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ARTICLE INFO ABSTRACT

Avrticle History: Procambarus clarkii, as an invasive species, has proved to have an
Received: May 19, 2020  adverse impact on the Egyptian freshwater system, nevertheless, its fisheries
Accepted: June 4, 2020 could be one of many ecosystem services it can provide to society. This
Online: June 7, 2020 study aims to document the main fisheries characteristics of this species
during 2014. Many fishing methods were found to capture P. clarkii

Procambarus clarkia

including trammel nets (Estaquaza and extended nets), gill nets, and traps.
About 70% of the individuals had carapace lengths between 39 and 52 mm
and 95 % the individuals had a mean carapace length that exceeds the
harvestable limit (35 mm). The length-weight relationship data of P. clarkii
showed an allometric growth for weight more than for length (b > 3). The
variations in male and female sex ratio with length classes showed that
males of P. clarkii predominated all length classes except length classes 8
and 12 cm total length. The results of this study indicate that the crayfish
grows considerably longer in the River Nile than it usually does in its
original environment and that there is an assisted population, and high
yields are expected when crayfish from the River Nile are to be utilized for
commercial purposes.
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The red swamp crayfish, Procambarus clarkii (Girard, 1852), is an indigenous
species of the South-Central USA and Northeast of Mexico, where the American State
Louisiana dominates the world in both natural and aquaculture production of this species
(Huner, 1989). This species was introduced to the Egyptian freshwater system for
aquaculture in the 1980s at the Giza government then expended in all aquatic systems
(streams, ponds, marshes, etc.) whether these environments were clean or polluted which
indicates that this species is well adapted in Egyptian environment (Ahmed, 2012).

P. clarkii, as an invasive species, has proved to have an adverse impact on the
Egyptian freshwater system. It is an aggressive territorial species that dominates and
eliminates native predators (Fishar, 2006). It contributes to diminishing invaded
ecosystem biodiversity by feeding on fish eggs and fry, worms, insects, snails,
crustaceans, amphibians, and small fishes (Ibrahim et al., 1995). It was also reported that
P. clarkii attacks adult fishes trapped in nets (Soliman et al., 1998) which causes an
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economic loss for the fisheries sector. Furthermore, its burrowing weakens dam walls,
creates leaks in water bodies banks and aquaculture ponds, and increases erosion along
watercourses, causing the water to flood the fields (Ahmed, 2012).

On the other hand, some positive aspects of the invasion of this species to the
Egyptian freshwaters were reported. P. clarkii has helped in the control of diseases
caused by Schistosoma and Fasciola as it feeds on their vector snails. Moreover, P.
clarkii can be a principal source of food. Depending on size and maturity, the edible
abdominal muscles range between 10% and 40% of total body weight, (Huner and Barr,
1991). The crayfish muscles contain higher values of protein (58.6 g/100g for females
and to 62.6g/100g for males on a dry weight basis) (Huner et al., 1988).

There is a little information about crayfish fisheries biology in the River Nile and
its canals despite being extensively distributed in the Egyptian freshwater systems. Most
of the studies carried on this species are generally academic and focused on its histology
(Sharshar and Geasa, 1998, Garo and Saad, 1999, Sayed, 2002), histopathology
(Ramadan, 1997, Abdel Mageed, 2004) and effect of some chemicals on its organs and
muscles (Heiba, 1999, Tolba, 1999, Aly, 2000, Hamdi, 2001, Ibrahim et al., 2005). The
distribution and quantity of this species are still unknown despite quite old studies and
some field observations from fishermen.

One possible strategy for management of the crayfish in the Egyptian freshwater
ecosystem is to use it as a resource of animal protein weather for Egyptian people, whom
many of them are suffering from malnutrition, or for export. Since there are few studies
on P. clarkii fisheries biology in Egyptian freshwater ecosystems, and as its exploitation
commercially is developing very rapidly, this study aims to document the main fisheries
characteristics of this species during 2014, which could be valuable as a baseline for any
future studies focuses on its fisheries.

MATERIALS AND METHODS

A field survey was carried out in June 2014 and covered the River Nile area from
the Assiut governorate in the south to the Qalubia government in the north. Fishers were
interviewed to collect data on the abundance and distribution of the crayfish in this area,
in addition to the fishing methods that were applied to catch them.

