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ABSTRACT

The invasive Red swamp crayfish Procambarus clarkii was introduced in early 
1980s into the Egyptian freshwater system for aquaculture from the United State of 
America. It has been, since, rapidly expended in all aquatic ecosystems including 
streams, ponds, and marshes; in polluted or clean waters. P. clarkii successfully 
adapted to Egyptian water streams and became an important component of the local 
aquatic fauna. It dispersed in fields and water canals through digging tunnels and 
burrows. Types of burrows and burrowing behavior of P. clarkii were assessed in 
Fatmia Drain in Dyarb-Negm, Zakazek Center, Sharkya Governorate, Egypt. 

These burrows were recorded in many crops fields. Damage to levees structure 
and banks was depending on P. clarkii densities and its burrowing behavior. Each 
burrow entrance was represented by the earth "castle". The average number of 
burrows varied from 25 to 40 burrows / m2 in poorly structured small channel banks 
of the study area. Burrowing behavior of P. clarkii triggered damage for levees and 
irrigation structures of small channels that forced the Ministry of Water Resources 
and Irrigation to periodical pitching those banks.

Keywords: Procambarus clarkii, burrows, Fatmia Drain, Egypt.

INTRODUCTION

The Cambaridae (Decapoda, Crustacea, Macrura) is the most diverse crawfish 
family with 12 genera and at least 360 species. Procambarus clarkii is one of the most 
abundant and commercial crustacean species all over the world (Huner, 1994). 
Crayfish are the largest mobile freshwater invertebrates and have been frequently 
recognized as key members of littoral food webs (Nyström, 1999; 2002). P. clarkii 
rapidly established self-sustaining populations and is now the most abundant crayfish 
species on the Iberian Peninsula.

Since the introduction of the red swamp crayfish P. clarkii in early 1980s, into 
the Egyptian freshwater system for aquaculture from the United State of America, it 
has been rapidly expended in all aquatic ecosystems including streams, ponds, and 
marshes in polluted or clean waters. P. clarkii successfully adapted to the new habitats 
and became an important component of the local aquatic fauna (Rawi, 1995; Ibrahim 
et al., 1995; Tolba, 1999; Ibrahim et al., 2006).

The geographical distribution of P. clarkii in the Egyptian waters extends from 
the Giza Governorate in the south to the whole Delta region in the north, and to Qena 
Governorate in south (Ibrahim et al., 1995). In spite of the presence of P. clarkii in 
Sudan and Kenya (Huner, 1977), just south of Egypt, there is no clear evidence that it 
has migrated from Sudan to Egypt (Soliman et al., 1998b).

Soliman et al. (1998a) investigated the habitat and distribution of P. clarkii. 
They revealed that this species completely colonized mostly in Cairo, Giza and Delta 
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waters. They described also the behavioral patterns of this species as a highly tolerant 
invader and usually founded in aerated, very shallow water such as marsh pools, 
ponds, irrigation canals and ditches. Also, P. clarkii is known to cause a lot of damage 
to the fisheries by damaging nets of fishermen and eating egg nests of fishes. 

Soliman et al. (1998a) stated that P. clarkii is a bottom dweller and gut analysis 
showed that it is a veracious, indiscriminate and scavenger feeder. So, freshwater 
crawfish P. clarkii bio-accumulates heavy metals from its surrounding environments 
of sediments and water. 

The most negative impact of the presence of P. clarkii in the Egyptian Nile 
waters, is its burrowing behavior. Their burrowing activities weaken small dykes; 
create leaks in levees and aquaculture ponds, and increases erosion along water
courses, causing the water to flood the fields. Long-distance dispersal is facilitated by 
intentional introduction. On the local scale it can migrate long distances on land, even 
exceeding 3 km per day (Huner and Barr, 1991). 

This study aimed to assess the impact of burrows of P. clarkii on Fatmia Drain 
network and its small channels in Dyarb-Negm, Sharkya Governorate, to provide 
further information for the comprehension of the invasive potentiality of this crayfish 
by underlining some aspects on its behavioral flexibility. This study area was selected 
due to suffering and continuous complaining of farmers from P. clarkii invasion in 
their fields causing damage for their crops and fields’ levees.

