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I FOREWORD

FINAL REPORT

CooperatIve MarIne Technology Program for the MIddle East
(Phase IV)

Contract No HNE-0158-G-OO-2062-00

TrophodynamICs of the Southeastern MedIterranean WIth SpeCIal Reference to

CommerCIally Important FIshes

2 ImestIgatIOns of Lake Ecosystems m Egypt and Israel WIth ImplIcatIOns for Flshenes and

Water QualIty Management

3 Seafood Safety and FIsh DecontammatIOn - Techmcal and Health ImplIcatIOns

11

Sayed Z EI-Sayed

Pnnclpal InvestIgator & ChIef SCIentIst

The CooperatIve Manne Technology Program for the MIddle East IS a component of

the MIddle East RegIOnal CooperatIve (MERC) Program The Manne Technology Program,

Phase IV the focus of thIS report, IS the extenSIOn of 13 years of pnor effort (Phases I to

III, 1980-1993) The overall ObjectIve of Phase IV Program IS to Increase cooperatIve

effort among EgyptIan and IsraelI sCIentIfic InstItutIOns by addressIng cntIcal and much

needed research In the fields of manne and freshwater fishenes, seafood safety and related

publIc health problems Phase IV began (per effectIve grant date) on September 29, 1992,

and although It was ongmaIIy scheduled to termmate on September 28, 1995 a senes of

extenSIOns resulted m actual termmatIOn date on December 31, 1997

The research actIvItIes of the three projects undertaken dunng Phase IV are reported

herem, these projects are

June 1998

Also mcluded m thIS Fmal Report IS a sectIOn on Program Management

As the Program Pnnclpal InvestIgator and ChIef SCIentIst, I WIsh to express on behalf

of the Program Manager, the Program NatIOnal Coordmators and the ProJects' PnncIpal

InvestIgators and theIr assocIates my sIncere thanks and deep appreCIatIOn to the U S

Agency for InternatIOnal Development for the finanCIal support of the Program
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PrOject I

FINAL REPORT
II EXECUTIVE SUMMARY

Trophodynamics of the Southern Mediterranean with Special
Reference to Commercially Important Fishes

The mvestlgatlOns carned out durmg Phases I & II (1980-1986), were to evaluate the

levels of prtmary productIOn m the nearshore and pelagIc regIOns of the Southeastern

Mediterranean Sea adjacent to the Egyptian and IsraelI coasts m order to assess the fishery

potential of the regions The results of these InvesttgatlOns gave us, for the first time,

quantificatIOn of pnmary productIOn of the regIOns and prOVided details of the composition

of the phytoplankton and zooplankton populatIOns and their spatial and temporal

dlstnbUtion The study showed that the phytoplankton biomass and pnmary productiVity of

the SE MedIterranean pelagic regIOn are among the lowest recorded for any manne regIOn

These findings Imply that fish productIOn In the SE Mediterranean must be very low

compared to other regIOns On the other hand, higher levels of phytoplankton productivity

and potenttally high benthic algal production In the coastal shelf may permit enhanced levels

of fish stocks along the coastal regIOn

Dunng Phase IV (1992-1997), hydroacoustlc mvestlgatlOns carned out on the coastal

shelf have shown that In general pelagic fish are present only In very low densities along the

coast of Israel, With high concentratIOn present In a few localIzed areas Demersal fish

dlstnbutlOn has been correlated With water temperature, so It should be pOSSIble to predict

locations of fish schools from temperature measurements For Instance, It was found that In

the Israeli waters red mullet prefer the areas of warm water

The expertise m the use of the hydroacoustlc method developed durmg thiS project

together With the eqUIpment acqUIred, can be usefully applied m the future to make baseline

studies environmental Impact investigatIOns, and studies of the effects of coastal structures

on fish behavIOr

It should be pOinted out that the sCientific efforts In thiS project were aimed not only

at carrymg out acoustic surveys of the fishenes zone, but also at the optimizatIOn of the

deSign survey themselves

Acoustic survevs of the pelagic fish and concurrent measurements of environmental

parameters were conducted onboard Israeli and EgyptIan research vessels At the statIOns

occupied the phySical and chemical parameters were studied, together With the study of the

phytoplankton and zooplankton populations Off the IsraelI coasts, trawlmg surveys of the

demersal fish stocks were carried out on commercial trawlers by experts from the Flshenes

Department of the Mlnlst", of Agnculture, simultaneously With the fish acoustIc surveys

ill



IV

1 Lake Kmneret (Israel)

Lake Kmneret IS the only natural freshwater lake m Israel, It feeds the VItal natIOnal Water

Carner System and prOVIdes water for IrrIgatIon, drmlmg, commercIal fishenes and

recreatIon Therefore mamtammg adequate qualIty m the lake IS of great natIOnal and

Demersal fish densIty was calculated on the basIs of commercIal catches of fishmg vessels by

takmg mto account the SIze of the mouth of the trawls used and the dIstance trawled

The mvestIgatIOns carned out durmg Phase IV showed that the hIghest productIve

regIOns were those nearest to the IsraelI coast (average of 0 40 gC m 2 day I, bottom depth 

15m), and the lowest productIOn was found m the deeper "oceanIC' regIOns (average of 0 IS

gC m 2 day I bottom depth> 50 m) A sIglllficant part of the pnmary productIOn was

contrIbuted by the picoplankton (cell SIze <2 J.lm) and the nanoplankton (cell SIze between 2

and 20 J.lm) The hIghest biOmass and productiVIty rates were found m late wmter/early

sprmg Also It was found that m the SE MedIterranean, phosphorus appears to be the

pnncipal ltmItmg nutrIent for phytoplankton growth, m contrast WIth most other seas

Although emphasIs m thIS project centered around fish stock assessment, studIes of

morganrc nutnents, phytoplankton and zooplankton populatIons were also undertaken

These studIes revealed pOSItive correlation between the dIstrIbutIOn of chlorophyll, SlltCIC

aCId, and phosphate concentratIOns A pOSItIve correlatIOn was also found between the

dlstnbutIOn of zooplankton and phytoplankton and fish populatIons Further, the Ecopath

model has provIded a summary of the food web WIth an emphaSIS on commercIal fish The

model could be Improved WIth better mfonnatlon on the abundance of the zooplankton, and

the bIOmass and dIstrIbutIOn of the benthIc organIsms

Usmg our estImate of pnmary productIon and applymg dIfferent levels of trOphIC

efficIency, we were able to calculate the potentIal yIeld (m tenns of fish productIOn)

Comparmg the calculated potentIal yIeld WIth the 'actual' fish catch showed that the

ecosystem of the IsraelI contmental shelf can easIly sustam a greater fishmg pressure

Fmally, the results of thIS project clearly mdIcated that efforts to enhance fish

productIOn and to obtam sustamable yIelds should be dIrected at coastal shelf regIOns only,

and that the prospects of expanSIOn of pelagIC fishenes may not be too rewardmg

InvestigatIOns on Lake Ecosystems III Egypt and Israel WIth
ImplIcations for Fisheries and Water QualIty Management

PrOject II
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mternatlOnal concern The lake has been studied mtenslvely for over 3 decades, and a wealth

of mfonnatlOn eXists on Its physIcs, chemistry and biology

Results of studies on fish and zooplankton made dunng the AID project allowed Improved

management of the lake with regards to water qualIty Dunng AID-Phase 1 (1980-82)

mvestlgatlOn of the diets of two species of fish stocked 10 the lake led to recommendmg the

cessation of stockmg of Jordan Samt Peter's fish OreochromlS aureus and mcreased stock109

of the native Sarotherodon gahlaeus It was also proposed to protect the spawnmg grounds

of S galzlaeus The changes 10 stock109 polIcy were Implemented In Phase II (1984-86),

pressure on zooplankton from fish was further documented The findmgs provided a

sCientific baSIS for recommendmg the elImmatlOn of the exotic Silver carp from the lake

Stockmg was stopped It was also documented that Lake Kmneret sardme, the most common

fish 10 the lake IS almost excluslvelv zooplanktlvorous, and It was recommended to reduce Its

stock However, thiS was not Implemented because of ItS very low commercial value Flshmg

restrictIOns deSigned to protect spawmng S galzlaeus 10 the Betelcha lagoons were passed

mto law DUring AID-Phase III (l992-present) mteractlOns between sardmes and S galzlaeus

were studied IntenSive field mvestigatlOns of the behaVIOr of sardmes m relation to their

zooplankton food have strengthened the arguments 10 favor of reducmg the stock of

sardmes Detailed acoustic studies have revealed changes m the size of the sardme stock,

which for the first time have been directly related to the size of the zooplankton stocks

Changes 10 the sardme bIOmass and size compositIOn have led us to recommend a subSidy

program for reducmg the biomass of sardmes 10 the lake, m an attempt to protect the water

quahtv of the lake The program was Implemented, and mOnItonng showed that It was a

success In summary we feel that the AID program has made a slgmficant contnbutlOn to

protectmg the dnnkmg water supply from the only freshwater lake 10 Israel

2 Lake Qarun (Egypt)

InvestigatIOn of Lake Qarun ecosystem, which was carned out over 48 successive

months (January 1993-December 1996) was aimed at provldmg detaIled mfonnatlOn on the

phySical chemical and bIOlogical conditIOns of the lake and to detennme the factors

responsible for the severe declIne m fish production It was found that the pnmary and

secondary productIOns are sufficientiv high to account for the essential reqUIrements of the

higher trophiC levels Further, the chemical data revealed high levels of all major nutrient

v
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Tacklmg the Project objectives was carned out along several prongs, hsted below

Revzew ofLzterature and Data Bank

The overall goal of this project IS to promote seafood safety practices m Egypt
and Israel The baSIC framework of this study was based on engagmg a number ofhtghly
qualIfied sCIentlsts and engmeers from Egypt and Israel to mvestlgate seafood safety
Issues Speclahzed trammg was offered to project SCIentIsts by the collaboratmg
mstltutIOnS, thIS mcluded methods for health nsk assessment and the apphcatIOn of
advanced computer technIques for data processmg and modelmg purposes

Seafood Safety and FISh DecontammatIOn - Techmcal and
Health ImplIcatIOns

ProJectllI

salts as well as the essential trace elements The mvestigatIOn also provided mfonnatIOn on

the natural food, grazmg pressure and feedmg behaVIOr of mullet fry m the lake

PollutIOn studies conducted durmg this mvestlgatIOn prOVided no eVidence for

external source of heavy metal pollutIOn m the lake Raw sewage, on the other hand, was

found to be the mam source of pollutIOn m the lake and was responsible for the mcrease m

bactenal diseases and parasites among the mdlgenous and transplanted fish specIes These

diseases have direct effects on the survival of fish and are the cause of mass mortahty of

Solea aegyptzaca m additIOn to their adverse effect on the growth rate and reproductIOn of

the mfected fish Further, the discovery that the transplanted mullet fry from near Damletta

(m northern Delta) were highly mfected With trematodes was called to the attentIOn of the

General Authonty for Fish Resources Development, who approved our recommendatIOn to

collect mullet fry from near Port Sand (on the Mediterranean Sea) where the fry are less

mfected It was further recommended that a hatchery for mullet fry productIOn be

constructed near Lake Qarun The hatchery Will also feed the nearby Wadi El-Rayan Lakes

(18,000 hectares)

The Lake Qarun mvestlgatlOn underscored that all the fish stocks m the lake (both

mdlgenous and transplanted) are overexplOIted, and that efforts should be made to reduce

their explOitatIOn m order to achieve the maximum yield per recruit Thus among the major

findmgs of the Lake Qarun mvestlgatlOn IS that the severe dechne of the fish populatIOn IS

due to the lack of a proper management plan for the fishery rather than to ecological factors

perse
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A comprehensIve reVIew of the lIterature on "Seafood Safety was conducted ThIs
Included natural and anthropogemc contamInants In seafood, pubhc health ImplIcatIOns of
fish preparatIOn, marketmg and depuratIOn and decontamInatIOn practIces

MIcrobIal Contaminants In FIsh

ThIS study addressed mIcrobIal agents In fish, mcludmg bacterIa and parasItes An
extensIve survey of fish harvested at dIfferent SItes m Egypt showed that the degree of
contammatIOn mcreased from south to north and was hIghest m the Delta regIOn, northern
lakes, and coastal waters Levels of chemIcal contammants, such as pestIcIdes and tOXIC
metals were hIghest m samples collected from polluted SItes m Lake Manzala In-depth
study was conducted on food borne parasItes transmItted to humans from eatmg fish It
was shown that fishennen commurutIes and VIllages m the northern Delta exhIbIted lugh
rate of mfectIOn

Impact ofWater Qualzty on FIsh ProductIOn

StudIes were conducted m Egypt and Israel on TIlapza fish specIes These studIes
focused on the quahty of fish productIOn from those reared m fish ponds supphed WIth
wastewater vs fish ponds WIthout wastewater The results mdicated that the productIOn
of fish was greater m fish ponds supplIed WIth wastewater MIcrobIal assay mdicated
that there was no dIfference between wastewater-enrIched and non-wastewater
agncultures for E Colz and Aeromonas (an oPPOrtUnIStIC pathogen)

ActIve DecontaminatIOn and DetectIOn ofMIcrobes and Heavy Metals Marketed In Israel

ThIS study was conducted to (a) examme the effiCIency of changmg the water (m
the holdIng tanks) to reduce the level of mIcroorganIsms m fish tIssues, and (b) to test for
the presence of mICrobes and heavy metals m marketed fish

The results showed that although both mICrobIal and heavy metal concentratIons
were withm the acceptable Israeh ranges, however, It was recommended that measures
should be taken m proceSSIng the fish to prevent cross-contammatIOn of edIble tIssue by
the dIgestIve tract and skm

ChemIcal Contaminants In FISh DecontaminatIOn

ChemIcal reSIdues were analyzed from fish taken from Lake Manzala, whIch
receIves agncultural dramage and untreated sewage effluents, and from the Suez
ExperImental StatIon, where fish IS grown m treated sewage effluents Results mdicated
that there was a hIgher concentratIOn of organochlorme pestICIdes and heavy metals (lead,
copper, zmc cadmmm) present m Lake Manzala than m fish from the Suez StatIOn

VII
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Further studIes of fish m Egypt mdlcated that m certaIn locatIOns, the organic chemicals
cWordane, endnn and PCB exceed the most conservative mtematIOnal standards

SCIence Polzcy Lznkages and Regulatory Approaches

The relevant authontles m Egypt were provided With the research results of thiS
project Among these results IS that the reuse of treated domestic wastewater IS lugWy
preferred over the reuse ofagncultural dramage water m fish farmmg The research also
pomted to the pressmg need for pubhc educatIOn programs to advise consumers on how
to mmImlze the health nsks from eatmg contammated seafood Tlus mcludes (a)
advlsones on eatlng salted raw fish or Improperly prepared fish, (b) gUIdelmes for
purchasmg, stonng and cookmg and (c) mformatlon on the nutntIOnal values of seafood

Program Management

The Cooperative Manne Technology Program for the Middle East IS coordmated by

a Steenng CommIttee composed of Dr R B Abel, Program General Manager, Dr S Z EI

Sayed, Prmcipal Investigator and Chief SCientIst, and the two lead country coordmators, Dr

Y Cohen, Director, IsraelI Institute for OceanographIc and Llmnologlcal Research (lOLR),

and Dr H K BadawI, DIrector, NatIOnal Institute of Oceanography and Flshenes (NIOF) and

Mr A I EI-Iblary, General Counselor, EgyptIan Academy of SCience and Technology

Durmg Phase IV, the Steermg Committee held eIght meetmgs, the venue of these

meetmgs alternated between Egypt Israel and USA Most of these meetmgs were held m

conjunctIOn With the Program Workshops

Among the promment accomplIshments of the Manne Technology Program durmg

Phase IV was the dramatic expansIOn m the number of sCientIsts partIclpatmg m thIS phase

compared to earlIer phases Further several UnIVerSitIes and mstItutIOns m Egypt and Israel,

prevIOusly unaffilIated WIth the Program, were recrUIted to the Program

At the suggestIOn of members of the Steermg CommIttee, Dr R B Abel authored

a book on 'The Effect of TechnIcal CooperatIOn on Reducmg TenSIOns m the MIddle

East", which mcluded chapters dealIng WIth the history and accomplIshments of the

Manne Technology Program and Its contnbutIOns to technIcal cooperatIOn between the

Middle East countnes

Vl11



ill PROGRAM MANAGEMENT

I The Steermg Committee and Chronology of Its Meetmgs

Phase IV of the Cooperative Manne Technology Program for the MIddle East

began (per effective grant date) on September 29, 1992 Although It was orIgmally

scheduled to tenmnate on September 28, 1995, a senes of extensions resulted m actual

termmatlOn on December 31, 1997

As has been mentIOned m earher reports, the Manne Technology Program

establIshed managerial custom for the Program, by formmg m 1981 a Steermg

Committee durmg Phase I ThIs CommIttee has played a dommant role m governmg the

Program It consIsts of Dr R B Abel Program General Manager, Dr S Z El-Sayed,

Prmclpal InvestIgator and ChIef SCIentist, and the two lead country coordmators, Dr

Yuval Cohen DIrector Israeli Institute for OceanographIc and Llmnologlcal Research

(lOLR) and Dr H K Badawl Director NatIOnal InstItute of Oceanography and Flshenes

(NIOf) As customary the Egyptian Academy of SCIence & Technology General

Counselor Mr A I El-Iblary, participated m all sessIOns

Dunng Phase IV, the CommIttee was co-chaired by Dr A A LatIf, President of

the egyptian Academy of SCientific Research and Technology (untIl hiS death m 1994),

and by Dr R B Abel, Stevens InstItute of Technology, New Jersey

Dr El-Sayed became Prmclpal Investigator for the project when authonty was

ceded to Texas A&M UnIversity by the New Jersey Manne SCiences ConsortIUm He

contmued m hiS capacity of Chief SCientist as well Dr El-Sayed thus bore responslblhty

for all of the sCientific components of the program, mcludmg compJlmg and edltmg the

technical semi-annual and annual reports He also presided at the workshops

Dr Abel mamtamed mteractlOn and cooperatIOn among the Steermg Committee

members project Pnnclpa1 InvestIgators and offiCials concerned, and/or mterested m the

program He and Dr EI-Sayed shared responslblhty for plannmg all the meetmgs

AddItIOnal persons were mVlted to the Steenng CommIttee meetmgs on an ad

hoc baSIS accordmg to the subject matter and theIr expertise For mstance, Drs

Mohammed Wahbeh Dureld Mehasneh and Mohammed Abu Hllal represented Jordan at

all of the meetmgs Also Dr K H Mancy, of the UnIversIty of MIchIgan and PrinCIpal

Investigator of the Seafood Safety ProJect, usually Jomed the group

A prehmmary agenda for the meetmgs was normally drafted by Dr Abel and

circulated to the members for review and amendment prior to Issumg a final agenda

1
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Durmg Phase IV the Steenng Committee meetmgs were usually held III

conjUnctIOn with the Program Workshops, the meetmgs dates and places are the

followmg

July 20, 1991 at Taba, Egypt The proposal for the Phase IV had been formulated m a

draft form pnor to that date, It was put through a refinement process at thIS tIme

The US embassies m Tel AVIV, CaIro, and Riyadh (Saudi ArabIa) seconded, respectIvely,

Drs Charles Lawson, Robert Nemeth, and Jerry Games as observers to thIS meetmg

October 20, 1993 m Washmgton, DC This meetmg was sIgmficant for several reasons

AID hosted part of the meetmg, enablIng the commIttee members to meet Mr

FranCIS Weedon, Deputy AssIstant Admmistrator of AID as well as the

SCience/Technology staff of the Bureau

2 The EgyptIans were accompamed by Ambassador Mustafa, DIrector of the Office of

IsraelI AffaIrs of the EgyptIan ForeIgn Office, and the IsraelIs were accompamed by

Ambassador ZVI, DIrector of EgyptIan AffaIrs of the IsraelI ForeIgn MIDlStry The

group's coheSIOn and strength dId not escape the attentIOn of our hosts

3 The entIre group met WIth Senator ClaIborne Pell, ChaIrman of the US Senate

CommIttee on ForeIgn RelatIOns and WIth RepresentatIve James Scheuer of the

House, who had been among the early and strong supporters of the MERC Program

4 AID permItted, mdeed welcomed, dIscussIOn of the Aqaba Program Plan, m WhICh

they expressed deep mterest

December 15, 1993 at Haifa, Israel The Steenng CommIttee met m HaIfa for two

days The CommIttee members then Jomed all of the Phase IV project partICipants m

Shann EI-SheIkh, Egypt, for the Phase's FIrst Annual Workshop Ie, reVIew and cntIque

of the first year's actIVIties

The final report of Phase III-Amended had been submItted to USAID dunng the prevIOUS

September Also by the tIme of the meetmg, the Phase IV first annual report was about

ready for transmittal to AID It reflected conSiderable Imbalance m start-up tlmmg,

pnncipally owmg to eqUIpment faIlures m the TrophodynamICs Project (ThiS Will

becovered m more detaIl m the followmg SectIOn III)

2



The meetmg was also the first occasIon m whIch the performance of the Texas A&M

Research FoundatIOn could be evaluated In general, the EgyptIans and espeCIally the

