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RESEARCH ARTICLE

Egyptian Sole Solea aegyptiaca Chabanaud 1927 as an
Eligible Ecological Indicator for Lake Qarun, Egypt

Usama Khalifa, Adel A. Abdelmageed*

National Institute of Oceanography and Fisheries, NIOF, Cairo, Egypt

Abstract

During the last century, Lake Qarun witnessed successive ecological changes and diverse exploitation patterns.
Recently, by 2015, a vigorous invasion and spreading of an exotic crustacean isopod resulted in a massive mortality of
lake fishes. For crisis management, administrative bodies adopted two low risk approaches; dredge the area near the
entrance of main drainage and stop the regular annual lake stocking with fish fries, to improve water quality and
interfere with the parasite life cycle. By 2021, proposing an effective plan for rehabilitation and restoration of the lake
Qarun ecosystem was an urgent demand. Thus, determining the present status of fish stocks that still survive in the lake
was a priority, through designing a comprehensive fishing survey, from September 2021 to September 2022. Surveys'
results revealed that Egyptian sole, anchovy, and small shrimps are the aftermath survivors. Considering the economic
importance of Egyptian soles, its current population characteristics studied in detail (length-frequency distribution,
length-weight relationship, sex-ratio, age determination, age-length-key). Size-frequency distribution compared be-
tween the three different sectors of the lake. Screening the history of Egyptian soles population in Lake Qarun indicated
that soles was the only commercially important fish species that withstand all consequences of ecological changes in the
lake, since its appearance in the catch by 1948. To discuss the eligibility of Egyptian soles as an ecological indicator for
Lake Qarun, recent size-frequency results compared with previous studies concerned species in Lake Qarun, through
applying a simple reliable nonparametric statistical test. The comparison indicated that Egyptian soles is eligible as an
ecological indicator for Lake Qarun ecosystem, and it should be highly considered in any fisheries development plan.
Moreover, the high incidence of anomalies and malformation among the sole population in the lake compared to the rare
incidence for wild population in other localities proposed its eligibility as an environmental quality indicator for the
different lake fishing sectors. A well-designed stock enhancement program is recommended to support the existing
Egyptian sole population in Lake Qarun. Concerning prevalence of cymothoid isopod parasite, present study revealed a
sharp decline in its morbidity among sole fish compared to the single study carried out from 2014 to 2016.

Keywords: Lake Qarun, Egyptian sole, Solea aegyptiaca, Biological parameters, Anomalies & malformation, Ecological
indicator

1. Introduction

L ake Qarun is in the lowest point of El-Fayoum
depression; on the fringe of the Western

Desert, about 90 km south of Cairo. It represented
the remains of the oldest ancient Egyptian Lake
“Moeris”, which was used as an artificial regulator of
the Nile floods by the monarchs of the XII dynasty.
For centuries, the lake represented a freshwater

reservoir for the extra Nile flood reach the depres-
sion at the most distant end of the Nile tributaries
during flooding time. Thereafter, the lake completely
detached from the river. The surrounding popula-
tion used collected water for their domestic needs as
well as agriculture. In addition, floodwater used to
carry huge quantities of freshwater fishes to the
reservoir. Thus, residents around the lake used to
exploit it as fisheries resource. By the beginning of
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the 19th century, the huge hydrological projects in
the country change the exploitation pattern of the
lake to a reservoir for agricultural drainage water. As
a result, the salinity of the lake tends to increased
gradually. Consequently, the ecosystem was not in
favor of freshwater fish and most of the freshwater
fishes disappeared (Faouzi, 1935). The Nile perch,
Lates niloticus, and tilapias production markedly
plummet. The former dropped from 63 tons in 1921
to about 30 kilograme during 1935, While the later
leaned from 5 thousand tons to 475 tons, between
1927 and 1930 (Faouzi, op. cit).
The salinity of the lake has strongly increased over

the twentieth century. In 1906, it was 10.5 g l�1, but
already reached 18 g l�1 in 1919e1925. Naguib
(1958) mentioned 17.8e25.5 g l�1 in 1953e1955.
Salinity increased further, to 30.9‰, 38.7‰ and
42.8‰ in the 1971, 1995 and 1999e2000, respectively
(Meshal, 1973; Anonymous, 1997; Ali, 2002). The
water salinity was in order of 33.25 ‰. Soliman
(1989) predicted a further increase in salinity in the
twenty-first century. The annual salt gain via the
main drains is 690.89 � 106 kg (Abd Ellah, 1999).
Recently, the level of lake salinity reached 38‰
(Abdelmageed et al., 2022).
To accommodate the changes in the lake, the ne-

cessity arose to stock the lake with species tolerant
high salinity, to compensate for the loss of the fresh-
water fishes. The Alexandria Institute of Hydrobiol-
ogy started in 1928 a program to introduce fish of
marine origin; grey mullets (Mugil cephlus), from
Mediterranean into the lake (Faouzi, 1935;Wimpenny
and Faouzi, 1935; El-Zarka, 1963, 1968; El-Zarka and
Kamel, 1965; Ishak, 1980; Ishak et al., 1982). Following
up the experiment results indicated that gray mullets
could not spawn naturally in the lake. Thereafter,
different mullet species; Chelon ramada, Liza saliens
andChelon labrosus, have been introduced hoping one
of them will reproduce naturally in the lake. Some
early studies concluded that C. ramada successfully
spawned in the lake (Wimpenny & Faouzi, 1935), but
the outcomes were disappointing. Accordingly, pro-
gressive annual supply of mullets' fry continues till it
reached about 27million in 2010 (Alrouby andAbdul-
Tawab, 2019). During 1935, 103 Egyptian soles intro-
duced to the lake. The first experimental sole fishing
was during 1938 resulted in catching 38 kg. This
encouraged additional transplanting of small fries,
7e10 cm, during 1943, 1945 and 1948. By the end of
1948, a total of 1603 young fishes were transplanted
(El-Zarka, 1963). Accordingly, lake fisheries depend
upon naturally reproduced species and regularly
transplanted fries and fingerlings. Naturally repro-
duced species include Tilapias (Captadon zillii, Oreo-
chromis niloticus and O. aureus) and Egyptian soles