METHODOLOGY

This study was conducted in Fatmia Drain network and its small channels in 
Dyarb-Negm, Sharkya Governorate, during summer 2007. External shapes, water 
levels of Procambarus clarkii’ burrows were assessed using a photography camera 
captured photos in different small canals and crop fields. Photos were analyzed to 
measure the densities and count burrows’ number in unit area in some small canals. 

RESULTS AND DISCUSSION

All crawfish must live in wet areas, but some can adapt to temporary dry 
conditions. Most crawfish mature and immature burrow if the habitat dries up 
regardless of the time of the year. Thus, burrows play a vital part in the life cycle of 
the red crawfish; for spawning and reproduction. Perhaps the most impressive 
characteristics of the crawfish are their burrowing behavior and the earth "castles" that 
rise around each burrow's entrance. Holdich (2002) has provided an excellent 
description of the burrowing process and the categories of burrows built by various 
types of crawfish.
Burrowing Behavior:

The burrowing process of crawfish loosen the soil with its walking legs. As 
earth accumulates, the third maxillipeds are thrust below the lessened material. When 
they are loaded, the cheliped are pressed over the load and the crawfish moves head 
first through its burrow to the surface, where the compressed load, actually the pellet, 
is deposited and tapped into place with the claws. The crawfish then descends tail 
first, to repeat the process. Crawfish burrows are usually dug by an individual
crawfish, with the burrow diameter determined by the size of the crawfish. The 
burrow extends downward into a terminal chamber that is slightly larger than the 
diameter of the tunnel (Gherardi, 2006).
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Crayfish burrows were found concentrated in small channels banks in wet and 
moist soil. Burrows chimney’ texture were mainly soft clay. Maria et al. (2003) stated 
that Crayfish burrows were found concentrated around the water pools in wet or moist 
sediment. Burrows were made mainly of clay (84.4 %) and had an average water 
content of (32 %).

Hobbs et al. (1989) have suggested a unique function for these turret-like 
structures; it is possible that they function as ventilation system for the burrow and 
associated tunnel system (if present). Ventilation, except in time of drought, would 
make burrows more livable, as oxygen concentration in the water is normally very 
low. With respect to burrowing behavior, crawfish are divided to three categories; 
primary, secondary, and tertiary. Burrowing behavior is not restricted by genus, as 
representative species of several genera may share the same category. Most burrows 
are built at night and may require several days to complete (Hamdi, 1994)

Burrow entrances at the water’s edge are often hidden under vegetation or 
woody debris. Over time, the burrow entrance may become undetectable because of 
weathering and vegetative growth. Burrows usually contain either a single female or a 
male and female. Occasionally, a burrow may contain a single male or more than two 
crawfish, Hobbs (1976).

The burrows morphology and density were described from different locations 
along Fatmia Drain. Burrows external morphology and densities were quite similar to 
that of El Zein (2005) .The clay chimneys of P. clarkii burrows may be symmetrical 
or irregular, as in (Photo1). Water levels in burrows vary with the moisture conditions 
in the soil. Free water at the bottom of the burrow is more often associated with 
“trapped” water than the actual water table of the soil, as in (Photo2). 

Damage to levees structure and banks is influenced by P. clarkii densities and 
its burrowing activities. The average number of burrows varied from 25 to 40 burrows 
per m2 in poorly structured small channel banks. 

At Fatmia Drain, these burrows were recorded almost in most crop fields. 
However, Rice was ranked as the most dominant one of these crops (Photo 3), and 
this causes severe damage for the Rice crop (Photo 4). This is mainly due to that 
burrowing activity alters soil hydrology and causes water leakage.

The same results were recorded in Portugal (Fonseca et al., 1996) as the 
burrowing activity of P. clarkii increased the costs of rice production as they eat rice 
seedlings. Rice producers in Spain use pesticides to eradicate P. clarkii from their 
fields. Rice production is also damaged during the harvest of P. clarkii by harvesters. 
It is therefore thought that the majority of P. clarkii introductions in Spain had 
negative effects due to their burrowing ability (Gutierrez-Yurrita et al., 1999). Also, 
Hobbs et al. (1989) reported that, P. clarkii is especially considered a pest in 
agricultural areas, such as rice paddies, where it damages young rice plants as well as 
irrigation systems and dams.