Israelts were hIghly satIsfied wIth the FoundatIOn's efficIency

As an adjunct to the regular MedIterranean work, the Steermg CommIttee members had -

for the prevIOus five years -- been developmg plans for a program m the Gulf of Aqaba

It was at thIs meetmg that Dr Abel mVlted everyone's attentIOn to the program

evaluatIOns whIch Imphcltly suggested the deSIrabIlity of penodIc personnel turnover He

announced hIS mtentIon to phase out of the program at the end of Phase IV salary-wIse,

remammg aval1able to any project where hIS servIces mIght be needed

May 25. 1994 m Washmgton, DC ThIS was the program's last meetmg In Washmgton,

It havmg been deCided that the expense of travel to the USA and need to sIte the

meetmgs where the actIOn was takIng place, overrode the advantage of meetmg WIth AID

and other government offiCIals The Steenng CommIttee members were Jomed by Dr

Mohammed Wahbeh of the UniVerSIty of Jordan ThIS gave the CommIttee the

opportUnity to have an m-depth dISCUSSIOn on the proposed Gulf of Aqaba proposed

project

The group met WIth Dr Dan Kurtzer Deputy ASSIstant Secretary of State for MIddle

Easter AffaIrs WhIle the meetmg was essentIally dedIcated to progress momtonng of

Phase IV thiS partIcular sessIOn was domInated by dISCUSSIon of the Aqaba Program Plan

There then ensued a meetmg WIth AID offiCIals dIrectly responSIble for the MERC

Program Dr John Daley and Mssrs Kenneth Prussner and Edward LIjewskI The

meetmg hIghltghted

I Reduced AID finanCIal power vs mcreasmg proposal development

II AID's current pnontles

A Health and PopulatIon

B EnVIronment

C Econom IC Growth

D "BUlldmg Democracy"

The rest of the meetmgs were devoted to pnontIes for present and future actIOn

3
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September 20, 1994 m HaIfa and CaIro In order to spread the actIOn, the Steenng

CommIttee decIded to hold Its management meetmg m HaIfa and the techmcal workshop

m CaIro

The CommIttee was mamly concerned wIth acceleratmg the TrophodynamIcs proJect,

whose progress was plagued by lOgIStICS problems, relatmg to eqUipment and ShIp

acqUisItIon

AprIl 4, 1995 m Aqaba, Jordan An histonc "first" occurred when the IsraelI, Egyptian,

and Jordaman teams met at the Manne SCIence StatIOn, m Aqaba An addItIOnal (to

Phase IV assessment) ObjectIve was furtherance of the Aqaba proposal Aspects needmg

addItIOnal work mcluded capaCIty butldmg, educatIOn and trammg, and recrUitment of

addItIonal mstitutIOns WIth the Governor of the Aqaba DIStrICt presldmg, the officIals

offered theIr aspIratIOns for mcreased collaboratIOn The meetmg was followed by an m

depth Phase IV proJect-progress workshop, offenng the Jordaman SCIentIsts a close

exammatIOn of trans-natIOnal cooperatIOn m manne SCIence

July 14, 1996 m Taba Egypt The Phase IV project workshop WhICh followed the

Steenng CommIttee meetmg was extensIve and extremely detaIled

March 26, 1997 at Texas A&M Umversity Rather than a conventIonal Steenng

CommIttee meetmg, thIS seSSIOn was preparatory to Phase IV evaluatIOn, and mcluded

only the Amencan partICIpants and the U S AID EvaluatIOn Team The meetmg dealt

pnmanly wIth a reVIew of all aspects of the Program's Phase IV from the Amencan

perspectIve

IT Management AccomplIshments

Clearly, the most promment accomplishment of the Manne Technology

Program's Phase IV was the dramatIc expansIOn of the "dramatls personae" Nearly

twIce the number of SCIentIsts partICIpated m thIS phase, than m earlIer phases

Another accomplIshment was the recrUItment of mstItutions prevIOusly

unaffiliated wIth the Program In Egypt thIS relates to several umversItIes, e g , Am

Shams CaIro Suez Canal In Israel, mtroduction of the Umted Umversitles for the Aqaba

planmng, brought the Hebrew UmversIty of Jerusalem and the UmversIty of Tel AVIV
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Scores of graduate students partIcIpated m thIs phase, many of them used the data

collected m the various projects to wnte theIr theses and dIssertatIons Further numerous

Israeh SCIentIsts vIsIted theIr EgyptIan counterparts and, hkewlse, the EgyptIan

mvestlgators recIprocated the VISItS

Whl1e not specifically pertment to Phase IV, the lOgIStICS of the meetmgs

penmtted the Steermg Committee to dIscuss other subjects In almost all of our meetmgs

durmg thIS penod mcluded Jordaman partIcIpatIOn

ill Some Thoughts On The Program's Management

A In retrospect the Steermg CommIttee members beheve that much credIt IS due Dr

EI-Sayed for hIs mtenslve efforts on behalf of Phase IV The Lakes Management and

Seafood Safety proJects, lived up to all reqUIrements of the AIDIMERC Program

They promoted cooperatIOn did good SCIence, and offered clear paths to economIc

growth

B Several obstacles were encountered m the TrophodynamICs Project The acoustIc

eqUIpment purchased for the project was madequate, and the oft breakdowns haunted

the project throughout ItS duratIon The EgyptIans also experienced dIfficulties m

arrangmg shIpboard operatIOns Fmally, commumcatlOns were less effectIve than

antIcIpated

C FaIlure of the hydroacoustlc eqUIpment m the TrophodynamICs Project wIth

consequent conSIderable damage to the project marked the second mstance m the

Program's hIStOry, m whIch stnct adherence to, and stnct observance of, government

regulatIOns has severely undermmed the project The project sCIentIsts unammousl)'

demanded a NorwegIan product whose rellablhtv and effectIveness had been

demonstrated many times over They were forced mstead to accept an Amencan

product whIch was not onl)' prohlbltlvelv more expenSIve, but operatIOnally of a

lesser quahty The equIpment failed repeatedly, was shIpped back and forth between

Seattle and HaIfa/Cairo several times, and eventually caused great damage to the

project (Iromcally, the Amencan company salesman who had played the law' so

vIgorously, has transferred to the NorwegIan firm a month after the sale was

consummated I)
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IV Related Events

A As prevIOusl) mentioned, durmg the September 1992 meetmg m Cairo, the EgyptIan

delegatIOn suggested that the Steermg Committee design a protocol of workmg

relatIOnships among the countries, committees, projects, and related offiCials It

would not only serve as a useful gUIde for our own mtra-program conduct, It might

also prove useful to other prospectIve entrants to the MERC Program Consensus

was arrived at WIth surpflsmg ease, owmg to long standmg mterrelatIOnships

B On December 12, 1995, Dr Abel reconvened (for the thIrd tIme) a meetmg of the

MERC projects' Pnnclpal Investigators The meetmg was hosted by Dr EIleen

Herrera of the Department of Agnculture and chaIred by Abel It offered an

excellent opportllmty, not only for the PI's to compare notes, but for the first

major mteractIOn between the (then) new AID MERC Program Manager and hIS

grantees A summary of the proceedmgs IS gIVen m Annex 1

C In 1990 Mr A I EI-Iblary suggested that a book be prepared, as a sort of analytIcal

chronology of the program, mcludmg reminIscences of offiCials who had opportumty

to judge It from the outSIde The book "The Effect of TechnIcal CooperatiOn on

Reducmg TenSiOns m the MIddle Ease", authored by Dr R B Abel, was publIshed by

UnIVerSIty Press InternatIOnal, Inc The book dId not fulfill ItS planners'

expectatIOns, but did serve to penetrate the peace talk enVironment, where technIcal

cooperatiOn IS often Ignored as an mstrumentalIty of mternatIOnal dIplomacy
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V Effects of tbe Marme Program on tbe Middle East Peace Process

ComprehenSIve analysIs of this tOpIC IS far beyond the scope of this report The

fundamental Issue IS treated most cogently bv Dr MIlton J Esman, Ementus Professor,

Cornell University, m his comprehensive assessment "Can ForeIgn Aid Moderate Ethmc

Confllct?l

"Smce World War II, a ccomplex network has emerged of bIlateral and

multIlateral agencies that manage economic assistance to low mcome countnes

10 the form of mvestment proJects, pohcy advice and techmcal assistance

Although each of these agencies has ItS dlstmctlve personahty, most of them

have aVOided facmg up to the post-Cold War reahty of burgeonmg ethmc

conflIct ThIS reluctance to deal with the VIOlent consequences of ethmc

plurahsm IS often self-defeatmg, for such VIOlence can destabilize the

environment withm which the agencIes operate and thus undennme theIr

efforts The same reluctance can also blmd agencies to the damage that the 111

considered prOVIsIon of foreIgn aid can mfhct on ethmc relatIOns wlthm aId

receIvmg natIOns Some mterventlOns may have neutral or even positIve sum

outcomes Too many spurred by the lOgIC of "developmentahsm" that ranks

economic growth and modernIzatIOn above values such as democracy and

10terethmc fairness, have dlstnbutlOnal effects that generate or aggravate ethmc

conflict, as one commumty IS perceived by ItS nvals to be benefitmg at their

expense Host governments-the cntlcal 10termedlanes between aSSIstance

organizatIOns and the local commumtles targeted to receive assistance often

ensure ethmcally destablhzmg outcomes by dehberately skewmg the benefits of

development aid m favor of a partIcular ethmc commumty "

First to estabhsh proper perspectIve It must be recogmzed that MERC fundmg represents

approximately one tenth of one percent of total USA funds spent m the Middle East It

IS understood however that a recent AID pohcy-Ievel revIew has Identified agnculture as

the dommant feature of the MERC program In tenns of effect on the peace mltIatlve

It IS proposed 10 the strongest possible tenns, that manculture must be subsumed under

thiS rubnc In fact, If anythmg m utlhtanan Middle East context, manculture mIght well

I Peaceworks No 13, PublIshed by the Umted States InstItute of Peace m March
1977
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be consIdered the most Important component of agnculture, owmg to ItS mdependence

from fresh water' Yet, manculture was dropped m the AID pnonty ladder about a half

decade ago The questIOn has been asked, "Would manculture command IsraelI-Arab

cooperatIOn, were Amencan fundmg to be removed?" In fact, the process has survIVed

demonstrably -- perhaps more so than from any other dlscontmued AIDIMERC project

Of much more sIgmficance, everyone else's recogmtIOn of the Importance of manculture

has resulted In contmuance of the work In Egypt and Israel, separately The reason

relates to large scale fundmg by the European Umon, the Japanese, etc Unfortunately,

these funds are granted to the MIddle East countnes mdIvIdually, hardly encouragmg

techmcal cooperatIOn or the MERC ethIC, generally
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Annex 1

MIDDLE EAST REGIONAL COOPERATION
MEETING OF MERC PROJECT DIRECTORS

DECEMBER 12, 1995

SUMMARY OF PROCEEDINGS

The third meetmg of Directors of the MERC projects was convened by the ChaJnnan Dr

Robert B Abel, on December 12, 1996

Dr Eileen Herrera, as host, offered a welcome to the U S Department of Agnculture

Dr Abel as Chairman gave a bnef overview of the MERC Program's hIstOry, goals, and

development He then relmqUlshed the gavel to the MERC project officer, Mr Edward

LIJews"-l who descnbed the Program's new (under the reorganization) goals and

ObjectIves He distrIbuted an excellent catalog of the Program's proJects, and outlmed

AID's aspiratIOns for the Program (Rapporteur's note Smce that time, AID has been

still further reorganized LIJewski has been assigned to the "Womens' Opportunities

DIVISion" and the entire MERe Program has been transferred to the Agnculture

DIvIsIOn) At that pomt each partiCipant mtroduced hlmlherself and at Dr Abel's

request each P I descnbed hIslher program m terms of goals, actiVIties, and future plans

In summary

AID In contrast to earher years, now receives proposals aggregatmg approxImately

700% of their budget ThiS cannot help but Improve the program

2 AID project officers are overwhelmed by these proposals and are backlogged

3 EmphaSIS IS now clearly on "environmental protectIOn" VIs-a-VIS the traditional

challenges of food and water

4 Nearly all recent grants have been made to U S Government agencies, 10 contrast to

earlier grants directed to NGO's and their overseas colleagues

The MERC Program has emerged as one of the most valuable (defined In polItical,

economic or cultural terms) of all the AID programs
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I Abstract

In the early stages of the CooperatIve Manne Technology Program for the MIddle

East (Phases I and II), studIes of the plankton dIstrIbutIOn and abundance off the Egypt and

Israeh coasts showed that the large blooms of phytoplankton prevIOusly extant rn the Fall

have dIsappeared, and as a result the sardIne populatIOn have become more dIspersed and

more scarce The study also showed that phytoplankton bIOmass and pnmary productIVIty In

the S E MedIterranean pelagIC regIon are among the lowest recorded for any manne regIOn

Further, It has been shown that m the Eastern MedIterranean, phosphorus appears to be the

pnncIpal hmItmg nutnent, In contrast WIth most other seas These findrngs Imply that fish

productIon In the S E MedIterranean must be very low compared to the other regIons

Hydroacoushc mvestIgatIOns on the coastal shelf ofIsrael dunng the current phase of

the project (1 e Phase IV) have shown that, In general, pelagIC fish are present only In very

low denSItIes, WIth hIgh concentratIons present only In a few localIzed areas Demersal fish

(e g red mullet) dIstnbutIOn has been found to correlate WIth temperature dlstnbuhon, so It

should be pOSSIble to predIct locahons of fish schools from temperature measurements

InvestIgators have shown that whIle the K.1shon RIver proVIdes the mam supply ofnutnents,

the nver IS also the maIn source of water contammatIon m the IsraelI fishenes zones It

should be pOInted out that the SCIentIfic efforts In the project were aImed not only at carryIng

out acoustIc surveys of the IsraelI fishenes zone, but also at optImIzatIon of the deSIgn of the

surveys themselves The expertIse In the hydroacoustIc method developed dunng thIs

project together WIth the hydroacoustlc eqUIpment acqUIred, can be usefully applIed rn the

future to make baselrne studIes, enVIronmental Impact studIes, and studIes of the effect of

coastal structures on fish behaVIOr

HIgher levels ofphytoplankton productIVIty and potentIally hIgh benthIc algal

productIOn along the relatIvely narrow coastal shelf area may permIt enhanced levels of fish

stocks along the coastal region The results of thIS project clearly rndIcated that efforts to

enhance fishenes and to obtaIn sustamable YIelds should be dIrected at coastal shelf regions

only

Although emphaSIS m thIS project centered around fish stock assessment (usrng

hydroacoustic techruques), studIes of the Inorgaruc nutnents, phytoplankton and zooplankton

populatIons were also undertaken These studIes revealed pOSItIve correlatIOn between the

dIstnbutIOn of chlorophyll and the SIlICIC aCId, and phosphate concentratIOns POSitIve

correlatIOn was also found between the dIstrIbutIOn of the zooplankton and phytoplankton

and fish populatIOns FInally, the Ecopath model has prOVIded a summary of the food web

WIth an emphaSIS on commerCial fish The model could be Improved With better mformatlon
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on the abundance and fate ofzooplankton, and the bIOmass and dIstnbutIOn ofbenthIc

arumals

II Introduction

The pnncIpal aIm ofthts project (dunng Its early phases 1 e 1980-1986) was to

evaluate the levels ofprtmary producnon m the near shore and pelagIC regIons ofthe

Southeastern MedIterranean adjacent to the IsraelI and Egypnan coasts m order to assess the

fishery potennal of thts regIon The result ofthts mvesngatIOn permItted for the first nme

quannficanon ofpnmary producnon and revealed detaIls ofthe populatIOn compOSItIon of

phytoplankton and therr spanal and temporal dtstnbutIOn The study showed that

phytoplankton bIOmass and producnVIty m the Southeastern MedIterranean pelagIC regIon are

among the lowest recorded for any marme regIon Most (80 to >90%) of the pnmary

producllon was attnbuted to very small (1-2 J.lffi) orgamsms (pIcocyanobactena and

prochlorophytes) whtch also made up the bulk of the phytoplankton bIomass In the Eastern

MedIterranean phosphorus appears to be the pnncIpalltrnltmg nutnent, m contrast WIth most

other seas These findmgs Imply that fish producnon m the SE MedIterranean must be very

low compared to other regIons HIgher levels ofphytoplankton producnVIty and potennally

htgh benthtc algal product1on along the relanvely narrow coastal shelf area may penmt

enhanced levels offish stocks along the coastal regIon The results of thIS project clearly

mdIcated that efforts to enhance fishenes and to obtatn sustaInable YIelds should be drrected at

coastal shelf regIons only and that expanSIOn ofpelagIC fishenes should not be encouraged

Hydroacousnc mvestIganons on the coastal shelfdunng the current phase of the

project (I992-present) have shown that, m general, pelagIC fish are present only m very low

denSItIes along the coast ofIsrael, WIth htgh concentratIOns present only m a few localIzed

areas Demersal fish dIstnbutIon has been correlated WIth temperature dIstnbutIon, so It

should be pOSSIble to predIct locatIons of fish schools from temperature measurements

Expemse m the hydroacoustIc method developed dunng the project, together WIth the

eqmpment acqurred, can be usefully apphed m the future to make baselme studIes,

enVIronmental Impact studIes, and studIes of the effect ofcoastal structures on fish behaVIor

In thts project, our sCIennfic efforts were aImed not only at carrymg out acousnc

surveys of the Israeh fishenes zone, but also at ophmlzanon of the deSIgn ofsurveys

themselves A major goal ofacoustIc surveys of fish concentratIOns IS to reconstruct the

dIstnbutIOn field studIed Survey deSIgn IS consIdered ophmallf It ensures conformIty ofa

reconstructed field to the actual one WIth a speCIfied preCISIOn and rrnrumal expendItures

Smce the dIstnbutIon offish and other ecosystem components IS usually patchy (Steele,

1976), the survey path should be chosen on the baSIS ofstanstIcal charactensncs of a patchy
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dlstnbutton field

Yudanov et al (1984) recommended spacmg transects ofan acoustIC survey at a

dIstance close to the autocorrelatIOn radIUS for the field However, no procedures for

detemunatIOn of the accuracy ofa survey were establIshed Smce the real fish dIstnbutIOns

under natural condItIons are never known, we applIed a computenzed mathematIcal

SImulatIOn techruque to reveal these relatIOnshtps The relatIve error ofa fish abundance

estimate (the bIas of the survey) was used as a measure of the survey quahty (Kahkhman et

al , 1986, Kahkhman, 1989)

Withtn the framework of ecolOgical research, It IS often necessary to estunate the

spatIal structure and orgarnzatIOn of populations For example, analySIS of dIstnbutIon fields

for dIfferent ecosystem components allowed elUCIdatIon of some mterrelatIOnshtps between

fish and envrronmental parameters (Kahkhman et al , 1992, 1995) Among the alms ofthe

present study was to determme survey deSIgn parameters allowmg the unbIased

reconstruction ofa patchy dIstnbutIon field The latter were compared WIth the ongtnal,

SImulated patchy fields by correlatIOn analySIS

III MathematIcal Model DeSign

The mathematical model IS based on the approach descnbed by Ktzner et al (1983)

and Zanpov et al (1983) The surveyed area IS a rectangular array of numbers, each of whIch

represents the value of the field m an elementary area (node) The dIstance between the nodes

IS equal to one To SImulate a dIstnbutIon field, patches are generated The SIzes of the

patches are adjusted to fit the surveyed area OutSIde the patches the field vanable IS zero (or a

constant background) InSIde a patch the vanable mcreases from the outer border towards the

center accordmg to a law obtaIned by analyzmg data from real acoustIC surveys (WIlhamson,

1980) Patches may be CIrcular (ISotrOPIC) or ellIptIcal (amsotropIC) WIth dIfferent SIzes and

spatIal onentatIOn, separate or overlappIng (partIally or fully), forrnmg larger patches WIth

more comphcated shapes Random fluctuatIons can be supenmposed on the SImulated patchy

field

The resultIng (constructed) patchy dIstnbutIon field IS then sampled by SImulatIon of

an acoustic survey We choose a survey path and the general dIrectIOn of the survey The

transects are constructed perpendIcular to the general dIrectIOn of the survey Thus, the

survey track conSIsts ofparallel transects and connectmg sectIOns perpendIcular to the

transects The dIstance between parallel transects IS constant and equal to D (length of tracks)

The values ofa field along the survey path are conSIdered to be measured WIth no error

These sampled values are used to reconstruct the field To evaluate the conformIty of the

reconstructed field to that ongtnally generated, paIrS of values (ongtnal and estImated) are
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taken at the full set ofnodes ofthe array representmg the surveyed area Confonmty IS

evaluated by the coefficIent ofdetermmatIOn representmg the square ofthe standard Pearson

correlatIOn coefficIent (r)