(Solea aegyptiaca). Transplanted fish species
comprisedmullets (Mugil cephlaus, Liza saliens, Chelon
ramada and C. labrosus), sea bream (Sparus aurata) and
sea bass (Dicentrarchus labrax). Lake catch composi-
tion, to large extent, depends upon the stocking
regime of the lake for the present and preceding
years. LakeQarundeclaredas a protected area in 1989
(Prime Ministerial Decree 943 for 1989).
The progressive increase of salinity may be the

main problem in the lake due to its direct effects on
biological productivity, fish production and all biota
in the lake. Besides, the lake suffers from a serious
water pollution problem due to receiving huge
quantities of domestic and industrial waste via the
two drains. In addition, a clear sustainable waste-
water management aimed at reducing agrochemical
contamination of the received drainage water. By
2015, the misery of lake Qarun ecosystem increased
by the sudden appearance, prevalence, and
vigorous attack of an exotic cymothoid isopods
crustacean. The invasion resulted in a massive
mortality of lake fishes (Abdel-Latif, 2016; Younes
et al., 2016; Mahmoud et al., 2017; Shaheen et al.,
2017; Abdelkhalek et al., 2018). Administrative
bodies preferred the lowest-risk approaches in crisis
management. The first approach was a project su-
pervised by General Authority of Fish Resource
Development (GAFRD) to dredge the Lake bottom
near the entrance of the main water source; Al-Bats
drain. The project aimed at removing the accumu-
lated organic matter in the area to improve the
water quality. The second, and the most serious
approach, was a complete stop of annual supply
with transplanting fish fries. The main intention was
to interfere with the parasite life cycle by reducing
the number of infected fishes. The applied ap-
proaches led to a severe decline in fisheries pro-
duction without further intervention to restore the
lake ecosystem.
Several studies strictly concerned with sole fish

biology, fisheries, and population structure of soles
in Lake Qarun. On the other hand, some studies
interested in certain aspect of Egyptian sole in the
lake, like taxonomical characteristics (Abdel-Missih,
1995) or reproductive biology (El-Husseiny, 2001),
but delineated the biological characteristics of the
sole population. El-Zarka (1963) briefly described
the transplantation of soles to lake Qarun and its
production characteristics from 1938 up to 1960. The
reproductive cycle of sole in lake Qarun draw the
attention of Boulos and Ashour (1973). Kirollus
(1977) studied the sole fisheries for about 10 years.
Bishai and Kirollus (1988) studied the selectivity of
five experimental sets of cotton and nylon nets.
Abd El-Khalek (2008) studies condition factor,
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hepatosomatic index, biochemical parameters and
electrophoretic separation of eye and muscle
esterase isoenzyme for Egyptian sole. Shalloof
(2009) studied fisheries biology of S. vulgaris in Lake
Qarun. She noticed a decline in the coefficient of
allometry (b) and absence of older age. Zaghloul
et al. (2011) linked findings of the histological and
histopathological studies of gills, liver and kidneys
sections for Egyptian soles collected from lake
Qarun during summer with the results of residual
heavy metals in water. In addition, they found sig-
nificant differences in values of growth indices, flesh
quality, blood parameters and plasma constituents
of S. aegyptiaca collected from Lake Qarun
compared to that collected along Egyptian Medi-
terranean coast. El-Serafy et al. (2014) gave a
detailed synopsis about fishing gear, catch compo-
sition, effort and catch per unit effort for lake Qarun
fisheries. El-Far (2014) assessed lake Qarun fisheries
with a special interest to sole fisheries. He calculated
length-weight relationship and growth parameters
for separate and combined sexes. The maximum
determined age was 3 years for males and 4 years
for females, respectively. Desouky (2016) studied the
population dynamics of Egyptian soles in Lake
Qarun. He collected 537 sole fishing during 2015. He
determined the age of fishes between one and four
years. Total mortality rate; based on cumulated
catch curve, was determined at 1.1 year�1. Mehanna
(2020) studied the impact of the isopod parasites on
the fishery resources of lake Qarun. Among her fish
samples; from 2014 to 2016, eighty three percent
infected with the cymothoid copepod.
It is obvious that studies are sporadic, and in

common, they confined their research intention just
for determining the population characteristic at
certain period. They used to attribute changes or
deterioration of biological parameters of sole popu-
lation to ecosystem pollution and/or exploitation
pressure. Their conclusions extend our intension to
discuss the eligibility of the sole population to
represent a simple and meaningful indicator for
screening the ecosystem ecological changes as well
as anthropogenic activities. Especially with the
growing concern about the need to define, test and
elect an indicator to guide rational sustainable
management of aquatic ecosystem (e.g., Zangaro
et al., 2021; Pinna et al., 2023). Accordingly, the pre-
sent study aimed at proposing an effective plan for
rehabilitation and restoration of the lake Qarun
ecosystem and its fisheries resource, and try to elect
an eligible ecological indicator help in tracking
ecosystem status and highly contributed in rational
sustainable management decision. For proposing an
effective plan for rehabilitation and restoration of the

lake Qarun ecosystem and its fisheries resource, the
priority was determining the status of fish stocks that
still survive in the lake. A fishing survey designed to
accomplish the task. The survey extended
throughout five experimental fishing trips from
September 2021 to September 2022. For electing an
eligible ecological indicator, Survey results with
special reference to Egyptian soles analyzed and
discussed in the light of previous studies results.
Changes in the fish body size considered and the
differences examined through applying simple
qualified non-parametric statistical analysis tool.

2. Materials and methods

Fish population status as well as isopod parasite
prevalence rate in Lake Qarun studied for a year
extended from September 2021 to September 2022.
In the normal conditions, fish samples used to be
collected from the commercial catch. Since fishing
activities in the lake were irregular and sometimes
rare due to the sever decline in catch, experimental
fishing has been designated to collect fish samples.
Experimental fishing carried out using the
commonly used trammel nets as well as non-selec-
tive beach-sein nets. Beach-sein nets applied where
the topography of the area is suitable; gentle slope,
free of any plant debris or obstacles and extended
soft bottom. In addition, merged brushwood bun-
dles have been used as Fish Aggregating Devices
(FADs) in certain areas; where batches of emergent
hydrophytes are present (Fig. 1). It is worth
mentioning that FADs do not target sole fish.
To avoid bias, a single set of trammel nets used. Its

length reached about 2000 m, and the height is 1.5 m
the set is composed of 40 connected panels. Each
panel composed of three layers of Monofilament
nylon nets. The mesh size of the outer layers varied
between 65 and 85 mm, while the mesh size of the
inner layer varied between 22 and 28 mm. The net
used to set in the water before suns set and hauled
in the next morning. Also, a single set beach-sein
was used, its length was 300 m. The net consists of
three parts of Knotted-twisted multifilament, two
wings and middle bag (code end). The mesh size of
the wings was 10 mm, while the mish size of the
code end (bag) was 8 mm. The net operated from
the shoreline. A wing end fixed on the shore and
other wing pulled offshore to the maximum stretch
of the net. Then, the fishermen drag the wing in
circle manner to return back to the shore. From the
shore, the fishermen pulled the two wings
concomitantly, until the bag reached near shore,
they closed the bag and drag it out of water to collect
the trapped fish.
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During the survey, the lake divided into 3
different sectors; east, middle, and west according to
the difference of the fishing ground. The profile of
the three sectors summarized in Table 1. In general,
almost all human activities confined to the southern
banks of the lake, while the northern part is unin-
habited desert.
Collected fish measured to the nearest millimeter

and weighted to the nearest gram. The sex for each
individual fish identified and recorded. The sexes
easily identified by naked eye, as they are
completely different in shape and size. Ovaries are
two-cylinder lobes located inside the body cavity.
The right ovary, on the eyed side, is usually longer
than the left one. Ovary size and color differ ac-
cording to the maturity stage. Testes are whitish

creamy triangle small mass, located inside the body
cavity, gust behind the genital opening on the eyed
side. The length-weight relationship (W ¼ a Lb) is
calculated. The relation parameter (a & b) calculated
by adopting the ordinary least-square approach.
Length-frequency distribution constructed for each
gear and the different sectors. For comparing the
results, two statistical tests employed. The first is the
independent sample t-test to compare the mean
length, assuming difference in standard deviation.
The second test was nonparametric two-sample
KolmogoroveSmirnov test to compare the distri-
bution of the catch by the two gears. Otolith
removed from each fish for age determination. Each
pair of otoliths cleaned, dried, and stored in an en-
velope labeled with all information concerned the

Table 1. Lake Qarun fishing ground profile.