RECOMMENDATIONS:

As the crayfish is an excellent source of food with a high protein content, 
popular in many parts of the world, we have to fish it  in commercial quantities to 
decrease its negative impacts on levees and crop fields. This makes the crayfish a 
source for employment of young Egyptians .Further, the non-edible portion of the 
crayfish is an excellent source of protein and minerals for the feeding of animals, as 
chickens raised on a crayfish feed diet lay more eggs, and the eggs contained more 
protein (Ibrahim and Khalil, 2010).
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Photo 1: The chimneys of P. clarkii burrows; (a) irregular, (b) symmetrical at Fatmia Drain in Sharqya 
Governorate.

Photo 2: Water trapped at the bottom of P. clarkii burrows at Fatmia Drain 

Photo 3: P. clarkii burrows densities at Fatmia Drain in Sharqya Governorate.
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Photo 4: Damage of dykes and Rice crop in small irrigation channels at Fatmia Drain 

Sharqya Governorate constructed pitching at Fatmia Drain to protect it from 
damages of crayfish burrows (Photo 5).

Photo 5: Pitching of damaged levees and dams of irrigation channels at Fatmia Drain 
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ARABIC SUMMARY

في مصرف الفاطمیھ، الزقازیق، ) بروكمبراس كالركى(یم سلوك حفر االنفاق الستاكوزا المیاه العذبة تقی
  .محافظھ الشرقیھ، مصر

  
  ٣، خضرة أحمد محمد٢، محمد رضا فیشار١مجدى توفیق خلیل

.كلیة العلوم، جامعة عین شمس، القاھرة، مصر-١
.معھد علوم البحار والمصاید، مصر-٢

  .ث المیاه، معھد بحوث البیئة والمناخ، مصرالمركز القومى لبحو-٣
  

في اوائل الثمانینات غذت میاه النیل إستاكوزا المستنقعات الحمراء ، والذى تم استیراده من الوالیات 
انتشر الحیوان بشكل سریع على طول مجرى نھر النیل وروافده و تم رصده . المتحدة االمریكیة بغرض التربیة

كثیر من المشاكل للصیادین و للثروة السمكیة، بل أیضا لنظم الري  في اكثر من في اكثر من مكان، و سبب
أوضحت الدراسات أن بیئة نھر النیل مالئمة لمعیشة ھذا الحیوان ، بل أصبح أكثر خصوبة في البیئة . مكان

  .الجدیدة عن بیئتھ االصلیة ، باالضافة الى انھ ال یوجد منافس لھ في بیئة نھر النیل
ى  اثر، الت م التك اء مواس وان  اثن ا الحی ى یحفرھ ور الت اق والجح ن االنف ر م اه كثی انتشرت في قنوات المی

ا ر منھ ار الكثی وان . أثرت بشكل سلبى ملحوظ على بنیة ھذه القنوات والجسور وأدت الى انھی لوك الحی یم س م تقی ت
ز ھ بمرك رف الفاطمی ي مص لبیة  ف ا الس اق وتأثیراتھ ذه األنف ر ھ ى حف رقیھ، ف ھ الش ازیق، محافظ م، الزق ر نج دی

  . مصر
الع"أوضحت المشاھدات ان مدخل الجحر یتمثل خارجیاً بأشكال  جلت " الق ى س طح األرض، الت ى س عل

ب . في العدید من حقول المحاصیل التي وجدت بمنطقة الدراسة وتعتمد األضرار التي تلحق بھیاكل السدود وجوان
ین متوسط . فاق وسلوك الحفر لالستاكوزاالقنوات المائیھ على كثافھ االن ٤٠-٢٥عدد الجحور واالنفاق تراوحت ب

