and
Fig. 3A the western sector sustained highest diatoms

_biomass, .particularly due to Nitzschia palea, Nitzschia
reversa Cyclotella meneghiniana, Melosira varians,
Pleurosigma sp. and Synedra ulna.

The other two sectors sustained more or less comparable
values with the same diatom composition but showing
different frequencies. The main' diatoms there comprised
cyclotella meneghiniana and Synedra wina.

Table 3 -
Average biomass (mg/1) and percentage frequency of the different

species of diatoms to the total Bacillariophycese in the three sectors’
of Lake Burollus during 1979,

Sectjon Eastern Lake MNiddle Leke Western Lake
biatove : Biomass X . Biomess X Biomess X
- Mitzachia pales 0.0383 3.0 0.1558 13.6 0.6156 25.4
* N. reverss 0.0812 6.4 0.0490 4.3 0.2885 11.8

« N. microcephala J.0440 3.5 0.0807 7.1 0.1316 5.«

- Cyclotella meneghinfane 0,3808 29.9  0.2267 19.9 0.7 2é.4
2

= Synedra ulne 0.2708 21.3 0.3640 31.9 0.1582 6.5
- 8. tabulata 0.0133 1.0 0.0032 0.3 0.0026 0.1
- Nelosira variers 0.0356 2.8 0.1704 14.9 0.3536 14.5
- N. granulats 0.0099 0.8 0.019% 1.7 0.0918 3.8
- Pleurocsigne sp. 0.1246 9.8 0.0519 4.5 0.18% 7.6
- Cocconels placentula 0.2046 16.1 0.0098 0.9 0.0029 0.1
- Rastogloia smithif 0,0411 3.2 0.0105 0.9 0.009 0.4
- M. braunii 0.0286 2.2 ==+ ees == -ee

Total 41,2726 100%  1.1419 100X 2.4398 100%
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'b - Chlorophyceae :

Members of chlorophytes contributed about 16.2 % by
weight to the total phytoplankton biomass (average 0.3808
mg/l). The highest values appeared in the middle and western
sectors, showing the same dominant species, namely;
Pediastrum simplex, P. boryanum, Scenedesmus quadricauda,
Sc. bijugatus, Oocystis borgel, Geminella minor and
Dictyosphaerium pulchellum, but with different percentage
frequencies (Table 4 & Fig. 3B). The eastern Lake harboured

Table 4

Average biomass (mg/1) and percentage frequency of the different species of
green slgae to the total Chlorophyceae in the three sectors of Lake
Burollus during 1979.

Section Eastern Lake Middle Lake Western Lake
Green algae Biomass X Biomass X Biomass X
Pediastrum simplex .- «-=  0.0283 5.5 0.1449 28.7
- P. boryanum 0.0067 5.3 0.0335 6.5 0.0291 5.8
- P. duplex 0.0017 1.3 0.0097 1.9 0.0168 3.3
- Scenedesmus quadricauda 0.0082 6.6 0.0581 11.4 0.0908 18.0
- Sc. diagonalis 0.0007 0.6 0.0058 1.1 0.0085 1.7
- S<. bijugatus 0.0034 2.7 0.0283 5.5 0.0304 6.0
- Sc. opaliensis 0.000t 0.1 0.0003 0.1 0.0007 0.1
- Oocystis borgei 0.0403 32.2 0.1156 22.5 0.0769 15.2
- Geminella minor 0.0276 22.1 0.1169 22.8 0.0800 15.8

- Dictyoephserium pulchellum 0.02246 17.9 0.0788 15.4 0.0012 0.2
- Tetraedron minfmum 0.0081 6.5 0.0199 3.9 0.00856 1.7
- Sphaerocystis schroeteri 0.0024 1.9 0.0093 1.8 0.0113 2.2
- Crucigenia quadrata 0.0010 0.8 0.0062 1.2 0.0047 0.9

- Ankistrodesmus falcatus 0.0017 1.4 0.0013 0.3 0.0010 0.2
var. mirabile

- Ankistrodesmus falcatus 0.0008 0.6 0.0002 0.04 0.0003 0.1
var, spiritlliformis ’

Total 0.1251 100X 0.5120 100% 0.5052 100%
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low values of green algal biomass where Oocystis borgei,
Geminella minor and Dictyosphaerium pulchellum formed the
main bulk of chlorophytes there.

C - Cyanophyceaa :

The.blue green algae, as a whole constituted about 14.8 %
by weight to the total phytoplankton blomass (average
0.3473 mg/l), while their numerical values dropped to 8.8 %
of the total hytoplankton counts. The western sector
harboured a high value of 0.5258 mg/1 due to ‘the increased
welghts of Microcystis aeruginosa, Igngbay limnetica,
Anabaena SP. and Oscillatoria limnetica. Thelr total biomass
decreased gradually towards the eastern Lake but showing
eimi ¥x algal composition (Table.5 & Fig. 3C).

Table §

Average biomass (mg/1) and percentage frequency of the different
species of blue green algae to the total Cysnophycese in the three
sectors of Lake Burollus during 1979.

Eastern Lake #adle Libs Wostorn Lake

Blus grenr algee Biomasa b siomass X ’ Biomass %

Hicrocystis aeruginosa 0.0253 19.6 0.1512 39.1 0.1921 36.%

Lyngbye Lisnetica 0.0122 9.4 0.0896 23.2 0.1341 25.3
Ansbesns p. 0.0419 32.4 0.0492 12.7 0,065 12.3
Oscillatorfa Limmetica 0.0316 24.35 00309 8.0 0.0761 1%
fnsbesnopais ep. 0.0156 12.1 u.0485 12.5 O0.0361 6.%

Reriszapedia punctata 0.0023 1.8 0.6164 4.2 0.0217 4.1
Norfsaopedia ninime 0.0003 0.2 0.001 0.3 0.0012 0.2

Total 0.1292 100X 0.3859 100X 0.5258 100X

CONCLUSION

Results of the present investigation show that the
biomass of the different classes of Ehytoplankton was
altered when compated with its numerical distributibn. Thus,
while Chloroih{ceae was numerically the most dominant groug,
this was shifted to Bacillariophyceae when discussing the
algal biomass.
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The phytoplankton biomags, in general, may give a more
prectise gicture on the magnitude of its standing crop which
reprasents the first trophic level in food cycle.
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ROLE OF ANTIFOAMERS IN EXTRACTING OIL
FROM DESALINATED SEA WATERS

HASSAN AWAD AND SAMIR GHAZYx*

Depdrtment of Oceanogfaphy, Faculty of Science, Alexandria
University, Moharam Bey, Alexandria, Egypt.
*MEPA, Jeddah, Saudi Arabia.

ABSTRACT

In the countries surrounding the Arsbiasn Gulf, es in all
similar arid arese, secwater deselination is the absotutely
vital industry. Because of the concentration of enormous
petroleun activities in this area, this industry fis in
contirnuous menzce from all risks of marine oil pollution.

In the present work, en investigation is conducted fol
the possible role antifoaming egenta in minimizing the load
of dissolved petroleum products interfered within the
dis ‘il led zeawater during its desalination processes. By
b ev .y @tperiments, the results showed that the added
antifc. i35 could extract considerable amounts of dissolved
petroieum hydrocerbons. For two dominant used types of
arzifoamers  (Antifroth =nd U-Con), equations for their
capacities §:. extracting petroleum hydrocarbons from
seawater were deduced.

INTRODUCTION

In the arid :.rnuer her nobtanl  and sorigation wacer: are
rare, desalinat .z % s _.i:a%r. 4S8 a convenlent means of
5upp1yin? the locul water demand. In all countriesg
gurrounding the Arabian Gulf, seawater desalinatio
represents a very vital industry for their survival ang
development. As this region is well known by its richness i
various petroleum activities (production, transportation an
processing), the oil pollution in the Gulf marine
environment 1is normally existing in the same order of
magnitude as the enormous petroleum activities. However, tha
coastal desalination plants in the area are usually in
continuous menace by stopping their operational activities
-when the pumped seawater become contaminated by oil. This
was the case following the disaster of Nowruz in 1983 during
the Iran-Iraq war (1982 =-1988) when almost all desalination
plants were closed for long duration. This is inspite of the
fact that the regions of water intakes for most of the
"desalination plants in the area are usually protected by
fence or curtain booms. In fact, this type of protection is
useful for spreaded and to some extent for dispersed oil in
the water, but it 1is wuseless for the dissolved or minute
emulsified oil fractions. This later oil fraction could
escape from the booms and interfere in the desalinated sea
water causing unpleasant and harmful modifications in the
final produced desalinated waters. :



Multistage flash distillation (MSF) is the process used
in almost all large sea water desalting production plants.
The equipment 1is simple; the operation is relatively
reliable and the  manufacturing techniques and engineering
design are sufficiently well established to allow dependable
easily operated units to be produced (McIlhenny, 1975). This
type of seawater desalting technique is in fact the dominant
employed one in the area of Arabian Gulf. The method is
composed of successive steps which could be summarized in
the following lines '

-~ injection of the pumped saline water with concentrated
stoﬁ for the prevention of scale formation of CaCO; and
Mg (OH) ;. The used concentration is 120 ppm.

- injection with NaOH to nutralize the effect of the
previous acidification step and for keeping the pH in the
range of 7.4 ~ 7.7.

- treatment with the antifoam agent for preventing foams
with saline waters during distillation step. Antifoanm is
used with concentration corresponding to 0.16 ppm.

- distillation of treated saline water in wvacuum for
reducing pressure to maintain the process at low temperature
(about 40%C).

Before distillation step, there are twc cther <:eps which
are not irciaded in our design (treatment with
hypochlorice as a source of free chlorine for %illing
bacteria and with lime water for preventing erosion in pipe
network). According to the aim of our investigation, thesa
two later steps are not practically significant.

Among these above operational steps, the preszent work is
devoted to illustrate the possible role of using inti oans
in extracting dissoclved oil hydrocarwone from distilied = -a
water. The idea of this work is developed from the fact ti.ct
the antifoaming agents are surface active in nature &nd

. composition. The physical action of these compounds is to
diminish the surface tension of the air bubbles in the
solution leading to burst them. Hence, the use of antifoamer
is necessary to avoid both 1loss in equipment capacity
{distillation chambers) and increase in processing time

distillation time).  Indeed, in the seawater desalting

plants the use of antifoamers is necessary to avoid the
contamination of condensed vapours with salt particles in
the distjillation chambers.

MATERIAL AND METHODS

The used materials in the present work are : two types
antifoaming agents (Antifroth and U-Con), and two types of
Arabian crude oils (light and heavy). The used two types of
antifoamers were chosen because of their dominant use in the
Saudian desalination plants which are the 1largest plants in
the area. Also, the two selected olls are representing the
most possible contaminant in the Gulf area.

192



The followed procedure for evaluating the efficiencies of
the antifoamers in extracting dissolved hydrocarbon from sea
water could be summarized in the following steps :

" - working contaminated seawater by either of the two types
of o0il were prepared by shaking certain amount of oil in
water for 2 hr; 1leaving for decantation overnight and
withdrawing the clear water accommodated fraction (WAF) of
oil. The percentage of o0il in water was adopted to produce a
working WAFs with a concentration of 4 ppm (0.3% and 0.2%
0il in water for heavy and light oils respectively).

~ for a fixed aliquot of the prepared oil WAFs (500 ml),
increaments of antifoamers were added (2, 4, 6, 8 and 10
ml), shaked for 5 min, left overnight for phases separation.

- total hydrocarbon contents in the above solutions (pure

WAFs and WAFs containing antifoamers) were measured
following the standard procedure of IGOSS (Anon., 1976) :
extraction by carbon tetrachloride and detection

spectrofluorometrically using an excitation wave length at
360 nm and fluorescence wave lengthes at 371 and 380 nm for
light and heavy Arabian crude o011ls respectively. The used
instrument was Baird spectroflvorometer, uodel Ratiomet:-ic
RC 200.