Items East Middle West

Sources of
pollution

Highly influenced by the discharge
of El-Bats Drain

Influenced by El-Wadi Drain,
inhabited villages, cultivated land,
some resorts, and inland fish farms

No pollution in this sector but
salinity is higher than in the other
parts of the lake

Transparency Water is highly turbid More turbid in the south and clear in
the north

Usually clear; the least turbid sector

Bottom nature Muddy with a huge amount of plant
debris and broken branches, and
dead molluscs

Muddy with varying densities of
debris and dead molluscs

In general, the sector is relatively
shallow. The bottom is mostly sandy

Fishing gear and
techniques

Operating trammel nets Fish aggregating devices, trammel
nets, beach seine, and beach seiners
on the sandy bottoms only

Beach seining

Biota Noticeable densities of small crabs,
amphipods, and abundant clumps of
barnacles

Pronounced densities of small crabs,
amphipods, clumps of barnacles,
and sporadic patches of emergent
macrophytes

Abundant densities of small crabs,
amphipods, and empty mollusk
shells

Fig. 1 Map of Lake Qarun showing the location of using different fishing gears, where red triangle ( ) indicates the places of using beach-seine nets,
red circle ( ) points to places where FADs have been used, and blue hollow circle ( ) shows the places where trammel nets have been used. Dotted
lines show the separation between the different sectors.
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fish and time of collection. For age determination,
otolith examined under binocular stereomicroscope
using transmitted light.

3. Results

3.1. Length-frequency distribution of the collected
S. aegyptiaca

As S. aegyptiaca, was the only abundant commer-
cial species in the lake, length composition of the
sole catch from the different sectors and by different
fishing gears and techniques have been done.
Table 2 summarized the statistical analysis to
compare sole catch of trammel nets and beach seine
and to compare the catch of trammel nets from the
different sectors. The fish length varied between 5

and 24 cm, with an average of 14.58 cm and a stan-
dard deviation of 1.72 cm. More than half of the soles
caught in lengths between 15 and 16 cm; 55.73%. Up
to length of 16 cm, caught sole fish represented about
86.17%, while 98.07 % of the caught fish do not
exceed 18 cm in total length (Fig. 2).
The length frequency distribution of soles caught

by trammel nets and beach-seine compared to show
the effect of gear selectivity on the length frequency
of the catch. The average length of fish caught by
trammel nets is slightly greater than that caught by
beach-seine. It was 14.82 cm for the former, while it
was 13.72 cm for the later, with a standard deviation
of 1.53 and 2.04, respectively. The percentage of fish
caught 15 cm in length or less by trammel and
beach-seine nets were 84.41% and 92.30%, respec-
tively. The noticeable difference in the percentage

Table 2. Statistical analysis comparison of Solea aegyptiaca, catch between trammel nets and beach-seine catch and between the catch of trammel
nets from the different sectors of Lake Qarun during the period from September 2021 to September 2022.

Items No Mean SD Independent sample t test Two sample KolmogoroveSmirnov test

Cal. t Critical t P value Conclusion D-stat D-critical P value Conclusion

Trammel net 725 14.820 1.528 8.442 1.962 <0.0001 Highly significant
difference

0.332 0.1058 <0.0001 Highly significant
difference

Beach seine 208 13.721 2.035

Middle sector 620 14.765 1.440 0.896 1.963 0.3701 Nonsignificant
difference

0.046 0.2401 0.9999 Nonsignificant
difference

East sector 32 14.531 1.310

Middle sector 620 14.765 1.440 3.467 1.963 0.0006 Highly significant
difference

0.174 0.1653 0.0370 Significant
difference

West sector 73 15.418 2.098

East sector 32 14.531 1.310 2.205 1.983 0.0297 Highly significant
difference

0.221 0.2794 0.2259 Nonsignificant
difference

West sector 73 15.418 2.098

Fig. 2. Lengthefrequency distribution and age composition of S. aegyptiaca caught from Lake Qarun during the experimental fishing trips from
September 2021 to September 2022.
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attributed to the fact that small fish more vulnerable
to beach-seine (Fig. 3).
By employing the independent sample t-test to

compare the mean length, assuming difference in
standard deviation and the second test was two-
sample KolmogoroveSmirnov test to compare the
distribution of the catch by the two gears; results
t ¼ 8.442, P-value <0.0001 indicated a highly signif-
icant difference between the mean length of the fish
caught by the two gears. Regarding the distribution
of the catch by the two gears, KolmogoroveSmirnov
test results showed that the two distribution is
significantly differ (D-sat ¼ 0.332, P-value <0.0001).
The average length of fish caught by trammel nets

from the east, middle and west sectors was compa-
rable, 14.53, 14.76 and 15.42 cm, respectively. The
length range of fish caught from the east sector
varied between 10 and 17 cm. For the middle sector,
length of caught soles ranged between 10 and 20 cm,
while it ranged between 9 and 24 cm in the west
sector. Rather the comparable average length of the
caught soles from the different sectors, statistical
analysis showed diverse results. Independent sample
t-test showed a highly significant difference in mean
length of fish caught from west sector and those
caught from both middle and east sectors (t¼ 3.47; P-
value ¼ 0.001, t ¼ 2.21; P-value ¼ 0.0297). On the
other hand, the test doesn't reflect any difference
between the average length of sole fish caught from
east and middle sectors (t ¼ 0.897; P-value ¼ 0.37).
The length frequency distribution of fish caught

from the three sectors statistically compared using
two-sample KolmogoroveSmirnov test for each two
in sequence. The results showed non-significant
between the length frequency distribution of soles
caught from east and middle sectors (D-sat ¼ 0.047,
P-value ¼ 0.999), and the fish caught from east and
west sectors (D-sat ¼ 0.221, P-value ¼ 0.226). On the
other hand, KolmogoroveSmirnov test results

indicated a significant difference between the length
frequency distribution of soles caught from middle
and west sectors (D-sat ¼ 0.175, P-value ¼ 0.037).
The results may be attributed to the limited number
of sole fish caught from both east and west sectors.