As IS mentIOned m the IntroductIOn, the autocorrelatIon radIUS (R) IS used as a

charactenstic ofa field m choosmg dIstance between acoustIC survey transects When the

autocorrelatIon axes are located honzontally (or vertically), the autocorrelatIon radIUs IS

detenmned m a plot ofthe autocorrelatIon functIon as the distance from the coordinate center

to the pomt where the lag IS zero The autocorrelatIon radIUs for a field m an arbItrary

dIrectIon IS defined as a half-length ofthe projectIon of the autocorrelatIon elhpse on the axIS

m thIS drrectIon

IV MathematIcal ExperIments

The surveyed area was represented by an array of2500 numbers making up a

square matrIx of50 Imes and 50 columns The total number ofmathematIcal expenments

conducted was 235 The gnddmg methods employed use weIghted mterpolatmg algonthms

The kngmg method WIdely used m reconstructIon ofdIstnbutIOn fields was tested ThIs

algonthm assumes an underlymg vanograrn. (Matheron, 1963, CressIe, 1991) The method of

gnddmg was chosen so that the correlatIon between the reconstructed field and that ongmally

generated IS maxI1D.1Zed Prel11D.1llarY expenments mdICated that m most cases the maxnnal

correlatIons were attamed when usmg kngmg WIth the Imear vanogram model In order to

exclude the effect ofgnddmg method on relatIonsInps ofmterest, m all our expenments

dIstnbutIon fields were reconstructed by kngmg WIth the Imear vanograrn. model The search

optIon controlled wInch data pomts are conSIdered by the gnddmg operatIOns when

mterpolatmg gnd nodes

ISOtrOPIC (non-drrectIOnal) and anISOtrOPIC (drrectIonal) dIstnbutIOns were SImulated

and studIed Results ofexpenments WIth anISOtrOPIC fields mdicated that the correlatIon

between the reconstructed field and Its ongmal depends upon the onentatIon of the ellIpse for

the data weIghtIng and search The maxnnal correlatIon IS attamed Ifm reconstructmg the

field the major aXIS oftlus elhpse IS adjusted to the dIrectIon ofpatch elongatIon In carrymg

out mathematIcal experIments, It was assumed that a przon mformatIon was aVaIlable eIther

on the field ISOtrOpy, or on the anISOtrOPIC patch onentatIon (m surveYing fields on shelves It

IS often observed that patches are extended along the coast and not m any other dIrectIOn) On

the baSIS oftlus mformatIon, m reconstructIng the fields the major aXIS of the ellIpse for the

data weightmg and search was adjusted to the dIrectIOn ofpatch elongatIon

Isotropzc Fzeld For each SImulated ISOtrOPIC field (examples are given m FIg 1), the

autocorrelatIon radu ill dIfferent drrectIons were SImIlar (0 14-0 17, left, 0 08-0 10, nght)
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Thus, the radIUS for the enure field could be determmed as an average of the rada m dIfferent

drrectIOns In the case of ISOtrOPIC fields, the mathematICal expenments mdicated that the

conformtty ofa reconstructed field to that ongmally generated IS mdependent of the dIrectIOn

of the survey For example, for the ISOtrOPIC field ofR=O 15 (FIg 1, left), surveys carned

out WIth D=O 2 m two perpendIcular dIrectIOns gave SImIlar results ofyl=O 81 and yl=O 85,

for the field ofR=O 09 (FIg 1, nght), surveys carned out WIth D=O 2 m perpendIcular

dIrectIOns also gave sImtlar results of yl=O 20 and yl=O 28 Increase m the dIstance between

transects and decrease m the autocorrelatIOn radIUS both lead to lower correlatlOn between the

reconstructed field and that ongmally generated (FIg 1) Thus, the conformIty of a

reconstructed field to ItS ongmal depends upon the D/R ratto

Amsotropzc Fzeld ThIS kmd of field was modeled as a set ofaruSOtrOPIC patches

WIth sImtlar spatIal onentatIon AmsotropiC fields were denved from IsotrOPIC patches whIch

were stretched m the directlOn of one aXIS and compressed m the perpendIcular directlOn to

SImulate aruSOtr0PIC ones (FIg 2) For each slffiulated anIsotropIC field, the axIS of the

autocorrelatIOn elhpse m the dIrectIOn of patch stretchIng or compressmg was determmed as

an average of the autocorrelauon radn along the transects taken m thIs dIrectIon (FIg 2) As

expected, the SImulatIons conducted mdicated that surveys m the directlOn of patch elongatIon

permIt us to reconstruct the ongmal field more preCIsely than those made m a perpendIcular
dIrectIOn For example, m the case of the anIsotropIC field of Rx=O 27 and Ry=O 13 (FIg 2,

left), a survey carned out WIth D=O 2 m the dIrectIon of patch elongatIOn gave better results

m terms of the ongmal field conformIty (yl =0 94) than a survey carned out m a

perpendIcular dIrectIOn (yl=O 66) SImIlarly, for the anIsotropIC field of Rx=O 06 and

Ry=O 23 (FIg 2, nght), a survey WIth D=O 2 m the drrectIon of patch elongatIOn permItted

us to reconstruct the ongmal field much better (yl = 0 94) than a survey WIth D=O 2 m a

perpendIcular directton (yl = 0 16)
The dIstrIbutIon fields were rotated to a certam angle (an example ofrotatIon for 30°

IS gtven m FIg 3) to examme the effiCIency of surveys whIch, for some reason, cannot be

conducted m the optImal dIrectIon The results of the expenments mdicate that an mcrease m

the angle between the survey dIrectIon and that of patch elongatton leads to lower coeffiCIent

of determmatlOn between the reconstructed field and that ongtnally generated (Fig 3) ThIs IS

explamed by the fact that the D/R rauo m the dIrectIon of patch elongatIOn IS smaller than that

m any other dIrectIOn

General Case Surveys of ISOtrOPIC and anIsotropIC fields gave SImIlar results (FIg

4) The eXIstence of a dIstmct relatIOnshIp fittmg the generalIzed data set (yl versus D/R ratIO)

confirms the pOSSIbIlIty of usmg the autocorrelatIon radIUS as a parameter of a field m

choosmg the dIstance between acoustIc survey transects From FIg 4 It can be seen that WIth
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the DIR raTIo mcreasmg to I 0-1 5, the coefficIent ofdetermmaTIon changes only slIghtly and

remams comparaTIvely illgh, willIe WIth further mcrease, tills coefficIent falls consIderably

For tills reason, we suggest choosmg the dIstance between transects to be less than I 0-1 5R

Thus, when desIgnmg a survey, Ifa pnon mformatIOn IS avaIlable on the autocorrelatIOn

radIUS for a field m any dIreCTIOn, the dIstance between the transects ofa survey m tills

dIreCTIOn can be chosen, ensunng the reqUIred match between the reconstructed field and the

actual field

V ApplIcation of the AcoustIC Method

For each aCOUSTIC survey, the fish dIstrIbuTIons along the longttudmal transect TR

were mapped (FIg 5) and the aSSOCIated autocorrelatIOn functIOns calculated (FIg 6) The

autocorrelaTIon radIUS ofthe field along tills transect was estJ.mated as 13 4 kIn (February

1994), 168 km (August 1994),224 km (May 1995) and 149 kIn (September 1995) In

every case It was larger than 10 kIn As the extent of the IsraelI fishenes zone IS about 180

km, 19 acoustIcal transects are reqUIred to cover tills area The gnd chosen contams 19

acoustIcal transects (FIg 7, left) Thus, we concluded that tills gnd of transects ensures

adequate reconstruCTIon of the patchy fish dIstrIbuTIon fields wmch characterIZe the IsraelI

contInental shelf Smce on shelves patches are generally extended along the coast and not m

any other dIrectIon, acoustIcal transects should be spaced perpendIcular to the shore, willIe

the general dIrectIon of surveymg should be parallel to the shore ThIs was the survey deSIgn

employed m our study

ACOUStIC surveys ofpelagtc fish stock and concurrent measurements of enVIronmental

parameters were conducted on the Research Vessel Shzkmona by the IsraelI SCIenTIfic team

WIth partICIpaTIOn ofProf Sayed Z EI-Sayed and Gert van DI]ken (Texas A&M UrnversIty,

USA), Abdel Rahman EI-ShazlI and Mohammed Abdallah AlI (NatIOnal InstItute of

Oceanography and FIshenes, Egypt) 1 At samplmg staTIons, concentratIOns of zooplankton,

chlorophyll, and nutrIents were measured, as well as the temperature of the water The

survey gnd contamed 29 samplmg staTIons Trawlmg surveys of the demersal fish stocks

were carned out on commerCIal trawlers by experts from the FIshenes Department of the

MIll1Stry of Agnculture ofIsrael SImultaneously WIth the acoustic survey (FIg 7, nght)

Demersal fish denSIty was calculated on the baSIS ofcommerCIal catches of fishmg vessels by

takmg mto account the mouth SIze of the trawls used and the dIstance trawled

1 Prof Sayed El-Sayed took part only ill the survey carned out m August 1994, Gert van DIJken was present
on all cruIses made dunng the project Mohammed Abdallah AlI partICIpated ill only the survey conducted ill

December 1993, Abdel Rahman El-Shazh - ill December 1993, February and August 1994, and May 1995
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VI MultidisciplInary Surveys

Due to the multlple faIlures of the BIOSomcs ES-1000 Dual-Beam Echo Sounder,

and then a recondItIOned Model 102 Dual-Beam Echo Sounder, the number of acoustIc

surveys was consIderably reduced as compared to Imtlal plans WIthIn the framework of the

project, five multldlsclplmary surveys were undertaken on the followmg dates on the 5-9

December 1993 (not completed due to the fallure of the echo sounder), 27 February - 2

March 1994,14-18 August 1994, 14-18 May 1995 and 17-20 September 1995

Survey of5-9 December 1993 The surface water temperature m the study regIon

ranged from 20 51 to 21 78, and the temperature at the bottom from 15 23 to 21 63 From

trawhng data, the dlstnbutlon and bIomass of two demersal speCIes could be estimated for the

northern and central parts of the fishenes zone The greatest abundance of the most

commercIally Important speCIes, red mullet (Mullus barbatus and Mullus surmuletus),

comcided WIth the areas of the hIghest water temperature at the bottom (FIg 8) The bIOmass

of red mullet was estlmated as 180 tons The general dlstnbutIOn pattern for another

commercIal species, pandora (Pagellus erythrmus), was slmllar to that for red mullet (FIg 9)

The bIOmass of pandora was 80 tons The locatIOn of the peak ofpelagIc fish denSity (FIg

10) comcIded WIth the area where mronmal catches were obtamed by the purse semers m the

past (Plsanty, 1969) The bIOmass of pelagIc fish m the central part of the zone was estImated

as only 1070 tons

Survev of27 February - 2 March 1994 The water temperature m the study regIOn

was very umform the surface temperature ranged from 17 01 to 17 71, and the temperature

at the bottom from 1686 to 1747 The heaVIest catches ofred mullet were obtamed as a

result of traw1mgs conducted between the 200 and 400 m ISObaths (FIg 11) The bIomass of

red mullet was estlmated to be 320 tons The heaVIest catches of pandora were obtamed near

AtItt at the outer border of the fishenes zone (FIg 11) The bIOmass of pandora was

estImated as 400 tons The hIghest concentratIOns ofnutnents were observed m HaIfa Bay

(Fig 12 and 13), of cWorophyll m Haifa Bay and m the area between Caesarea and Hadera

(FIg 13), of zooplankton near Akk02 The highest pelagIC fish denSIty was found near AtItt

(FIg 14) The bIOmass of pelagiC fish was low, only 570 tons

Survev of14-18 August 1994 The surface water temperature ranged from 27 70 to

2987, and the temperature at the bottom from 1507 to 29 75 The heaVIest catches of red

mullet were obtamed m the northern regIon m areas With hIgh water temperature at the bottom

(FIg 15) The bIOmass of red mullet was evaluated as 470 tons The highest concentratIOns

OfStlICIC aCId were observed to the south of Atht and between Tel-AVIV and Palmahtm (FIg

No ~lgruficant relatIOnships of concentratIOns ofnutnents chlorophyll or zooplankton With depth were
observed Therefore, concentrations were averaged over depth
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16) NItrate and mtrite and phosphate were highest m HaIfa Bay (FIg 16 and 17) The same

pattern of dIstributIOn was found for chlorophyll (FIg 17) and zooplankton (FIg 18)

Pelagic fish densIties were comparaTIvely high and no relaTIonship to water temperature was

found Dense concentraTIons were observed m the north and m the area near HaIfa (FIg 18)

The total bIOmass ofpelagiC fish was esnmated to be 6080 tons

Survey of14-18 May 1995 The surface water temperature ranged from 20 21 to

2290, and the water temperature at the bottom from 1551 to 2280 Durmg the survey the

number oftrawlmgs was too low to determme the dIstnbuTIon and the stock ofdemersal fish

The highest concentraTIon ofsIhcIC aCId was observed m HaIfa Bay and to the south of Atht

NItrate and mtrite were comparatively Ulllfonn (FIg 19) The peaks ofthe phosphate and

chlorophyll concentratIOns were sItuated m HaIfa Bay (FIg 20) The maxnnum of

zooplankton dIstnbutIon was located between Haifa and Hadera near-shore PelagiC fish

targets could not be separated from sound scattermg layers, which were common on thIs

survey HIghest denSITIeS were observed m the northern area and m the region from Herzhya

to Tel-AVIV (FIg 21) The bIOmass ofpelagic fish and that of the scatterrng layers together

was eSTImated at 12500 tons

Survey of17-20 September 1995 The surface water temperature ranged from 2754

to 28 99, and the temperature at the bottom from 15 89 to 29 00 The number oftrawlmgs

was too low to determme the dIstribUTIon and the stock ofdemersal fish The maxmlum ofthe

SIlICIC aC1d concentraTIon was observed to the north ofHerzhya off-shore NItrate and mtrite

(FIg 22) and phosphate (FIg 23) concentratIOns were highest m HaIfa Bay Zooplankton

was most abundant near Ha1fa, and the peak of the pelagiC fish dens1ty was m the north ofthe

study reglOn (FIg 24y The bIOmass ofpelagiC fish was evaluated to be 2250 ton

VII Method of IdentificatIOn of CorrelatIOn Zones

The method of IdenTIficaTIon ofcorrelation zones for two dIstnbuTIon fields can be

summanzed as follows (Kahkhman et at , 1995)

1 Radn ofautocorrelatIOn crrc1es (or elhpses) are detennmed for each d1stribuTIon

field A regular gnd ofpomts 1S chosen WIth the d1stance between nodes smaller than the

autocorrelatIOn radms ofthe fields

2 Grad1ents of the fields are calculated at the nodes of the gnd Angles between

correspondmg gradIents are calculated Zones contammg neighbormg nodes at whIch

grad1ents are co-phased (or anti-phased) are outlmed Zones smaller than the autocorrelaTIon

c1rcles (or e1hpses) are rejected

3 When mappmg the dlstrtbutIOn of chlorophyll, It was found that the pomt m HaIfa Bay, cntlcal for the
dlstrtbutlon as a whole, was ffilssmg For thIs reason, we could not map the dlstnbutIOn of chlorophyll
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3 The ongmal dIstrIbutIOn field IS sampled at the nodes of the gnd located m each

zone outhned CorrelaTIons are calculated for the correspondmg values of the fields belongIng

to each zone The correlanons obtamed are analyzed together WIth other charactensncs of the

zones

The reqUIred dIstance between samplmg locatIOns was estunated on the basIs of the

analysIs of autocorre1atlOn of the fields (Sokal and Wartenberg, 1981, Legendre and Fortm,

1989, McArdle and Blackwell, 1989, Kahkhman et ai, 1992) TypIcal transects for the fields

were chosen crossmg the areas of hIgh concentratlOns m the northern part of the study area

(FIg 25) The dIstrIbutIOns of all the ecosystem components along these transects were

plotted and aSSOCIated autocorrelatIOn funCTIons were calculated (FIg 26) The autocorrelatlOn

radIUS IS the dIstance from the coordmate center to the pomt at wmch the value of

autocorrelatlOn functlOn IS zero (Gandm, 1965) The autocorrelatIOn radll for the dIstrIbutIon

fields conSIdered ranged from 5 ato 29 aIan (Table I) Thus, the dIstance between nodes of

the samplmg gnd must be not more than 5 aIan to ensure that all pomts m the fields would

be related statIstIcally to one or more samplmg 10catlOns A gnd WIth 5 a-Ian mtervals

between nodes was selected to fulfil the reqUIrements (FIg 27)

Survey of27 February - 2 March 1994 A pOSItIve correlaTIon zone was IdentIfied

between the dIstnbutIOns ofchlorophyll and SIlICIC aCId (WIth the sIhcIC aCId concentratIOn not

lower than a12-0 14 M) (FIg 28) A pOSItIve correlatIon zone was observed between

chlorophyll and phosphate dIstnbutlOns (WIth the concentratlOn of the latter >002-004 M)

(FIg 29) The same kmd ofmteractIOn was found between the dIstnbutIOns of zooplankton

and cWorophylI (the concentratlOn ofchlorophyll >0 20 Ilg/I) (FIg 30) At the same tIme a

pOSItive correlatIon zone was IdentIfied between the dIstrIbutIons ofpelagrc fish and

zooplankton (>0 20 mg!l), and a negatIve correlatIon zone was found (FIg 31) The negative

correlatIon zone was observed at the same place where a negatIve correlaTIon zone for fish

and phosphate (the concentratIOn of phosphate >0 05 M) (Fig 32) Tills means that

zooplankton attracts fish only untIl the water contammatton becomes too lugh, otherwIse the

second factor prevaIls It should be noted, first, that the marme water contammatton mostly

comes WIth the water of Ktshon nver, and second, the maximal fish denSIty was found m the

area where the mimmal concentration of nutnents was observed 4

Survey of14-18 August 1994 A pOSItIve correlatIon zone was Identified between

the dlstnbutlons of cWorophylI and phosphate (WIth the phosphate concentratlOn not lower

than 0 05 M) (FIg 33) A pOSItive correlatlOn zone was found between the zooplankton and

chlorophyll dIstnbutlOns (when the cWorophyll concentratIOn >0 20 p,g!l) (FIg 34) The

4 In fact negatIve correlation zones are observed between the dIstnbutlOns of pelagIC fish and contarnmatmg
substances WhICh decompose In seawater WIth the formatIOn of nutnents
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same land ofmteraCTIon pattern was observed between pelagic fish and zooplankton (when

the concentratIOn ofthe latter >020 mg/l) (FIg 35) A negatIve correlatIon zone was found

between the dIstnbutIons ofpelagic fish and mtrate and mtrIte (WIth the mtrate and mtrIte

concentratIon >0 40 M) (FIg 36)

Survey of14-18 May 1995 A posItIve correlatIon zone was IdentIfied between the

dIstrIbuTIons of chlorophyll and phosphate (WIth the concentratIon ofphosphate >005 M)

(FIg 37) The same mteractIon pattern was found between zooplankton and chlorophyll

(when the chlorophyll concentraTIon >0 20 ug/l) (FIg 38) As mentIOned above, the pelagic

fish densIty was mseparable from that contrIbuted by the sound scattermg layers For thIs

reason, no correlaTIon zones between the pelagic fish dIstrIbutIon and the dIstnbutIOns of

zooplankton and nutrIents were observed

Survey of17-20 September 1995 As mdIcated before, we had to refuse the

mappmg of the dIstnbutIon ofchlorophyll, therefore, the correlaTIon zones were IdentIfied

dIrectly between the concentratIons
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Table I Autocorrelanon radll (kIn) and areas (kIn-2) ofdIfferent correlatIon zones

Date FIeld Transect 2 AutocorrelatlOn
Radms, kmArea, km

27 02-02 03 1994 SIlICIC ACId 1 235 4575
2 62

Nltrate+Nltnte 1 224 4361
2 62

Phosphate 1 11 2 2180
2 62

Chlorophyll 1 235 4575
2 62

Zooplankton 1 190 2983
2 50

PelagIc FIsh 1 134 2104
2 50

14-18081994 SIlICIC ACId I 146 2384
2 52

Nltrate+Nltnte 1 90 1498
2 53

Phosphate I 205 3283
2 5 1

Chlorophyll I 250 3925
2 50

Zooplankton 1 280 4396
2 50

PelagIC FIsh 1 168 2743
2 52

14-1805 1995 Slhclc ACId 1 285 5014
2 56

Nltrate+Nltnte 1 290 911 1
2 100

Phosphate 1 272 4273
2 50

Chlorophyll 1 185 3603
2 62

Zooplankton 1 170 3204
2 60

PelagIC FIsh 1 224 3519
2 50

17-2009 1995 Slllclc ACId 1 150 2356
2 50

NItrate+Nante 1 180 2941
2 52

Phosphate 1 133 213 1
2 5 1

Zooplankton 1 203 4400
2 69

PelagIc FIsh 1 149 3370
2 72
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ofzooplankton and nutnents A posItIve correlatIon zone was found between the zooplankton

and phosphate dIstrIbutIons (WIth the phosphate concentratIon >0 05 M) (FIg 39) NegatIve

correlatIOn zone was IdentIfied between the dlstnbutIons ofpelagic fish and zooplankton

(FIg 40), thIs one bemg observed at the same place where the negatIve correlatIons were

found between the dIstrIbutIons offish and mtrate and mtnte (the concentratIon >0 30 M)

(FIg 41), and fish and phosphate (the concentratIon >0 05-0 10 M) (FIg 42)