RESULTS AND DISCUSSION

Dispersion capacities for the considered antifoamers in
seaval . as well as their efiiciencies 1in extracting
hydroc .rpbons were investigated and results are included in
Table 1 and represented in Fig. 1. From the results, it
could bs noted that by increasing the concentration of
either antifroth or "-Co antifoamers while their dispersion

decreane paralel;. t''nir efficlencies for eliminating
dissolved/disperszea My ccarbons  increase. This phenomenon
could be elucidat:a »; th+ fa~t that whazn the concentration
of an antifoamin, . - ¢ irncreases 1n agueous medium, its

major amount tends to i=ave the medium and concentrate as a
layer ip the air/water interface as all surface active

substances. However, it eliminates more hydrocarbonéTfroﬁ
the medium (by its surface activity property) and
concentrates them on the water surface. ~

As shown in Figure 1, the relationship between the used
concentration of antifoaming agent and the eliminatédd amount
of dissdlved/disgersed hydrocarbons ' from the medium is
following a straight 1line relationship regardless of its
type and source of existed hydrocarbons in the medium. The
relationship could be expressed with the following deduced
equations 1in which Y is the eliminated amount of
hydrocarbons in mg/l and X is the used concentration of
antifoaming agent expressed in ml/l1 : i

a) Antifroth-like antifoamers

Y = 6.2 x 102 + 3.49 x 10”3x :
(in the case of light Arabian-like crude oil spill)
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TABLE 1
Efficiencies of used antifoaming agents in
extrecting hydrocerbons from seawaters.

conc. of Antifroth U-Con
aentifoam
mt 7t X of * X of N
dispersion LA HA dispersion LA HA
4 $.8 640 250 6.8 170 340
g 7.0 650 205 4.3 270 480
12 6.1 723 355 3.5 320 610
16 £.7 770 413 3.0 370 686
20 3.8 850 470 2.8 420 760

*  Amount of extrected petroleun hydrocarbons in mg L -

LA Light Arablan crude oil
HA Heavy Arabian crude cil

. Anti{roth
10 .
9 _ oA
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L] 5
~ .ox /
4 1
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g 4 8 12 17
F-]
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9
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& 1
- 6
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1
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conc. of antifoeming agent in @l/l

: F1G. 1
Relationship between the amount of used antifoaming
agents and extracted hydrocarbons from seawater.
LA : light Arabian crude ofl
HA : heavy Arapian crude ofil
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Y = 2 x 102 + 4.88 x 1073x
(in the case of heavy Arabian-like crude o0il spill)

b) U-Con-like antifoamers

Y = 1.3 x 102 + 5.50 x 1073%
(in the case of light Arabian-like crude oil spill)

Y = 2.85 x 102 + 10.18 x 1073x
{in the case of heavy Arabian-like crude oil spill)

From the above deduced equations, it could be concluded
that the use of antifroth-like antifoaming agents is more
suitable for eliminating interfered hydrocarbons coming
from light crude oil-likes, while the U-Con-like antifoamers
are more suitable for heavy crude oil~like sources.
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ABSTRACT

Histological examination of haemopoietic organs showed
that the head kidney has the primary importance in blood
cell formation of Clarias lazera. Haemopoiesis was found to
be extravascular fn the haemopoietic tissue, end shows
highest activity in spring.

Spleen consists of highly vascular hsemopoletic tissue.
1t is haemolymphatic in character. The blood forming tissue
is scattered {n the stroms of the spleen. It hes open
cireulation snd acts as blood destroying and storage organ.
1t shows lowest activity during summer.

Liver is less fmportant as haemopoletic organ than efther
) kidney or spleen. Seasonal haemopofetic activity {s obscure.
The lemina propris of the intestine shows elso its
. highest activity in summer.
The subandothelial areas of truncus arterfiosus showed the
presence of erythroblasts,
a8 macrophages.

erythrocytes, leucocytes as well

INTRODUCTION

Many authors considered that in teleosts, the mesonephric
kidney,

plays the most significant role in haemopoiesis
(Jordan and 8peidel, 1924; Yokoyama,b1960; Nandi, 1965;
Ogawa, 1962; Sabnis and Rangnekar 1962; Sharma, 1%¢9% and
1972; ward and Davis, 1975 and El-Feky, 1982). Others are of
the openion that the primary site of haemopolesis ‘is the
spleen (Walving, 1958 and Haider, 1967% or both kidney and
spleen serve as haemopoietic centers (Duthle, 1939; cCatton,
1951; McKnight, 1966; Haide¥x, 1967 and Bielek, 1974).

Topf (1953): Yokoyama (1960) and Sabnis and Rahgnekar
(1962 reported that 1liver has a certain haemopoietic
activity. Stem cells of hymphopoietic series, mature
leucocytes were observed in 1liver and its sinusoid (Bielek,
1974) . Kreutzmann (1976 and 1978) recorded the presence of
cells of erythrocytes and leucocyte series in the liver.

A number of workers showed that the mucosa of the gut has

the potency for haemopoiesis (Jordan and Speildel, 1924;

Duthie, 1939, Al-Hussaini, 1949; Yokoyama, 1960; Sabnis and

)(!argiggt)akar,' 1962 and Kreutzmann, 1976). In addition, Yokoyama
1

mentioned that heart may play a role in haemopoiesis
of certain teleosts like the perch.




Except for the work of El-Feky (1982) no reports about
haemopolesis or haemopoiétic organs on Egyptian fish species
are available. The present work is an attempt to study the
structure of the major haemopoietic organs, namely kidney,
spleen, liver, ileum and heart of the Egyptian catfish,
Clarias lazera, in order to throw light on the role played
by each of these organs in haemopoiesis.

MATERIAL ARD METHODS

Fish were transported to the laboratory from Bab El-Abid
zone, which is an unpolluted area of Lake Mariut near
Alexandria, Egypt. Fish were left to acclimatize for 48 hr
in eerated aquaria of 4¢ x 120 x 60 cm. Ten healthy fish
were examined monthly. Prior to investigation, each fish was
measured and weighed. Their body Iengths ranged between 15
and 40 cm and weighed between 30 and 250 gm. Fish were
dissected and various organs of haemopoietic importance were
fixed 1in 10% neutral formalin. Sections were stained with
Eosin-haemoxylin and Masson’s Trichrome stain (Pearse,
1972).

RESULTS

Clarias lazera has a pair of 1red compact long kidneys
lying dorsal to the coelom.

The head %isdney (Fig. 1), vconaists <7 9Lu anrc.opoieti.
tissue . (HT),  the adrenal gland ,(ag) enbedded n tie
hiemopolietic tissue. ue kidne¥ tubules (U%; und wulpigh’an
bodlies (MB). 8lood Iormation 1n cClarias lasexa is wnoslly
extravascular in the haemopoietic tissue (Fig. 1), al*hough
some young stages undergo transformatien in tie veno =
sinusolds (Fig. 3, vs). All developing cells are present in
groupe surrounded by reticular fibres (¥ig. 3, 7). I ea h

the more mature cell: are present in the center.

The haemcpoletic tissue in th . kicdney agpears Lo Le .u.
active in spring (Fig. 1), than in summer and fall (Fi-is.
& 3) producing large amounts of both lymphocytes a.d
thrombocytes. Further, 1in spring, the urinifercus tubules
hava vacuolated cytoplasm (Fig.l).

Spleen is a small triangular dark red organ; it is highly
vascular haemopoietic tissue and haemolgmphatic in
character, produces large nucleated erythrocytes and
lymphocytes. But their number is considerably less than that
groduced by head kidney. 80, it comes after the kidney in

mportance as haemopoietic organ. It is covered by an outer
Capsule, from which trabeculae pass into the substance of

the spleen dividing it into compartments or lobules (Fig. 4

& 8 TR). The capsule and trabeculae are made connective .
tissue containing fibres (Fig. 4 RF).

The lobulas have splenic cells of different sizes which
ma{ by 5saiqmented dark brown (Fig. 7, P), 1t has also red
Fig.

and white pulps (Fig. 6). The red pulp, is made of
iffuse lymphatic tissue (dLT) 1i.e. retigular cells (RC),
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FIG. 1.
formal in-eosin haematoxylin.
T.8. of head kidney during spring
showing uriniferous tubules (UT),
malpighian body (MB). Haemopoietic tissues (NT),
Including Lymphocytes (L) and adrenal gland ¢ag). x 500,

FIG. 2.
formal in-eosin haematoxylin.
7.8. of head kidney during summer ghowing
malpighian body (MB), heemopoietic tissues (HT),
and uriniferous tubule (UT) x 500.
FIG. 3.
formalin-eosin haematoxylin.
T.8. of head kidney durfng fall,
showing increased number of developing cells (DC),
venous sinusolds (VS) and ghost cells (GC). x 500.

FiG. 4,
Formalin-Masson’s trichrome.
Y.§. of spleen during spring, showing
trabeculae (7R3 formed of connective tissue,
blood vessel (BY) and reticular fibres (RF). X 500.

18, §
formalin-eosin haematoxvlif.
1.8, of spleen during wpring showing
red pulp. It cinsiats of diffuse (ysphatic tiesue (dLT)and
reticuler eslin {#C), macrophage (WG} end lymphocyte (L)+ x1250,

FI1o. 8
~ Pormalin-easin haemstoxytin.
T.8. of spleen during spring shouing white pulp.
Lt consists of compect lymphatic tiesue (CLT) arround
. smell srrery (SA), and lapge. Lymphocyte (LL). x 1250.

FiG. 7.
formal in-eosin haematoxy! {n.
T1.8. of spleen during summer.
dotice pigments (P). x 1250.

Fig. 8.
‘Formalin-eosin haemstoxylin. 7.8.
of spleen during fall, It shows higher activity

than In susmer as revealed by the rumber of blood cells
on the tissue. Notice trabfculae (TR). x 500,



fibres, macrophages (Mc), lymphocytes (L) and other blood
corpuscles. The white pulp, consists of compact lymphatic
tissue (CLT) around a small artery (SA).

Blood supplies the organ through the splenic artery (Sa)
and is collected by a splenic vein (sv) (Fig. 9). The artery
is divided into arterioles (A) that are terminated by the
sheathed artery (ShA). The latter opens directly into the
reticular stroma through perforations in its wall (Fig. 10).
The spleen of Clarias lazera has an open circulation like
other teleost fish. The destroying function of the spleen
can be demonstrated b the roups o©of macrophages and
disintegrating blood ce{ls (senile erythrocyte) (Fig. 11,
SE) .

During the different geasons it was noticed that spleen
showed higher activities (i.e. forming large numbera of
blood cells) in fall (Fig. 8 & 10), winter and spring (Fig.
‘11) than in summer (Fig. 7).

Liver of Clarias lagera is bilobed. Tts tissue (Pigs. 12,
13 & 14) consists of glandular cells or hepatic acini (HA),
which contain the bile canaliculi (bc). Hepatic cells ars
polygonal in shafe, with round nuclei, each nucleus contains
one or more easily identifiable nuclecii. The hepatiq cells
ara uéparated'b{- light areas or sinusclds containlng red
blood cells (Fig. 14, 8). Wo significant changes in liver
tisasue dQur'-r dJdifferent seagons were racorded. The only
difference . 3ned during the different seasons was tha
granular cytop.i= 2. in hepatic cells in sprini and summer as
compa;e? to granular ones during fall and winter (Figs. 12,
1* & 314Y .

In transverse sectiewr tPig. 15}, the 1leum of .Clarias
izzera shows an outer sercsa composed ot aimple sguamous
epithelivm followed by a subserosa of connective tissue,
musculacis congisting of ecircular muscle ¥ibre then the
submucosa and mucosa whigh is thrown inte. villl "with
golumnar egitholiuq .and goblet gcells. The vilii have a
qimglo coiumnar epithelium cover and 8 cora of highly
reticular gunnegtive tiseus, containing lamina propria (ip).

The villi are. ln!ﬂtrutod'b¥ 1ym o iz.) and eosinophils
Ins) indicating a haemopoietic function with higher activity
n summer than in fall and uﬁnter (Fige. 15 & 16). .

In the heart, the truncus arteriosus ¢onsists of a
compact mass of tissue with small spaces lined Dy enlarged
endothelial cells (Fig. 17 Edc). The larger cqv{tioo have
flat cells differing from the normal endothelium in
appearance, some of which protrude inside the .cavity,
hypertrogh{ and become detached forming blood cells., In the
subendothelial areas there was loose Connective tissue which
has erythroblasts (Ebs), -rzthrocytes,_laucooyte-.an well ag
macrophages (Figs. 17 & 18 Mc). : .
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F16. 9.
Formalin-ecsin haematoxylin. 1.8. of spleen during nprlng,
showing the splenic artery (8s) and splenic vein (SV) trnv-roir’
the centeral pert of the orgsn. x 125.

N 1.
Formalin-eosin heematoxylin, T.8. of spleen during
fall showing arteriole (A), sheathed artery (SHA),
-groupe of macrophages (Nc), reticular cells (RC)
and thrombocytes (TH) x 1250.

Flg. 11.
Formal{n-eosin haematoxylin. T.N. of spleen
during spring, showing mecrophages (Mc) insheathed
with reticular fibre (RF), there sre degenerating
erythocyte (SE), lymphocytss (L) and orvthnblnt
(Eha). x J280

rIa. 12. )
formalin-eosin Hnematoxylin. 7.5. o¢ iiver
during spring showing hepatic acinl (HA),
> 1e censliculi (be), lymphocytes (L), and reticular
cell (RC), x 12%0.

*16. 13,
Formal in-easin heematoxyl fn. ¥.8. of liver during summer.
Notice hepatic scint (HA), ntloular «ll (RC), thrombocyte £Th}
and bile canaliculd (hc)‘ x 1230,

F16. th.
Forwelin-ecain haematoxylin 7.8, of tiver during
foll ohouing hepatic acini (NA) enclose ainusoids (8) which
contain red blood cells (RBC’s). x 1250,

8. 15,
Formalin-eosin haematoxylin. 7.8. of {leum during summer,
showing connective tissue (CT), circular miscule fibet
(CMF) end lomine propria (LP), x 500,

‘¥ra. 16,
Formal in-ecsin hasmetoxylin. 1.8. of ilem during falt.
showing blood calls (8C) in Lamine propria tl.').
Tymphocytes (L) end eosinophitls (Es), x 1230,



fi1c, 17. _
formal in-eosin haematoxylin. T.S8. of heart,
showing endothelial cells (Edc), thrombocytes (Th),
{ymphocyte (L), meutro phil (Nt) and macrophage (Mc). x 1250.