3.2. Length-weight relationship of the collected
S. aegyptiaca

An important tool for extracting information
about fish growth pattern is the length-weight
relationship. For S. aegyptiaca, calculated parameters
for length-weight relationship were a ¼ 0.0037 and
b ¼ 3.298, with a correlation coefficient of 0.98
(Fig. 4). The slop value (b) was slightly greater than
3. The 95% confidence interval of the calculated
slope ranged between 3.185 and 3.412. Statistical t-
test for the difference of the calculated slope and the
value 3 showed a highly significant difference
(tcal. ¼ 5.184, tcritical ¼ 1.978, P-value <0.00001). The
results indicated that the fish become heavier with
increase in length.

3.3. Sex ratio of the collected S. aegyptiaca

Sex ratio is one of the basic information necessary
for analyzing fish reproduction and stock size
assessment. Domination of certain sex on another
indicated either segregation between sexes through
the fishing ground, or due to high abundance and
lower mortality rate for such sex. Fig. 5 illustrates
the number of males to the number of females of
soles among the different length class intervals.
The overall sex ratio for collected soles was one

male to 0.57 females. In general, males out-
numbered females and up to length 14 cm males
dominating the catch. For the length 15 cm the
number of males to females are comparable; about
1.08 females for each male. For the fishes longer

Fig. 3. Lengthefrequency distribution of S. aegyptiaca caught from Lake Qarun during the experimental fishing trips from Sept. 2021 to Sept. 2022,
with an overlapped normal distribution curve: (a) by trammel nets and beach seine, (b) from different sectors.
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than 15 cm, females dominating, where the ratio
reached 2.91 females to every male. Chi-square
statistics indicated that the overall ration between
males and female is significantly differ from the 1:1
ratio, c2 ¼ 35.65 and P-value <0.00001.

3.4. Age determination of the collected
S. aegyptiaca

The otolith used for age determination of the
collected samples. The otolith of sole irregular

round, with one blunt edge and another broad edge.
There is a small notch in the middle of the border
edge. For age determination, otolith examined with
transmitted light; light that has passed through the
otolith. The otolith nucleus appeared as an opaque
dense area in the middle. The annuli appeared as
thin opaque circle separated from the nucleus by
translucent area. Both opaque circle and the trans-
lucent area represent a complete cycle of fast and
slow growth, respectively. Determined age varied
between 0þ and 2þ (Fig. 6).

Fig. 4. Lengtheweight relationship of Solea aegyptiaca collected from Lake Qarun from September 2021 to September 2022.

Fig. 5. Sex ratio of Solea aegyptiaca collected from Lake Qarun during the period from September 2021 to September 2022.
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3.5. Age length key and age-composition of the
collected S. aegytiaca

Based on the age determination, age length key
for the sole have been constructed. S. aegyptiaca
caught before complete their first year of life
dominating the catch, where they represented about
58.6% (Fig. 2). Fishes caught after complete the first
year of life represented 39.7% of the total catch. Two
years old fish represented less than 2% of the total
fish caught; exactly 1.7%. From the age length key,
the average observed length for fishes completes
their first year of life calculated at 15.095 cm, with a
standard deviation of 1.396. The mean observed
length for fishes complete their second year of life
was 20 cm, with a standard deviation of 1.715. From
the constructed age-length key, the average age of
soles in Lake Qarun was 0.931 year with a standard
deviation of 0.528. From the obtained results, the age
of 95% of sole found in the lake varied between
0.896 and 0.964 year.

3.6. Parsitic cymothoid isopod prevalence among sole
fishes

Throughout the survey expedition, number of
infected fishes with parasitic cymothoid isopods
detected, examined, and recorded (Fig. 7). The prev-
alence percentage of isopod parasite recorded among
the collected sole fish from different sectors and with

different gears are summarized in Table 3(a& b). The
overall prevalence percentage of detected fish with
cymothoid parasite is 1.179%. In the middle sector,
sole length ranged between 10 and 24.9 cm, the
prevalence rate of cymothoid parasite infected sole
fish caught by trammel nets varied between zero and
16.667%. The highest prevalencewas recorded among
fish caught during February 2022. For soles caught by
beach-sein, sole length rangedbetween 5 and 24.9 cm,
the prevalence rate of isopod parasite varied between
zero and 4.760%. The later prevalence was among
soles caught during December 2021.
In the east sector, one sample of size 32 fish

caught during September 2021. No isopod parasite
detected on any fish. In the west sector, sole length
ranged between 9 and 24.9 cm, the prevalence rate
of parasite was relatively higher, varied between
zero and 25%. The higher rate attributed to the
small number of fishes caught from this sector; i.e.,
one fish with isopod parasite represent 25% out
of four fish caught. As, Cymothoid isopod is pro-
tandrous hermaphrodite where females are
derived from sex-changed males. Thus, it could be
concluded that cymothoid isopod females usually
found near the operculum.

3.7. Anomalies and deformities of S. aegyptiaca

During the present survey, the most pronounced
observation among caught Egyptian sole is the

Fig. 6. Otoliths of S. aegyptiaca, collected from Lake Qarun during the period from Sept. 2021 to Sept. 2022. Age varied between 0þ and 2þ.
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Fig. 7. Cymothoid isopods on Solea aegyptiaca. Big females are usually found underneath the operculum while the small size males are found on the
body.

Table 3. Cymothoid isopod prevalence rate among Solea aegyptiaca collected from Lake Qarun during 2021 and 2022.

a Collected from the middle sector by trammel nets and beach seine

Net Trammel nets Beach seine

Year 2021 2022 2021 2022
Date 14/09 6/12 15/2 29/5 22/9 23/9 15/9 07/12 29/5 22/9
No. 501 30 6 8 13 59 144 21 11 32
Weight (g) 14664 871 142 308 386 1447 3228 568 240 794
Isopod prevalence % 0.199 0 16.66 0 0 1.69 0.69 4.76 0 3.12

b Collected from the western sector by trammel nets.

Date 14/02/2022 29/05/2022 22/09/2022
No. 49 4 20
Weight (g) 1652 123 574
Isopod prevalence % 8.16 25 0

Fig. 8. Some anomalies and disorders of Solea aegyptiaca, recorded in Lake Qarun.
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high rate of anomalies and disorders. The anom-
alies ranged between malpigmination, complete
absence of caudal fin and absence of either both
eyes or one of them, and malformed forked snout
(Fig. 8). The three types of malpigmination have
been noticed and recorded as seen in Fig. 8 which
includes: hypomelanosis (pseudoalbinism), char-
acterized as a full or partial lack of pigmentation
on the ocular side; hypermelanosis, characterized
as abnormal pigmentation on the blind side; and
ambicoloration, which means the pigmentation on
both sides of the fish. Among the collected sole
fish, the ratio of anomalies and deformities
reached about 1.5% of the total collected fish. This
ration is relatively high considering the limited
number of collected fish. Such deformities may
happen due to genetic problem, prevalence of
unfavorable conditions during embryonic devel-
opmental stages and/or physical and chemical
stressors within the environment.