بب جحر في ا  تس المتر المربع خاصھ بالقنوات المائیھ الصغیره ذات الھیاكل ضعیفھ التكوین بمنطقھ الدراسھ، مم
ھ الم وات الفرعی ھ والقن رف الفاطمی ھ بمص وات المائی ا ادي في تصدع السدود الصغیره وجوانب القن ھ مم ھ ب حیط

  .الى قیام وزاره الموارد المائیھ والري بتدبیش جوانب العدید من تلك القنوات واعاده انشاء سدودھا
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ABSTRACT


The invasive Red swamp crayfish Procambarus clarkii was introduced in early 1980s into the Egyptian freshwater system for aquaculture from the United State of America. It has been, since, rapidly expended in all aquatic ecosystems including streams, ponds, and marshes; in polluted or clean waters. P. clarkii successfully adapted to Egyptian water streams and became an important component of the local aquatic fauna. It dispersed in fields and water canals through digging tunnels and burrows. Types of burrows and burrowing behavior of P. clarkii were assessed in Fatmia Drain in Dyarb-Negm, Zakazek Center, Sharkya Governorate, Egypt. 


These burrows were recorded in many crops fields. Damage to levees structure and banks was depending on P. clarkii densities and its burrowing behavior. Each burrow entrance was represented by the earth "castle".  The average number of burrows varied from 25 to 40 burrows / m2 in poorly structured small channel banks of the study area. Burrowing behavior of P. clarkii triggered damage for levees and irrigation structures of small channels that forced the Ministry of Water Resources and Irrigation to periodical pitching those banks.


Keywords: Procambarus clarkii, burrows, Fatmia Drain, Egypt.


INTRODUCTION


The Cambaridae (Decapoda, Crustacea, Macrura) is the most diverse crawfish family with 12 genera and at least 360 species. Procambarus clarkii is one of the most abundant and commercial crustacean species all over the world (Huner, 1994). Crayfish are the largest mobile freshwater invertebrates and have been frequently recognized as key members of littoral food webs (Nyström, 1999; 2002). P. clarkii rapidly established self-sustaining populations and is now the most abundant crayfish species on the Iberian Peninsula.


Since the introduction of the red swamp crayfish P. clarkii in early 1980s, into the Egyptian freshwater system for aquaculture from the United State of America, it has been rapidly expended in all aquatic ecosystems including streams, ponds, and marshes in polluted or clean waters. P. clarkii successfully adapted to the new habitats and became an important component of the local aquatic fauna (Rawi, 1995; Ibrahim et al., 1995; Tolba, 1999; Ibrahim et al., 2006).


The geographical distribution of P. clarkii in the Egyptian waters extends from the Giza Governorate in the south to the whole Delta region in the north, and to Qena Governorate in south (Ibrahim et al., 1995). In spite of the presence of P. clarkii in Sudan and Kenya (Huner, 1977), just south of Egypt, there is no clear evidence that it has migrated from Sudan to Egypt (Soliman et al., 1998b).


Soliman et al. (1998a) investigated the habitat and distribution of P. clarkii. They revealed that this species completely colonized mostly in Cairo, Giza and Delta waters. They described also the behavioral patterns of this species as a highly tolerant invader and usually founded in aerated, very shallow water such as marsh pools, ponds, irrigation canals and ditches. Also, P. clarkii is known to cause a lot of damage to the fisheries by damaging nets of fishermen and eating egg nests of fishes. 

Soliman et al. (1998a) stated that P. clarkii is a bottom dweller and gut analysis showed that it is a veracious, indiscriminate and scavenger feeder. So, freshwater crawfish P. clarkii bio-accumulates heavy metals from its surrounding environments of sediments and water. 


The most negative impact of the presence of P. clarkii in the Egyptian Nile waters, is its burrowing behavior. Their burrowing activities weaken small dykes; create leaks in levees and aquaculture ponds, and increases erosion along water courses, causing the water to flood the fields. Long-distance dispersal is facilitated by intentional introduction. On the local scale it can migrate long distances on land, even exceeding 3 km per day (Huner and Barr, 1991). 