FlG. 18.
Formalin-eosin haematoxylin. 7.8, of truncus arteriosus
showing erythroblast (Ebs) and macrophages (Nc) eng:l fed
a senfle lymphocyte (sl) x. 4270,

DISCUSSION

The interlobular connective tissue of tha hezd -idn: ~*
Clarias lazera contains various develupmental stages i ... .
red and white blood corpuscles, bYeside their mature foru:
indicating that the kidney of this teleost glays a princ!al
rols in the blood forming process. This is in agreement with
Jordan and Speidel (1924); Duthie (1939); Catton (1931},
1(toxo sna (1960), Radharkrishnan et aL. (1976) and El-Feky
1982).

The spleen seems to be mainly confined to erythropoiesis.
Evidence gained from the work of Shabana and Khadre (Under
gnblication) showed that the peak of erythropoietic activity

n Clarias runs side by side with the apparent activity of
haemogoietio tissues of the spleen. This result 1is in
‘accordance with the work of Haider (1967) who pointed out
that the spleen iz the primary site of erythropoiesis in
some fish. Fange and Mattisson (1981) reported that the
white pulp of the spleen is lymphoid whereas the red pulp isa
mainl er{thropoiet c in the nurse shark. Mahajan and Dheer
(1982 algo proved that spleen pla{s an important role in
both - erythropoliesis and leucopolesis except in the
development of thrombogytes in Channa punctata.
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In the present work, it is assumed that the spleen glaxs
a role as blood destroying and storage organ. This 8 1n
complete accordance with results of Yoffrey (1929) on
elasmobranches and Yokoyama (1960) on the perch.

Subsidiary haemopoietic organs in Clarias lazera are the
liver, the 1lamina propria of mucosa of the ut and the
heart.: Many authors noticed that heamopoiesis 1n teleosts
occur in other sites rather than kidney and spleen.
Al-Hussaini (1949), Sabnis® and  Rangnekar 1962? and
Kreutzmann (1976) reported the presence of eosinophils in
the stomach and intestine of fish. Also, Yokoyama (1960)
investigated the phenomenon of formation and passage of
lymphocytes through tha intestinal wall .of thes perch.
El-Feky (1982) found that lymghocytes are scattered
throughout the entire mnucosa especlially at the bases of the
mucésal cells. Jordan (1938) reported the liver of trout as
an erythropoietic organ. Topf (1953) mentioned that in the
liver of fish there are stem blood cells and mature
erythrocytes.

In Clarias, the subandothelial areas of the truncus
arteriosus contains erythroblasts, erythrocytes, leucocytes
as well as macrophages. This indicates blood cell forming
and destroying capacities of the heart tissue. The presen
results agrre with those «f Yokoyama (1960).

In conclus.ui:. the present work reveals that , it is the
Kidney rathas. than the spleen, where the primary
haemopoietic activitx is seen. The spleen sarves as an
as oesg “r* Llood forming organ. Both .organs show seasonal
haemopoiatic activity. The liver is 1less 4important as
haemoioietic organ but with obscure activity. The lamina
- propria of the intestine also shows haemopoletic activity,
The wrgan with the 1least haemopoietic importance 4§s the
endothaliur of the truncus arteriosus of the heart.
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ABSTRACT

The acute toxicity of the commercial herbicide paraguat
was determined by 96-h static bioessay on the frashuater
chlorophytes Scenedesmus  dimorphus (Trup.) Kuetz.,
Scenedesmus quadr {ceuds (Trup.) de Brebisson and
Ankiatrodesmus felcatus (Cord) Ralfs. The 96-h EC50 velues
of paraquat for reducing growth snd metebol{c products of
the three algse were determined. In addition, the number of
days required for division of control and all test cultures
were calculated end these were seen to Increase with
incressung paraquat concentrstion. The three alges end their
tesc yarmeters respond differently to Parsquet. Scensdessus
dimorpins waw the most susceptible slga and the chlorophil s
was thr most sensitive reponse parsmeter. On the other hand,
the dry weight of the test algae was the most resistant
perameter. 1t was observed thst parsquat has a dangerous
inhibitory effect on tha primary producers.

INTRODUCTION

Para?uat {methyl viologen), 1,1~dimethyl-4,4-dipyridylium
dichloride, is widely used herbicide effective against
broad leaf weeds and grasses. In recent years, there has
been an increase in the use of bipyridilium compounds,
Para?uat and diaquat, for controlling aquatic weeds. The
application of Paraguat to a fishing reservoir was
successful in controlling the growth of macrophytic” algae
(Brook and Edwards, 1973).

. The effects of Paraguat on growth and survival of aquatic
organigms have been investigated (Benijts~-Claus and Persoona
1975; Hendrich et al., 1976; Rao et al., 1980; Walsh 1972;
Kapur and Yadav 1982; and Nagvi et al., 1981)

According to the available data, the toxicity of Paraquat
and Diaquat is relatively 1low to man and to some fish
species. Our knowledge, on the contrary, of the influence of
these chemicals on the loweat levels of the aquatic food
chain is extremely scarce.




In Egypt, .Paraguat is widely wused for controlling a
variety of weeds associated with cotton, fruit crops,
tomatoes and turf grasses. Recently, a trial will be made
to use Paraquat in freshwater fish farms for controlling the
macrophytes Potamogeton pectinatus, P. crispus and
Ceratophyllum demersum.

The present study, however, was initiated in order to
determine the effect of this herbicide on the freshwater
green algae Scenedesmus dimorphus, Scenedesmus quadricauda
and Ankistrodesmus falcatus representatives of the primary
groducers. The toxicity test experiments are urgently needed
if we want to use Paragquat in safe concentrations which do
not interfere with the more sensitive links of the aquatic
ecosystem.

MATERIALS AND METHODS

Paraguat is dipyridylium derivative. It is a guaternary
anmonium salt (double ositive cation with chloride as
anion). It is soluble in'water and the commercial namc is
Gramaxon., The sample used in this study contalns 40%
paraquat and 10% of a mixture of the two detergents,
Lissapol NX and DS 4392 or Ethomena € 285. The exact
percentage of eacir of the detergent is a *abricate secret.

The chlexophytes Scenadesmus  iwdy poas,  Scenedesmus
quadriceuda and inkistevondesras falcatusn weve isoldat:23 from
th¢: freshwatey Lake Wadi El-Rayan.

THe medium for .stock algal cultures and tes. with
Paragua* was prepardd by dissolving the following major
salts in 11 glass distilled water: 35 mg MgsSO4’ 31 ng NaNOg .
18.% mg CaCl,, 31 mg X,HPO, 10.5 mg NaHCQ,, ard 5€ 19 Fe’
ag FeSO,. To~ these ma’or elements. . i "of the iclis
mixture of trace elements was acd.>u: ¥ my CuSG,, 43 7 ¢
ZnS0O,;, 13 mg K1, 15 mg KBr, 18.4 mg NakoUy, 40 my MnSO,, &
mg éocl y 91 mg Na,B,40 and 16.7 w3 Na,WO,. All wers
a unolvea in 11 glass dZstilled water. The medium wam
sterilized by autoclaving for 15 min. at 1.5 kg/cm. The
medium was prepared on the day before the test and began to
allow the pH to stabilize at 8.1.

The bioassay was performed in 250 ml Erlenmeyer flasks
containing 100 ml of the medium and sealed with cotton
plugs. Treatment and iontrol flasks were inoculated with
5000 algal cells ml~™ in logarithmic growth phase. The
experiments wera carried out at 25+1° C and 4000 lux from
overhead -"cool white" flourescent tubes, 1in cycles of 14 h
light followed by 10 h darkness. The cultures were shaken
once a day.

At the end of 96 h testing period the flasks were removed

frxom the growth chamber, the cultures were thoroughly mixed
to. insure homogeneity for an accurate count, and the cells
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were counted using brightline hemocytometer cogntinq
chamber. Replicate counts were made for each flask to insure
counting accuracy. The dry weight of the control and treated
cultures was measured gravimetrically after filtration onto
millipore filter paper 0.45 um pore diameter (Ibrahim 1984).

Chlorophyll a & b and carotenoids were extracted with 90%
acetone according to the method of Golterman and Clymo
(1971). The chlorophyll a was calculated according to
Lorenzen’s equation (1967), while chlorophyll b and total
carotenoids were <calculated acgording to Parson’s and
Strickland equations (1963).

Cellular carbohydrate was extracted accordihg to
Mykllestad and Haug method (1972). The total amount of
carbohydrate in the extract was deteirmined by the phenol
sulphuric acid method using glucose as standard (Dubois et
d4l., 1956).

Algal nitrogen was determined b¥ the micro-Kjeldahl
mathod (Hiller et al., 1548). Proteln-N was calculated by
multipling the value of total nitrogen by 6€.25.

To construct dosa response curves and calculate ths

Paragquat EC50 values fo: educing growth, dryweight,
chlorophyll @ & b, carctenolds, carbohydrate and protein
contents of U t2st chlorophytes, the pooled data were
treated accori te  the statistical method of robit

analysis (Bliss, .. :; Finney 1964a & 1964b). In addition to
sne AC50 wvaluss, the growth rate (k) and the number of days
ARk At b {a) were calculated for each test
LoncLnbs  tton (Guillard, 1973 and Honig et al., 1980).

RESULTS
The wv#yression lines representing the dose responses of
Scenedesi ‘= dimorphus, Scenedesmus quadricauda and
Ankistrodesmus falcatus to the selected P oy ¥

—oncentrations are presented in Fig. 1 and tha dat.. .rom
which these curves were drawn are given in Tables 1, 2 and
3. In addition Table 1 presents also the calculated days per
division of the algae under the variocus test conditions.
Since the gercentage of control growth diminishes for each
algal specles as concentrations of paraquat increases, the
respective Td values increase in a coinciding pattern. It
can’'be observed that under their respective optimal contrel
conditions S. dimorphus with Td value of 0.2 is a
faster-growing alga than either S. quadricauda 0.62 and A.

falcatus 0.53, The calculated EC50 values for reducing the
growth indicate that S. dimorphus at 39.8 ppb (ug 1~ ) is
the most sensitive of the three algal species and A.
falcatus with a value of 93.3 ppb being the least sensitive.
On the other hand the dry weight gained by each of the test
algal cells was less affected by Paraquat. The EC50 values
of Paraquat for reducing the dry weight in ppb were: 73.9

for 5. dimorphus: 132 for S. adri
falcatus. e quadricauda and 114.2 for A.
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Table 1

Effect of Parsquat on growth of the three test chlorophytes

Test algae Log dose Average count X of control Emperical Td

Cppb) No.x 10 i probit
tontrol 170+2.94 eear anen 0.20
1.3 132.2:82.9 82.9 5.9502 0.5
1.6 8t1.77:1. 71 48.1 4.9529 0.55
§. dimorphus 1.8 52.5+1.2 30.9 4.5013 0.6
1.9 26.33+0.63 15.5 3.9848 0.7
2 16.4320.36 9.7 3.7012 0.81
b=-3.18, a=10.09, Y=-3.18x + 10.09 (og ECS0=1.6,
EC50=39.8 ppb
Coresre? 44,4413 --=- —-e- 0.62
B 1.5 34.53+1.2 7.2 5.7655 0.46
1.3 26.140.9 58.8 5.2224 o.M
€. jone iceuda 4.95 20.45+0.4 46.1 4.9021 0.76
) 2.08 16.96+0.30 18.2 4.6998 0.80
2.18 13.72:0.3 30.9 4.5013 0.85
be-1.86, a=8.56, Y=-1.86x + 8.56, Log EC50=1.91
EC50= 81.6 ppb
Control 98.2+2.3 —e-- ..o 0.53
1.5 85.93+2.0 87.5 46,1503 0.54
1.8 64.5+1.4 65.7 $.4043 0.58
A. falcatus 1.95 50.08+1.6 51 5.0251 0.61
2.08 39.141.2 39.8 4.T7415 0.64
2.18 30.34+0.50 30.9 4,5013.  0.68

b=-2.43, a=9.78, Y=-2,43x ¢+ 9.78, Log EC50x1.97
EC50= 93.3 ppb
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Algal apécies

8. dimorphus

8. quadricauds

A. falcatus

Table 2

Estimastion of the EC50 for Parsquat from the percent response of Chlorophyll a & b and
carotenoid contenta of the three chlorophytes aftar 96 h exposure, with respective
regression equstions

Log Chl. t X of Probit of Chl. X of Probit of Carotenoids X of Probit

dose ug L7 control percent  Ug L' control percent ug |~ control percent
(ppb)