4. Discussion

The proverb “The greatest oakwas once a little nut”
clearly abstract the story of sole fish in Lake Qarun.
The first introduction of soles to the lake was during
1938, when 103 young fish, ranging in length from 7 to
10 cm, collected from the coastal areas of the Medi-
terranean Sea at Maadia district and from Lake Idku,
and released to the lake. During years 1943, 1945 and
1948 transplanted sole fish completed 1603 fish (El-
Zarka, 1963). The first experimental fishing for soles
during1938 resulted in catching38kg. Thepresenceof
soles proved the successfully acclimatization and the

fish naturally reproduced and its population flour-
ished in the lake. At that time, local fishers were not
familiar with soles. By the time, local fishers noticed
the existence of soles, and theywere cleaver enough to
modify trammel nets, which originally designated to
catch Tilapias and start to exploit the newcomer pop-
ulation. El-Zarka (1963) briefly described the intro-
duction process.Within 7 years, by 1949, sole fisheries
production reached about 230 tons. During the
following ten years, to 1960, the sole fisheries pro-
duction fluctuated with a peak of about 271. The in-
crease of the annual catch was not only due to in-lake
production but also to improved skills of fishermen to
catch soles. From 1961 to 1966, sole fisheries consti-
tuted about 33% of total yield (El-Zarka, 1968). For the
period from 1962 to 1975, Kirollus (1977) found that
lake Qarun sole fisheries production contributed be-
tween 24.63 and 59.11% of the total Lake fisheries
production. Lake Qarun fisheries production at this
period contributed between 31.56 and 89.20% of the
total country sole fisheries production. Ishak (1980)
mentioned that additional stocking with young fishes
collected from Lake Menzalah-Mediterranean Sea
connection were made in 1977, with the objective of
renewing the stock of soles in Lake Qarun. The
number of introduced youngwere very limited; about
two hundred.
Egyptian sole fisheries production in lake Qarun,

since its first appearance in the catch by 1939e2018,
is depicted in Fig. 9. The catch statistics indicated
that less than two thousands of transplanted young
soles supported the production of about 32 thou-
sand tons; exactly 31595.3165 tons, during the
whole period. Meticulous examination of the figure

Fig. 9. Lake Qarun annual Egyptian sole fishery production from 1938 to 2018.
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indicated that an introduced (non-native) fish spe-
cies succeeded to establish self-sustained popula-
tion. Since 1938 to 1972, it production fluctuated in
progressive increasing trend to reach about 1384
tons. Thus, during the period, the population found
the suitable ecological niche without any competi-
tion or overcrowded. Thereafter, the decline fluc-
tuation trend of the resident fish population, till the
plummet 1983, accompanied with increased
salinity, water quality deterioration and irrational
fisheries management decisions. As an instant, the
evident plummet in the catch of soles during the
early 80's was concomitant with and followed the
implementation of an ambitious plan to supple-
ment the lake with fries and seeds of marine fishes
and shrimps. Abdel Razek (1991, 1995) mentioned
that three million of shrimp seeds of four shrimp
species; Penaeus kerathurus, P. japonicas, Metapenaeus
monoceros, and M. stebbingi were transplanted into
the lake in 1977. Introducing shrimps heavily
affected the deteriorated sole production, because
local fishermen had to use narrow mesh size nets
and beach-seine to catch shrimps. The new practice
led to catching huge number of fries and finger-
lings of the naturally reproduced soles; “Ripple
effect”.
Despite the deterioration in lake water quality,

progressive increase in salinity, pollution, and
mismanagement practices for fish exploitation,
introduced sole population persist and survive in
the lake. Throughout the last 25 years; from 1994 to
2018, Lake Qarun resident sole fisheries produced a
sum of 12255 tons. Its contribution in the total
fisheries production varied between 10.15 and
38.92%, during 1994 and 2000 respectively, with an
average of 20.27%. Accordingly, Egyptian soles
throughout the period was a crucial part of Lake
Qarun ecosystem; affected, effected, and could not
eradicated. Thus, its production satisfies the re-
quirements of an “indicator” which not only re-
flects the changes in exploitation starategies but
also the ecological status of Lake Qarun.
Intentional introduction of non-native species is

very common practice all over the world, especially
for freshwater ecosystem. The main reason usually
is to meet the increasing need for protein source. In
some cases, fish introduction fulfill recreation,
hobbies as well as other economic reason (Tarkan
et al., 2015; Syafei and Sudinno, 2018; Kiruba-sankar
et al., 2018; Andriyono and Fitrani, 2021). Kiruba-
sankar et al. (2018) considered the non-native spe-
cies as invasive iff (if and only if) it causes some
negative impacts on the ecosystem. Earlier, Gozlan
(2008) discussed the negative and positive impacts
of introducing non-native freshwater fish. He

pointed out to the importance of distinguishing
between man-made lakes or reservoirs and natural
lake as the impact of introduced non-native species
is completely different.
For wrapping up, Egyptian sole, S. aegyptiaca, is a

native Egyptian fish along the Mediterranean coast
that introduced (trans-located) to the newly devel-
oped saline ecosystem (Lake Qarun) by 1935. Up to
1948, total of 1603 young fishes were transplanted to
the lake. With the further increase in salinity of the
lake, the species found its suitable ecological niche
without any competition or overcrowding. Resident
soles established a self-sustained population that
represented a crucial part of the ecosystem and
contributed a considerable share in lake fisheries
production. Following up soles production
throughout the period indicated that the population
affected with and effected the exploitation pattern of
lake fisheries. The dramatic disaster of cymothoid
copepod invasion affected the Egyptian sole popu-
lation in the lake to some extent, but it hasn't been
eliminated or eradicated.
Concerning the proper identification of the sole

species in Lake Qarun, all previous studies defined
soles in Lake Qarun as S. vulgaris. It is worth
mentioning that the first precise identification of the
species as S. aegyptiaca have been carried out by the
first author during 1992 (Lake Qarun Ecosystem
project, US aid, unpublished data). The identification
based on morphometric and meristic characteristics.
The later includes counts of fin rays, lateral line
scales, and vertabera). The vertebral counts ranged
between 40 and 44, which confined to the S. aegyp-
tiaca (where number of vertebra for S. vulgaris varied
between 46 and 52). The aforementioned report
included the full results of the meristic study, sup-
plemented with x-ray images for fishes of various
size. The identification of S. aegyptiaca in Lake Qarun
inspired other studies for identifying and separating
the species in other localities (i.e. Abdel-Missih, 1995;
Ali, 1995). Here, we should point out that the Egyp-
tian soles was formerly identified as a variety of S.
vulgaries (i.e., S. vulgaris var. aegyptiaca). Subse-
quently, the species recorded as Solea vulgaris
aegyptiaca, Chabanaud (1927). Finally, The species
defined as Solea aegyptiaca, Chabanaud (1927)
(Quignard et al., 1984; Qu�ero et al., 1986; Fischer
et al., 1987; Wheeler, 1988; Ben-Tuvia, 1990; Borsa
and Quignard, 2001; Bariche and Fricke, 2020). Despit
the facts, Abdel-Missih (1995) stated that the two sole
fish species; Solea vulgaris and S. aegyptiaca, lived
simultaneously in Lake Qarun. She added that S.
vulgaris seems to disappear due to drastic changes of
environmental conditions of the lake including water
salinity increase. Her postulate based on a
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misleading assumption that the two species were
present since the first introduction, rather than the
fact that from the early beginning the Egyptian soles
in Lake Qarun misidentified as Dover sole, S.
vulgaris.
The length frequency distribution characteristics