DlstrlbutlOns on the transects On 27 February - 2 March 1994, the maxnnal

concentratIon ofpelagic fish was observed m the area WIth the mmImal concentratIon of

nutnents and zooplankton (FIg 43) On 14-18 August 1994, the maxImal mtrate and mtnte

and phosphate concentratIons corresponded to the rnmnnal pelagic fish densIty, although the

zooplankton concentratIon m thIs area was hIghest (FIg 44) On 14-18 May 1995, the

pOSItIve correlatIon zones were IdentIfied between the dIstnbutIOns ofphosphate and

chlorophyll, and chlorophyll and zooplankton (FIg 45) On 17-20 September 1995, the peak

concentratIons ofmtrate and mtnte and phosphate corresponded to the mmImal pelagiC fish

densIty, although the zooplankton concentratIOn IS thts area was htghest (FIg 46)

VIII Ecopath 3 0

In order to summanze the data collected dunng thIs and preVIOUS AID projects, we

decIded to apply the Ecopath model (ChrIstensen and Pauly 1993) Ecopath IS a steady-state

ecosystem model that has been applIed III many systems around the world, makmg It pOSSIble

to compare our results WIth those obtamed for the EgyptIan shelf and for shelves from other

oceans

Software for constructIng an Ecopath model IS readIly aVaIlable on dIskettes

(ICLARM, MCPO Box 2631,0718 MakatI, Metro Mamla, PhtlIppmes), and IS very user

frIendly, espeCIally m ItS most recent verSIOn (30) It mc1udes extensIve help sectIOns,

mcludmg several lIterature-based methods for estImatIng mIssmg data The mputs necessary

for the Ecopath model are 1) the productIon!bIomass ratIo (PIB), 2) the dIet compOSItIon of

all the groups mcluded m the model, 3) the fishery catches, 4) the ecotrophIc effiCIency,

whIch IS for each group the fractIon of total productIon consumed by predators (mcludmg the

fishery), 5) the prtmary productIOn, 6) detrItus bIOmass, and 7) food consumptIOn per UnIt

bIomass (QIB) Some of these parameters are relatIvely well-known for components of the

SE MedIterranean ecosystem, some were measured dunng the AID project, and others had to

estImated usmg methods mcluded ill the Ecopath software package or from lIterature values

from other oceans Below, we WIll descnbe the sources of data used m the model

In the process ofconstructmg the Ecopath model of the IsraelI shelf, It was

necessary to reVIew all the data collected durmg the project and to reVIew the lIterature to find
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other sources for ecosystem components not exammed dunng the AID projects The first

decIsIon to be made m constructmg the model was to decIde what are the most Important

components of the ecosystem SpecIes were lumped on the basIs of aVallable mformatlon

For example, zooplankton were lumped mto a smgle category, as data on the bIOmass,

productIOn, and bIOenergetICS for mdIVIdual speCIes do not eXIst The fish groups were

chosen on the basIs of avaIlable catch data (Snovsky and ShapIro 1997), and It IS possIble

that some of the groups WIth sImIlar dIets should be combmed The fishmg grounds do not

mclude the entIre IsraelI shelf (especIally m recent years, when the area ofGaza has been

closed to IsraelI fisherman), but for the purposes of the model, we used the area of the shelf

(2850 km2) The estunates ofbIOmass obtamed from the echo sounder surveys were

obtamed from the entlre shelf

DIets of the fish m the model were estImated from data collected over many years by

D Golam of Hebrew UmversIty, Israel He has classIfied the fish speCIes ofIsrael (they are

m the 100's) mto 5 tropluc categones I) pISCIvOroUS, 2) pISCIVOroUS and benthIc, 3)

benthIC, 4) planktIvOroUS, and 5) herbIvorous ThIS claSSIficatIOn was used to dIVIde the

food Items of each group between the potentIal food Items

Catches In the IsraelI fishery are tabulated and summanzed on an annual baSIS For

the Ecopath model, we used the average of catches made m 1994 and 1995, and reported by

Snovsky and ShapIro (1997) The catch of pelagIC fish has been around 1,000 tons for the

last 10 years The catch ofdemersal fish (caught by trawlers) IS usually hIgher, averagmg

around 1,500 tons, and the mshore catch (caught usmg trammel nets and longhnes) IS around

1,372 tons Data on the speCIes composItIOn of the trawl and pelagIC catch IS avaIlable m the

1997 Snovsky and ShapIro report Data on the speCIes composItIOn of the Inshore catch was

obtamed from the Israeh Department ofFIshenes

ExtensIve work was done m the current phase of the AID project to allow estlmatIOn

ofsurface chlorophyll from satellIte data Unfortunately, the launchIng of the SeaWIfs

satelhte was delayed (by over 5 years'), so we are not m a pOSItIOn to measure surface

chlorophyll from space SatellIte Images made m the 80's are of poorer qualIty than those

that WIll be obtamed from the newer satellItes, and they do not proVIde better estImates than

those made usmg the chlorophyll data used to calIbrate them (GItelson et at 1996) So for

now we must rely on the chlorophyll data set collected dunng the AID projects We used a

value of 0 14 mg ChI m-3 as an annual average for nerItIC statIOns Ofcourse, there are

plumes WIth much hIgher values of chlorophyll near sewage outfalls (Tel-AvIv) and In Harfa

Bay The contrlbutIon of these hIgh chlorophyll areas to the overall produCtIVIty of the IsraelI

shelf IS very dIfficult to evaluate We hope that eventually tills samplmg problem can be

overcome by means ofsatellIte Images
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Estnnates ofpnmary productIon were based on an equatIon relatmg surface layer

chlorophyll concentratIOn to productIon (Eppley et al 1985)

log (pnmary producnon, mg C m-2cr1) = 3 + log (suiface chlorophyll, mg m-3)

For a value ofsurface chlorophyll concentratIOn of 0 14 mg m-3 (see above), pnmary

productIon IS calculated to be 140 mg C m-2 d-1 or 511 g weIght wet m-2 year -1 The

value for dally pnmary productIVIty calculated from the equatIon IS slllll1ar to the rate

measured by C14 uptake expenments at nentic statIons dunng the project

Seasonal and geographic vanatIOns m the abundance ofzooplankton m Israeh

coastal waters are poorly known Durmg our work we made vertIcal net hauls WIth a rmg

net, and measured the settlmg volume to proVIde a very crude estimate ofthe abundance of

zooplankton Highest concentrations were observed m February, as mIght be expected, smce

phytoplankton IS most abundant dunng the wmter-sprmg season The average of all seasons

and locatIons was 0 158 mg r l , which translates to 15 8 t km-2 ThIs value was used as a

startmg pomt, but to balance the model It was necessary to reduce It to 4 t km-2

Benthos was not sampled durmg the proJect, With the exceptIon ofbenthIc fish

sampled by the fishmg boats manned by FIshery Department personnel dunng our acoustIC

surveys Although there has been qUIte a bit of taxonOmIC and descnptIve work on the

benthos of the IsraelI shelf, quantItative studIes (measurement ofbIOmass) are rare The

only data we were able to find were from a study ofHaIfa Bay made from 1954-1956 by

Ehezer Gotielb as part ofhis doctoral theSIS There have no doubt been SIgnIficant changes

smce then, and Harfa Bay IS probably ennched m companson to other areas of the IsraelI

shelf, but these data were used WIthout adjustment for thIs ffiltial run of the Ecopath model

Although Gotlelb proVIdes data by taxonOmIC groups and substrate types, we combmed all

mto an average for "benthos" as a whole The average obtamed from his Table 4 IS 16 t km

2, but thIs IS heaVIly mfluenced by a smgle statIon WIth 97 t km-2 ofechmoderms We chose

to adjust the value downward, to account for the lower bIOmasses expected outSIde Harfa

Bay, and because of the doubtful role ofechmoderms m the food webs leadmg to benthrc

fish We used a value of 10 t km-2 for the benthos of the IsraelI shelf

The productIon and consumptIon rates (PIB and QIB) of the fish m the model were

not measured for any fish m Israeh coastal waters However, there eXIst empmcal models to

help fill the gap ofmIssmg mformatIon, and we used values from Gucu (1995) for many of

the fish m our model Gucu (1995) used the empmcal model of Palomares and Pauly (1989)

to calculate QIB for the fish m his model, and calculated the PIB ratio from the results of

standard analySIS of the fish population dynamICS Smce the speCIes are the same as occur m
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Israel (hIS work was done m the NE MedIterranean m Turkey), we used the values m rus

Tables 1 and 3 for all speCIes groupmgs used m common For the remmmng groups, we

used values from other Ecopath models presented m the volume edIted by Chnstensen and

Pauly (1993)

Fmally, detntus bIOmass was estImated usmg the empmcal relatIOnshIp relatmg

detntus standmg stock to pnmary productlon and the euphotIc depth (Pauly et al 1987) The

ecolOgical effiCIency was m most cases estlmated by the program, but m a few cases, a value

of 0 95 was entered and the bIOmass was estImated by the program

The assIgnmg of food Items determmes the hnkages m the food web (FIg 47)

Most of the fish are calculated to functIOn at a trophIc level of approXImately 3 The

piSCIvores have a trophIC level of around 4 Shnmps, zooplankton, and benthos compnse the

lowest trophIC level and constItute the food of fish other than piSCIvores Three of the groups

(groupers, sharks, and scombnds) were consIdered to have no predators other than man, and

as such are the top predators m the system As mentIOned above, we WIll probably combme

some of the fish groups WIth SImIlar dIet composItlons

In thIs first run of Ecopath, It IS clear that major parts of the food web are not

known well enough to allow the creatIOn of a balanced ecosystem model If we use the data

avaIlable ThIS IS espeCially true for two components zooplankton and benthos The

estImates of phytoplankton productIOn and bIOmass are rather welllmown, and are

msufficient to account for the measured values of zooplankton standmg stock We conclude

that the actual zooplankton standmg stocks and productIOn must be lower than that estlmated

from the nng net tows On the other hand, even the reduced values we used result m a

surplus of zooplankton, whIch IS not consumed by other components m the model as It

stands now (Table 2) In short, neIther the standmg stocks and productlon nor the fate of

zooplankton are known well enough to be modeled, even approxImately

The standmg stock ofbenthos used m the model and based on values from HaIfa

Bay IS also probably overestlmated, as judged from the low ecolOgical effiCIency that results

(0640) The estImate can probably be reduced slIghtly, and the dIets ofsome of the fish

adjusted to consume more benthos The model seems to give a reasonable pIcture of the

relatlon between fish, theIr bIOmasses, and theIr dIets ConsultatIOns WIth the FIshery

Department are contmumg, and we expect that these aspects of the model can be further

refined and Improved Eventually, we expect to publIsh the results, If pOSSIble together WIth

the results obtamed for the EgyptIan shelfby our project partners
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IX ConclusIOns

1 A pnon mfonnatlOn on the patch onentatlOn and autocorrelaTIon radIUs for the

field allows optnmzatlOn of survey deSIgn and the algonthm ofdata analysIs A survey m the

drrecTIon ofpatch elongauon IS optImal Independent of the survey drrecTIon, m

reconstructmg the field the major axIS ofthe ellIpse for the data welghnng and search should

be adjusted to the drrecTIon ofpatch elongaTIon A patchy field can be reconstructed properly

(r>O 85) IfD=(1 0-1 5)R, where R IS the autocorrelauon radIUS m the drrectlOn of a survey

2 The number of fish m the IsraelI fishenes zone very changes m t1me It can be

supposed that at least part ofthe fish stock crosses the border of the zone

3 Under certam condluons, red mullet prefer the areas of warm water ThIs gIves

the possIbIlIty oflookmg for red mullet by measunng the water temperature

4 The mam source ofwater contammaTIon m the IsraelI fishenes zone IS the KIshon

RIver It also proVIdes the mam supply of nutnents

5 The posluve correlaTIon zones were IdenTIfied between the dlstnbutlOns of

chlorophyll and the sIlICIC aCId (WIth the concentraTIon of the latter >0 12-0 14 M), and

phosphate (WIth the concentratlOn >0 02-0 05 M) PosItIve correlatlOn zone was observed

between the dIstnbuTIons of zooplankton and phosphate (>0 05 M) ThIs confirms the fact

that the nutnents are necessary for the development ofphytoplankton and mdrrectly for that of

zooplankton

6 The vast posluve correlaTIon zones were found between the dIstnbuTIons ofthe

zooplankton and chlorophyll (WIth the chlorophyll concentratIOn >0 20 gil) As chlorophyll

charactenzes the phytoplankton concentrauon, the conclUSIon can be made that the

phytoplankton IS necessary for the zooplankton to feed
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Table 2 Sample output from the Ecopath 3 0 program, hstmg the ecosystem components considered m the

model and glvmg thelT estunated annual average bIOmass, annual production (PIB) and consumptIOn (QIB),

ecological effiCiency (EE) and gross effiCiency (GE) Umts throughout are tons wet weight

29

I
I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

7 The posItIve correlatIOn zones were Identrfied between the dIstnbutIons ofpelagIC

fish and zooplankton (WIth the zooplankton concentratIon >020 mg/l) ThIs confinns the

conclUSIOn that the zooplankton IS necessary for pelagIC fish to feed

8 The negatIve correlatIon zones were observed between the dIstnbutIOns ofpelagIC

fish and rutrate and rutnte (the concentratIon >030-040 M) and phosphate (the concentratIon

>0 05-0 10M) It should be mentIOned that the correlatIOn ofpelagIC fish and nutnents IS

mdIrect and IS explamed by the fact that the zones are actually formed between the

dIstrIbutIons offish and the contammatlng substance(s)

9 In the presence ofthe water contammatIon, even when the zooplankton

concentratIon IS hIgh, fish aVOId the place and thus form the negatIve correlatIOn zones

between the dIstrIbutIons of fish and zooplankton

10 ImtIal runs of the Ecopath model have proVIded a summary of the food web,

WIth an emphaSIS on commerCIal fish The model could be Improved WIth better mformatIOn

on the abundance and fate ofzooplankton, and the bIOmass and dIstrIbutIOn ofbenthIc

anImals
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XI International CooperatIon

Drs Paul Wallme and YIgal KalIkhman met WIth Dr All BeltagI at the first Annual

Project meeting m CaIro m December 1992 SCIentific background for the project was

revIewed and plans made for mtegratIng the results ofthe project by careful schedulmg of the

respective cruIses It was expected that the echosounders necessary for the work would

arrIve m a few months, and that the first cruIse could be held m the sprmg

Very soon after the eqUIpment arrIved, two Egyptian SCIentIsts from Dr A BeltagI's

group, Mr EI-Shazly and Mr Abdallah, VIsIted IOLR (Kmneret Laboratory) to work WIth

the new system, together WIth Drs KalIkhman and Walhne They worked at KLL for a

week, and then partIcIpated m the first multIdIscIplmary survey of the IsraelI MedIterranean

shelfundertaken 5-9 December 1993 G Van DIJken, from the US SIde of the project, Jomed

thIs cruIse also (he was present on all cruIses made durmg the proJect)

Results of thIs first survey were reported at the second Annual Project meeting, held

m Sharm EI SheIk m December 1993 Although Mr EI Shazly and Mr Abdallah were not

able to attend, technIcal mformatIon, mc1udmg solutions to several problems that arose dunng

tests of the new eqUIpment, were reported by Drs Wallme and KalIkhman to Dr BeltagI

A second multIdIscIplmary survey was made from 27 February to 2 March1994 The

IsraelI team was agam accompanIed by Mr EI-Shazly from Egypt and Mr G van DIJken

from Texas A&M Prof Sayed EI-Sayed and Mr EI-Shazly partICIpated m the R/V

Shzkmona cruIse made from 14-18 August 1994, and Mr EI-Shazly also took part m the

cruIse made from 14-18 May 1995

Dr Paul Walhne attended the project wrap-up meetIng held at Taba, Egypt m

September 1996, and presented findmgs from the last few multIdIscIplmary cruIses made on

the IsraelI shelf

Mr Abdallah VISIted the Kmneret Laboratory m July 1997 to work on acoustic tapes

recorded durmg Egyptian hydroacoustIc surveys, and to reVIew results obtamed durmg the

project Attempts were made to analyze the tapes usmg the Dr Wallme's eqUIpment, but

WIthout success Still, the VISIt prOVIded an OPPOrtunIty to dISCUSS the practical aspects of

analyzmg hydroacoustIc data, and lead to some Important conclusIOns concernmg the

procedures to be used for recordmg acoustic data m the future work on the MedIterranean

Work toward started durmg Mr Abdallah's VISIt WIll be pursued further, eIther rna meetmg

at Taba, or pOSSIbly through e-maIl contacts The aIm of thIs work IS to reach agreement

concermng results of analySIS ofacoustic data
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XIV Legends to FIgures

FIgure 1 FIrst panel- sunulated patchy IsOtrOPIC fields (the straight lmes mdlcate the
transects used to estImate the autocorrelatIOn functIons) Second panel- autocorrelatIon
CIrcles for the fields Thrrd and fourth panels - paths of the sunulated surveys (dotted
lmes) and the fields as reconstructed (here and below, D and R are gIVen m proportIOn
to the SIze of the square representmg a surveyed area)

FIgure 2 FIrst panel- SImulated patchy anIsotropIC fields (the straight lInes mdlcate the
transects used to estImate the autocorrelatIon functIons) Second panel- autocorrelatIon
ellIpses for the fields Thrrd and fourth panels - paths of the sunulated surveys (dotted
lmes) conducted m the dIrectIons ofthe major or mmor axes ofautocorrelatIon ellIpses
and the dIstrIbutIon fields as reconstructed usmg a pnon mformatIon on the patch
onentatIOn

FIgure 3 FIrst panel- SImulated patchy aruSOtrOPIC fields (the straIght lmes mdlcate the
transects used to estImate the autocorrelatIon functIons) Second panel- autocorrelatIOn
ellIpses for the fields (the autocorrelatIon radn m two arbltranly chosen perpendIcular
drrectIons are mdlCated) TIurd and fourth panels - paths of the sunulated surveys
(dotted lInes) conducted m the dIrectIons chosen and the dIstributIon fields as
reconstructed usmg a przon mformatIon on the patch onentatIon

FIgure 4 CoefficIent of determmatIon between the reconstructed field and that ongmally
generated With different DIR ratIOS Symbols correspond to the results of the sunulated
surveys of the fields given ill FIg 1-3 squares - FIg 1, left, CIrcles - FIg 1, nght,
tnangles - FIg 2, left, astensks - FIg 2, nght, CIrcles WIth four radIal beams - FIg 3,
left, CIrcles WIth eIght radIal beams - FIg 3, nght (filled symbols correspond to surveys
m the dIrectIon of the abSCissa, empty symbols - to surveys m the dIrectIOn of the
ordmate) The solId lme represents the non-Imear regreSSIOn ensurmg the mmImal smn
of squared reSIduals The dotted lInes are the borders of the confidence mterval WIth the
probabIlIty p=O 99

FIgure 5 The 10ngItudmal transect TR to estImate the reqUITed dIstance between acoustIc
survey transects

FIgure 6 The autocorrelatIOn functIons for the fish dIstributIOn fields to estimate the
dIstance between acoustIc survey transects (the labels show the month and the year
when the acoustIc survey was undertaken)

FIgure 7 The gnd of multidISCIpImary survey (the pomts show the samplmg statIOns) and
example of the trawlmg survey

FIgure 8 DIstributIon of the water temperature at the bottom and red mullet, 5-9 December
1993

FIgure 9 Dlstnbutlon of pandora, 5-9 December 1993

Figure 10 5-9 December 1993 The dIstributIon of pelagic fish

Figure 11 27 February - 2 March 1994 The dIstributIOns of pandora and red mullet

Figure 12 27 February - 2 March 1994 The dIstributIOns of SIlICIC aCId and rutrate and
rutnte

FIgure 13 27 February - 2 March 1994 The dIstributIOns of phosphate and chlorophyll
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Figure 14 27 February - 2 March 1994 The dIstnbutIOns of zooplankton and pelagIc fish

Figure 15 14-18 August 1994 The dIstnbutIOns of the water temperature at the bottom
and red mullet

Figure 16 14-18 August 1994 The dIstnbutIOns of SIlIcIC aCId and mtrate and mtrIte

Figure 17 14-18 August 1994 The dIstrIbutIOns of phosphate and chlorophyll

Figure 18 14-18 August 1994 The dIstnbutIOns of zooplankton and pelagIC fish

Figure 19 14-18 May 1995 The dIstnbutIOns of SIlICIC aCId and rutrate and mtrIte

Figure 20 14-18 May 1995 The dIstnbutIOns of phosphate and chlorophyll

Figure 21 14-18 May 1995 The dIstrIbutIOns of zooplankton and pelagIC fish

Figure 22 17-20 September 1995 The dIstnbutIons of SIlICIC aCId and rutrate and mtnte

FIgure 23 17-20 September 1995 The dIstnbutlOn of phosphate

FIgure 24 17-20 September 1995 The dIstnbutIOns of zooplankton and pelagIC fish

Figure 25 The typIcal transects for estimatmg the autocorrelatIOn functIOns for the fields

Figure 26 The autocorrelatIon functlOns for the fields (left upper - 27 February - 2 March
1994, nght upper - 14-18 August 1994, left lower - 14-18 May 1995, nght lower - 17
20 September 1995) (S - SIlICIC aCId, N - rutrate and mtnte, P - phosphate, C 
cWorophyll, Z - zooplankton, F - pelagIC fish, the number I or 2 mdicate the transect)

Figure 27 Gnd of pomts for samplIng the distrIbutlOn fields to calculate the correlatIon
zones