Control 590+4.2 =+-s  =xes 17202.6  =oor  eee- 28213.4  ceen aeee
1.3 A18:3.8 70.9  5.5505  163:1.8 946 6.6072 2432.2 TR 5.7031
1.6 182+2.2 30.9 4.5013 97+1.4  S56.4 35.1611 96+1.6 L 1) 4.5875
1.8 86+1.2 1.6 3.9463 364+0.8 20.9 4,190V 37+0.8 13.1 3.8783
1.9 40:0.8 6.8 3.5091 1520.4 0.9  3.640% 1940.6 8.7 3.%018
2.0 22+40.3 3.7 3.2134 8:0.2 4,7 3.3253 9+0.2 3.2 3. 1478
as9.86,bs-3.33, Log EC50=1.46, av12.8,bs-4.78, Log EC50=1.6Y a=10.44,b=-3.65,L09 EC50~1.49
EC50s29ppb  Y=-3.33x+9.68 Yu-4. 76X +12.81 ECS043 ppb  Ya-3.65K +10.44, EC50=31 ppb
Control 197+3.6 -<-=  e=en | 61 214 ceen anen 0L +3.4  -e-
1.3 13522.4 48.6 5.4848 45.3:0.8 74.2 5.6:98 48.7:2,% & 1 5.4152
1.8 8612 43.7 48414 30 0.6 49.2 4.3T9% 9 8 40 k8272
1.95  o7et.h 34 45875 20 20.4 32.8  4.55:8 35 ¢0.8 337 4.5793
2.08 49+0.86 24,42  4.3065 1% 20,4 24,6 4. %129 28 #0.6 27.8 4.4082
2.18 38+0.4 19,3 4.1331 11 0.2 18 4,0846 24 '_'0.4. 2.9 4.2579

8=8.45, ba-1.99, Loy ECSO=1.74, #+9.13,be-2.32,Log EC50s1.78 =8.02, be-1.73, Log EC50«1.7A
EC50254.5 Ya-1.99K +8%4S ¥5-2,32X +9.13, EC50=60.2ppb Ye=-1.73X ¢ 8.02, ECS0=54.9 ppb
EC50554.5 ppb

Control 81245.2 <ees  -=on 12502.6  --es -een 21806.4 .
1.5 443:3.8 B6.5  6.1031 114218 91.2  4.353? 219456 88,3 6.2Cw
1.8 230:2.4 449 4.8718 663:2.2 32.8  5.0702 13082.8 2.6  5.060¢
1195 198418 28.7  4.4378 36 29 4452 8152.4  32.7  4.8512
2.08  70:2.2 13.6  3.9015 18:0.8 14 3.9197 916 98 K512
2.18 38212 7.4 35534 10:0.4 83,5949 22+1.8 8.9 .61

e=11.66, ba-3.72, Log EC501,79  =12,5,b=-4.1,L0g EC50s1.82 #=1],68,b=-3.66,L0g ECS0=1,89
Yo-3.72X ¢ 11.66. EC50%61,3 ppb  Ya-4,1X + 12.5, EC50266.6pph Ye-3.66X +11.68, €C50=67 ppb
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Table 3

Eattemtion of =y ECSG Yor Marageet from the-parcent. resporwe of dry weight, carbohydeste
d protein contents of the test slgal cells, With raspective regresaion egmtions.

Algel species Lep Ty % of Probit of Carbohydrs:: X of Probit Protefn X of , Prabit of

wmight concrol percemt w17 comtrol  pervet mg U1 control percem
-1 -1
wt R
control R.201.4 ~—- e T.60.4 aee - 28,0621 ebem eome
1.3 484022 %4 6.7%91 7.510.6 982 7.1015  2.201.2 972 69110
4 - &9.302.86 W3 3.8524 4.640.4 60.5 5.2665  1B.421.4  65.6  5.40%
$. dizorphus 1.0 - 3T 2.4 418 5.3002 1.420.2 18.4 4.0998 7.400.6 26.6  4.3689
1.9 2308 M4 L.8592 0.5+0.04 5.9 3.4368 31206 1.V 37241
2.0 163018 32.9 4.55T0 8.1+0.02 .4 2.8027 1.420.2 S 3.35%
- 91897, bs-3. 19 Loy ELS0=1 87 Y5 08, w6, 11, Lop ECSO=1.65  aw13.84,be-5.17,Log ECSO=1.67
Ye3,19% + 1097, ECS0-T1. 9 prb Y-8, 100+ 15,06, ECS0~44.2 ppb Y=-5.17X¢13.64, ECSOe47 ppb
Contre 426804 -~ —eee 3.540.4 e - 26.942.2 - oo
.5 42.501.4 997 7.7065 6.33%0.3 735 5.6280 18,8tk T35 5.6903
1.8 - 3% 108 9.3 6.5 5.3:0.4 6.1 33081 5.4 & 5.33'9
quadr fcauda 1.95 3 1.2 Mot 5.4776 £.1440.08  48.7 4967 12 216 48.2 4.5
208 % 0.6 M3 S. 1506 3704 & 45490 10.5:8.8 &2 L7981
.18 17904  42.1 4.8007 3.2008.06 38.3 4.7k 9.5:0.6 383 4L.7A%
=162, be4 IR, teg ECI0n2. 12 #9776, 0o 1. 39,009 BSOWLOT  o=8; be-1.53, Log ECSDaY.97
T4 ¢ ¥46.2,8050=132 ppb To-1.39X ¢ 7,76, 5050927 poh Ye-1.930 + 8, ECS0w2.2 prb
Comtre 27.20%.86 -~ - 6.540.4 c—ee satee Wreté - -
1.3 3 6 Ny L% 8.2:0.8 ] 67068 U312 N6 ©.80T2
1.8 20.2¢0.8 3 $.6526 4.080.7 61.8 5.30@  9.6:0.8 63.7 5.3505
A. falcaps 1.9% WB.ML2 & - 5.3055 2.2940.7 35.2 46200 & 0.6 .7 4.7389
- 2.08 13.1:0.6 48 £.9498 1.22+0.08 18.8 CAMT 26003 T2 £.0537
2W 19 0.8 B8 6.6628 0.84+0.04 6.8 T 3500 1.2:04 7.9 3.5882
18,2, -2 8Y, Lo ECSON2.06 813,62, .61, Log TCSD=1.87 3.3, de4.43, Lop ECSO=). 87

) Fo-2.530 > W2 EC=114.2 ppb> Y6 61K + T3.42 ECSB=TL ppis CYeA3K ¢ 13,3, ES0=TR.S ppb



Chlorophyll a & b and total carotencids of the test algae
rogressively decreased with increasing Paraquat
concehtrations. The EC50 values of Paraquat for[reducin

chlorophyll & & B AN eavetenolds in ppb were: 29, 43, and
31 for S. dimorphus; 54.5, 60.2 and 54.9 for S. quadricauda;
and 61.3, 66.6 and 67 for A, falcatus.

Carbohydrate and protein contents of each of the three
test algal cells were more or less similar in their response
to Paraquat. Their respective EC50 values in ppb were: 44.2
and 47 for §. dimorphus; 92.7 and 92.2 for S. quadricauda;
and 74 and 74.5 for A. falcatus.

DISCUSSION

Previous studies on the effects of Paraquat have
concentrated on 1ts effects on growth of cultures of the
primary producers, Whereas the present study provides a
precise information not only on its effect on growth but
also on the metabolic products of the three chlorophytes.

The results revealed the obvious inhibitory effect of
Paraquat on growth and metabolic activity of the three test
algal. The EC50 values of Paraquat for reducing growth of
the chlorophytes indicate that §. dimorphus at 39.8 ppb was
more susceptible than both S. quadricauda 81.6 ppb and A.
falcatus 93.3 ppb. With EC50 for reducing rowth of s.
dimorphus taken a8 onhe, the relative ¢tolerance of 8.
quadricauda 2.05 and A. falcatus 2.3s% tiwmes as mora
tolerant as S. dimorptus. This agrees witir the work of
Thomas et al. (1973} whe cbserved the iemarkab’ » Jdecrease In
growth of Chlorella pyrenoidosa, <Chlorella wvulgaris and

Bacillus sp. when treated with Paraquat., Moreover, Hendiich
et al. (1976) reported that Paraquat reduced cell size and
caused morphological changes of Scenedesmus ¢madricauda
cells:  On the other hand, Benijts-Claus and Fersonr . {L97F

regorted that the cladocerun, as representatis: to i.e¢
Primary consumers was more tolerant to FParaguat as compaxa’
with the primary producers, while benthic meiofauna were the
most sensitive.

The inhibitory effect of Paraiuat on the dry wdight of
the test  algae was mainly attributed to its depilatory
effect on population growth that reduced the number of cells
of thé treated cultures as compared with the control. The
dry.weight, " with EC50 “ values of 73.9 ppb for S. dimorphus,
132 ppb for S. gquadricauda and 114.2 ppb for A. falcatus was
more resistant to Paraguat than the growth.

Paraquat had the same sequence of inhibitory effect on
chloroghyll a & b, carotenoids, carbohydrate and protein
contents of the test chloroghytea as on growth and dry
weight. The EC50 values indicated that chlorophyll a was
the most sensitive response parameter whereas dry weight was
the least sensitive.
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The present results lead to the conclusion that the three
chlorophytes varied greatly in thgir responses to Paraquat,
S. dimorphus was more susceptible as .compared with S.
quadricauda and A. falcatus. These variations were also
observed between the test parameters of_the same species.
This confirms the previous work of Nagvi et al (1981) and
Ibrahim (1983) who reported that phytoplankton organisms and
their metabolic products respond differently to the same
insecticide.

Since the effective ose of Paraquat for gontrollipg
macrophytes is 1 mg 17 (1 ppm), the application of this
herbicide will cause a severe inhibitory effect on the
primary producers.

The present study provided a preqictive statement to the
toxicity of paraquat based on its effects on unialgal
cultures of the three chlorophytes under laboratory
conditions. The precise and actual predictive statements

should be made bearing on the problem of community
response to Paraquat. This approach will be applied in
future toxicological studies.
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THE BENTHIC FAUNA OF LAKE BUROLLUS
1 - COMMUNITY COMPOSITION AND DISTRIBUTION
OF THE TOTAL FAUNA
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National Institute of 0ceanogra€hy'and—Fisheries
* Faculty of Science, Suez Cana Univ.

ABSTRACT

Quantitative estimation of benthic mecro feuna was
carried out monthly in Lake Buroilus during the period
Janusry, 1978 - Decewber 1979. The commmity comprised
eleven species snd was dominated by Chastogsater Limneel,
Corophium volutator, Gasmarus lacustris, Mesanthura sp. end
Corbicula consobrina. The highest biomass of benthos
sppeared in the western sector of the Lake due to the
incressed weights of the bivalve Corbicula conscbrine end
it decreased gracdually eastwards. Regarding the seasonal
variations, the meximum persistence of benthos in the
eastern snd middle sectors was in spring of 1978, while this
was shifted to the summer in the western Lake. The aversge
snnual values of the total bottom fauna amounted to 440
Ornanllaa/mz with 13.7 gm fresh Wt/m“ in 1978, decreased to
310 Organisme/n® snd 6.1 gm fresh Wt/m? in 1979.

INTRODUCTION

Lake Burollus is a shallow slightly brackish water lake,
situated at the north of the Nile Delta (Egypt)6 alyng the
Mediterranean coaﬁt at longitudes 30° 30/ and 31° 10/ E and
latitude 31° 35/ N. It extends for about 70 Km, with a

varying width between 6 and 16 Km and a total area cf about
50,000 hectars.

The Lake receives most of its water from five main drains
as shown in Fig (1). It opens into the Rosetta Estuary at
its western  extremity through Brimbal Canal. It . is also
connected to the Mediterranean Sea at its north eastern side
through a narrow opening referred to as Boughaz El-Borg. The
amount of the drain water discharged annually into the Lake
fluctuates from one year to the other and it averages about
2.5 billion cubic meters per year. The surplus water flows
constantly into the Sea through Boughaz El-Boryg. Sea water
may also enter the Lake during winter gales which ara
usually predominated by strong north wind.

The nature of the bottom sediments differs within the
different regions. Thus, the sediments at the eastern ang
western sectors of the Lake as well as the southern
margins are usuall s8ilty clay mixed with shell fragments.

In the middle Lake it is either clayey sand or sandy
silty clay.
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FIG. 1
Morphometry of Lake Burolius and positien of stations.

Many islets are scattered in the Lake and these create
semi-isolated basing named by fishermen as Berka or Houd,
Due to the shellcowness of the Lake the whole area is related
to the 1itura’' zone where phanerogamic plants are widely
distributed particularly at the eastern Lake as well as at
the Lake margins (Samaan et al., 1988)

The composition of benthic fauna has long been considerea
as a cod indicator of water gquality’  because, unlike
planktonlc organisms, they form relatively stable
communities in theé eediments which integrate changes over
lohg~time intervals, and reflect characteristics of both
sediments and the upper water layer. However, the biologists
have encountered many problems . in obtaining base line

information about the natural communities and comparing this
accurately with altered agsociations because of the lack of
good stahdardized msampling and sorting methods (Cook and
ohnson, 1974). Investigations of benthos in the Egyptian
Delta lakes ara still few. These were mainly conf?ned to
that recorded in Nozha Hydrodrome (Elster and Jensen, 1960),
Lake Mariut (Samaan and Aleem, 1972) Lake Edku (Samaan,1977)
and Lake Menzalah (Guerguess, 1979). The present study dealsg
with_guantitative estimation of bottom macro fauna in Lake
Burollus. '

MATERIAL AND METHODS

The bottom fauna was hauled by using a modified  Ekman
bottom sampler. Two dredges were taken at each station which
represent an area equivalent to 0.06 m of the upper layer
of bottom sediments containing benthos. The samples were
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then washed directly in the field throggh a small  hand net

"of bolting silk with 23 mesh/cm and preserved 1in
polyethelene jars after adding 10% formalin solution. The
samples were washed again thoroughly in the laboratory
with the same hand net to get rid of any silt that may
remain within them. Sorting was carried by taking small
portions of the sample under estimation in a petri dish. The
animals were separated ihto groups and each group was
counted and weighed separately after being left for five
minutes on ‘a filter paper to get rid of any external
moisture. ‘

Eighteen stations were selected as raepresenting the
different parts of the Lake (Fig.l). These were further
grouped Into three main sectors namely; the eastern Lake
(stations 1-6), the middle Lake (stationg 7-12) and the
western Lake (stations 13-18).