This study aimed to assess the impact of burrows of P. clarkii on Fatmia Drain network and its small channels in Dyarb-Negm, Sharkya Governorate, to provide further information for the comprehension of the invasive potentiality of this crayﬁsh by underlining some aspects on its behavioral ﬂexibility. This study area was selected due to suffering and continuous complaining of farmers from P. clarkii invasion in their fields causing damage for their crops and fields’ levees.

Methodology

This study was conducted in Fatmia Drain network and its small channels in Dyarb-Negm, Sharkya Governorate, during summer 2007. External shapes, water levels of Procambarus clarkii’ burrows were assessed using a photography camera captured photos in different small canals and crop fields. Photos were analyzed to measure the densities and count burrows’ number in unit area in some small canals. 


RESULTS and Discussion

All crawfish must live in wet areas, but some can adapt to temporary dry conditions. Most crawfish mature and immature burrow if the habitat dries up regardless of the time of the year. Thus, burrows play a vital part in the life cycle of the red crawfish; for spawning and reproduction. Perhaps the most impressive characteristics of the crawfish are their burrowing behavior and the earth "castles" that rise around each burrow's entrance. Holdich (2002) has provided an excellent description of the burrowing process and the categories of burrows built by various types of crawfish.


Burrowing Behavior: 

The burrowing process of crawfish loosen the soil with its walking legs. As earth accumulates, the third maxillipeds are thrust below the lessened material. When they are loaded, the cheliped are pressed over the load and the crawfish moves head first through its burrow to the surface, where the compressed load, actually the pellet, is deposited and tapped into place with the claws. The crawfish then descends tail first, to repeat the process. Crawfish burrows are usually dug by an individual crawfish, with the burrow diameter determined by the size of the crawfish. The burrow extends downward into a terminal chamber that is slightly larger than the diameter of the tunnel (Gherardi, 2006).


Crayfish burrows were found concentrated in small channels banks in wet and moist soil. Burrows chimney’ texture were mainly soft clay. Maria et al. (2003) stated that Crayfish burrows were found concentrated around the water pools in wet or moist sediment. Burrows were made mainly of clay (84.4 %) and had an average water content of (32 %).


Hobbs et al. (1989) have suggested a unique function for these turret-like structures; it is possible that they function as ventilation system for the burrow and associated tunnel system (if present). Ventilation, except in time of drought, would make burrows more livable, as oxygen concentration in the water is normally very low. With respect to burrowing behavior, crawfish are divided to three categories; primary, secondary, and tertiary. Burrowing behavior is not restricted by genus, as representative species of several genera may share the same category. Most burrows are built at night and may require several days to complete (Hamdi, 1994)


Burrow entrances at the water’s edge are often hidden under vegetation or woody debris. Over time, the burrow entrance may become undetectable because of weathering and vegetative growth. Burrows usually contain either a single female or a male and female. Occasionally, a burrow may contain a single male or more than two crawfish, Hobbs (1976). 


The burrows morphology and density were described from different locations along Fatmia Drain. Burrows external morphology and densities were quite similar to that of El Zein (2005) .The clay chimneys of P. clarkii burrows may be symmetrical or irregular, as in (Photo1). Water levels in burrows vary with the moisture conditions in the soil. Free water at the bottom of the burrow is more often associated with “trapped” water than the actual water table of the soil, as in (Photo2). 

Damage to levees structure and banks is influenced by P. clarkii densities and its burrowing activities. The average number of burrows varied from 25 to 40 burrows per m2 in poorly structured small channel banks. 


At Fatmia Drain, these burrows were recorded almost in most crop fields. However, Rice was ranked as the most dominant one of these crops (Photo 3), and this causes severe damage for the Rice crop (Photo 4). This is mainly due to that burrowing activity alters soil hydrology and causes water leakage.


The same results were recorded in Portugal (Fonseca et al., 1996) as the burrowing activity of P. clarkii increased the costs of rice production as they eat rice seedlings. Rice producers in Spain use pesticides to eradicate P. clarkii from their fields. Rice production is also damaged during the harvest of P. clarkii by harvesters. It is therefore thought that the majority of P. clarkii introductions in Spain had negative effects due to their burrowing ability (Gutierrez-Yurrita et al., 1999). Also, Hobbs et al. (1989) reported that, P. clarkii is especially considered a pest in agricultural areas, such as rice paddies, where it damages young rice plants as well as irrigation systems and dams.