174 crayfish were sampled to study its fisheries biology. Total length (TL, from the
tip of the rostrum to the tip of telson) was measured to the nearest 0.1 centimetre and
carapace length (CL, from tip of the rostrum to posterior margin of the cephalothorax)
were measured to the nearest 0.1 millimetre. The animals were weighed (TW, wet weight
only of animals with a complete set of chelae) to the nearest 0.1 gram. The animals were
sexed. Males were identified by the hooks on the ischia of the third and fourth pereiopods
and females were distinguished by the presence of tan, brown and black eggs in the ovary
and by the grooved annulus ventralis.

Length-weight relationships were determined according to the equation: W= aL”
where W is the weight, L the total length, a and b are constants. These constants were
obtained by the logarithmic transformation of the data using a GM Regression (Ricker,
1973): log W = log a +b log L. The value of the constant b will be 3 (b=3.0) when growth
is isometric (Ricker, 1975). The numbers of males and females were recorded to estimate
the sex ratio.
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RESULTS

1. Abundance and distribution

This study showed that crayfish of species P. clarkii was present in smaller quantities
in the south governorates Assiut, Minya, and Beniswaf than that of northward surveyed
governorates. They were trapped in nets and baskets as bycatch and in low numbers.
They used to be destroyed and discarded by the fishers because they damage nets. Further
to the north, in the governorates of Giza and Qalubia, they present in larger amounts. In
Ayat in Giza and Bulag Bridge area in Cairo, traders collect crayfish from fishers, as
reported by fishers. Also, it was reported that a special type of nets called “Estaquaza net”
was specially made to catch it in the season from April to September.

2. Fishing methods

Boats used to catch crayfish are usually made of wood and fitted with paddles. The
boat length ranged from 4.25 to 5.5 meters and width ranged from 1.25 to 2.5 meters.
Two fishermen exist on each fishing boat. While these boats are used to catch crayfish,
they also used to catch other fish species.

Estaquaza net is a type of trammel nets that is specially designed for catching
crayfish. Its length ranges between 10 to 20 meters with a height of 1 meter and the
meshes size of the outer layers is 5 cm and of 3 cm for the inner layer. It is used in areas
where water depth ranges between 1.5 to 2 meters. The net is used for the fishing process
once a day where it is spread before sunset to dawn the next day (about 12 hours).

Also, extended nets were used to catch crayfish. The length of these nets ranges
between 100 and 250 meters with a height from 1 to 1.5 meters and the mesh size of the
outer layers ranges between 7 to 20 cm and the inner layer of 3.5 to 9.6 cm. The crocks
used in the floating line are of medium size and distance between each crock and the
other ranges between 120 and 150 cm. The lead line is thin with a distance between the
lead pieces of 15 to 30 cm. Water depth in fishing areas ranges from 1.5 to 2 meters. The
net is used for the fishing process once a day where it is spread before sunset to dawn the
next day (about 12 hours). Crayfish present in very low numbers in the catch of these nets
where it is made up mostly of tilapia and some other species.

Crayfish are also caught by single-layer nets (gill nets) which consist of a single
layer and attach from the top by the floating line and from the bottom by the lead line to
ensure the extension of the net horizontally in the water. It often catches tilapia, perch,
and a very small number of crayfish. The length of the net is 20 meters with a height of
3 meters and mesh size ranging from 3 cm to 5 cm. The distance between lead pieces is
about 1 meter and it is of medium size. The floating line has small size crocks and the
distance between each crock and the other is about 20 cm. The net is used for the fishing
process once a day where it is spread before sunset to dawn the next day (about 12 hours)
at depth of water of about 5 meters. Round baskets were also used to catch crayfish in
River Nile. It is made of a steel wire with two large holes on the top and the bottom, and
a smaller hole in the middle. It is placed next to the grass near the banks or on the stony
bottoms. Species caught beside crayfish are tilapia and other species. The size of the large
holes is ranging between 15 and 40 cm and the smaller hole from 10 to 15 cm. The mesh
size is ranging from 4 to 5 cm and uses two canes on both sides to open the inner
aperture. Traps are placed in the water in the afternoon to dawn in depth ranges from 1.5
to 2 meters.
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3. Population structure

The carapace lengths (CL) of the crayfish sample studied (n=174) ranged from 29.3
to 67.6 mm, and 70% of the individuals had carapace lengths between 39 and 52 mm.
(Fig. 1). The modal classes were 51 mm CL for males (n= 103) and 44 mm CL for
females (n= 71) and 95% of the population had >35 mm. The individuals of both sexes
had a mean carapace length (47.2 mm for males and 47.8 mm for females) that exceed
the harvestable limit. The largest male captured was 68 mm CL while the largest females
measured 65mm CL. Length-frequency data of the sample were arranged in one cm
intervals for TL and one mm intervals for CL and the results are graphically represented
in figures 2 and 3. From these figures, it is clear that the majority of animals were in the
length groups around their average length while the terminal length groups were
represented by the lowest percentage of the catch.