Sampling of benthic fauna was carried out monthly at the
different stations during the period from January, 1978 to
December, 1979.

RESULTS

1- The benthic community

The benthic macrofauna of Lake Burollus comprised eleven
species belonginq to nine orders within three phyla as shown
in the following list:-

Phylum Annelid

Class Clitellata

Order oOligochaeta

Family Naididae

Chaetogaster limnael K. Von Baer

Class Polychaeta

Order Erranta

Family Nereiidae .
Nereis limnicola (Johnson)

Phylum Arthropoda
Class Crustacea
Order Mysidacea
Family Mysidae

Mysis relicta (Loven)

Order Isopodé
Family Anthuridae
Mesanthura Sp.

Order Amphipoda

Family Gammaridae

Gammarus lacustris (Fabricius)
Corophium volutator (Pallas)



Class Insecta

Order Diptera

Family (Chironomidae) Tendipedidae
Tendipes (chironomus) tentans (Meigen)

Phylum Mollusca

Class Pelecypoda

Order Heterodonta

Family Corbiculidae

Corbicula consobrina (Cailliaud)

Order Cerastoderma
Family Cardiidae
Cerastoderma (Cardium) edule (L.)"

Order Mesogastropoda

Family Melaniidae

Melanoides tuberculata (Muller)
Neritina nilotica (Reeve)

‘Five species predominated the bottom community namely;
the oligochaete Chaetogaster limnaedi, the amphipods
Corophium volutator and Gammarus lacustris, the  isopod
Mesanthura sp. and the bivalva Corbicula consobrina.

24 Distribution and seasonal variations

Generally speaking, the distribution of the total benthos
in Lake ©®urolius was subjected to pronounced variations
within tre twoe successive years of investigation (Fig. 2).
Thus, in :978, the highest numbers were observed around the
southern and northern margins of the middle sector due to
tha increased numbers of Corophium volutator and less gso to
Corrzicula consobrina, Gammarus lacustris and Chaetogaster
limnaei. other increase was -also noticed in the western Lake
near the outlet of Drain 11 with a wain component of
Chaetogaster limnaasi. The eastern Laka sustained the lowest
standing stock except at the surroundings of Drain 7 and the
Boughaz region which harboured considerable numbers of
Ganmparus lacustris.

During 1979, the picture was much different- as the
highest density of benthos appeared in the western Lake
between Drains 9 and 11 particularly due to the increased
numbers of Chaetogaster. On the other hand, the total
numbers of benthos in the middle sector dropped to lower
values and this was accompanied by decreased counts of
Corophium . The eastern Lake remained poor, showing further
reduction in the numbers of Gammarus. The average annual
values of the total benthic fauna_ in the Lake amounted
respectively 440 and 310 organisms/m2 during 1978 and 1979..

Concerning the total biomass, the heaviest bottom
Specimens were usually the molluscs Corbicula consobrina.
Thus, whenever these animals increased antitatively, there
was always an increase in the benthos biomass. This relation

220



(K) % BN
. €
MED“EWN [
- - S N
TN D
- [y 1
§ <3 i // !. H
1% ™ N ’
' " : 7 i
» .
y'/ - & \ . ; LI
! (B) . ceh
AWE
TERRY
0! )
- )
’ 2
27 .
4
() "
P *
7 ) g~
F16. 2

Rorfzontal distributfon of the total bott

faunin Leke Burollus (hundred orgenisme/m®).

CA): Average of 1978. (l):;Avur-go 9f 979.
was more clear in #he western Lake which greatly exceeded
the other two sectors in its total benthos blomass. The
average annua} biomass of benthos in the Lake amounted 13'Z
gu fresh wt/m* during 1978 decreased to 6.1 gm fresh wt/m
in 1979. Such decrease is mainly attributed to the drep in
the fresh weights of C. conscbrina although their numbers
increased slightly in the last mentioned year,(Fig.3). -

Regarding the seasonal variations, the bottom f&una in

the eastern sector showed a major peak of abundance daring
March-April 1978 and was dominated by Gammarus and t6 a less
extent by Nereis and a smaller one in November, also due to
Gamfarus (Fig. 4). Its density remained low throughout 1979.

The middle sector harboured the highest counts of benthos
in April and May, 1978, with the predomipance of Corophiim.
Two bther smaller peaks were recorded there in February and
2ovg?be§, 1979 as produced respectively by Corophium and

orbicula. . e 7 - ‘ )

. Invtne.wgstgrn.ﬁéétor,1tpqgwa*1ﬁ§-“p§rli-teno-néi benthos
appeared between August and October, .1978 and coneisted
mostly of ' Chaetogaster and in may, 1979 which comprised

‘Poth Chaetogaster and Mesanthura.




" )

N ﬁ
¢ \l seh 10 ) 2=

® SEn

<3 1

FlG. 3
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DISCUSSION

The distribution of benthic fauna in the three sectors of
lake Burollus was subjected to pronounced seasonal as well
as annua variations. The eastern sector which is mostly
‘covered with the hydroph{tq Potamogeton pectinatus sustained
the lowest standing stock of benthos. This agrees with the
observations previously recorded by Samaan and Aleem (1972)
in Lake Mariut and Samaan (1977) in Lake Edku, where the
plant belt harboured a poor standing stock of bottom fauna.
The wmain bottom dwellers in this sector were Nereis
limnicola, Gammarus lacustris and Tendipes (Chironomus)
larVae. The two former species are considered as euryhaline
forms and showed their maximum persistence around the
Boughaz region (lake-sea connection). Chironomus larvae were
mostly confined to the Potamogetom plant belt and are
considered as good indicator of oxygen reduction at the
bottom. The average annual counts of benthos in the eastern

sector reaghed 237 organisms/m? with a biomass of 3.4
fresh wt/n2 during 1978. These_ values dropped to 112
organisms/m? and 1.6 gm fresh wt/m? in 1979.
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The middle Lake which is in its great part devold of
hydrophytes harboured a standing stock of benthos that
consisted mainly of Chaetogaster limnaei, Corophium
volutator, Corbicula consocbrina and Mesanthura sp.

Corbicula formed the major bulk of benthos biomass there,
while Chaetogaster was numerically the most abundant bottom
dwaeller. Corophium appeared mainly in areas devoid of
hydrophytes. Other specges of infrequent distribution in the
middle esector comprised  Nereie 1imnicola, Melanoides
tuberculata and Mysis rxelicta.

The standing grop of benthos in the midd}e- Lake averaged
548 organisms/m® with 11.2 99 fresh wt/m* during 1978. It
decreased to 321 organisms/ but i&s average biomass
increased slightly to 13.3 gm fresh wt/m“ in 1979.

The western sector contributed’ the highest biomass,
mostly due to Corbicula consobrina. On the other hand, the
highest counts . recorded there ’ were attributed to
Chaetogaster 1limnaei followed respectiveli by Corbicula
consobrina and Mesanthura sp., while Corophium volutator,
Ganmarus lacustris and Mysis reliocta were rarely observed,
The total caunts of benthos 1in this Sector amounted to 479
organisms/m< with 26.5 gm fresh wt/ guring 1978 and 498
organisms/m® weighed 13.3 gm fresh wt/m* in 1979.



Jil VIII![IUIII N the magnicude of the WCARALNG BGOGN W

benthos in the th roc ‘sactors. of tlie Lake were mostly related
to the ecologifal “&dnditions.. prevailing #n these sectors,
beside the nature of the boztpm sediments {+and fertility of
the Lake water. Thus, Lake Burgllus s stained hfgh densities
of both phytoplankéon and | nooplan ton H@'&h average ot
2,745,364 ceXls/l-. and { organisms/m> respecti e
during 1978 and. ¥, 439,53 mi sYX and. 45, 255 forganisms/m
1979 (El-Shepif, 19&;. and Aboul Ezz, 1984) .The western Lake
and the surreoyndings of the outlets of the ‘drains harboured
highest density of both phytoplankton. ' ‘#nd zooplankton
decreasing graduplly tqwardsithe middle ahd' .eastexrp.sector.
These planktgnioc orms obm:ributh the basjc tool of food
items for beh! h c_fatna_pdrticylarly inthe form of organic
debris accumilated at - tg g m, The’ de sraased biomass of
bontgos tron- 1,1’ T gn ‘fresh” w* z‘i‘ng Ig to 6.1 gm fresh
wt/m was" lbcompanled with simildr:decline in the
total zooplamtton counts as previously nentii@ned

Tho averago biomass of behtho- ;ecorddd during the. whole
investigation. pcriod"mounted fo 19.5 gu fresh wt/m’ in thg
western sector,  decreased tb 743 and 2.5 gm fresh wt/m
respectively in.the wmiddle. add outtdrn sectors. Thezannual
biomass for the whole quo avera ‘gm: fresh wt/m*“. This
valiie "is comparable to that prev gously recorded for. banthig
fauna in Lake Xdku' Which --reached 10.4 gm fresh wt/m
(Samaan, 19771 but lliqhtly highcr than that of the Nozha
Hydrodrome wh, Qn“ pga g fresh wt/m“(Elster and
Jengen, 1960). dz 1 ‘was oﬁﬁf *han the records of
bottom fauna in ‘the * h “‘prdductive Lake Marjut which
sustained an average an 1 ct 76.6 gm fresh wt/m“ (Samaan
.nd Aleem, 1972) ,
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GROWTH OF SOME GREEN ALGAE . FROM RIVER NILE IN POLLUTED

CULTURES
AND THE POSSIBILITY OF THEIR USE AS WATER POLLUTION

INDICATORS
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University of Mansoura, Mansoura, Egypt.

ABSTRACT

Four chlorophycean species namely:Pandorina morum
(Volvocales), chlorella wulgaris, Scendesmus quadricauda
(Chlorococcales) and Cosmarium sp. (Zygnematales) were
isolated from water samples collected from Damietta Branch,
River Nile. The four species have been grown in ligiud
cultures under the presence of one pollution factor pH
changes (acidic and alkaline), natural and autoclaved sewage
concentrations, commercial detergent concentrations
and nitrite concentrations, one at a time. The growth rates
have been studied for all cultures., The polluting factors
used proved to be quite different in their effects on the
growth iztes of every species, with acid pollution and
natural s>wage as the most drastic ones. The four test
species also showed big fifferences {n their response.
Cosmarium was the most susceptible species; in general; and
could be considered as a real oligotrophic one. On the
other hand, Scenedesmus quadriceuda was the strongest in
withstanding poltution and could be considered as a real
eutrophic species. Pandorina morum showed to be a kind of
mesotrophic to oligotrophic species, while Chloreilia
vulgaris showed to be a mesotrophic with tendency towards
the eutrophic species.

INTRODUCTION

1t is well established that the environmental
disturbances, such as pollution, induce changes in the
structure and function of biological systems. As a result,
many biologists have attempted to Jjudge the degree and
severity of ollution by analysing changes in biological
systems (Kofoid, 1903; Forbes and Richardson, 1913; Forbes,
1928; Purdy, 1930 and Patrick, 1949). :

. Algae are perhaps the most suitable and convenient
bicldgical community .for monitoring pollutlon effects. For a
number of years, tHhere has been a series of proposals
indicating that one or more algae could be used as organism
indicative of water quality.



Fjerdingstad (1964) and Williams (1964) considered
dlatoms to be the algal group that commonly used as

indicative organisms for trophlc sLaLe Ahd !Ab!&hi!U Uf

water. Palmer (1969) listed 80 species of fresh water algae
according to their tolerance to pollutants. His 1list
included speclies of Cyanophyceae, Euglenophyceae,
Chlorophyceae, Cryptophyceae and Bacillariophyceae. The use
of phytoplankton as biological indicators for water
pollution was discussed by Fjerdingstad (1971) who pointed
out that biological assessment - for water qualgty is
preferable, rapid and accurate. Patrick (1971) examined a
number of streams in U.S.A. and suggested the use of a
frequency of algae as an indicator for water quality.
Phillips. (1977) showed the significance of the use of algae
as biological indicators to define areas of trace metal
pollution. Round (1981) recommended the use of indicator
spécies or indicator communities of algae for the assessment
of water quality. Wu (1984) and Wu and Suen (1985{, working
on Hsin Dien River in Taiwan, have concluded that the change
of the relative abundance of diatoms, green algae and
Flagellates in general, was revealed to be a good indication
to water pollution.