of soles collected during the present study
compared with previous studies summarized in
Table 4 and depicted in Fig. 10. The comparison
encompassed the calculation of 1st and 3rd quartiles
as well as median and interquartile range (IQR).
From the figure, it is obvious that up to 1977 fishes of
length greater than 30 cm observed. On the other
hand, since the beginning of 90's, the maximum
observed length didn't exceed 27 cm. The minimum
observed sole length in the commercial catch for all
the previous studies was comparable ranged be-
tween 9 and 12 cm. The results are associated with
the selectivity of the commonly used trammel nets.
Abdel-Missih (1995) during her taxonomic studies
collected 906 sole fishes from the lake Qarun varied
in length between 4.5 and 25 cm. In the present
survey, the sole fingerlings obtained among the
catch of the non-selective beach-seine. Thus, it is
believed that Abdel-Missih (1995) collected fishes

caught by trammel and beach-seine. In general, the
comparison indicated that after the introduced soles
built up the self-sustained population, from 40's to
70's, it was subjected to growth-overfishing, which
led to a complete disappearance of bigger fishes.
Thereafter, sole population endure and survive
despite the drastic and successive changes in lake
ecosystem.
Calculated length-weight relationship parameters

for collected Egyptian soles from lake Qarun, during
2021e2022, were a¼ 0.0037 and b¼ 3.298. Statistical t-
test indicated that the slope differs significantly from
the cube value; i.e., 3. Table 4 summarized previous
studies concerning the length-weight parameters of
Egyptian soles from different Egyptian water bodies
including Lake Qarun, and a sympatric similar spe-
cies; Solea solea, from Egypt and other localities.
Meticulous revision of the results indicated that the b
value for all previous studies concerning soles in Lake
Qarun is less Than 3. The only comparable results
were that of Gabr (2015) for the Egyptian soles in
Bardawil Lagoon. For the sympatric similar common
sole, Solea solea, most studies calculated the b value
greater than 3. However, other studies concerning the
same species and sometimes for the same area

Table 4. Comparing length (cm) e frequency characteristics of sole fish in Lake Qarun in the present study with the previous studies.

References El-Zarka
(1963)

El-Zarka
(1963)

Kirollus
(1977)

Abd El-Gawad
and Ragheb (1996)

El-Husseiny
(2001)

El-Far
(2014)

Present
study

Time of collection 1958 1960 1967 1993e1994 1991e1994 2010e2011 2021e2022
Min 10.25 9.25 10.50 14.5 12.50 11.50 5.50
1st Quartile 16.78 16.23 16.20 18.42857 17.54 15.32 13.67
2nd Quartile 18.50 18.34 16.88 20.16 18.61 16.39 14.57
3rd Quartile 19.91 20.26 18.01 21.54839 19.74 17.59 15.47
Max 33.25 31.25 33.50 26.5 25.50 25.50 24.50
Interquartile range 3.1285 4.0357 1.8103 3.1198 2.2073 2.2709 1.8052
Range 23.00 22.00 23.00 12.00 13.00 14.00 19.00

Fig. 10. Box-plot for lengthefrequency distribution of sole samples collected from Lake Qarun in different sampling periods.
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calculated the b parameter less than 3 (i.e., Demįrel
and Dalkara, 2012; Kahraman et al., 2021). Accord-
ingly, it is erroneous andmisrepresent conclusion that
fish exhibit isometric growth if the value of b is less or
greater than 3 and allometric growth if the value of b is
less or greater than 3. Illogic to consider that the spe-
cies change their growth pattern, but the logic that
changing environmental condition, stock size and
food availability affect the weight gain pattern of the
species; more slim or fleshier (Ama-Abasi, 2008;
Nehemia et al., 2012). Thus, it is better to consider theb
parameter just as a mathematical parameter that fit
the data with the power equation. If the b value is less
than 3, fishes become leaner as growing in length. If
the b value is greater than 3,fishesbecomeplumper as
growing in length. Accordingly, we could assume that
obtained results indicated that Egyptian soles in lake
Qarun during the present study fleshier than the
fishes of the same species during previous years. This
for a large extent explained by the decline in stock size
as well as the abundance of benthic fauna in the lake,
especially Gammurus. In addition, rich zooplankton
population offer a plenty food supply for the very few
inhabiting fish species. El-Zarka (1963) pointed out to
lake rich of Gammurus, which provide an essential
food for soles. Thus, he found that soles condition in
lake Qarun is better than that along the Mediterra-
nean coast. During the survey, we noticed the abun-
dance of Gammurus spp. that appeared by the naked
eye attached to the trammelnetswhenpulling it out of
the water.
Otoliths have been used for age determination of

Egyptian soles from Lake Qarun. Validity of otoliths
for age determination approved for Egyptian soles
and its relatives inmany localities as shown inTable 6.
During the present survey, themaximumdetermined
agewas 2þ years,which is relatively younger than that
determined for the samepopulationduringpreceding
periods from 1970 to 1990, when the maximum age
was five and six years respectively (Kirollus, 1977;
Abdel-Missih, 1995). From the beginning of millen-
nium on, maximum determining age of the stock was
4 years (Desouky, 2016). Shalloof (2009) pointed out to
the disappearance of the older fishes among the sole
population in the lake, when the maximum deter-
mined age for the collected sample were 2þ. The
present results for large extent agreed with that of
Shalloof (2009). She found the most abundant age
group in the lake was age group 1þ.
Considering the length at age, the present survey

results were comparable with that obtained by pre-
vious studies. For the period from 1960's and 1990's,
sole population in the lake was in equilibrium with
considerable abundance of old fish and subse-
quently abundant recruit. The recruit abundance

increases the grazing pressure on zooplankton, thus
length at the end of the first year was relatively low.
Overfishing of the stock at that time led to complete
disappearance of older fish. With the decline in stock
size, the length at younger age increased due to
decline in recruitment magnitude and decrease in
competition over the available food resources.
Accordingly, length at the end of the first year of life
increase compared to the previous studies (Table 5).
For the same species along the Egyptian Mediter-
ranean coast and Bardawil lagoon, length at end of
each year of life varied compared with the popula-
tion in Qarun Lake.
For the sympatric similar species, Solea solea,