Figure 28 27 February - 2 March 1994 The dIstnbutIOns of SIlICIC aCId and chlorophyll
The group of pomts for samplmg the dIstnbutlOn fields to calculate theIr correlatIOn and
the correlatlOn zone

Figure 29 27 February - 2 March 1994 The dlstnbutIOns of phosphate and chlorophyll
The group of pomts for samplIng the dIstnbutIOn fields to calculate therr correlatIOn and
the correlatIOn zone

Figure 30 27 February - 2 March 1994 The dIstnbutIOns of chlorophyll and zooplankton
The group of pomts for samplmg the dIstnbutlOn fields to calculate therr correlatIOn and
the correlatIOn zone

Figure 31 27 February - 2 March 1994 The dIstnbutIons of zooplankton and pelagtc fish
The groups of pomts for samplIng the dIstrIbutIOn fields to calculate therr correlatIOns
and the correlatlOn zones

Figure 32 27 February - 2 March 1994 The dIstnbutIOns of phosphate and pelagIC fish
The groups ofpomts for samplIng the dIstnbutIon fields to calculate theIr correlatIons
and the correlatIon zones

35



I
I
I
I
I
I
I
I
I
I
I
I
I,
I,
I
I
I

Figure 33 14-18 August 1994 The dIstnbutIOns of phosphate and chlorophyll The group
ofpomts for samplmg the dlstnbutIon fields to calculate therr correlatIOns and the
correlatIon zone

Figure 34 14-18 August 1994 The dIstnbutIOns of chlorophyll and zooplankton The
group ofpomts for samplmg the dIstnbutIon fields to calculate therr correlatIOns and the
correlatIon zone

Figure 35 14-18 August 1994 The dIstnbutIOns ofzooplankton and pelagIc fish The
groups of pomts for samplmg the dIstrIbutIon fields to calculate therr correlatIon and the
correlatIon zone

Figure 36 14-18 August 1994 The dIstnbutIOns ofmtrate and mtnte and pelagic fish The
group ofpomts for samplmg the dIstrIbutIon fields to calculate therr correlatIOn and the
correlatIon zone

Figure 37 14-18 May 1995 The dIstnbutIOns of phosphate and chlorophyll The group of
pomts for samplmg the dIstnbutIon fields to calculate therr correlatIOn and the
correlatIon zone

Figure 38 14-18 May 1995 The dIstnbutIOns of chlorophyll and zooplankton The group
ofpomts for samplmg the dIstnbutIon fields to calculate therr correlatIOn and the
correlatIOn zone

Figure 39 17-20 September 1995 The dIstnbutIOns of phosphate and zooplankton The
group of pomts for samplIng the dIstnbutIon fields to calculate theIr correlatIon and the
correlatIon zone

Figure 40 17-20 September 1995 The dIstnbutIOns of zooplankton and pelagiC fish The
group ofpomts for samplmg the dIstnbutIon fields to calculate therr correlatIOn and the
correlatIon zone

Figure 41 17-20 September 1995 The dIstnbutIOns ofmtrate and mtnte and pelagiC fish
The group ofpomts for samplmg the dIstnbutIOn fields to calculate therr correlatIOn and
the correlatIon zone

Figure 42 17-20 September 1995 The dIstnbutIOns of phosphate and pelagic fish The
group ofpomts for samphng the dIstrIbutIon fields to calculate therr correlatIOn and the
correlatIon zone

Figure 43 27 February - 2 Match 1994 The dIstnbutIon of the ecosystem components
along the transects TRl and TR2

FIgure 44 14-18 August 1994 The dIstnbutIon of ecosystem components along transects
TRl and TR2

FIgure 45 14-18 May 1995 The dIstnbutIOn of the ecosystem components along transects
TRI and TR2

FIgure 46 17-20 September 1995 The dIstnbutIOn of ecosystem components along
transects TRI and TR2
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FIgure 47 Food web of the SE MedIterranean as depIcted m the Ecopath model For each
component, the bIOmass (B), productIOn (P), and food consumptIon (Q) IS presented

near the appropnate box m uruts of tons km-2 The trophIc level ofeach group IS gIven
accordmg to the scale at the left of the figure Backflows to the detrItus box are not
shown RespIranon, harvest and export are wntten near the appropnate symbol,
accordmg to the legend
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I Abstract

The overall ObjectIve of our research effort IS to study the spatial and temporal distnbutIOn of the

phytoplankton bIOmass and pnmary productIOn off the Israeli coast and to correlate theIr

distnbutIon WIth the prevaIlmg hydrographic condItIOns, optIcal propertIes of the water column,

morganic nutnents, as well as With the dIstnbutIOn of the pelagIC fish and zooplankton

populatIOns Another objective IS to assess the effects of the constructIOn of the Aswan HIgh dam

on the marme ecosystem off the Israeli coast

SiX crUiSes were undertaken between December 1993 and September 1995 Unfortunately two

crUiSes were cut short due to the malfunctiOnmg of the hydroacoustic eqUipment The remammg

four crUiSes can be regarded as the first mtegrated bIOlogical oceanographic CruISes aImed at

studymg the IsraelI contmental shelf

The results of the mvestigatIOn mdicated that the waters off the Israeli coast are strongly

stratified m summer and early fall, WIth the upper miXed layer depths around 45-80 m Smce

lIttle InflUX of new nutnents takes place, the nutrients m the surface waters were depleted by the

phytoplankton In wmter, the water column becomes completely miXed (due to thermal

overturnmg) resultmg m hIgh nutrIent concentration and enhanced phytoplankton bIOmass

As expected, the hIghest (average of 040 gC m 2day I) productIve regIOns were those nearest to

the IsraelI coast (bottom depth - 15 m), and the lowest (average of 0 15 gC m 2 day 1) were m the

deeper 'oceamc' regIOns (bottom depth> 50 m)

Usmg our estimate ofpnmary productIon and applymg dIfferent levels of trophIC effiCiency, we

were able to calculate the potential yield (m terms of fish productIOn) Comparmg the calculated

potentIal yield WIth the 'actual' fish catch showed that the ecosystem of the Israeli contmental

shelf can easIly sustam a greater fishmg pressure

As to the effect of the Aswan HIgh Dam, companng the results of our mvestigation With the

'histoncal' data, it would seem that the constructIOn of the HIgh Dam has had lIttle effect on the

Israeli contmental shelf ecosystem
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II Introduction

The catastrophic declme of the commerCial fish catch, especially sardInes, off the Mediterranean

coast of Egypt followmg the constructIOn of the Aswan High Dam m 1964 together wIth a lack of

sufficient understandIng of the Impact of the curtailment ofNl1e flood waters on the SE

Mediterranean ecosystem, prompted us to launch m 1981 a USAID-funded mvestlgatlon,

"BIOlogIcal ProductiVity of the SE Mediterranean In the Post High Dam (Aswan) Penod II As a

result of thIS mvestigation we now have for the first tIme quantIficatIOn ofpnmary production as

well as the spatIal and temporal dIstnbutlOn of the phytoplankton populatIOns The mvestigatIon

also prOVided some understandmg of the phySical and chemIcal factors that govern the

dlstnbutlon and abundance of the pnmary producers The results of the mvestIgatlOn mdicate

that the food cham leadmg to fish m the coastal waters IS more complex than the diatom -7

copepod -7 fish model which may be approprIate m other more productIve areas Other findmgs

show that the SE MedIterranean IS characterIZed by extreme ohgotrophy and that the majorIty of

the phytoplankton standmg crop and prImary production IS m the picoplankton «20 jlm) SIze

fractIOn, WhICh should mcrease the number of trOphIC lmks and further hmlt productIOn of fish

(Ryther, 1969)

The data generated dunng the above-mentioned mvestigatiOn pomted to the need for further

research and for a better understandmg of the trophodynamICS of the coastal shelf ecosystem

Thus m efforts to Improve our understandmg of the trophodynamICS of the marme ecosystems off

the Egyptian and Israeh coasts, m 1993 another US AID-funded jomt (Egypt, Israel, USA)

mvestlgatIon was launched The objective ofthe new project were (a) to assess the standmg

stocks of commerCially Important fish speCies, (b) to evaluate the potentIal for mcreasmg the fish

harvest and (c) to contribute to a better understandmg of the role of the prImary and secondary

producers m coastal shelf ecosystems

III ObjectIves

The overall ObjectIve of our research effort IS to study the spatIal and temporal distrIbUtion of the

phytoplankton bIOmass and prImary productIOn off the Israeh coast and to correlate therr

dlstnbutlon With the prevaIlmg hydrographiC condItiOns, as well as WIth the distribution of the

pelagiC fishes and zooplankton populatIons Smce the study of the SIZe distrIbutIOn of the
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phytoplankton IS ofparamount Importance m the study of the trophodynalTIlcs ofthe marme food

web, speCIal emphasIS m our study was on assessmg the contrIbutIOns of the dIfferent SIZes of the

phytoplankton to the standmg crop and pnmary productIOn To thIs end fractIOnated pnmary

productIOn expenments were carned out, as well as SIZe-fractIOnated phytoplankton pIgment

analyses

The specIfic ObjectIVes are

• Study the spatIal and temporal dIstrIbutIOn ofphytoplankton bIOmasS and pnmary productIOn

of the contmental shelf of Israel

• Study the contnbutIOns of the net-, nano-, and plcophytoplankton to the standmg crop and

pnmary productIon, and the roles these photoautotrophiC organISms play m the ohgotrophIc

waters of the southeastern MedIterranean Sea

• Correlate the honzontal and vertICal dIstrIbutIOn of the phytoplankton standmg crop and

pnmary prodUCTIon WIth the hydrographIc conmtIOns, optIcal propertIes of the water column,

and morgamc nutrIents

• Study the correlatIon of algal bIOmass and prodUCtIVIty m relatIOn to the dIstrIbutIOn of

pelagIC fishes and zooplankton populatIOns

IV MaterIal and Methods

SIX CruISes on board the R/V Shlkmona were undertaken off the coast ofIsrael durmg December,

1993, FebruarylMarch, 1994, August, 1994, January, 1995, May, 1995 and September, 1995

Unfortunately the December, 1993 and January, 1995 crUISes were cut short due to faIlure of the

acoustIcal eqUipment Durmg the CruISes data were collected along a preset gnd of 29 statIOns

covenng the contrnental shelf of Israel (FIgure I) The statIOns on the transects were

charactenzed by the bottom depth, they were eIther located at the edge of the contmental shelf

(bottom depth 200 m), or on the mIddle of the shelf (bottom depth 50 m) or nearshore (bottom

depth around 15 m) At these statIOns, hydrographIcal data (temperature and salImty depth

profiles) were collected together WIth optIcal (SecChi dISC depth), bIOlogICal (algal pIgments,

fluorescence profiles, zooplankton abundance) and chemIcal (nutrIent concentratIOns) data A

BIOSomcs dual beam echosounder was used for underway surveyrng ofpelagIc fish bIOmass For

more detmls of the fish stock assessment study see SectIOn II-I m thIS Report
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Phvslcal Data - Samples were collected wIth a rosette system conslstmg of SIX 5 lIter Nlsk10

bottles on WhICh a SeabIrd CTD was mounted Depth profiles were recorded of sea water

temperature and conductIVIty These data were processed at the Israel OceanographIc and

Llmnologlcal Research Institute 10 HaIfa (lOLR) and the Kmneret Limnoiogical Laboratory In

Tibenas (KLL) Transparency of the water column was determ10ed by a standard SecChi dISk

depth readmg Irradlance dunng the day and dunng pnmary productIOn 1Ocubations was recorded

wIth a BlOsphencal Instruments QSI-140 hghtmeter

Chemical Data - Water samples were taken for the measurement of the concentratIon of dIssolved

100rgamc nutrients (rutrate, phosphate and SIlIcate) AnalySIS was done at IOLR on an auto

analyzer usmg standard analytical methods (StrIckland and Parsons, 1972)

Bzologlcal Data

Phytoplankton Stand10g Crop

Algal bIOmass In terms of chlorophyll a (chi a), was determ10ed at several depths at every statIOn

of the samphng gnd FIlters were extracted m 90% acetone, and measured fluorometncally usmg

a Turner Design fluorometer accordmg to Holm-Hansen et al (1965) At the stations where

pnmary productIOn was measured, water samples were sIze-fractIonated by sequential filtratIOn

over 20 !lm Nltex, 2 O!lm Poretlcs polycarbonate and Whatman GFIF filters, respectively The

workmg defimttons of these three SIZe fractIOns are netplankton are those cells retamed on the 20

!lm filter nanoplankton those cells that pass through the 20!lm filter but are retamed by 2 !lm

filter and picoplankton are those cells passmg through the 20 and 2 !lffi filter, but are retamed on

the GFIF filter The SIze-fractIOnated chlorophyll a analySIS ,",as carned out at Texas A&M

Umversity Texas, the remamder was processed by KLL

At some stations, profiles of chlorophyll fluorescence were obtamed WIth a SeaTech Fluorometer

These profiles were used to study the m sltu dIstnbutIon of phytoplankton With depth, and to

determme the depths of the chlorophyll maximum layers

Pnmary ProductIon

Simulated-m sltu pnmary production expenments were carned out usmg the 14C-radlOcarbon

tracer techmque accordmg to Steemann NIelsen (1952) Water samples were collected at a

number of depths 10 the euphotic zone and mcubated 10 UV-transparent Whrrlpack® bags (200

mL) wrapped WIth a number of neutral densIty filters to mimIC theIr depth of samphng, they

were then placed, after moculatIOn WIth 40!l CI 14C, m an on-deck 1Ocubator Sampl10g depths
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corresponded to 100% (surface), 59%, 37%, 13%,4%, 1% and 0 2% of mCIdent hght The actual

samphng depth was calculated usmg the attenuatIOn coefficIent obtained by SecChi diSk depths

After mcubatIOn the samples were SIZe-fractIOnated m a SImIlar manner as for the chlorophyll

analyses

Because of the short duration of the crUiSes (around 5 days), and because only one pnmary

productIOn expenment can be carned out on a gIven day, two dIfferent samplmg approaches were

employed m order to mcrease the spatIal samplmg coverage The fIrst approach IS the

'conventIOnal' way, 1 e, samples were taken from 6-7 dIfferent depths at one specIfic statIon, and

mcubated usmg the simulated-m SItu method mentIOned above The second approach can be

regarded as 'pnmary productIvIty transects', where vertIcal resolutIon was sacnficed for

horIZontal resolutIOn Thus InStead of sampling at one specIfic statIOn, three dIfferent statIOns

were occupIed withm a relatIvely short tune mterval Those statIOns were chosen to represent the

shallow (bottom depth ~ 15 m), the mIddle (50 m), and outer lImIts (200 m) of the contmental

shelf The drawback to thIS method IS that due to space constramts m the on-deck mcubator,

samples could only be taken from two (Instead of 6-7) dIfferent depths, 1 e, at the surface and at

the depth correspondmg to 13% of the mcommg solar rrradiance

FISh and Zooplankton Stocks

PelagIc fish denSItIes were estimated usmg a BioSomcs ES 1000 Dual-Beam Echosounder

ACOUStIC surveys ofpelagIC fish were carrIed out along 19 dIfferent transects, connectmg the

statIOns of the samplIng gnd (FIgure 1) The transects were surveyed eIther once or twIce durmg

a cruIse, tIme permIttmg (For details, see SectIOn II-I) Sunultaneous WIth these

multIdIscIplinary cruiSes, trawling surveys of the demersal fIsh stocks were carned out on fishmg

vessels by experts from the Fishenes Department of the IsraelI Mmistry of Agnculture

Zooplankton samples were collected WIth vertIcal net tows (dIameter 50 cm, mesh SIZe 75 /lm)

and fixed m formaldehyde for later analysIs

Remote Sensmg

The large-scale dIstrIbutIOn ofphytoplankton pIgments can be assessed through remote sensmg of

the color of the ocean from space Unfortunately no color sensors were mounted on satellites

durmg the penod of our fieldwork The only data aVailable were collected by the Coastal Zone

Color Scanner (CZCS) WhICh was launched m November 1978 and ceased operatmg m 1986 All

avatlable Images of ocean color covermg a part ofthe SE MedIterranean, bounded by 30 0° and

34 5°N and 280° and 36 OOE were processed startmg WIth the ongmal data m raw format m order
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to retam the highest spatial resolutlOn possible The raw data were kIndly provIded by the DAAC

(DIstnbuted ActIve Archive Center) at NASAlGSFC The area of mterest IS larger than that

covered by the crUIses as It mcluded the Egyptian contmental shelf, as well as the open ocean

waters StatIstIcal analyses were carned out on three specIfic areas of mterest open ocean, the

NIle plume area, IsraelI coastal zone Standard algonthms were used for atmosphenc correctIOns,

calculatIOn ofbIOmass (surface pIgment concentratIOn) and estimatIOn ofpnmary production

(Gordon et al 1983. Eppley et al 1985)

V Results

Crmse I December 5-9,1993

ThiS crUIse was cut short due to problems WIth the acoustic eqUipment Therefore. we were not

able to do pnmary productIVIty or any other expenments at sea on thiS cruIse However. a large

water sample was collected twice off HaIfa m order to carry out prelImmary test-expenments at

the Kmneret Limnological Lab Pnmary productiVity expenments were carned out m a

photosynthetron m order to determme the correct amount ofthe radIoactive tracer. 14C, to be

moculated m future pnmary productIOn expenments

Crmse II February 27 - March 2.1994

PhySIcal Data

The water column m the whole contmental shelf area of Israel was well mIXed Even at the

statIOns on the outer edge of the shelf (bottom depth -200 m) there was lIttle change In

temperature WIth depth The water temperature was around 17 0-17 5 °C Due to the relatIve

cold aIr-temperature only the temperature of the upper 5 meters was sIgmficantly different from

the remamder of the water column (on average about 05 °C lower) FIgures 2, 3 and 4 show the

North-South vertical depth profiles oftemperature sahmty and denSIty of the deep, middle and

nearshore statIOns. respectIvely

NutrIent ChemiStry (FIgures 5, 6 and 7)

NItrate concentrations were relatIvely hIgh at the edge of the contmental shelf DespIte the well

mIxed water column, a zone of relatIvely hIgh mtrate concentratIon of about 20 m thIck was
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found at a depth rangmg from 60-110 m, WIth concentratIons hIgher than 050 flM Above and

below thIS zone mtrate concentratIOns were generally below 025 flM ThIs zone of hIgh mtrate

seemed to be unrelated to phytoplankton bIOmass or hydrographIc condItions In the mIddle of

the shelfmtrate concentratIOns were lower (0 10-020 flM) than In the deeper waters, however,

hIgher concentratIOns were found near the bottom (> 0 50 flM) Nearshore mtrate concentrations

were generally between 0 2-0 8 flM

Phosphate concentratIOns at the edge and mIddle of the shelf waters were very low, mostly below

002 flM and often below 001 flM or even below the detectIOn lImIt In the mIddle of the shelf

phosphate concentratIOns were hIgher m the northern half of the shelf (> 0 01 fl M) ThIs was

more pronounced at the shallow statIOns Here a clear gradient was found, from below 0 03 fl M

m the south to 0 2-0 4 flM In the northern part of the shelf

SIlIcate was hIgh throughout the water column, rangmg from 1-2 flM, WIth hIgher values

nearshore than offshore

Phytoplankton bIOmass

Algal bIOmass (FIgure 8) was hrghest at the statIons close to the shore ([chl a] = 0 2-0 6 flg L I)

At the deep statIons chI a concentratIOns were much lower (014 to 022 flg chI aLI) BIOmass

was slIghtly hrgher m the mIddle of the shelf SInce the waters were well mIXed, the dIstrIbutIOn

of algal bIOmass WIth depth was rather umform, no deep chlorophyll maxIma were found

PrImary ProductIVIty

Durmg thIS crUIse pnmary productIOn experIments were carned out at StatIOn 11 (200 m), Station

14 (200 m) and StatIOn 23a (600 m) ProductIOn rates ranged from 0016-0031 gC m 2 hour 1

(average 0 023 gC m 2 hour I, FIgure 9A-C) DaIly pnmary productIOn ranged from 0 15-025

gC m 2(average 0 20 gC m 2) Pmax (maxImum photOsynthesIS rate) ranged from 0 23-0 74

mgC m ~ hour l, at depths rangmg from 10-30 m There was some photornhibitlOn at the surface

(at some statIons more pronounced than others) The percentage contrIbution of the piCO-, nano-,

and netplankton at StatIons 11, 14 and 23a are gIven m FIgure 10 In general, the phytoplankton

III the smallest SIZe group (pIcoplankton, < 2 0 J.lm) was responsIble for 56% of the total

production, nanoplankton for 29%, and cells larger than 20 flm, the netplankton, for 15%
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ProductIOn rates were also measured on a transect perpendicular to the coast, from Haifa Bay

(Figure 11) It was found that m the mIddle of the shelf, rates were about twice as hIgh at the

edge of the shelf Nearshore rates at the surface were about 20 times htgher, at 13% ofthe

mcommg madIance almost four times, as compared to Similar optical-depths at the off-shore

stations

Cruise III August 14-18,1994

PhYSIcal Data

The water column at the edge of the contmental shelf was strongly stratisfied, with mIXed layer

depths rangmg from 60-80 m m the north to 40-60 m ill the southern part of the shelf (Figure 12)

Surface temperature ranged from 27 0 to 285°C, below the mixed layer temperatures were below