The use of phytoplankton as biological indicators of
water quality is probably new to River Nile and other
Egyptian water bodies. Based on a previous study (Zahran et

al., 1988) on the water pollution of Damietta Branch of the
River Nile through physico-chemical properties and their
translaticn in algal populations; i* was decid«d to isolate
some sSpecies from water samples collected from ouwr stations
on Damgetta Branch and check their tolerance agzinst several

ollution factors that the River is actually subjected to,

ike: sewage, detergent nitrite, alkaline and acia
pollutions; and the possibility of the use of such species
as water pollution indicators.

EXPERIMENTAL
A~ Culture media:

Two types of media were used for 1isoclation and culturingjg
the experiment algae. The first is Woods Hole MBL pH 7.2
medium (Nichols, 1973). The second one is Desmid Agar (Star,
1964) .

B- Isoldtion and purification of test algae:

Water samples were collected from Damietta Branch of the
River Nile (Egypt) at Mansoura and Farskour stations during
fall 1984, centrifuged at 3000 rpm for 10 minutes,
supernatant was then carefully decanted and the residual
algal ellets were washed with sterile liquid media ana
recentrifuged. By means of a sterilized needle, algal
pellets were streaked over sterilized agar plates of both
above mentioned media; plates were then sealed by means of
tape, kept in culture room at 25 + 1°C and light intensity
approximately 3700 lux. Plates were examined microscopically
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every 3 days. Restreaking into fresh plates was done every
10 days. Pure algal colonies that started to appear (1-1.5
month from the strait) were carefully picked up by means of
sterile Pasteur pipettes, restreaked over agar plates and
incubated as above mentioned. Finally, we were able to get
unialgal cultures of Scenedesmus quadricauda, Chlorella
vulgaris, Cosmarium sp. and Pandorina morum. The first two
algae were found to grow best in Woods Hole MBL pH 7.2
medium, the third in desmid agar medium while the fourth one

grew best in desmid agar supplemented with 50 ml/1 soil
extract.

To get axenic cultures, the test algae were first grown
in ligquid media for about 12 days to attain vigorous growth.
20 m)] of culture medium were centrifuuged at 3000 rpm for
about 10 minutes, algal pellets were then treated with an
antibiotic solution prepared by.dissolving 100 mg penicillin
G (Na salt) and 50 mg streptomycin~-SO, in 100 ml distilled
water. After 30 minutes, algae were centrifuged and the
excess antibiotic solution was decanted. The algal pellets
were washed using sterile liquid media used for culturing.
We were successful to get axenic cultures of the four test
algae through streaking that was repeated every 10 days.

C- Treatments:
I- Sewage

Domestic :7nge was collected from the main sewage
station of Mansoura City at intervals of time, mixed
thoroughly, filtered through Whatman No. 1 filter paper and
volumes of filtrate were added to culture media to make them
0.01%, 0.1%, 1.0%, 20.0%, 40.0%, 60.0%, 80.0% and 100.0% in
sewage. Same concentrations have been made up with another
group of cultures using sewage that has been autoclaved for
30 minutes.

II- Cetergents

One gm of a mixture (of equal amounts w:) of commercial
detergents namely: Randy, Savo, Santo, Abeer, Nana and Fomo
was dissolved in 1.0 1liter of glass-distilled, deionized
water, thus each 1.0 ml would contain 1.0 mg detergent.
Culture’ media were supplemented with various volumes of
detergent solution to make up the following concentrations:
1.0 mg/1l, 2.0 mg/1l, 3.0 mg/l, 4.0 mg/1l and 5.0 mg/l.

IIXI- Nitrite

Stock solutjon of NaNO, was prepared by dissolving 0.492
g NaNo (AR) in one liter glass distilled water. 10.0 ml of
the stock solution were, then, diluted to one liter, thus
each one ml would contain 1.0 gm of NO,-N. Volumes of the

final ~ solution were ‘added to culture media to make the

concentrations of 1.0 gm, 2.0 gm, 3.0 gm, 4.0 gm and 5.0 g/l
in NOz“N. . :
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IvV- PH chanqes

By means of dilute. solution of H,50,, KOH and
standardized PYE-UNICAM pH-meter, the pH o% culture media
was adjusted to obtain the desired pH (pH 3.0, 4.0, 5.0,
6.0, 7.0, 8.0, 9.0 and 10.0). The pH of the control culture
was 7.2. All cultures were readjusted daily for the exact
pH. . Before transferring the electrode from one culture to
another, it was immersed in Lougl’s solution (algal.killing
agent) for 2 minutes in addition to usual washing.

D~ Counting:

Cell counting was made every couple of days uptil 16 days
from the start, by means of a haemocytometer for three times
after shaking, and an overall average was made up in every
case. The growth rate was then estimated by calculating the
log of cell number/ml.

RESULTS

The growth curves representing the four test organisms
treated with different concentrations of natural and
autoclaved sewage are represented in Figs. 1-4 and 5-8,
respectively. Those for treatments with different
concentrations of detergent mixture, nitrite and acidic and
alkaline cultures are represented in Figs. 9-12, 13-16 and
17-20, respectively.

Cosmarium had growth rates that were lower that of the
control ones for all the treatments used except for that
with autoclaved sewage. On the other hand, all the growth
curves of Chlorella vulgaris with all pollutants shcwed to
be higher than or similar to the control except for the
acidic treatment. Scenedesmus quadricauda; another species
of Chlorococcales showed to be quite similar %o Chl»-reila
vulgaris except for the cultures with detergent where i: | .d
growth curves 1lower than that of *he control one. As tor
Pandorina morum, its growth curves for sewage treatwment

whether natural or autoclaved were very similar to those ¢{
"Cosmarium, but quite different from it (with growth curves
higher than the control)  concernin the detergent and
nitrite treatments. As for pH deviations from neutral,
Pandorina morum had always lower growth rates whether for
alkaline or acidic ones.

DISCUSSION

The four test algal species showed to be different in
their tolerance against the different pollutants used with
their different concentrations.

As for natural (undutoclaved) sewage, Cosmarium proved to
be the most susceptible one. All its growth curves with
different concentrations of sewage were much lower than the
control one, with those for cultures with higher
concentrations at the bottom (Lowest growth rate). The log
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phass has been reduced to almost half-way where it started a
kind of stationary phase whose cell density differed with
different concentrations.

Pandorina morum also showed to be very susceptible to
natural sewage treatment. All its growth curves for all
concentrations were lower than the control one, but the
distance between the highest growth curve (with least
effect) and that of the control almost half of that in case
of Cosmarium. Another clear difference between these two
species is that the lag phase extended to 3-4 days in all
Pandorina sewage cultures. The lowest growth curves for both
Pandorina . and Cosmarium are the ones with 60, 80 and 100%
sewage which are represented by a longer lag phase,
followed by a shorter log one at which they convert to death
curves right away at the end of half period of incubation
without any stationary phases.

on the other hand, both Chlorella vulgaris and
Secendesmus quadricauda showed to be happy with sewage and
had all the sewage cultures with higher growth rates
compared with control ones, even with the high sewage
concentrations (60, 80 and 100%). A clear gap 1is seen
between the control and the nearest growth curve of the
treated cultures 1in case of Scenedesmus. Such a gap is
lacking with Chlorella cultures. This shows that Scenedesmus
is more tolerant to natural sewcye than its cousin
Chlorella. :

According to Wuhrmann (1975) and Elchenbergasr (1979), the
stinulatory effect of natural sewage on the growth of
Scenedesmus and Chlorella could be due to:

1-Direct growth promotion by:

a-Essential macro and micronutrients lik< carbton,
phosphorus, nitrogen, iron, boron, cobalt, ceroott
‘mangarese, molybdenum and zinc that sewage is rich in.

b-Organic growth substances of wvitamin-like character
supplied by sewage and known to be essential in culturing of
some algae (Shwartz, 1965).

2- Indirect effects like:

a~ Solubilization of metals by naturally occurring or
man-made complexing agents, thus increasing the supply of
essential microelements.

b~ Precipitation and co-precipitation of inhibitory
metals and organic substances by different compounds,
possibly iron hydroxides, phosphates or carbonates (Stumm,
1972).

However, Walsh (1984) concluded that the effects of

sewa?e upon algal growth can not be predicted from a more
chem cal composition. He suggested that the effect would
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rather be the result of additive, synergetic and
antagonistic behaviour of the chemicals in relation to
physical properties of sewage and physiological and/or
genetical response of algal species.

The autoclaved sewage seemed to have a quite different
effect on the growth of our test especially with the
susceptible ones 1like Cosmarium and Pandorina. Such a
difference is actually expected as the autoclaved sewage
lacks bacteria and other microorgansisms and would rather
represent a pollutant suspension with high organic and

inorganic contents. Our autoclaved sewage proved to have a
double phosphate content (450 gm Poy - P/1) comparable to
the natural (unautoclaved) one with only 200 gm PO, - P/l.
The dutoclaved sewage exerted a stimulatory effect on the
growth rates of all the test algae, even with Pandorina and
Cosmarium, when low to moderate . concentrations were used.
However, higher concentrations (60, 80 and 100%) did inhibit
the growth of these two species that showed to be very
susceptible when natural sewage was used. This in agreement
with the findings of Walsh and Alexander (1980) who reported
that autoclaving of some industrial wastes has changed their
bioactive properties from highly inhibitory to highly
stimulatory. Walsh (1984) referred t'’'s change . to the
bacterial content and- other micro-cryguns sri:  hot flou:r Lsh “n
natural sewa¢g . and compete with algae for nutrients or
produce slgis’tie or algicidal substances. Also autoclaving
nay lead to¢ o~ wung rid of some harmful gases that normally
occur in sewage like ammonia, hydrogen, sulphide, etc. The
inhi“ition with high concentrations of autoclaved sewage
ot e due Lo toxlc effects of high organic and inorgani:
wont .

¢or the other hand, the pleasure of Chlorella and
Sce~ cesmus with autoclaved sewage is quite apparent and the
higinvmr th2 concentration the higher the growth rate would
be.

Ag>:n with detergent treatments, Cosmarium prove. .u be a
typical susceptible species even with very low
concentrations. All its cultures polluted with detergent
mixture had growth rates lower than the control. The growth
curves ‘for cultures treated with 3 mg of commercial
detergent mixture are almost flat, while those for 4 and 5
mg treatments resemble death curves rather than growth ones.
Pandorina; a companion of Cosmarium in case of sewage;
behaved differently with detergent. It showed higher grcwth
rates with all concentrations used (1-5 mg/l). Yamane (1984)
reported that nonionic and anionic washing agents may
exhibit an inhibitory effect wupon algal growth and the
inhibition is mainly species specific. The stimulatory
effect of detergents on the growth of Pandorina could be due
to its ability to make use of the phosphate content of the
detergents. It is well established that a major ingredient
of most detergents is phosphate; and according to Ryther
(1971) and Kumar (1981); the discharges of detergents into

water—ways'may support 1luxuriant growths or blooms of some
algal-species.

235



Scendesmus and Chlorella, the two species that were gquite
happy with sewage proved to be less tolerant with detergent
mixture. They are here again more or 1less similar with
growth rates a little bit lower than the control ones. In
this sence they are nearer to Cosmarium than Pandorina is.

Concerning the nitrite pollution, Cosmarium is still
¢conservative in being the 1least tolerant among our test
algae. All its cultures with different concentrations had
thelr growth curves completely underneath the control ones
all the way from the beginning of the experiment until its
end. Attractive features of the treated cultures are
extending the lag phase, shortening the log one and break
through of the curves with highest concentrations (4 and 5
g/1) after 10 days of the start from being the most
susceptible ones with least growth rates to a position much
higher than other treated cultures and very near to the
control ones. Nitrite had similar effects on the growth of
Scehedesmus and Pandorina. It exerted an inhibitory effect
with growth curves lower than the control ones uptil 6-8
days, then converted to a stimulation that made the curves
of the treated cultures Jjumb over the control. The
inhibition effect of a pollutant or a toxic substance
followed by stimulation could be; according to Walsh
(1984); due to the development o¢f resistance by algae
against the toxicity after being subiected to, for sometime.
Another reason that we may suggest is the possibility that
nitrite ions be oxidized into nitrate ones by active oxyge:
resulting from algal photosynthesis.

Concerning phH changes, all our tes=t algae except
Pandorina were able to withstand the deviatici:s from neutral
towards alkaline. Both Chlorella and Scenedesmus had growth
rates hLigher than the control in alkaline cultures with gH
up to 10.0. Chlorella was more tolerant in this sence as tie
growth curve of Scenedesmus started to go down right after
pH 10.0. Cosmarium, the alga tha* showed ¢ bhe o

susceptible to all kinds of pollutjon ireatwkents sc tar, wa.
able to withstand pH 9.0, but pH 10.0 expectedly tad -
‘'great inhibitory effect on its growth.