——F

Number

——M

—+— Grand Total

29 34 36 39 41 43 45 47 49 51 53 55 57 59 61 63 68

CL(mm)
Fig. 1: Fluctuations of females, males and total numbers of P. clarkii with the
carapace lengths (CL)

Frequancy (no.)

6 7 8 9 10 11 12 13 14
TL (cm)

Fig. 2: Length-frequency of P. clarkii for total length.
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Fig. 3: Length-frequency of P. clarkii for carapace length.

4. Length-weight relationship

Knowledge of length-weight relationship provides mathematical expression between
these two measurements hence one could be converted to the other which makes it an
important biological tool in the management of fisheries. The length-weight relationships
were calculated for P. clarkii using both total length (TL) and carapace length (CL) data.
The results are presented in figures 4 and 5, and the relationship parameters are given
also. The values of the constant "b" in all of the above regressions were more than three
therefore P. clarkii shows an allometric growth for weight more than for length (b > 3).
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Fig. 4: Length-weight relationship of P. clarkii using total length.
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Fig. 5: Length-weight relationship of P. clarkii using carapace length.
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5. Sexratio

The sex ratio of the collected samples was 1: 0.69. The Chi square and Fisher's exact
test were applied and the difference between calculated 1: 0.69 and theoretical 1: 1 ratio
was found to be significant at the level alpha=0.05. Variations in male and female sex
ratio with length classes showed that males of P. clarkii predominated all length classes
except length classes 8 and 12 cm TL (Fig. 6).
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Fig. 6: Variations in the sex-ratio of P. clarkii with different length classes.
DISCUSSION

Fisheries is one of many ecosystem services that could be provided to society by
crayfish in Egyptian freshwater ecosystems. This species could be a valuable target of
the subsistence and artisanal fisheries practiced by rural poor people to provide them with
an essential source of supplemental income. This valuable resource is threatened by the
lack of a research-based understanding of its fisheries characteristics and dynamics in
such a new environment. Since there are few studies on crayfish fisheries practices in
River Nile and its canals, the results of the current study are very important to understand
some of the main characteristics of crayfish fisheries biology in River Nile.

Previous studies indicate that two species of crayfish were introduced to the
Egyptian aquatic ecosystem, P. clarkii and P. zonangulus (Fishar, 2006). During this
study period, P. clarkii quantities were decreasing southwardly from Giza to Assiut while
P. zonangulus was completely disappeared in the surveyed localities. P. clarkii was
recorded in the Delta region, Cairo, and Giza Governorates by Hamdi (1994). Ibrahim et
al. (1996) surveyed P. clarkii along the River Nile and its main tributaries from Qena to
the Nile outlet on the Mediterranean Sea. They stated that the two species of crayfish, P.
clarkii and P. zonangulus, were found to be thoroughly distributed and have already
established viable populations in the freshwater ecosystem of Cairo, Giza and some Nile
Delta Governorates while they were not recorded in the Nile southward at Upper Egypt at
that time. They also reported that, P. clarkii indicated remarkable predominance over P.
zonangulus in spite of that the two species coexist in mixed populations throughout most
of the examined areas. According to that study, the central governorates (Qalubia, Cairo
and Giza) were variably populated with high density of crayfish then this high density
decreased gradually northward (EI-Menoufiya and EI-Sharkiya governorates) and
southward (Aiat and Babha cities).In the Giza governorate, crayfish were found
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frequently in all watercourses including the Nile, Ibrahimia Canal, and their emerged
canals (Nahia, Warrak EI-Arab, Abou-Rawash region, EI-Zumur, and EI- Marouteya
canals). Soon, it was reported that P.clarkii had been already invaded most of the
governorates of Upper and Lower Egypt and its distribution had extended from northern
Delta to Assiut (Ibrahim et al., 1997). Later, Soliman et al. (1998) studied the distribution
of P.clarkii and revealed that this species colonized Cairo, Giza, and Delta waters.
Though the crayfish were widely distributed in the Egyptian freshwater ecosystem, their
growth rates were not varied from locality to another (Mubarak, 1996).