IBOC At the middle of the shelf water temperatures ranged from 21°C near the bottom to 29°C

at the surface (FIgure 13) Nearshore temperatures ranged from over 285°C to almost 30°C at

the surface (Figure 14)

At most stations an mtruslOn of a water mass with a lower salmlty « 38 8 PSU) was detected

ThiS zone was found Just below the pycnochne at about 70-80 m Tills relatively fresh water IS

westward-flowmg Atlantic water

NutrIent ChemiStry (Figures 15, 16, 17)

For all three major nutrients there was a slgruficant mcrease In concentratlOns at 175 m depth,

however there was no marked change ill concentratIons above and below the mIXed layer depth

Nitrate concentratlons m the upper 80 m at the deep stations were mostly below 04 flM

ConcentratIOns m the mIddle of the shelf were hIgher, generally above 04 J.lM Nearshore

concentrations were qUite varIable, but surpnsmgly low for these shallow waters Here, average

concentratIOns were even below those found more offshore

UnlIke the dIstrlbutlOn ofmtrate, the dlstnbutlOn of phosphate at the shelfbreak was qUIte patchy

While the concentratIOn was mostly below a03 J.l M, at some statIOns the concentratIOn at certam

depths could be hIgher than 0 1 l.l M In the mIddle of the shelf concentratIOns were quite

varIable but mostly below 0 08 fl M, at some places even below the detectIOn hmlt
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ConcentratIOns at the shallow statIOns were relatIvely hIgh, especIally In the northern part of the

shelf

SIlIcate concentratIOns ranged from 0 8-1 8 ~M at the deep statIOns Deeper In the water column

concentratIOns mcreased to over 2 0 ~M to maxImal 4 8 ~M ConcentratIOns were hIgher at the

mIddle of the shelf (average ~ 2 0 ~M), and nearshore (average ~ 3 0 ~M)

Phytoplankton BIOmass

Surface chlorophyll a concentratIOns at the deep statIOns were mostly below 0 10, and often

below 0 06 ~g chl aLl (FIgure 18) A deep chlorophyll maxImum was present at all statIons In

the northern part of the IsraelI contInental shelf thIS layer was shallower than In the southern half

(40-80 vs 100-140 m) In the mIddle of the shelf chI a concentratIOns were generally lower In

the southern part (0 05-0 10 vs 0 10-0 25 ~g chl aLl) At some of the northern statIOns the

concentratIOn near the bottom was very hIgh compared to the rest of the water column (05-0 8 ~g

chI aIL) At the nearshore statIOns It was also found that chI a was generally lower In the

southern part

PrImary ProductIVIty

Durmg thIS crUIse four prImary productIon expenments were carned out (FIgure 19A-D) at

Stanon 8 (depth 200 m), StatIOn 23 (depth 200 m), Station 26 (depth 200 m) and StatIon 14a

(depth 600 m) ProductIOn rates at the off-shore statIOns ranged from 0011-0023 gC m 2 hour 1

(average 0016 gC m 2 hour 1) DaIly productIOn ranged from 0 12-024 gC m 2 hour 1

Picoplankton was responsIble, on average, for 44% of the total productIOn, nanoplankton 39%

and the netplankton 17% (FIgure 20) MaxImum photosynthesIS rates (Pmax) ranged from 0 12

046 mgC m ~ hour I (average 027) at depths rangmg from the surface to 43 m At 3 of the 4

statIOns photomhIbltIon was detected at the surface

Smce no pnmary productIOn transects were carned out on thIS cruIse, no dIrect measurements

were taken m the more nearshore part of the shelf
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Cruise IV January, 1995

This crUise was unfortunately canceled shortly after the R/V Shlkmona left the harbor of HaIfa

due to faIlure of the echosounder Therefore, no pnmary productiVity or other expenments could

be done on board However water samples were collected on January 23 to carry out nutrlent

enrichment expenments at the Kmneret Llmnologlcal Laboratory ill order to study the effects of

phosphate, Iron and oxme (a chelatmg agent, which makes trace metals unavailable to the

phytoplankton) on carbon mcorporatlon

The results of our expenments Indicated that the additIOn ofphosphate and Iron Increased the

carbon Incorporation rate by 55% and 22%, respectIvely (Figure 21A) Further, the additIOn of

both Iron and phosphate doubled the carbon mcorporatIOn rate On the other hand, the additIOn of

oxme lowered the carbon mcorporatlon by 77% ThIS suggests that the phytoplankton productIOn

m the waters ofthe SE MedIterranean IS both phosphate and Iron lImited However, It seems that

phosphate IS the most Important hmltmg factor of the two nutrients (see below)

A second SImIlar nutrIent-enrIchment expenment was camed out WIth water collected on January

25 off Haifa ThIs tIme the samples were sIze fractionated after Incubation III order to determme

If the difference m carbon mcorporatlon rate was dependent on a speCific SIZe-class of

phytoplankton Durmg thIS expenment the addItIOn ofphosphate agaIn slgruficantly enhanced

the carbon IncorporatIOn rate whIle the addltlon of Iron had no slgmficant stlmulatmg effect No

SIgnIficant dIfferences m response were noted between the carbon mcorporatlOn rates of the

different Size-classes (Figure 2IB,C)

CrUl<;e V May 14-18,1995

PhySIcal Data

WIth the seasonal mcrease In au-temperature, the water column started to show some thermal

stratification MIXed layer depths were stIll shallow (around 15-22 m) or completely mIxed (at

the shallow statIOns) At some stations a 'step-hke' temperature profile was eVIdent, mdlcatmg

deepemng of the upper mIXed layer Surface temperatures were around 21°e
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NutrIent ChemIStry (FIgures 22, 23 and 24)

The rutrate concentratIOns In the upper 100 m at the deep statIons were mostly between 0 05 Jl M

and 0 10!lM Below 150 m rutrate concentratIOns were hIgher than 07 JlM, WIth maxImum

values of2 0 JlM near 200 m NItrate concentratIOns were lower at the statIons sampled In the

mIddle of the shelfwhere concentratIOns In the upper 40 m were mostly below 008 and often <

o06 !l M HIgher rutrate concentratIOns were found at the most southern statIons sampled (> 0 2

Jl M) The vertIcal varIatIon was not COnsPICUOUS At the shallow statIons surface concentratIOns

were mostly between 0 I and 02 JlM, whIle near the bottom concentratIOns as hIgh as 055 !lM

were measured

Phosphate concentratIOns were very low In the upper 100 m concentratIons were mostly < 0 02

Jl M, and often below detectIon lImIt In the mIddle of the shelf concentratIOns were somewhat

hIgher, however, In the southernmost statIOns phosphate was mostly below the detectIon lImIt

ThIs cOIncIded WIth relatIvely hIgh rutrate concentratIOns ThIs abundance of mtrate whIle

phosphate has been depleted, IndIcates strong phosphate-lImItatIOn Nearshore concentratIOns

were mostly < 0 05 !l M

SIlIcate concentratIons In the top 100 meters ranged from 1 0-1 8 ,-"M whIle below about 125 m

much hIgher concentratIOns were found (20-40 ,-"M) SIlIcate concentratIOns In the mIddle of the

shelf ranged mostly from 1 0-1 8 Jl M WIth slIghtly hIgher concentratIOns nearshore

Phytoplankton BIomass

At the statIOns at the edge of the shelf a deep chlorophyll maxImum was found between 60 and

140 meters (most often around 110 m, see FIgure 25) Surface values were mostly below 0 10 Jlg

chI aLl, and often below 06 ,-"g chl aLl In the mIddle of the shelf, chlorophyll values In the

upper 20-30 m were mostly below 02 ,-"g chl aLl, and m the southern part mostly below 0 1 Jlg

chi a L I Nearshore the chlorophyll concentratIOn was qUIte varIable, WIth hIgher values In the

north (average about 05 Jlg chl a L I) and lower In the south (around 0 1 ,-"g chl a L 1)

PrImary ProductIVIty

DurIng thIS cruIse four prunary productIVIty experIments were carned out at StatIon 9a (depth

200 m) and StatIon 11-2 (depth 200 m), as well as two transects The daIly productIOn at the deep

statIons averaged 0 017 gC m 2 day I (0 19 mgC m 2 hour I, see FIgure 26) PIcoplankton was

responsIble for 45% of the total productIOn, nanoplankton for 38% and the netplankton accounted
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for 17% (Figure 27) Pma.,< averaged 059 mgC m' hour I at depths rangmg from 6-10m

Photomhlbltlon was found at the surface

ProductIOn m the middle of the shelf was only sbghtly higher as compared to off-shore (Figure

11) Nearshore productIOn was more than double ProductIOn rates by specIfic size class of

phytoplankton were very Similar for the middle of the shelf and off-shore Nearshore, however,

the contnbutlOn ofnetplankton was lower, nanoplankton higher and plcoplankton slIghtly lower,

although plcoplankton was sull the dommant SIZe-class

CruIse VI September 17-20, 1995

PhySical Data

The off-shore waters were very strongly stratified Upper mIXed layer depths ranged between 45

65 m averagmg around 50 m (Figure 28) Temperature of the surface waters were higher than

27°C and often even above 28°C Below the thermochne waters temperatures were 16-17°C As

m August, a zone of relatively low salmlty « 38 9 PSU) was seen below the pycnoclme, at

around 80-100 m In the middle of the shelf temperatures were mostly above 28°C m the upper

30 m (Figure 29) At some places temperatures at the bottom were below 24°C Nearshore

waters were fairly well mIXed (Figure 30) Water temperatures ranged from 28 2-30°C

Nutrient ChemiStry (Figures 31, 32,33)

NItrate concentratIOns at the off-shore stations were very low m the upper mIXed layer, at the

surface the concentratIOn was often below the detectIOn hmlt of 0 08 J.l M Below the pycnochne

NO, was higher (> 0 8 J.lM) Values were generally htgher m the northern part of the shelf In

the middle of the shelf concentrations were also higher m the north (> 0 2 J.l M) than m the south

« 0 15 J.lM and occasIOnally below detectIOn hmlt) No clear vertical distributIOn pattern was

found Nearshore the same pattern was detected with htgher concentratIOns north (> 0 2 J.lM) and

lower m the south « 0 2 J.lM, sometimes even below the detectIOn hmlt)

Phosphate was mostly below the detectIOn hmlt of 0 02 J.l M or Just above It for a large part of the

upper mIXed layer Even below the pycnoclme concentrations were low (mostly < 0 05 J.lM) In

the middle of the shelf and nearshore phosphate concentratIOns were low (mostly below 0 06 J.l M,

and sometimes below detection bmlt)
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At the deep statIOns SIlIcate concentratlOns were mostly below 1 4 11M, but ranged from Just

below 1 0 11M to > 3 0 11M There was no clear pattern m eIther the vertIcal or hOrIzontal

dIstrIbutIOn of SIlIcate In the mIddle of the shelf SIlIcate concentratlOns were hIgher (mostly>

1 811M, With somewhat lower values m the southern part) ConcentratlOns nearshore were hIgh

as well (rangmg from 1 0 to over 2 211M)

Phytoplankton BIOmass

At the off-shore statIOns a deep chlorophyll maxImum was usually found between 60 and 90

meters (see FIgure 34) Surface concentratIOns were mostly below 0 12 llg chl aLl, and below

o0411g chl aLl at the more southern statIOns In the mIddle of the shelf chI a concentratlOns

were hIgher (mostly between 025 and 050 llg chla L 1) With lower values « 0 25 llg chla L 1)

m the south Nearshore concentratlOns were mostly between 03 and 1 0 llg chl aLL

Pnmary ProductIVIty

Durmg thIS crUIse three pnmary productIOn expenments were carned out at StatIOn 8 (depth 200

m) and StatIOn 20a (depth 200 m) and one transect At the deep stations pnmary productIOn

averaged 0010 gC m 2 day J (0 10 mgC m 2 hour 1, see FIgure 35) Plcoplankton accounted for

43% of the production, nanoplankton 52% and netplankton 5% (FIgure 36) Pmax averaged 029

mgC m 3 hour 1, at depths rangmg from 5-11m

Production at the surface m the mIddle of the shelfwas about 50% hIgher, but slml1ar at the 13%

optical depth as compared to the off-shore waters (see FIgure 11) Nearshore productIOn was

much hIgher, though (surface 3 2 mgC m' hour 1, VS 0 20 mgC m 3 hour 1 offshore) ProductIOn

rates for the dIfferent SIZe classes were very SImIlar m the mIddle of the shelf and off-shore

Nearshore, however, nanoplankton's share oftotal productIOn was almost 70%, whIle

plcoplankton's contrIbuted only 27% to the total productIOn. Netplankton concentratIOn was

somewhat lower when compared to the more off-shore locatIOns

Remote Sensmg

The total number of ocean-color Images processed was 114, rendenng a tIme serIes startmg on

November 22, 1978 and endmg on December 31, 1985 Unfortunately, the dates of the Images
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taken were not equally d]stnbuted over the 7 year peflod, especially In later years when the data

were not as frequently collected and were often not of good quahty due to sensor degradatlOn

It IS noteworthy that all the Images looked more or less s]mJlar, the general charactenstlcs they

share are (see F]gure 37)

• a very low pIgment concentratIOn In the open waters of the Levantme BasIn

• hIgh pIgment concentratIOns In the 'NJle Stream' along the EgyptIan and IsraelI coasts

• the boundary of the NIle RIver plume and open ocean water was well dehneated

• the outflow of the RIver NIle was always eastward

• along the boundary between the NIle RIver plume and the open water turbulences occurred

In the open ocean waters a clear seasonal trend 10 pIgment concentratIon was found, maxIma

(averagIng 025 Jlg pigment L 1) were found In wmter (Januarv), and mInIma (averag1Og 0 05 Jlg

pIgment L ') In summer months (FIgure 38A) No clear seasonal vanatlOn was noted 10 the

coastal waters of Egypt and Israel (FIgure 38B, C)

VI DISCUSSIon

Seasona/ VariatIOn

The hydrographtc data collected dunng the 4 crUISes 10 February, 1994, August, 1994, May, 1995

and September 1995 confrrm earher mvestigatlOns 10 thIS area The waters off Israel are strongly

stratIfied In the summer and early fall, wIth upper mIXed layer depths around 45 to 80 m Durmg

thIS penod sea surface temperatures are htgh, 27-28 5°C In wInter, coolmg at the surface results

In sInk10g of the now colder and thus denser surface waters The water column becomes

completely mIXed, resulting In lower sea surface temperatures (17-17 5°C In February) In spring

the waters become stratIfied agaIn, With a slowly deepen10g of the thermoclIne depth ThIS was

noted dunng the May, 1995 cruIse where mIXed layer depths of 15-22 m were stIll shallow as

compared to summer values A summary ofblOlog]cal, chemIcal and phySIcal data collected on

the crUIses IS shown In FIgure 39 and Tables 1-4

These phySical charactenst!cs have theIr profound effects on the bIOlogy of the regIon The

mlxmg of the water column ]S responsible for mcreased nutrIents avaIlabIlIty to the

phytoplankton Combmed WIth the mcreased light avaIlabIlity m sprmg thiS results 10 a relatIvely
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high phytoplankton biOmass Not surpnsmgly though, the highest chlorophyll concentratiOns

were measured m February, followed by May The strong thermoclme WhiCh develops m the

summer months prevents upwellmg of nutrIents from the nutrlent-nch waters below the

thermoclme to the by now phytoplankton nutnent-depleted surface waters Very low mtrate

concentrations were found m the surface waters m May, August and September, often theIr

concentratIOns were even below the detectiOn hmlt of the method used Phytoplankton biOmass,

especially durmg the summer months, were, therefore, qUIte low (surface values were on average

below 0 lllg chl aLI)

Phytoplankton bIOmass is but one of the factors govermng pnmary productiOn The amount of

avaIlable lIght (both m terms ofpeak rrradiance and length ofphotIC penod) is important as well

Hourly productiOn rates were hIghest m February, mamly due to the relanvely high

phytoplankton bIOmass, however, mtegrated over the day, the dIfference m pnmary produCtiVIty

over the dIfferent seasons becomes much smaller, smce day length is much greater m the summer

months

Spatial VallatlOn

East-West Trend

Coastal waters are generally noted for theIr hIgh productlVlty, smce they receIve nutrIent

replemshment from a varIety of sources, e g , coastal runoff, bottom regeneratiOn and upwellmg

The Israeh contmental shelf seems to be an exceptiOn, though Not only IS the shelf relatively

narrow (at places not more than 8 kIn Wide), It is also deVOid of any upwellmg, furthermore the

and chmate of the regIOn results m lIttle coastal discharge It IS, therefore, not unusual to find

open-ocean olIgotrophIc condItIons Just a few kIlometers off-shore

The water column of the nearshore statIOns (bottom depths between 5-25 m) was usually well

mIXed the year-round Off-shore CTD-measurements at the mIddle statIOns (bottom depth - 50

m) show some weak honzontal stratificatIOn, espeCially m the summer months At the off-shore

statIOns (bottom depth 200 m) however, a well defined mIxed layer was found durmg CruISes

between May and September (see above - Seasonal VarzatlOn) Even m summer, surface

temperatures are qUIte uniform across the contmental shelf
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NutrIent concentratIons at the mIddle and offshore statIons are often very sImIlar, though rutrate,

phosphate and sIlIcate concentrations are normally somewhat hIgher m the middle of the shelf

ConcentratIons are hIghest at the shallow nearshore statIOns, although dIfferences are small m

wmter and sprmg, however In summer phosphate and nttrate can easIly be a magmtude hIgher

than further offshore

The same holds true for phytoplankton bIOmass, surface chI a concentratIons are about equally

low m the mIddle and offshore statIOns, whIle nearshore algal bIOmass was between 2-5 times

hIgher

DespIte theIr llmIted vertIcal resolutIOn, the pnmary productiVIty transects prOVIded a good

InSIght Into the spatIal varIatIOn of phytoplankton productIVIty ProductIon rates were only

slIghtly lower at the edge ofthe shelf m waters of 200 m when compared to those stations m the

mIddle of the shelf (bottom depth 50 m) At the nearshore statIOns, however, productIOns rates

were 2 to > 10 times hIgher when compared to the other statIons Tlus correlates remarkably well

With the chlorophyll a concentrations and nutrIent avallablhty The slZe-dIstrIbutIOn of the

phytoplankton was, m general, Similar for the off-shore statIOns and mIddle of the shelf

Nearshore, the contrIbutIOn of nanoplankton to total productIon was often considerably hIgher,

however, the contrIbutIons of the PICO- and netplankton were lower

North-South Trend

There were not many clear north-south trends of the measured parameters The dIstnbution of

nutrIents and phytoplankton bIOmass was often qUIte patchy However, It IS clearly seen that In

the summer months the mIXed layer depth was about 5-20 meters shallower In the southern part

of the shelf as compared to the northern part Also m summer, nutnent concentratIOns and

bIOmass were mostly lower m the south, they peaked year-round off Haifa Bay

Other field-data are relatIvely scarce for tills area In Figure 40A and B, the avaIlable lIterature

data and the data collected durmg thiS project are plotted by JulIan day, regardless of the year

sampled The data by Berman et al (1984, 1986) and Azov (1986), who camed out a biweekly

samplmg program m 1983, are measurements made off the IsraelI coast Dowldar's (1984) data

were from off the Egyptian coast, and Weber & El-Sayed's (1985) data were taken off the

Egyptian and IsraelI coasts, whIle Yacobl et aI's (1995) data covered the whole southern

Levantme Basm Smce the IsraelI contmental shelf IS very narrow, It IS sometImes hard to define
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'coastal waters' Our data mdlcate that the nearshore statIOns (1 e, WIth bottom depths shallower

than 25 m) are much more eutrophIC than the statIOns WIth bottom depths of around 50 m The

mIddle statIOns, wluch stIli could be consIdered 'coastal waters', were very SImIlar to the off-shore

statIons (bottom depth 200 m) The strong seaward gradIent m [chI a] could account for the

relatIvely hIgh varIabIlIty m pIgment concentratIons for coastal waters as seen m FIgure 40B

Dowldar's (1984) data m the NIle RIver plume (off the EgyptIan coast), apparently were more

productIve than the data taken m IsraelI coastal waters Overall, the data from the present study

fit remarkably well WIth the 'histonc' data

Nutrzent LimitatIOn

In most marme enVIronments mtrate IS the hmltmg nutrIent for phytoplankton growth, whereas m

the freshwater mIlIeu phosphorus seems to be more lImltmg The Eastern Mediterranean seems

to be an exceptIon to thIS general rule Phosphate concentratIOns are very low m tlns regIOn The

N P ratIO IS often much hIgher than the Redfield ratIO 16 I ThIs IS espeCIally the case for the

waters below the upper mixed layers wluch show hIgh P defiCIencIes relatIve to N WIth ratIOS of

40-45 1 all the year round Further, It was often observed that when phosphate concentratIons

were below the detectIOn lImIt, mtrate concentratIOns were stIll relatIvely lugh, mdicatmg that the

phytoplankton was severely lImIted by phosphate Our nutrient ennchment expenments also

confIrmed the apparent P-IlffiltatIon Smce the upwelled water from below the mIXed layer

(WhICh has a relatIvely hIgh N P ratIo) IS the mam source of 'new' nutnents, the phytoplankton

seem to be under constant P-IImitatIOn In the central Levantme Basm It was also found that

phosphate and mtrate concentratIons were very low (Yacobi et aI, 1995, Krom et al , 1991,