Acid pollution; represented in our treatments by cultures
with pH adjusted to 5, 4 and 3; had the most drastic effect
on all test algae used. None of our species could show any
tolerance against this treatment. All growth curves of all
species are either stationary or death curves. Unexpected
result here 1s that both Chlorella and Scenedesmus (the
chlorococcalean species) proved to be more susceptible to
acid pollution than Pandorina and Cosmarium and had death
curves:with pH 5, 4 and 3. -

It is well established that the availability of CO, and
bicarbonate for algal photosynthesis is highly pH depenaent.
The increase in pH decreases the free CO, level, thus
oligotrophic algae confined to free CO, as a carbon for
photosynthesis would be unable to grow well under such
conditions.

236



At high pH values (above pH 8), the growth of the most
oligotrophic species ceased or was greatly reduced. On the
other hand, most of the eutrophic algal specles are able ta
use bicarbonate ions directly and their growth would
continue undiminished up to pH values above 9.0 (Fogg, 1965;
Raven, 1968 and 1970 and Moss, 1972 and 1973).

According to our findings we may classify our test algae
based on the saprobic zones as follows: :

a-Cosmarium to be an oligotrophic species.

b-Pandorina morum to be a kind of mesotrophic to
oligotrophic one.

c~Chlorella vulgaris to be a mesotrophic with tendency
towards the eutrophic zone.

d-Scenedesmus quadricauda to be a real eutrophic species.

The idea that flagellates, in general, are to be
considered as species of the eutrophic zone 1is not a
straight rule, and should be dealt with care. Some eutrophic
specie supposed to be tolerant against several pollutants,

could be more susceptisle to a specific rollutant
(especial’ s anid polliution) than some oligotropic ones.
In gonure? the classification of algae concerning

saprobic zd¢iues and their use as eutrophication and\ or water
pollution indicators must be specific on the species level;

4% 1 wne 2steblished on the class or generic levels could
ve «ougerously misleading.
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ABSTRACT

Heaemopolesis in Clarias lszera wes studied on
physiologicsl and cytochemical besis. It was found t0 be
monephyletic since blood cells develop from a common stem
cell; the haemocytoblast in the Llymphomyeloid tissue of
hasmopedetic organs. Senile blood cells were also noticed te
distotigrate in the circulation and haemopoietic organs.

INTRODUCTION

Many 1investigators postulated different sohemes for theg
origin and site of stem cells respemsible for the formatioW
of blood cells in poikilothermic animals (Jordan and
Speidel, 1924; Duthie, 1939; catton, 1951; Yokoyama, 1960;

" Watson et al., 1963; Weinreb and Weinreb, 1969; Gardner and
Yevich, 1969; Ellis, 1976 & 1977; Mahajan and Dheer, 1979;
Cannon et al., 1980; Barber et al., 1981; Hoole and Arme,
1982; El-Feky, 1982; Bergeron and Woodward, 1983; Hightower
et al., I%84; Svott et al., 1985; Miller et a&l., 1986 and
Roubal, 1986). However, studies on the haemopoiesis of
sybtropical fish are very rare and in particular on Egyptian
fish species. The aim of this work is to carry out a study
on the otigin, development and fate of blood cells in the
Bgyptian gatfish, Clarias lazera.

MATERTAL AND METHODS

¥ish wexre ocollected alive from the unpolluted area of
Bab-El-Abid in Lake Mariut, near Alexandria. They were kept
for 48 hrs in sguitable continuously aerated tanks befora
emamination.

- Twelve healthy fishes we;% examined monthly. Prior to
investigation, each fish was measured and weighed. Their
lengths ranged between 15-40 c¢m and weighed between 30-250
gm. Blood smears were made, air dried and fixed in methyl
alcohol for 5 minutes and stained by Giemsa, Wright’s or

panoptic methods. Thereafter, fish were dissected and
haemopoletic organs (head kidney, 1liver and spleen) were
removed, cut and applied to clean slides to make

tissue imprints. They were fixed in methyl alcohol for-5
minutes, formalin vapour or in a solution of 10 ml formalin
and 90 ml .methanol, to study periodic Acid Schiff (PAS),
Sudan Black B and peroxides reactions respectively (NayHoe
et al., 1960 and Pearse, 1972). Sections of the head kidney
-were made after fixation in 10% neutral formalin and stained
using eosin-haematoxylin.



RESULTS

jections and inprintc of the haad lkiduay (Figa.
1,2,5,6,12,13 & 14) showed the presence of stem cells and
several developmental stages. The blood smears also showed
the presence of some developmental stages in addition to the
mg?ure blood cells (Figs. 3,4,7,8,9,10,11,15,16,17,18,19 &
20).

From the study of sections, imprints and smears, it
appears that the haemocytoblast in Clarias 1lazera is the
stem cell that arises from a primitive reticular cell which
hypertrcphies and later separates from the reticular
syncytium. The reticular cell (RC) can be seen in areas of
blood forming tissue between the uriniferous tubules (Ut,
Fig. 1). The haemocytoblasts are formed extravasculary in
the stromal areas not within the venous sinusoids. In kidney
imrpint preparations (Fig. 2), the outline of the
haemocytoblast appears either oval, spherical or irregular.
Each <cell contains a moderate amount of cytoplasm and a
large . centrally located nucleus with one or two nucleoli.
The size of the haemocdytoblasts varies. It appears that some
of the large haemocytoblasts (LHcb) proceed in developm:nt
towards the granulocytes series, while others form the
precursors of erythrocytes series. The medium-sized
haemocytoblasts (MHcb) divide to form the small cells (SHci)
which develop into lymphocytes and throrhocaytes.

Erythrocytes

The deselopnental stagss of the erythrocyte =er es are as
follows:

a) Pronormoblast

This stage can be recognized in blood smears (Fig. 3,
PrN) and kidne¥ imprints (Fig. 5). The large nucleus is
still present with tuhickening of some of the chromatin
threads, but no haemoglobin is yet evident.

b) Basophilic Normblast

This stage is often seen in kidney imprints (Fig. 6) and
rarely in blood smears (Figs. 3 & 4, BN). 1t |is
characterized by homogenous basophilic cytoplasm and a
concentric nucleus in which the chromatin forms large
clumps. It is smaller in size than that of the
pronormoblast, and the nucleus is still large in proportion
to the cytostome.

c) Polychromatophil Normblast

As development proceeds haemoglobin appears in the
cytoplasm of the erythroblast cell which looses its
basophilia. In blood smears and imprints of haemopoietic
organs, the cytoplasm may have lighter areas and opaque ones
(Filg. 4 PN), and hence the name polychromatophil normoblast.
The cell is often rounded and the nucleus is spherical and
concentric.
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FiG. 1.
Formalin -eosin haematoxylin. L.S. in the head kidney
showing reticular cells (RC) between renal tubules
(UT) and a group of developing cells (DC). X 1250.

FiG. 2.
Kidney imprints showing large haemocytoblast (LHcb) medium
haemocytoblast (MHeb and small hawmocytoblast (SHcb). X 1250,

FIG. 3.
Blood smear-Wright’s stain showing a pronormoblast
(PrN) and a basophilic normoblast (BN), X 1250

FIG. 4.

Blewd sme ar-Panoptic method showing besophilic normoblast
(8N}, Polychrematophil (PH), orthrochromatophil normoblast
(ON), mature erythrocytes {KE) and large senile erythrocyte

distended and deformed cytoblasm (SE),
eosinophil (Es). X 1250.

FIG. 5.

Kidngy ianrints-Suden Black B, showing + ve granules
in both early and late myelocytes (ELM) (LtM) and
metamylocytes (MM), while -ve {n haemocytoblast

(Hcb), lymphoblast (Lbs), lymphocyte (L) and
pronormoblast (PrN). Notice a macrophage {Mc).
with weak ¢+ ve reaction. X 1250.

FIG. 6.
Xidney fmprints-Wright’s stain showing basophilic myelocyte
(BsM), macrophage (Mc) with several vacuoles and promylocyte
(PrM). Notfce Ghost cell (GC) and basophflic normoblast (BN).
X 1250.
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FIG. 7.
Blood smear-Giemsa stain showing a basophilic normoblast (BN),
small senile erythrocyte (SE), small lymphocyte (SL) and
Lymphoblast (Lbs). X1250.

F1G. 8.
Blood smear-Giemsa stain showing poikilocytosis, senile
rythrocyte (SE), ghost cells (GC) and early myelocyte (E(M).
X 1250.

FI1G. 9.
Blood smear-panoptic method showing 2 small lymphocytes (SL),
a medium sized lymphocyte (ML). Notice that ail the
cells posses pseudopodia. X 1250.

FIG. 10.

Blowi smear-Giems2 stain showing a tymphoblast (ibs)
with nuclear details and pseudopodia, small old
lymphocyte (SL) and a cluster of spherical
thromboctye (Th). X 1250.

FIG. 1.
Blood smear-Giemsa stain siowing prelymphoctye (PrL),
senile lymphocyte (SL) and spherical thrombocyte (Th).
X 1250.

FIG. 12.

Kidney imprints-Wright’s stain showing developing
lymphocytes (DL), developing thrombocytes (DTh).
Notice a prothrombocyte (with kidney- shaped nucleus)
(Prth) , lymphoblast (lbs) and developing
erythrocytes (DE). X 1250.
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Fren 13, ,
Gty priiits-Panoptic metRody » peatropBilt
myalogyte (NEM), en eosinophilic wystneyte CEMD.
promystoguty (PO end hassocytalitaa® Qu{da
X 1250-

FIG. 1.
Widedy trprimes-wright’s statey
4wmmmmmmamp
dirty myetoie (EQD ocd thte. agxiocyts GORY.
K 1250,

FiG. 15
Foui-sanir-Glgey stain showihg & satire € Lapesitey
aessrophit (NX). ¥ V299,

Fi& 15,

18 smeur-inoptic method shovdoy Shree Silbe
neutrophti ba, two uith bitobed reptet CHIYY,
fhe tipd with nusteus formed of & iotwe (FREY..

© Wighise goikilocytoste of erytitrocyte, ¥ (25D,

F1G6. 17,
Klond ansae-TLihtYe stain showing & awpt«u B
X ;zso

rm-m’.
slaod smearspihiptic method showing 2 tRroubooytes
$ending saverst psewdopodis, one of theee peaiopodite
fe loog end Lfnks the two thronbocytes C(thd.
Notigs-ghost celis (GC). X 1250,
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FIG+19.
Blood smear-Panoptic method showing a spherfcat
and an oval thrombocytes (STh) & (OTh). X %250,

F16-20.
Blood smesr-Pancptic method showing se obtang-shaped
thrpmbocyte. (0BIM. X 1250.

d) oréhochrOnatoﬁhil Normohlisk

In this stage, the cytoplasm has acquired a further
amount of haemoglopin which aceounts for its - agcidophilic orx
orthochromatic reaction (Fig. 4, ON) but the nuleus is still
round with further condensatiom of chromatin.

e) Mature Erythrocytes

Normal mature erythrocytes contain a céﬁtrhlly located
biionvex nucleus and are often round, rarely oval in shaps
(Fig. 4, ME). . -

F) Senile Erythrocyte

Senile erythrocytes are characteéerized by their pycnotic
nuolei and cytoplasmic condensation. Thus, a seniie cell is

ruch smaller in size than the mature red blogd cell an ,
always a deformed outline (Fig. 7, SE). nuring their

formation, exythrooytes increase in size, stain lightiy,

loose thelr norwmal #ppearance. ®nd show patglty aveas which

are torn away (Figs. 4 & &, BE) :



It was noticed that all above stages gave negative
results with peroxidase and PAS reactlons. Only mature

erythrocytes showed pogitive hlack granuled with Sudan Black

B, whereas other developmental stages gave negative results.
Leucocytes

Clarias lazera leucocytes- are divided into two
categories; granulocytes and agranulocytes.

I. Granulbcytic leucocytes

The earliest recognizable cell of the granulocyte series
is the promyelocyte which gives rise to a sequence of
myelocyte, metamyelocyte and polymorph (mature granulocyte).

When a haemocytoblast develops into a promyelocyte stage,
several changes take place. The cell size increases due to
increased cytoplasm (Fig. 13, PrM). The nucleus assumes an
eccentric position, and nucleoli disappear.

In kidney imprints (Fig. 13), the cytoplasm of
promyelocyte is pierced in some regions by acidophilic areas
which first become evident close to the nucleus aid
gradually spread irregularly to the periphery of the c¢=11.
Thereafter, acidophilic areas enlarge and finally affect the

basophilic cytoplasm. Cytochemically the promyelocyte 1~
strongly positive to Ph3, Peroxida-: ¢a¢ -uw’inn Black B.
Myzlocyte is wmost abundantly :¢ond  in toe cicculat.;

blood. The oyterlasm hoe lost most of its basophilic natur«
and posse:ses & Yine sprngy appearar.e. The nucleus contalins
a coarse network of chromatin, sometimes with heavier

clumps. In early myelocyte, the nucleus is oval in shape
iFigs. 5 & 14, E1M), while in the late myelocyte, it becomes
ndented (Figs. 5 & 14, E1IM). According to the affinity of
the tytoplasmic granules of myelocytes to various days,
there are neutrophilic, ecsinophilic and basophi¥ic
myelocytes. The neutrophilic and eosinophilic myelocytes
appear to have similar sizes (Fig.13), where as the
basophilic myelocyte is always of a much smaller esize (Fig.
6) . Myelocytes give positive reactions with PAS and strongly
positive reactions with Sudan Black B. With peroxidase
reaction, both neutrophilic and eosinophilic myelocytes show
positjive results, while basophilic myelocyte give a negative
one.