length at the end of each year of life is comparable
for the same author in different localities and
incomparable between authors (Table 6). The results
increase the suspicious of errors in age determina-
tion between authors, as annulus recognition and
identification for large extent based on acquired
skill and researcher's experience.
The present survey revealed a relative low preva-

lence of cymotoid isopode parasite among collected
sole fish. The prevalence varied among the three
fishing sectors and with the use of different fishing
gears. For trammel net catch, no infection detected
among the fish collected from the eastern sector. The
highest percentage of parasitic prevalence in middle
sector was 16.66%, which represented one fish
among 6 collected fish. The same was found in the
western sector, where one infected fish was found
among 4 fish. For the beach-seine net catch in the
middle sector, the highest percentage for infected
fish was 4.76%. A single study has been carried out
between 2014 and 2016 concerned with the preva-
lence of cymothoid parasite among sole fishes
(Mehanna, 2020). She recorded 83% of 537 collected
sole fishes infected by the isopod external parasite.
Accordingly, it could be concluded that there is a
sharp decline in the prevalence of external isopod
parasite during the present years compared to its
prevalence during the period from 2014 to 2016.
One the most pronounced observation during the

present survey was the relatively high rate of anom-
alies and disorders among sole fishes in Lake Qarun.
Malpigmination is a common problem among reared
flat fish species (Venizelos and Benetti, 1999; Bolker
and Hill, 2000; Aritaki and Seikai, 2004). The authors
attributed malpigmination to aquaculture conditions.
Those conditions include temperature, light intensity,
feeding type and quality during larval stages, stocking
density, hormones and genes involved in body col-
ouration, neurological aspects and water quality
conditions. For wild flat fish few incidences of mal-
pigmentation is very rare. Goucha (1981) pointed out
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to some aberrations in three soles species; Solea
vulgaris, S. aegyptiaca and S. senegalensis, from the gulf
of Tunis. Akyol and Şen (2012) recorded the first
abnormal pigmentation inSolea solea from theAegean
Sea. Recently, Sanaye et al. (2019) reported ambico-
louration of Malabar tongesole, Cynoglossus macro-
stomus, collected off Capora, cental west coast India.
The authors listed up few incidences of reported
ambicolouration of different flat fish species along
Indian coast. Some of this incidence dated back to
the early 1950. In general, authors attributed the
malepigmintation to environmental condition
impacts.

Dul�ci�c and Soldo (2005) found about 10.1% of
single collection of common soles (Solea solea) from
Northern Adriatic by trammel nets, with entirely
absent non-developed caudal fin. They reported
that such a phenomenon for common soles and
family Soleidae was not observed before. Recently,
Cerim et al. (2022) caught two sole individuals only;
one with lateral line anomalies and the other
without caudal fin, from southern Aegean Sea. The
fish without caudal fine was with large body size
and in good condition. Thus, the author attributed
that absence of caudal fin did not affect its swim-
ming ability besides activities like feeding.

Table 5. Lengtheweight relationship parameters of previous studies concerning Egyptian sole, Solea aegyptiaca; from Lake Qarun and other Egyptian
coastal areas, and for sympatric similar species Solea solea; from Egypt and other countries within the Mediterranean.

Species Sex a b Location Source

Solea aegyptiaca M 0.00004 2.6833 Lake Qarun Kirollus, 1977
F 0.00003 2.76690 Lake Qarun Kirollus, 1977
F þ M 0.00003 2.74740 Lake Qarun Kirollus, 1977
F 0.008 2.974 Lake Qarun Abdel-Missih, 1995
M 0.0166 2.711 Lake Qarun Abdel-Missih, 1995
F þ M 0.011 2.86 Lake Qarun Abdel-Missih, 1995
F 0.0123 2.844 Egyptian Mediterranean Coast Abdel-Missih, 1995
M 0.0122 2.811 Egyptian Mediterranean Coast Abdel-Missih, 1995
F þ M 0.0121 2.863 Egyptian Mediterranean Coast Abdel-Missih, 1995
F þ M 0.00860 3.0054 North Egyptian Mediterranean

coast, Port Said
Mehanna, 2007

F þ M 0.0362 2.509 Lake Qarun, during summer Shalloof, 2009
F þ M 0.0463 2.3967 Lake Qarun, during winter Shalloof, 2009
F þ M 0.067 2.2949 Lake Qarun Shalloof, 2009
F þ M 0.013 2.84 Lake Qarun El-Far, 2014
M 0.014 2.789 Lake Qarun El-Far, 2014
F 0.016 2.769 Lake Qarun El-Far, 2014
F þ M 0.0052 3.179 Bardawil Lagoon, Egypt Gabr, 2015
F þ M 0.01 2.932 Lake Qarun Desouky, 2016
F þ M 0.0056 3.146 Egyptian Mediterranean Coast Mehanna and Farouk, 2021
F þ M 0.0054 3.17 Bardawil Lagoon, Egypt Fetouh and El-Far, 2023
F þ M 0.0037 3.298

(3.185e3.412)
Lake Qarun Present work

Solea solea F þ M 0.00781 3.08 Arade estuary, southern Portugal Veiga et al., 2009
F þ M 3.171 Sea of Marmara, Turkey Bok et al., 2011
F þ M 0.006 3.11 Bardawil Lagoon, Egypt Mehanna and Salem, 2012
F þ M 0.006 3.055 Sea of Marmara Demįrel and Dalkara, 2012
F 0.004 3.077 Sea of Marmara Demįrel and Dalkara, 2012
M 0.089 2.885 Sea of Marmara Demįrel and Dalkara, 2012
M 0.0055 3.171 Bardawil Lagoon, Egypt El-Aiatt et al., 2019
F 0.0047 3.2334 Bardawil Lagoon, Egypt El-Aiatt et al., 2019
F þ M 0.0048 3.2215 Bardawil Lagoon, Egypt El-Aiatt et al., 2019
M 0.009 3.0104 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
F 0.0059 3.1495 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
F þ M 0.00067 3.1056 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
F þ M 0.0079 3.064 Güllük Bay, Aegean Sea, Turkey Cerim and Ateş, 2020
F 0.0072 3.101 Güllük Bay, Aegean Sea, Turkey Cerim and Ateş, 2020
M 0.0054 3.024 Güllük Bay, Aegean Sea, Turkey Cerim and Ateş, 2020
F þ M 0.022 2.6838 Sea of Marmara, Turkey Kahraman et al., 2021
F 0.0349 2.5536 Sea of Marmara, Turkey Kahraman et al., 2021
M 0.0253 2.6235 Sea of Marmara, Turkey Kahraman et al., 2021
Unidentified 0.0201 2.7179 Sea of Marmara, Turkey Kahraman et al., 2021
F þ M 0.0066 3.092 Egyptian Mediterranean coast Mehanna and Farouk, 2021
F þ M 0.008 3.04 Bardawil Lagoon, Egypt Fetouh and El-Far, 2023
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Table 6. Length at the age for Egyptian sole, Solea aegyptiaca; studied in Lake Qarun and other Egyptian coastal areas, and for sympatric similar species Solea solea; from Egypt and other countries
within the Mediterranean.