1992) The nutnclIne was found at around 400 m depth, wlnch IS far below the upper mIXed layer

depth and the euphotIC zone Below these depths phosphate concentratIons were constant at

around 0 20 ~ M, and 5 11M for mtrate It IS noteworthy that the lngh N P ratIO of25 I was found

m these deeper waters

Remote Sensmg

Satelhte remote sensmg confIrmed the annual VariatIon m phytoplankton bIOmass at the off-shore

statIOns, tlus despIte the fact that the Images were dated over 10 years before the ImtIatIOn of the

present study In fact, the ocean-color data depIcted the annual varIation ofphytoplankton much

better than the avaIlable field-data SatellIte-denved wmter maxIma were very SImIlar to the data

collected on our CruISes Summer lows, however, were consIderably hIgher than those estImated

by the CZCS (0 08-0 10 vs 005 llg pIgment L I) The satellIte data dId not correspond well WIth
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the coastal data ThIs IS probably due to the presence of other colored matenal m the waters for

which the used pigment algonthm did not properly correct for (Van DI]ken, 1994, Van DI]ken

and ArrigO, 1995)

Trophic Efficiency and Potential Yield

The estimated annual pnmary productIOn, denved from data collected dunng all the crUIses was

as follows 60 2 gC m 2 year I for the outermost part of the contmental shelf, for the middle part

65 5 gC m 2 year I, and nearshore production IS estimated at 130 1 gC m 2 year J These values are

very close to those calculated from chlorophyll surface concentratIons, usmg Eppley el al 's

(1985) algonthm Results of these calculatIons can be found m Section II-I of thIS report In

summary when an average chlorophyll a concentration of 0 14 mg chI a m 3 was used, the annual

pnmary productIon was 51 I g C m 2, WhIch compares very well With the above calculated values

for the mIddle and outermost part of the shelf

The Israeli contmental shelf area, bounded by the Lebanese border m the north and the City of

Ashqelon m the south, excludmg the waters off the Gaza StrIp, covers around 2360 krn2 Tills

translates m a total pnmary productIOn of 190x I03 tons C year I In a sunple case scenario It can

be assumed that thIs carbon ends up m fishes III two steps, 1 e, three tropillc levels can be

Identified (phytoplankton -7 zooplankton -7 fishes) How much carbon IS transferred from one

trophic level mto the next ultimately depends on the 'ecological effiCIency factor' used ThIs

factor IS unknown for the SE MedIterranean but an average effiCiency factor of 10% IS generally

used (Ryther 1996) Usmg the simple three trophiC level scenario the fact IS neglected that some

fishes are herbIvorous (1 e, eat phytoplankton), thus slappmg the zooplankton trophiC level and

mcreasmg overall effiCiency, and that other fishes are piscivorous, addmg a fourth trOphIC level,

thereby decreasmg the overall ecosystem effiCIency In Table 5 It IS summarized how much the

potential yIeld IS at the varIOUS trophiC levels Usmg a trophIc effiCiency factor of 10% the

fishenes production of the contmental shelf of IsraeliS estimated to be around 19x103 tons

w/v. year 1 ThIs IS much higher than the current annual fishenes catch WhICh IS estimated at

3 8xl03 tons w/w year I (see SectIOn II-I m thiS report) Ifwe limit our calculatIOns to the

nearshore waters, the overall fish production IS estimated at 7 7x103 tons w/w year I Smce the

ecologIcal effiCIency factor IS not exactly known, dIfferent scenarIOS are gIven m Table 5 Not

surpnsmgly higher effiCIency factor yields hIgher fish-production It seems, that therefore the

ecosystem of the Israeli contmental shelf can easl1y sustam a greater fishmg pressure In lIght of

the above, It does not seem lIkely that the area IS overfished However, smce we are only
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consIdenng the overall pIcture, thIs does not preclude that certam specIes of commercIal

Importance are beIng overfished

Impact ofthe Aswan High Dam on the Israell Coastal Ecosystem

The Impact of the RIver Nde on the ecosystem of the SE MedIterranean has drastIcally changed

after the completIOn of the Aswan HIgh Dam In 1965 (HaIIm et at , 1967, Halll1l, 1973, SharafEI

DIn, 1977) The annual dIscharge through Its maIn branches, Rosetta and DamIetta, dropped

from approxImately 44x109 m~ to only 4 4xI09 m3 In the years 1965-1979 After the fillIng of the

newly formed Lake Nasser the Nile's dIscharge has Increased to approxImately IOxI09 m~

(Dowldar, 1984) We were unfortunately unable to obtaIn current dIscharge estImates Hallm et

at (1995) has estImated the present day level at 25 to 4xI09 m3 The EgyptIan MInIStry of

lITIgatIon reported In 1996 aNIle RIver dIscharge Into the MedIterranean of 2x1 09 m3 year I

However, more recently It has been suggested that the current dIscharge IS non-eXIstent due to

Increased lITIgatIOn en-route to the RIver Delta and to mcreased lITIgatIOn and evaporatIOn m the

Delta Itself, WIth ItS dense network of canals and drams (R G Johnson, U of Mmnesota,

pers comm , Stanley, 1996) From the satellIte Images taken between 1978 and 1985 the

eastward flOWIng NIle RIver plume could always easIly be detected Recently a new ocean-color

sensor, SeaWIFS, has been launched Into space It would be Interestmg to examIne these new

Images, whIch, m all probabIlIty, would show the absence of a clear rIver plume WIth ItS

turbulences at the Interface between coastal and open ocean waters

In lIght of the above, however, It would seem that, when comparmg 'hIstOrIcal' data WIth the data

collected dunng thIs project that lIttle has changed over the last 10 years DespIte the lImited

'hlstoncal' data avaIlable, nutrIents, phytoplankton bIOmass, pnmary prodUCtIVIty and fish catch

have not sIgmficantly changed Therefore, It would seem that the ecosystem of the IsraelI

contInental shelf to have been little affected by the changes m Nde RIver dIScharge, as a result of

the constructIon of the Aswan HIgh Dam
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X Legends to FIgures

FIgure 1 The samplmg gnd of the muitidisciphnary crUIses m the contmental shelf of Israel,

showmg the samplmg statlOns and hydroacoustic transects

Figure 2 February, 1994 cruIse depth profiles of temperature (0C), saimity (PSU) and densIty of

the deep statIons, from north (left) to south (nght)

Figure 3 February, 1994 crUIse depth profiles of temperature (0C), saimity (PSU) and densIty of

the mIddle statIOns, from north (left) to south (nght)

Figure 4 February, 1994 cruIse depth profiles of temperature (0C), salmIty (PSU) and density of

the shallow statIOns, from north (left) to south (nght)

FIgure 5 February, 1994 cruise depth profiles of sIhcate (SI, 11M), phosphate (P, 11M) and

mtrate (N, 11M) of the deep stations, from north (left) to south (nght)

FIgure 6 February, 1994 cruIse depth profiles of sdicate (SI, 11M), phosphate (P, 11M) and

mtrate (N, 11M) of the mIddle statIOns, from north (left) to south (nght)

FIgure 7 February, 1994 cruIse depth profiles ofSIlIcate (SI, 11 M), phosphate (P, 11M) and

mtrate (N, 11M) of the shallow statIons, from north (left) to south (nght)

FIgure 8 February, 1994 cruise depth profiles of chlorophyll a gomg from north (left) to south

(nght)

Figure 9 February, 1994 cruIse pnmary productIVlty profiles of Station 11 (a), StatIOn 14 (b)

and StatIOn 23a (c)

Figure 10 February 1994 cruIse contrlbutIon of dIfferent SIZe classes to total productIon at each

of the sampled statIOns

FIgure 11 Summary ofpnmary productlVlty transects conducted durmg the four CruiSes

Results are shown for the two sampled optical depths, 100% ofmcommg Irradiance, 1(0), and

13% ofl(O)

Figure 12 August, 1994 crulse depth profiles of temperature (0C), sahmty (PSU) and density of

the deep statIOns, from north (left) to south (nght)
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FIgure 13 August, 1994 cruIse depth profiles of temperature (0C), SalInIty (PSU) and densIty of

the mIddle statIOns, from north (left) to south (nght)

FIgure 14 August, 1994 cruIse depth profiles of temperature (0C), salImty (PSU) and densIty of

the shallow statIOns, from north (left) to south (nght)

FIgure 15 August, 1994 cruIse depth profiles of sIlIcate (SI, JlM), phosphate (P, JlM) and

mtrate (N, JlM) of the deep statIOns, from north (left) to south (nght)

FIgure 16 August, 1994 cruIse depth profiles ofSIlIcate (SI, JlM), phosphate (P, JlM) and mtrate

(N, JlM) ofthe mIddle statIOns, from north (left) to south (nght)

FIgure 17 August, 1994 cruIse depth profiles of SIlIcate (SI, JlM), phosphate (P, JlM) and mtrate

(N, JlM) of the shallow statIOns, from north (left) to south (nght)

FIgure 18 August, 1994 cruIse depth profiles of chlorophyll a gOIng from north (left) to south

(nght)

FIgure 19 August, 1994 cruIse pnmary productlVlty profiles of StatIOn 8 (a), StatIOn 23 (b),

StatIOn 26 (c) and StatIOn 14a (d)

FIgure 20 August, 1994 cruIse contnbutIOn of dIfferent phytoplankton SIZe classes to total

productIOn at each of the sampled statIOns

FIgure 21 January, 1995 Response ofphytoplankton carbon IncorporatIon to dIfferent nutrIent

treatments (A) FIgure (B) shows the absolute response for each SIze-class ofphytoplankton

and FIgure (C) the relatIve response

FIgure 22 May, 1995 cruIse depth profiles of sIlIcate (SI, JlM), phosphate (P, JlM) and mtrate

(N, JlM) of the deep statIOns, from north (left) to south (nght)

FIgure 23 May, 1995 cruIse depth profiles of SIlIcate (SI, Jl M), phosphate (P, JlM) and rutrate

(N, JlM) of the mIddle statIOns, from north (left) to south (nght)

FIgure 24 May, 1995 cruIse depth profiles of sIlIcate (SI, JlM), phosphate (P, JlM) and mtrate

(N, JlM) of the shallow statIOns, from north (left) to south (nght)

FIgure 25 May, 1995 cruIse depth profiles of chlorophyll a gOIng from north (left) to south

(nght)

FIgure 26 May, 1995 cruIse pnmary productIVIty profiles of StatIOn 9a (a) and StatIOn 11-2 (b)

FIgure 27 May, 1995 cruISe contrIbutIOn of dIfferent SIZe classes to total productIOn at each of

the sampled statIOns

FIgure 28 September, 1995 cruIse depth profiles of temperature (0C), salmIty (PSU) and

densIty of the deep statIons, from north (left) to south (nght)

FIgure 29 September, 1995 cruIse depth profiles of temperature (0C), salmIty (PSU) and densIty

of the mIddle statIOns, from north (left) to south (nght)
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Figure 30 September, 1995 cruise depth profiles of temperature (QC), salmlty (PSU) and densIty

of the shallow statIOns, from north (left) to south (nght)

Figure 31 September 1995 cruIse depth profiles of SIlIcate (SI, /lM), phosphate (P, /lM) and

nitrate (N, /lM) of the deep statIOns, from north (left) to south (nght)

Figure 32 September 1995 cruise depth profiles of slhcate (SI, /l M), phosphate (P, /l M) and

nitrate (N, /lM) of the mIddle stations, from north (left) to south (nght)

Figure 33 September 1995 cruIse depth profiles of SIlicate (SI, !1 M), phosphate (P, /lM) and

nitrate (N, !1M) of the shallow statIOns, from north (left) to south (nght)

Figure 34 September, 1995 cruIse depth profiles of chlorophyll a gomg from north (left) to

south (fight)

Figure 35 September, 1995 cruIse pnmary productiVity profiles of StatIOn 8 (a) and StatIOn 20a

(b)

Figure 36 September, 1995 cruIse contrIbutIon of dIfferent sIze classes to total productIOn at

each of the sampled statIOns

FIgure 37 CZCS ocean color satellIte map taken on July 14, 1979 By combmmg thiS Image

WIth band 5 the land features become VISIble, of these the NIle R.lVer delta, the Dead Sea and

Lake Kmneret can be easily IdentIfied Also note the very low open ocean plgment

concentratIon and the meandermg of the NIle Stream The ocean color IS related to pIgment

concentratIon (m mg m 3) as shown m the scale bar

FIgure 38 Average pigment concentratIOn of each processed satellIte Image for the open ocean

waters of the Levantme Basm (A), the waters off the coast of Egypt (B) and the waters off the

coast of Israel (C)

Figure 39 Summary of the chlorophyll a, nutrients, temperature and pnmary productIVIty data

collected dunng four CruiSes Average values for the surface waters and total water column

for the deep stations are shown

Figure 40 VariatIOn m chlorophyll a concentratIon over several years m pelagIC (A) and coastal

waters (B) as compiled from the open literature and the data collected durmg thiS project
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Table 1 Summary of the chlorophyll a, nutnents (N03, P04 and 5,°4) temperature,

and pnmary productiVity data (per hour and per day) collected dunng the February
1994 crUise Averages standard deviation and median are listed for the surface waters
and total water column for the deep middle and shallow stations

Chi a deep deep middle middle shallow shallow
surface column surface column surface column

average 02416 02140 02521 02950 04548 04847
stdev 01208 00503 00711 00822 02474 02429
median 02123 02130 02574 02876 03968 04064

N03 deep deep middle middle shallow shallow
surface column surface column surface column

average 04572 03967 01654 01890 05970 05215
stdev 06788 03268 01964 00936 03528 03212
medIan 01721 03164 01000 02025 05732 04586

P04 deep deep middle middle shallow shallow
surface column surface column surface column

average 00223 00187 00164 00151 00395 00476
stdev 00239 00117 00147 00161 00254 00287
medIan 00149 00163 00175 00064 00368 00424

5104 deep deep middle middle shallow shallow
surface column surface column surface column

average 1 3914 1 3900 1 4101 13438 15967 16439
stdev 02512 02606 02501 03484 02783 02098
medIan 13844 13870 13470 13642 15507 1 6151

Temp deep deep middle middle shallow shallow
surface column surface column surface column

average 168669 173127 168016 17 3188 164153 171334
stdev 07662 00679 06436 00455 09021 02850
median 169145 173075 168370 173134 169100 172086

PP-hour deep deep middle middle shallow shallow
surface column surface o1300 surface 01300

average 02926 00231 04613 05637 42160 1 1480
stdev 02571 00078
median 02148 00226

PP-day deep deep middle middle shallow shallow
surface column surface 01300 surface 01300

average 26208 02016 46861 57258 428271 11 6615
stdev 20294 00536
median 21382 01977



Table 2 Summary of the chlorophyll a nutnents (N03 P04 and S104) temperature
and pnmary productivity data (per hour and per day) collected dunng the August
1994 crUise Averages standard deViation and median are listed for the surface waters
and total water column for the deep middle and shallow stations

Chi a deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 00853 01059 01222 01483 07738 07729
stdev 00572 00266 01132 01031 08810 08818
medIan 00548 01064 00680 00916 04410 04410

N03 deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 0187* 06102 04840 04610 04346 04243
stdev 01891 02198 03130 02959 04512 04544
medIan 01145 05274 04423 04539 03042 03785

P04 deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 00399 00391 00573 00925 04937 05465
stdev 00424 00154 00673 00810 1 0578 1 1084
medIan 00308 00399 00184 00598 00728 00747

5104 deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 1 6729 1 6460 1 8233 1 8564 23110 23860
stdev 04346 03684 07948 04174 09083 09300
medIan 1 5568 1 5839 14956 15952 23777 24313

Temp deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 281316 205744 282646 262737 294103 292997
stdev 03870 1 6495 05165 24916 03039 03289
medIan 281085 202129 280355 268566 293825 293328

PP-hour deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 02249 00158
stdev 01484 00050
medIan 02015 00149

PP-day deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 24289 01707
stdev 1 6028 00539
medIan 21758 01609

*Omltted one outlier
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Table 3 Summary of the chlorophyll a nutnents (N03 P04and 5(04) temperature

and primary productiVity data (per hour and per day) collected dunng the May
1995 crUise Averages standard deviation and median are listed for the surface waters
and total water column for the deep, middle and shallow stations

Chla deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 01396 01514 01547 01890 04763 04527
stdev 01114 00338 00831 00815 04007 03866
medIan 01131 01489 01405 02017 02409 02409

N03 deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 01113 03163 00975 01041 01650 01881
stdev 00660 01418 00665 00999 01321 01518
median 01200 02855 00950 00670 01100 01100

P04 deep deep middle middle shallow shallow
surface column surface column surface column

average 00250 00273 00500 00505 01000 00956
stdev 00193 00157 00568 00412 01479 01488
medIan 00150 00261 00250 00488 00500 00475

5104 deep deep middle middle shallow shallow
surface column surface column surface column

average 1 1575 1 6537 12600 1 1694 20300 1 9850
stdev 04403 04111 09366 05447 07110 06782
medIan 1 1900 15620 1 3450 1 3750 20550 20150

Temp deep deep mIddle mIddle shallow shallow
surface column surface column surface column

average 208895 21 8750 21 4400
stdev 03264 09392 05542
median 209000 222000 21 4000

PP-hour deep deep middle mIddle shallow shallow
surface column surface 01300 surface 01300

average 05413 00166 04045 05550 11603 1 0507
stdev 01650 00004 01043 01457 05647 05553
median 05218 00166

PP-day deep deep middle mIddle shallow shallow
surface column surface o 1300 surface 01300

average 62302 01911 46551 63873 133515 120977
stdev 1 9009 00042 11942 1 6690 64838 64068
medIan 59977 01911



Table 4 Summary of the chlorophyll a nutnents (N03 P04 and 5104) temperature

and pnmary productiVity data (per hour and per day) collected during the September
1995 crUise Averages standard deviatIOn and median are listed for the surface waters
and total water column for the deep middle and shallow stations

Chi a

average
stdev
median

deep
surface

00981
01105
00500

deep
column

01205
00258
01175

mIddle m,ddle
surface column

03047 03015
02718 02378
01650 02263

shallow shallow
surface column

08663 08867
08346 08198
04900 04817

average
stdev
medIan

deep deep
surface column

00636 05104
00388 03519
00400 03641

m,ddle mIddle
surface column

02710 01849
02452 01009
02300 01668

shallow shallow
surface column

1 8955 1 8595
44706 44834
03700 02600

average
stdev
medIan

deep deep m,ddle mIddle
surface column surface column

o0255 0 0289 0 0360 0 0345
00262 00174 00430 00179
o0200 0 0255 0 0200 0 0389

shallow shallow
surface column

1 1264 1 1374
35371 35334
00600 00800

average
stdev
med,an

deep deep
surface column

1 7710 1 3525
09001 02390
1 4200 1 2245

mIddle mIddle
surface column

1 9210 1 7136
05614 05983
1 8250 1 5354

shallow shallow
surface column

1 8244 1 8226
08954 09197
1 8400 1 8100

Temp

average
stdev
medIan

deep deep m,ddle mIddle
surface column surface column

27 9200 19 9564 28 1195 27 6502
03683 03319 04396 05783

28 1124 20 1727 28 2454 27 4482

shallow shallow
surface column

285235 28 4715
02811 03174

284921 284087

average
stdev
med,an

PP-hour deep deep mIddle
surface column surface

o2022 0 01 00 0 3076
00522 00015
01878 00100

m,ddle shallow
01300 surface
02092 32301

shallow
01300
33722

PP-day

average
stdev
medIan

deep
surface

20893
05455
1 9401

deep m,ddle
column surface

01027 31679
00151
01027

mIddle shallow
01300 surface
2 1543 33 2696

shallow
01300

347339
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Table 5 Estimates of potential yield (per year) at vanous trophic levels In metnc tons uSing different
ecological efficiency factors for different sections of the Israeli continental shelf

Total Shelf
efftclency 5% 5% 10% 10% 15% 15% 20% 20%

trophIc level carbon wetwt carbon wetwt carbon wetwt carbon wetwt
phytoplankton 18967952 1 896,79525 18967952 1 896,79525 189,67952 1,896,79525 189,67952 1,896,79525
zooplankton 9,48398 94,83976 18,96795 189,67952 28,451 93 284,51929 37,93590 37935905
primary carnivores 47420 4,741 99 1,89680 18,96795 4,26779 42,677 89 7,58718 75,871 81

Middle & Shallow part only
effIcIency 5% 5% 10% 10% 15% 15% 20% 20%

trophIc level carbon wetwt carbon wetwt carbon wetwt carbon wetwt
phytoplankton 15411035 1,541,10350 154,11035 1,541,10350 154,11035 1,541,10350 154,11035 1,541,10350
zooplankton 7,70552 77,05518 15,411 04 154,11035 23,11655 231,16553 30,82207 30822070
primary carnivores 38528 3,85276 1,541 10 15411 04 3,46748 34,67483 6,16441 61,64414

Shallow part only
effIcIency 5% 5% 10% 10% 15% 15% 20% 20%

trophIc level carbon wetwt carbon wetwt carbon wetwt carbon wetwt
phytoplankton 76,76077 767,60770 7676077 767,60770 7676077 767,60770 76,76077 767,60770
zooplankton 3,83804 38,38038 7,67608 76,76077 1151412 115,14115 1535215 153,521 54
primary carnivores 191 90 1 91902 76761 7,67608 1 72712 17,271 17 307043 30,70431