In metamyelocyte the nucleus becomes indented and finally
attains a horse-shoe shaped (Figs. 5 and 14). The
metamyelocytes are of similar size to the mature forms. No
nucleoli were observed in their nuclei. All types of
metamyelocytes give positive reactions with all cytochemical
tests applied, except for the basophilic metamyelocyte which
gives negative result with peroxidase reagent.

The nucleus in the neutrophilic metamyelocyte consists of

two oval parts joined by a broad band. Later, the two lobes
become connected by a thin filament of chromatin (Fig. 15,

250



Nt). This stage is called the filamented stage.
Polymorphonuclear neutrophil with nucleus of four lobes
exists in Clarias (Fig. 16). Chromatin clumps of the nucleus
are large and easily recognized. The cytoplasnm is filled
with fine granules. 1In some cells, small vacuoles may be
seen in the cytoplasm.

Neutrophils are positive to PAS reagent. The cell
cytoplasm reacts weakly, but the ?ranules are strongly
positive. Neutrophils are also positive to peroxidase and
Sudan Black B.

The eosinophilis are smaller than the neutrophils and are
irregular or oval in shape (Fig. 4 Fs). The mature cells
contain a large quantity of cytoplasm. The development of
the nucleus resembles that of the neutrophil with the fine
chromatin network becoming progressively coarser. Although
most cells contain a single eccentric round or oval nucleus
(Fig. 4), they sometimes may have a bilobed one. The
cytoplasm appears to be acidophilic due té the accumulation
of the coarse eosinophilic granules. Mature eosinophilis
give positive reactions to all the cytochemical tests
applied. .

Mature basophils are th:: smallest aru raxrest cells in the
blood of “iarias. They ma be irregular or oval in shape.
The bascphiiic cytoplasm {s filled with scattered highly
refractile granules (Fig. 17). The basophilic granules are
larger than the eosinophilic ones. cCertain basophils may

contain from 8 to 10 large granules (Fig. 17 Bs), but the
majority contains even morae than these numbers. The nucleus
may be round or oval in shape and stains blue to purple and
eccentrically located in the cytoplasm. No
polymorphonuclear basophils is observed in the blood of
Clarias. Basophils give positivé results with both Sudan
Blake B and PAS but negative reaction with peroxidase.

When the cells of granulocytic series rezch the ernd of
their physiological activity, some disintegrate in . . i.cod
circulation as seen in blood smears (Figs. 8 & 18). Others
degenerate in the lymphomyeloid tissue of the haemopoietic
organs, especially those of the spleen and the kidney (Fig.
6, GC). They appear as dark stained masses of irregular

shapes. The term ghost cells is given to these degenerating
granulocytes.

II. Agranulocytic leucocytes

The agranulocytic Lype of Clarias leucocytes includes
the 1lymphocytes which are the prevailing white cells in
circulating blood and the macrophage, whose presence is
restricted only to the lymphoid tgssue of the haemopoietic
organs. In tissue smears, macrophages are often seen
containing several vacuoles in their cytoplasm (Fig. 6 Mc).

Lymphooytes in Clarias are derived from prolymphocytes

iFig. 11, PrL) whose mother cell is the Lymphoblast, which
n turn originates from the stem cell, the haemocytoblast.
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The lymphoblasts Ibs), occur mainly in the haemopoicc’-
tissue,- sometimes in the peripheral circulation (Fig. 10;.
and possess nuclei made up of coarse reticular chromatin
network with the one or more rounded nucleocli. Some nuclei
are deeply indented (Fig. 12, DL)). Senile lymphocytes (Fig.
10, 8L) are charactergzed by the disappearance of normal
nuclear details.

The lymphocytes in the circulating blood of Clarias
lazera are predominatly small (Figs. 7 & 9, SL) and
occassionlly of medium size (Fig. 9, ML). The nucleus with
its clumped chromatin occupies the entire volume of the
cell, and is surrounded by thin cytoplasm. The cytostome
may be rounded or have an amaeboid shape due to numerous
Eseudopodia (Figs. 9, 10 & 11). Both 1lymphoblasts and

ymphocytes are weakly positive to the PAS reagent and are
negative to both peroxidase and Sudan Black B reactions.

Macrophages are giant cells with a large amount of
cytoplasm, a loosely reticular, often of vacuolated (Fig. 6
Mc). It was noticed that the nucleus of the macrophage
resembles that of the primitive reticular cell of the
lymphoid tissue in the haemopoietic organs. However, it is
larger and contains more chromatin granules and two
prominent nucleoli.

Cytochemically, macrophages give weakly positive reaction
with sudan Rlack B (Fig. 5) and negative reactiona for both
Peroxidase and Periodic Acid Schiff.

Thromhocytes

In the peripheral blood of Clarias lazera, thrombocytes
occur in various stages of development. These thrombocytes
ar® represented by prothrombocytes, various intermediate
forms and mature thrombocytes. In blood smears the
thrombocytes appear either round or oval (Figs. 10 & 11, Th)
and contain an oval nucleus and a small amount of cytoplasm.

Thrombocytes are derived from their mother cell, the
thrombocyte, which in turn comes from the haemopoietic stem
cell; the haemocytoblast, . frequently seen in the
lymphomyeloid tissue of haemopoietic organs (Fig. 12 PrTh).
The size of prothrombocyte is relatively smaller than those
of small lymphocytes. The nucleus is kidney-shaped with fine
reticular network of chromatin, and has one or more
nucleoli. However, the amount of c¥top1asm is considerably
large than of. the thrombocyte, and is moderately basophilic
in reaction.

The mature thrombocytes are spheroid or oval 1in shape
. (Fig. 19), sometimes oblong (Fig. 20 ObTh). The citoplasm
has a fine reticular flaky appearance. The nucleus is large
compared to the amount of cytoplasm. In esome cases,
thrombocytes contain one . polar granule or a single
vacuole. - Occasionally the vacuole |{is located in the
concavity of the nucleus (Figs. 19 and 20 STh & Oth). Mature
thrombocytes are able to radiate cytoplasmic pseudopodia.
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Figure 18 shows two thrombocytes projecting several thin
pseudopodia, with one pseudopodium elongating to link two
thrombocytes. It appears that these thrombocytic networks
way serve in blood clotting of Clarias.

DISCUSSION

Blood smears of Clarias lazera showed that erythrocytes,
lymphocytes and granulocytes were present. Typical monocytes
were absent. Mature and immature cell types at various
transitional stages of development were also noticed, a
state similar to that reported by Weinreb (1963).

The results show that all different types of blood cells
originate from a stem cell, the haemocytoblast, found in the
lymphomyeloid tissue of haemopoietic organs, particularly
the kidney and spleen. It arises from a primitive reticular
cell. This is in agreement with catton (1951) and Watson et
al. (1963). In Clarias lazera, haemocytoblasts vary in size.
The large haemocytoblasts develop to erythrocytes and
granulocytic leucocytes, while medium or small~sized ones

form lymphocytes and thrombocytes. These observations are
in accordance with data presented on the perch blood
(Yokoyama, 1960) and on Carassius auratus (Watson et al.,
1963 and Weinreb and Weinreb, 1969).

During erythropoiesis, the -haemocytoblast undergoes
marked transformation in nucleus and cytoplasm to give
develogmental stages (pro-, bascphilic, polychromatophil and
orthochromatophil normoblasts) until it reaches the mature
erythrocyte. Fish haenatologists applied various
nomenclatures to the erythrocyte developmental stages.
However, the texrms used in the present work are more or
less 1dentical to those given by Yokoyama (1960)- in the
perch. Thae polychromatoph?I ot the present work appears to
be similar to the proerythrocyte described by Ellis (1976)
in the plajce with the exception that the hucleus of the
latter is sometimes eccentric. Furthermere, the
orthochromatophil normoblast of clarias lazera was not
recorded by the majority of workers, although Ellis (1978)
described a similar stage in the plaice which he called
young erythrocyte . <Catton (1951) and El- Feky (1582)

~described a similar developmental stage in a number of
teleosts, which they called reticulocyte.

All erythrocytic stages gave negative results with

peroxidase reaction. This conclusion confitms the
observations of many authors such as Yuki (1957); Ellis
(1976); and El~Feky (1982), but contradicts the data of

Caxton-Martins (1978) and Cannon et al. (1980). Only mature
cells showed positive Sudan Black B granules, whereas
developmental stages gave negative results. Similar results
were reported for the plaice erythrcblasts (Ellies, 1976).

Mature erythrocytes of Clarias lazera showed negative
reaction with PAS reagent, similar to the findings of Hayhoe
et al. (1960); Caxton-Martins (1977, 1978 & 1979) and
El-Feky (1982).
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puring development of lymphocytes in Clarias lazera, the
haemocytoblast transforms Xﬁto a lymphoblast which 1in turn
gives rise to the prolymphocyte. From the latter stage, a
mature lymphocyte is derived. Similar reports have been

iven . for lymphocyte development in teleost fish (Catton,

9513 Watson at al., 1963; and Weinreb and Weinreb,
1969). However, McKnight (1966) was unable to distinguish
lymphoblasts in dimprints of haemopoietic organs in the
mountain whitefish.

Both lymphoblasts and lymphocytes are weakly positive to
PAS reagent, similar to the lymphocytes of the plaice
(El1lis, 1976) and Schilbe mystis (El—Fek{, 1982). As to
peroxidase reaction, 1lymphocytes are negative. This result
agrees with those reported by Ellis (1976) and El-Feky
(1982).

- The lymphocytes of Clarias lazera were found to give
negative results with Sudan Black B reaction similar to the
finding of Baillif and Kimbrough (1946), and 3laxhall and
Daisley (1973).

Macrophages were noticed tu be confined onl to
haemopoietic organs and were not found in tre peripheral
circulation. Such observation resembles these reported by
Yokoyama {1960): “an Furth et al., (1972); Ellis and De
Sousa (1974); Elliz (1976 & 1977) for other fish speciles.
However, Watson et al. (1963) reported the presence of
macrobhages 1in the blood circulation as well as .in the
haemopoietic tissues bf the goldfish. ’

As regards the onto?eny of macrophages in Clarias lazera,
they appear to be derived directly from primitive reticular
cells. This view finds support *y Jordan and Sgeidel (1924).
C¥tochemica11y, macrophages give weakly positive reaction
‘'with Sudan Black B and negative reactions for both
peroxidase and PAS tests.

Cytochemically, promyelocytes, myelocytes and
metamyelocytes give positive reaction with PAS in both
granules and cytoplasm. This result confirms those of Ellis
(1976) and Barber and Westermann (1978). As to the Sudan
Black B reaction, all immature stages' of leucocytes
described in Clarias lazera give moderate positive results.
This observation is contrary to that reported by Ellis
(1976) in the plaice, where the only Sudan Black positive
cells were the mature leucocytes.

The promyelocyte, neutrophilic and eosinophilic
m{elocytes along with metamyelocytes give positive results
wlth peroxidase reaction, while basophilic myelo- and
metamyelocytes reacted negatively. However, Ellis (1976)
reported that immature stages of all leucocyte types have
a negative peroxidase reaction.
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In neutrophils of Clarias 1lazera, the cytoplasm is
faintly stained while the granules show strong PAS reaction,
this confirms results of El-Feky (1982), but contradicts the
observation of Roubal (1986). Granules also give positive
reaction with Sudan Black B, in agreement with Baillif and
Kimbrough (1946) . They give positive results with
peroxidase. This confirms the results of Yuki (1957), Ellis
(1976), Cannon et al. (1980) and El-Feky (1982) in various
teleosts. On the other hand, the present observations are
contradictory to those of Kelenyi and Nemeth (1969) who
stated that neutrophilic granules in teleosts were
peroxidase negative.

Eosinophils of Clarias lazera give positive reaction to
PAS, Sudan Black B and peroxidase. This agrees with results
of El-Feky (1982); Baillif and Kimbrough (1946); and Hattori
(1958).

Basophils give positive results with PAS, similar to
Schilbe mystis (El1-Feky, 1982). They reacted positively with
Sudan Black B, contrary to the results of Baillif and
Kimbrough (1946). As regards the peroxidase reaction, the
basophilic granules in Clarias gave negative results, this
agrees with the results of Hattori (1958), and El-Feky
(1982)..

Cytochemically, 1t was noticed that both prothrombocytes
and thrombocytes were negative for PAS reaction. This result
confirms these of Duthie (1939) and Caxton-Martins (1979)
on some teleosts. Contrary to - the present okservation is
that of Ellis (1976) on the thrombocytes of the plaice. As
to Sudan Black B reaction thrombocytes of Clarias gave
negative results to peroxidase reaction. This observation
supports the work of Duthie (1339) on teleost fish.

Finally, it is proposad that blood cell formation in

Clarias lazera is monophyletic according to the following
scheme:

255




-l

Proposed scheme showing the origin and development of the blood cells of Clarias laxera.
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