Recommendations:

As the crayfish is an excellent source of food with a high protein content, popular in many parts of the world, we have to fish it  in commercial quantities to decrease its negative impacts on levees and crop fields. This makes the crayfish a source for employment of young Egyptians .Further, the non-edible portion of the crayfish is an excellent source of protein and minerals for the feeding of animals, as chickens raised on a crayfish feed diet lay more eggs, and the eggs contained more protein (Ibrahim and Khalil, 2010).
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Photo 1: The chimneys of P. clarkii burrows; (a) irregular, (b) symmetrical at Fatmia Drain in Sharqya Governorate.



Photo 2: Water trapped at the bottom of P. clarkii burrows at Fatmia Drain 



Photo 3: P. clarkii burrows densities at Fatmia Drain in Sharqya Governorate.




Photo 4: Damage of dykes and Rice crop in small irrigation channels at Fatmia Drain 


Sharqya Governorate constructed pitching at Fatmia Drain to protect it from damages of crayfish burrows (Photo 5).




Photo 5: Pitching of damaged levees and dams of irrigation channels at Fatmia Drain 


ARABIC SUMMARY

تقييم سلوك حفر الانفاق لاستاكوزا المياه العذبة (بروكمبراس كلاركى) في مصرف الفاطميه، الزقازيق، محافظه الشرقيه، مصر.


مجدى توفيق خليل1، محمد رضا فيشار2، خضرة أحمد محمد3

1- كلية العلوم، جامعة عين شمس، القاهرة، مصر.

2- معهد علوم البحار والمصايد، مصر.

3- المركز القومى لبحوث المياه، معهد بحوث البيئة والمناخ، مصر.

في اوائل الثمانينات غذت مياه النيل إستاكوزا المستنقعات الحمراء ، والذى تم استيراده من الولايات المتحدة الامريكية بغرض التربية. انتشر الحيوان بشكل سريع على طول مجرى نهر النيل وروافده و تم رصده في اكثر من مكان، و سبب كثير من المشاكل للصيادين و للثروة السمكية، بل أيضا لنظم الري  في اكثر من مكان. أوضحت الدراسات أن بيئة نهر النيل ملائمة لمعيشة هذا الحيوان ، بل أصبح أكثر خصوبة في البيئة الجديدة عن بيئته الاصلية ، بالاضافة الى انه لا يوجد منافس له في بيئة نهر النيل.


انتشرت في قنوات المياه كثير من الانفاق والجحور التى يحفرها الحيوان  اثناء مواسم التكاثر، التى أثرت بشكل سلبى ملحوظ على بنية هذه القنوات والجسور وأدت الى انهيار الكثير منها. تم تقييم سلوك الحيوان فى حفر هذه الأنفاق وتأثيراتها السلبية  في مصرف الفاطميه بمركز دير نجم، الزقازيق، محافظه الشرقيه، مصر. 


أوضحت المشاهدات ان مدخل الجحر يتمثل خارجياً بأشكال "القلاع" على سطح الأرض، التى سجلت في العديد من حقول المحاصيل التي وجدت بمنطقة الدراسة. وتعتمد الأضرار التي تلحق بهياكل السدود وجوانب القنوات المائيه على كثافه الانفاق وسلوك الحفر للاستاكوزا. متوسط عدد الجحور والانفاق تراوحت بين 25-40 جحر في المتر المربع خاصه بالقنوات المائيه الصغيره ذات الهياكل ضعيفه التكوين بمنطقه الدراسه، مما  تسبب في تصدع السدود الصغيره وجوانب القنوات المائيه بمصرف الفاطميه والقنوات الفرعيه المحيطه به مما ادي الى قيام وزاره الموارد المائيه والري بتدبيش جوانب العديد من تلك القنوات واعاده انشاء سدودها.
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