Species Sex Alge Location Source

I II III IV V VI VII VIII IX

Solea
aegyptiaca

F þ M 12.56 17.15 20.97 26.03 31.57 Lake Qarun Kirollus, 1977

F 11.5 15.58 18.89 21.5 23.4 24.59 Lake Qarun Abdel-Missih, 1995
M 11.53 15.36 18.69 20.63 22.53 23.5 Lake Qarun Abdel-Missih, 1995
F þ M 11.4 15.48 18.8 21.1 22.9 24.05 Lake Qarun Abdel-Missih, 1995
F 14.5 19.22 22.72 24.8 26.73 28.06 Egyptian Mediterranean

Coast
Abdel-Missih, 1995

M 14 18.7 22.4 24.75 26.3 27.4 Egyptian Mediterranean
Coast

Abdel-Missih, 1995

F þ M 14.25 18.96 22.56 24.77 26.53 27.24 Egyptian Mediterranean
Coast

Abdel-Missih, 1995

F þ M 14 18 21 23.5 Lake Qarun Al-Husseiny, 2001
F þ M 17.75 23.16 26.35 28.22 North Egyptian

Mediterranean
coast, Port Said

Mehanna, 2007

F þ M 17.1 24.1 28.7 Bardawil Lagoon, Egypt Gabr, 2015
F þ M 15.43 21.3 24.21 26.34 Lake Qarun Desouky, 2016
F þ M 15.095 20 Lake Qarun Present Study

Solea solea F 16.8 21.3 24.52 26.98 29.36 31.9 _Izmir Bay Hossucu et al., 1999
M 15.3 20.06 22.75 25.08 27.04 _Izmir Bay Hossucu et al., 1999
F þ M 22.5 25.8 _Izmir Bay Gurbet, 2000
F þ M 20.5 25.1 30.1 Alia�ga-Çandarlõ Bay Gurbet, 2000
F þ M 21.5 26 36 Edremit Bay Gurbet, 2000
F þ M 12.8 16.8 20.5 22.6 24.9 25.8 26.8 28 30.3 Güllük Bay, Aegean Sea,

Turkey
Cerim and Ateş, 2020

F 13.7 16.5 21.1 23.4 24.8 25.8 28.2 28.5 Güllük Bay, Aegean Sea,
Turkey

Cerim and Ateş, 2020

M 12.4 17 20.1 22.3 25.1 26.1 26.6 Güllük Bay, Aegean Sea,
Turkey

Cerim and Ateş, 2020

M 17.4 22.2 26.6 27 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
F 18.1 22.3 25.3 28 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
F þ M 17.8 22.2 25.7 27.9 Bardawil Lagoon, Egypt EL-Aiatt and Omar, 2020
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In case of Egyptian soles in lake Qarun, the inci-
dence of anomalies and deformation is very high
comparing to flat fish records in other localities;
which represented accidental records. In our
opinion, this phenomenon reflects in one side the
negative effects of inbreeding with the limited iso-
lated population (genetic problem). On the other
side, it reflected the environmental deterioration and
pollution. Accordingly, genetic pool of the sole
population should improve through stock-enhance-
ment program. The stock-enhancement program
will support the rebuild of the stock and the lake
restoration and rehabilitation program. In addition,
literature attributed the anomalies to pollution and
environment deterioration. Thus, they advise to use
the anomalies and deformities as an environmental
quality indicator (Tutman et al., 2000; Dul�ci�c, 2004;
Dul�ci�c and Soldo, 2005; Sanaye et al., 2019; Cerim
et al., 2022). From our end, we encourage desig-
nating a comprehensive monitoring program for
Egyptian soles considering percentage occurrence of
different anomalies and malformation, linked with
water quality parameters.
Fishes represent the tip of iceberg of any aquatic

ecosystem. Interspecific (between different fish pop-
ulations) and intraspecific (within the same fish pop-
ulation) changes is easily detectable and monitored,
not only through scientific monitoring program, but
with the simple observation of nonprofessional. Thus,
many fish species successfully used as indicators for
environmental quality changes (Whitfield, 1996;
Whitefield and Elliott, 2002; Dabuleviciene et al., 2023;
Zogaris et al., 2023). Fishes and fish assemblage sys-
tematically commonly used as bioindictor to envi-
ronmental and ecological changes especially in
freshwater habitats; rivers and estuaries. Not only
native species that used as bioindicator, but also non-
native or alien species, e.g., Kennard et al. (2005)
concluded that alien fish species could be considered
as a reliable indicator of river aquatic health in south-
eastern Queensland rivers and streams. Changes in
the size-frequency of a single fish population (intra-
specific variation) provide a suitable metric of change
in population abundance in response not only to
change in exploitation pattern, but also to changes in
environmental conditions (Ziegler et al., 2007; Neu-
heimer et al., 2011). For Lake Qarun ecosystem,
screening thedynamic changes in size-compositionof
Egyptian soles discussed and linked to exploitation
pattern and environmental changes. The Egyptian
sole population was the only naturally spawned spe-
cies that persist and continue despite all the succes-
sive drastic changes and sequential disasters in the
lake ecosystem. The fluctuation in its production, as
well as changes in size-composition, to great extent,

interpreted environmental and ecological changes
and exploitation pattern changes of lake fisheries. A
simple reliable nonparametric statistical tool
employed; KolmogoroveSmirnov test. Accordingly,
among all lake fish species, Egyptian soles represent
the only eligible fish population candidate to be used
as trusted ecological and environmental bioindicator.

5. Conclusion and recommendations

The successful story of introduced Egyptian sole
in Lake Qarun is unique, irrepeatable experiment.
By the time, Egyptian soles established sustained
population that effected and affected the whole
exploitation pattern of the lake. Present Survey re-
sults and previous studies indicated that drastic
changes either environmental (changes in salinity,
pollution, etc.) and anthropogenic (exploitation
pattern and/or introduction of exotic invasive spe-
cies) didn't threat the existence and survival of Sole
population. Thus, change in size-composition of
Egyptian soles could be considered as an “Eligible
Ecological Indicator” for Lake Qarun. The sole
population nowadays is already declined, and the
population dominated by age group 1þ. The decline
in the population size should compensated with
well-organized stock enhancement program.
Length-weight parameter indicated that fishes
become heavier as it grows in length; b value greater
than 3. The value indicated that lake food resources
is still rich to the Egyptian sole. There is a sharp
decline in the prevalence of external isopod parasite
among sole fish. In addition, high percentage of
anomalies and deformation among soles resemble
to a large extent that noticed among cultured flat-
fish. The percentage of anomalies and deformation
may be attributed to deterioration of aquatic
ecosystem. Thus, it should be considered as an
environmental quality indicator in a routine moni-
toring program for soles in the lake, and its results
should link with water quality parameters.
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