The length-weight relationship analysis showed non-isometric (allometric) growth
for P. clarkii in River Nile. Romaire et al. (1977), Correia (1993) reported similar results
for Louisiana (USA) and Portuguese crayfish populations, respectively. In River Nile,
Saad et al. (2015) used the total length to calculate the length-weight constants for
samples collected from two sites in Qalubia and Cairo. They reported b values of 3.1910,
3.0999, and 3.0804 for males, females, and combined sexes respectively which consensus
with the results of the present study.

The size structure of a population is useful in predicting its stunting and harvestable
potential (Momot and Romaire, 1981). In this study, P. clarkii specimens collected from
River Nile had a maximum TL equal to 13.7 cm with a weight of over 88 g, and carapace
lengths (CL) ranged between 29.3 and 67.6 mm. Ibrahim et al. (1995) divided the size
groups of P. clarkii in River Nile to very young stages (0.5 — 0.9 cm carapace length),
medium-sized crayfish (2.0 — 4.9 cm carapace length), and large-sized individuals (over
5cm carapace length). The very young stages were not recorded in the current study.
Huner and Romaire (1978) studied P. clarkii populations in stable deep waters from the
Atchafalaya basin in Louisiana and found that body size was directly influenced by
habitat quality. They indicated that stable habitat conditions, combined with low
population densities, produced large crayfish, ranging from 8.4 cm TL (~ 18 g) to 13.5
cm TL (~ 84 g). In River Nile, Saad et al. (2015) reported that P. clarkii ranged between
7 and 13.8 cm TL (3.5-7.4 cm CL) for males and between 7 and 15 cm TL (3.5 -8 cm
CL) for females. The comparison of the results of the current study with the published
data indicates that P. clarkii in River Nile grows longer than in many other locations.
Correia and Costa (1994) reported that no individuals of wild populations studied by
Penn Jr (1943) in Louisiana exceeded 11.6 cm TL and 47 g body weight. In Donana
National Park (SW Spain) and Sdao Miguel (Azores, Portugal), P. clarkii did not exceed
10.5 cm and 9.86 cm in total body length, respectively (Bravo et al., 1994, Costa et al.,
1996). Therefore, it appears that P. clarkii lives considerably longer and /or grow better
in River Nile than it usually does in its original habitats where most males die at the end
of their first year, and females rarely exceed two-year-old (Penn Jr, 1943, Huner, 1988,
Bravo et al., 1994). Frutiger et al. (1999) found that in a eutrophic pond in Switzerland
(with stable habitat conditions) P. clarkii could even grow up to five years. The length-
frequency data of P. clarkii in the present study showed that 95% of the total population
were larger than the minimal acceptable harvestable size of 35mm CL (Romaire and
Lutz, 1989). This may indicate the presence of an assisted population, and high yields
should be expected when crayfish from the River Nile were utilized for commercial
purposes. Emam and Khalil (1995) estimated the average annual yield of P. clarkii in the
River Nile to be about 4.6 tonnes/ year. Their results indicate that the stock of P. clarkii is
so far under exploitation at that time. They also noted that the yield per recruit and the
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age of the first capture by using traps were higher than that by using nets, therefore, using
traps as a fishing gear for crayfish will help and save the biomass per recruit rather than
using nets.

The sex ratio around 1:1 ratio was reported by many authors (Penn Jr, 1943, Huner,
1978), however, Correia and Costa (1994) studied P. Clarkii in Sao Miguel, Azores,
Portugal and they reported that sex ratio varies with seasons where females were less
abundant in the months with maximum ovarian egg maturation which agrees with the
results of current study where males of P. clarkii predominated most length classes (1;
0.69). Frutiger et al. (1999) in their study of P. Clarkii in a small eutrophic pond in
Switzerland, explained the decrease of female numbers by that most of the mature
females became ovigerous in some seasons and thus stayed in their borrows (Bravo et al.,
1994, Frutiger et al., 1999). This is could be also explained by the reproductive behaviour
of P. clarkii; where low numbers of females in samples could correspond with high
numbers of ovigerous females that are difficult to catch.

CONCLUSION

This study documents some biological characteristics of P. clarkii in River Nile
during 2014. The abundance of this species was increasing gradually southward and it
started to be recorded in Upper Egypt governorates with more quantities than that
recorded in previous studies. The results of this study indicate that the crayfish grows
considerably longer in River Nile than it usually does in its original environment and that
there is an assisted population, and high yields are expected when crayfish from the River
Nile are to be utilized for commercial purposes.
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