----.....I"
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I Abstract

Zooplankton bIomass m Lake Kmneret has undergone a declme untIl 1993 and has mcreased

gradually smce then The 1997 level IS sImIlar to the concentratIons found m the early 1970's The

relatIve abundance of grazers (Cladocera) mcreased dunng 1994-97, as posItive development for

water quahty ThIS Improvement IS probably due m part to the mtensive removal of

zoopianktivorous lavnun (Kmneret sardmes) In 1992 the number of lavnun m the lake reached an

all-tIme low ImmedIately afterward, the populatIon mcreased dramatIcally, but nearly all were of

sub-commercial SIze A recommendatIOn was made to SubsIdIze the removal of sub-commercIal

sIzed lavnun Followmg the adoptIon of thIs recommendatIOn, zooplankton bIOmass mcreased and

grazIng pressure on phytoplankton mtensified

Dunng the last 10 years three zooplankters prevIOusly found only rarely In the benthos

Invaded the Kmneret peiagial One of these, EudIaptomus dreischi IS presently common durmg

wmter months all over the lake RestIng eggs of thIs speCIes are common In the sedIments Dunng

thIS project all lIfe cycle stages were IdentIfied and the populatIon dynamIcs of thIs speCIes were

analyzed

In a study of zooplankton mIgratIOn, we found that they mIgrate upward at mght m

summer months and downward slIghtlv at mght m wmter Lavnun mIgrate upward at mght In all

seasons Among the phytoplankton only Pendimum exhIbIted diel mIgratIOns Dunng the

stratIficatIOn penod lavnum stayed close to the thermoclme durmg the day Gut content analySIS

oflavnun IndIcated that most of the zooplanktomc food was mgested dunng the day and only small

quantItIes were taken at mght

AnalYSIS made With a hIgh-speed VIdeo camera film mdicated the patterns of flow through

the appendages ofDaphma Some of the water IS filtered and some IS not FIltratIOn takes place m

the combs of the thoraCIC legs 3 and 4

Seven complete hydroacoustic surveys were made With the dual-beam system Total

number of fish remams at the hIgh level reached Imtially m 1993 In May 1996 total numbers

reached the hIghest levels observed so far (381 x 106) SpeCIal net samplmg accompamed acoustIc

surveys, and allowed calIbratIOn of the system so that bIomass could be calculated from acoustIC

data Results mdicate a bIOmass of 1200 tons m March 1996 and 4700 tons m September 1996

ACOustIC surveys mdicated that the lavnun dIlutIon program achIeved the goal of bIOmass

suppressIOn durmg the WInter-spnng season, allOWing mcreased zooplankton bIOmass and

enhanced grazmg pressure on phytoplankton durmg the spnng bloom ApproXImately 2000 tons

of lavnun were removed dunng 1994-1997 As we hypotheSIzed, fish became larger on average

dunng the dIlutIOn program and the commerCIal fishery was renewed
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The Ecopath model was Implemented for both Lake Qarun and Lake Kmneret Results of

the modelmg exerCIse lughlIghted areas where data was msufficlent (1 e benthIc productIOn m Lake

Kmneret) and led to vanous hypotheses concernmg the food webs m the two ecosystems The

model emphasIzed the Importance of zooplankton as a consumer of phytoplankton m both

systems

II IntroductIOn

Lake Kmneret, Israel, IS a warm monomlctlc lake (total volume 4302 CUbIC lolometers,

mean depth 26 meters) that exlublts stable stratIficatIOn dunng May through mId-December each

year and develops an anOXIC hypolImmon SubtropIcal Lake Kmneret IS the only natural

freshwater lake m Israel, and It feeds the VItal NatIOnal Water Carner system (NWC) and provIdes

water for Imgatlon drInkmg commercIal fishenes and recreatIOn Therefore mamtalmng adequate

water qualIty m the lake IS of great natIOnal and mternatIOnal concern (Gophen 1992) The lake has

been studIed mtenslvely for over 3 decades, and a wealth of mformatIOn eXIsts on ItS phySICS

chemIstry and bIOlogy Dunng the perIod 1969-1991, both algal bIomass and rates of prImary

productIOn showed a conSIstent seasonal pattern of development wlthm each year of record,

although mterannual OSCIllatIOns m these parameters also were eVIdent (Berman et al 1992, 1995)

SubstantIal changes also have occurred m the lake's watershed More than 20 reservOIrS

(total volume 14 mIllIon cubIc meters) have been constructed m the dramage basm of Lake

Kmncret dunng the past 27 years altenng both the mflow water volume and ItS chemIstry

(Gophen et al 1990) As a result, nutnent mputs to the lake from the Jordan RIver have changed

slgmficantly One major natural source ofnutnents IS the peat soIl of the Hula Valley, whIch now

IS managed by two major canal systems that prevent floodmg and also restnct nutrIent exports

(pnmanl) mtrogen) to Lake Kmneret In addItIOn, the upstream reservoIrs further restrIct nutrIent

export by provldmg for conservatIOn and re-use of domestIc sewage effluent and fish pond wastes

VIa farmland Imgatlon Ammoma and soluble phosphorus concentratIOns m the Jordan RIver

waters have mcreased m recent years relatIve to other forms of mtrogen and phosphorus, and

declmes occurred m the morgaruc N morgaruc P ratIO (Gophen 1992)

Not surpnsmgly, sIgmficant declmes also have occurred m epilImnetlc total mtrogen total

phosphorus (TN TP) ratIOS m the lake Itself (Gophen et al 1990) Because cyanobactena are

conSIdered to be competItIvely favored over other phytoplankton speCIes b) low N P ratIOS

(Schmdler 1977 SmIth 1983), It was predIcted that these changes m Lake Kmneret water chemIstry

could result m undeSIrable summer cyanobactenal blooms (Gophen 1992) ConSIstent WIth thIS

predIctIOn the phytoplankton commumty of Lake Kmneret was altered m summers 1994 and 1995
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by a lake-WIde mvaSIOn of the mtrogen-fixmg cyanobactenumAphamzomenon ovahsporum

(Gophen 1994)

The sudden appearance ofAphamzomenon ovahsporum blooms ill Lake Kmneret IS ofgreat

concern because many cyanobactenal speCIes can be toXIC to anImals and humans (CarmIchael

1992), and theIr presence can necessItate expensIve treatment pnor to water use (NatIOnal RIver

Authonty 1990) Furthermore, when ecosystem propertIes are changed by mvaSIOns, the basIC

rules ofeXIstence for all other orgamsms may also be altered (Vltousek 1990) Aphamzomenon and

other cyanobactena are typIcally poor qualIty food sources for aquatIC consumers and theIr

presence can lead to shIfts m zooplankton communIty structure (DeMott et al 1992) These

changes may potentIally occur ill Lake Kmneret m the future If cyanobactenal blooms contmue

DIsturbances to epIlImnetlc TN TP ratIOs m Lake Kmneret have created envIronmental

condItIOns under whIch blooms ofcyanobactena are now mcreasmgly lIkely, and suggest that the

probabIlIty of such blooms WIll mcrease sIgmficantIy If further decreases m the water column

TN TP ratIO are allowed to occur m the future

The exact mechamsms that are responsIble for the changes ill N P ratIOS are not yet well

understood, but both external and mternal factors may be contnbutmg to the observed trend

RedUCTIons m eplhmnetlc N P ratIOS may reflect, m part, changes m nver-borne nutnent loadmg

that accompamed the major changes m the lake s watershed dIscussed above However, changes m

Nand P recyclmg may also have occurred WIthm the water column of the lake For example,

changes m the relatIve regeneratIOn rates ofN and P by epIlImnetlc zooplankton potenTIally could

play an Important role It has been documented that the mean body SIze of the zooplankton has

declmed sIgmficantIy durmg 1970-1993 largely as a result of mtenslfymg ZOOplanktlvOry by

sardmes and the stockmg of several commercIally Important planktlvorous fishes The most

Important of these fish are the natIve Sarotherodon galzlaeus, Jordan Samt Peter s fish

Oreochromls aureus, the exoTIc, SlIver carp, Hypophthalmlchtys molztnx, and the mullet) Because

a reductIOn In zooplankton body SIze IS often accompamed by reductIOns In the N P ratIO of

zooplankton-regenerated nutnents (Elser et al 1988), zooplankton-medIated changes m N P

stOIchIOmetry could proVIde a potentIal bIOtIC mechamsm for the observed trends m epIlImnetlc

N P ratIOS m Lake Kmneret Changes m recyclmg also may result from mterannual vanatIOns m the

vertIcal fluxes ofN and P and m the rate ofdemtnficaTIon m the metallmmon External N and P

loadmg and fish stockmg rates are both controllable, however, and thus can be a practIcal means for

water qUalIty management

In order to prevent further blooms of cyanobactena ill Lake Kmneret and prevent further

water qualIty detenoratIOn, It IS Important to reverse the observed declmes m water column N P

ratIOS ThIs goal could be accomplIshed by restrlctmg the external phosphorus loadmg m order to

reduce water column TP concentratIOns If dIfferentIal nutnent regeneratIOn by zooplankton (Elser
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Fig 2 Annual averages of zooplankton group denSIties (No IL) durmg 1969-1996
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et al 1988) IS found to be an addItIOnal factor contnbutmg to these changes m water column N P

ratIOs, then reducmg fish predatIOn pressure on zooplankton by altenng current fish stockmg

practIces and fishmg management may be another possIble optIOn (Gophen 1992, Gophen et al

1990)

III Temporal changes of zooplankton bIOmass

M Gophen, B Azoulay and J Easton

Annual averages of the bIOmass (g/m2
) of Copepoda, Cladocera, RotIfera and total

zooplankton are gIven m FIgs 1 and 1a Annual means ofzooplankton densItIes m number of

orgamsms per lIter are shown m FIg 2 The data m FIgures 1 and 2 mdlCate a multI-annual declme

of zooplankton bIOmass and abundance The lowest value occurred m 1993 when the sardme cnSIS

was most mtensive Dunng the last three years a trend of recovery ofzooplankton communIties

was observed Zooplankton bIOmass gradually and consIstently mcreased up to hIgh levels dunng

the first SIX months of 1997

FIg 3 shows the relatIve (%) abundance of herbIVOrous zooplankton (Cladocera) m relatIOn

(lmear regressIOn) to time (years 1969-1996) The mcrease m the relatIve abundance ofcladocerans

dunng 1994-1997 has a pOSItIve effect on water qualIty Consequently, It can be concluded that

the sardmes removal program (see Chapter VI) contnbuted to the mcreased grazmg capaCIty of

zooplankton durmg 1994-1997, WIth a pOSItIve effect on water qualIty

UnlIke the recovery of the cladoceran populatIon, the copepod bIOmass contmuously

declmed (FIg 4) RotIfera compnse a neglIgIble part «10% by bIomass) of total zooplankton.. and

therefore WIll not be dIscussed

Data shown m FIgS 1-4 show a declme ofcopepods and a moderate decrease m cladoceran

abundance durmg 1969-1996 Dunng 1993-1996 the concentratIOns of Cladocera mcreased (FIg 5)

IV InvaSIon of the Kmneret pelagIaI by three zooplankters

B Azoulay, M Gophen and J Easton

Durmg the last years three zooplankton mvaders partly occupIed a mche m the Kmneret

pelagIal the calanOld Eudzaptomus drelschl and two cladocerans, Chydorus sphaencus and Mozna

1ectlrostrls It IS lIkely that the mvasIOn was a result of sallillty decrease, changes m food

condItIOns and fish predatIOn pressure CalanOlds have a higher escapabilIty m companson With
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other common cyclOpOld copepods, as does Chydorus m companson WIth the more common

CerlOdaphnza Recent changes m fish predatIOn and food avaIlabIlIty (nanoplankton) probably

enhanced these mvaSIOns The three zooplankters are not new to the lake, but were never observed

m such contmuous lugh densitIes m open water We focused our study on the most common

mvader, E drelschl

V The autecology and bfe cycle of the planktoDlc copepod Eudlaptomus, cf drzescltl

(Copepoda, CalanOlda), a recent mvader of Lake Kmneret, Israel

B Azoulay, M Gophen and J Easton

The lIfe cycles of major zooplankton speCIes have long been the subject of mtense and

varIOUS studies Through knowledge of an organisms' lIfe hIStOry, we are better able to understand

theIr population dynamiCS, and mter- as well as intra-species relatIOnshIps VariatIOns In lIfe

hIStOry patterns may mdlcate adaptatIons to envlfonmental changes such as predatIon pressure and

food avaIlabIlIty or abIOtIC factors hke temperature and salImty

Food type and qualIty, as well as temperature and photopenodlclty, affect the lIfespan and

development time of many zooplankton species (Gophen 1976, Santer 1994) A species lIfe cycle

may respond and adjust to seasonal differences In day-length, whIle stressful conditIOns such as

Increased predation scarCIty of preferred food or changes In sahmty may also mduce responses m

the form of penods of dlapause In many freshwater copepod species (Halfston and Munns 1986)

There has been a steady mcrease m the populatIOn denSIty of the calanold copepod

Elldraptomus cf dneschl m the pelagic zone of Lake Klnneret SInce ItS appearance In 1986 The

new organIsm has an Important role In modlfymg the preVIOusly eXlstmg food cham m the lake

The ecology and phYSIOlogy of thIS copepod was therefore studIed

Earlv mvestlgatIOns of Lake Klnneret zooplankton have not consistently lIsted calanOld

copepods m theIr speCIes records Bodenheimer (1935) lIsted Draptomus salmus Komarovsky

(1959) however, notes "the complete absence of Draptomlds among the Copepoda" from the lake,

although they were found In ram pools nearby Por (1968) mentIoned Elldzaptomus gracllzs (Sars)

as appearmg occasIOnally m the plankton as an aCCIdental 'vIsitor" Gophen recorded dlaptomlds

In the lake (1978) and found dlaptomlds represented m the gut contents of gray mullet fingerlIngs

collected from the lIttoral (1979) Dlmentman and Por (1985) also found Arctodzaptomus slmzlls

slmzlls m the lake durmg the wmter months, but conSidered It to be the InCIdental result of wmter

floods

In the late 1980' s a test survey of the lake zooplankton usmg a ROV (Remotely Operated

Vehicle) was conducted CalanOld copepods of prevIously unrecorded denSities were collected m a
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FIg 5 Lmear regressIOn between Cladocera densIties (No.L) and time (years 1969-1996)
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towed array of plankton nets (63 ll) These were IdentIfied m 1987 by Por (m lIttens) as bemg

very sImIlar to Eudzaptomus drzeschz

The routme bImonthly zooplankton samplmg contmues to record all lIfe stages of E

dnescht present m the lake year round ExammatIOn of preserved matenal from archIve collectIOns

confirms the appearance of E drzeschz m lake samples from 1986 to the present

The calanOld copepod E dneschz IS a new component of the pelagIc ecosystem m Lake

Kmneret PrIor to Its appearance, there dId not eXIst a filtermg (herbIvorous) copepod m such hIgh

densItIes It IS predommant durmg the wmter months m Lake Kmneret As to the possIble reasons

for ItS appearance, our workmg hypotheSIs IS that It appeared from restmg eggs whIch reached the

lake passlvelv when lake salImty dropped to favorable levels Recent changes m fish predatIon

pressure may also have contrIbuted to ItS mcreased abundance

For our studIes zooplankton from Lake Kmneret were collected on a weekly basIS usmg a

20 lIter SchIndler-Patalas trap for quantItatIve samples and 500ll, 335 J.,L, 100 Il, and 63 Il mesh

plankton nets for qualItatIve analySIS Plankton nets were towed oblIquely for 5 mmutes at fixed

samplmg sItes on the lake Trap samples were taken at fixed depths (0, 5, 10, and 20 meters) from

station r Samples were preserved m 4% sugar-formalm for countmg and measurements CalanOld

eggs obtamed from bottom samples (sedIment cores) were prepared and processed usmg a

modIficatIOn of the method descnbed m Ban (1992)

Data from bImonthly routme samples were assembled and summanzed (FIgS 5,6 and 7)

Matenal from vertIcal net (63 Il) hauls from archIve collectIOns were exammed Arumals were

measured usmg a VIdeo/computer assIsted program CAPAS (Hambnght and Fndman 1994)

ImtIal exammatIOn ofavaIlable archIve matenal mdlcates the absence of E dneschz prIor to

1986 and an mcrease m calanOld denSIty from 1987-present ExammatIOn of weekly collected

matenal appears to mdlcate a pattern of seasonalIty as well spatIal ontogenetIc dlstnbutIOn (FIgs 6

and 7) The anImals are most abundant dunng wmter-spnng months (mean temperature 15-22°C)

Nauplll are common m March-Apnl and copepodltes and adult stages m Apnl-May

ApproxImately 100% hatchIng success was obtamed WIth eggs from sedIment cores VIable

eggs were found at depths up to 6 em m the sedIment (FIg 8) These eggs were probably 10-12

years old (sedImentatIOn rate of 0 5 cm/y accordmg to Serruya 1978) However, only a very small

percentage (5%) of these organIsms survIved to the adult stage

In summary, pnor to the mId-eIghtIes, calanOld copepods were not found on a routme baSIS

m Lake Kmneret waters Earl) survey s reported sporadIc appearances of calanOlds m the lake,

especIally after wmter floods Samples collected from offshore lake statIOns after 1986

consIstently contamed the calanOld tentatIvely IdentIfied as Eudzaptomus drezschz Strong seasonal

penodlcltv was observed WIth denSIties hIghest m wmter/sprmg and very low m the summer-fall
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Fig 6 Temporal (monthly) distribution ofnauplll (N), copepodlte (C), and adult stage
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BIOmass measurements ofdevelopmental hfe stages mdlcated a contnbutlOn of ca 5% by

Eudzaptomus to the total zooplankton

High summer temperatures and Intensive fish predatIOn are apparently one of the pressures

that dnve Eudzaptomus to produce dlapausmg eggs AnalysIs of sediment layers from cores

confirm the presence of these eggs to a depth of 10 cm, which IS consistent WIth their appearance

In the water column, based on known sedimentatIOn rates

VI RelatIOnships between zooplankton and Kmneret lavnun, Acanthobrama terraesanctae

J Easton, M Gophen, B Azoulay, and P Walhne

Zooplankton dlstnbutIOn at four time mtervals over 24 hours was studied Zooplankton

made a dIUrnal vertical migratIOn (DVM) at nIght WIth upward migratIOn from dusk to mldrugh1 and

downward migratIon dunng the day CalanOlds migrated more strongly than copepods High

correlation was found between Cladocera and phytoplankton concentratIOns at 2 m (Figs 9 and 10)

(see Gophen, 1979)

Samplmg of plankton dunng 24 hours, accompanied by an acoustIc survey of fish

dlstnbutlOn was made once a month for 12 months (Fig 11) PhySical measurements

(temperature hght penetratIOn, and dissolved oxygen (DO)) were taken Simultaneously

Data showed no speCIfic spatial relatIOns between zooplankton and phytoplankton nor

between lavnun and zooplankton Defirute dlel zooplankton spatIal and vertical migratory

behaVIOr and seasonal effects on DVM of zooplankton were observed Zooplankton migrate up at

mght (mostly crustacea Without naupln) In summer, WIth lIttle to no migratIOn m the wmter

Copepoda and Cladocera concentratIOns were closely related Vertical fish migratory patterns are

from deep to shallow water at mght m all seasons, but more strongly In the WInter season Of the

phytoplankton only Pertdznzum displayed dlel vertical migratIOn wlthm the photiC zone, movmg

down at mghttlme and up dunng daytIme Nanoplankton did not migrate (Figs 12 and 13)

Two 24 h surveys were made to examme the effect of stratIficatIOn on DVM (Figs 14-17)

One was made m summer when the lake IS stratified and one was made dunng the WInter mixIng

perIod (Figs 12 and 19) Plankton and fish dlstnbutIOns were mOnItored as well as phySical

parameters

Dunng the WInter (mlxmg penod) only the c1adocerans Dzaphanosoma and Bosmzna (Fig

14) showed a weak vertical upward movement at nIght In the water column IndicatIng that there IS

httle 10 no vertical migratIOn at thiS tIme of the year Durmg thiS season, lavnun do not appear to

have a spatIal relatIOn WIth zooplankton, except for a more pronounced (but not statIstically

confirmed) relatIOn at daVvTI There IS no apparent relatIOn between fish and IndiVidual
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Fig 18 Mean number of orgalllsms (bars - standard devl.. t1on) per fish dllrmg day and

denSIties (No IL) of Cenodaplmur and Bosmma

zooplankters mcludmg Bosmma

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NightDay

F value= 0 525
P value= 0 4694

o

F value: 0 133
P value: 07161

00 0

o
o

60-
~
o
550

c::l
I:e40
Ulo
.c
l:l 30
-a
~ 20
.cc..
.g 10
o
i::..,
U 0

Day Night

180

160
.c
en 140:;::
en 120E
en
C 100
III
01 80L-
a
'0 60
0 40c
c 20til
CIl
~ 0

I1Ight July 1994 A all zooplankters without !Josmma, B Bosmma only, C all

o 1 2 3 4 5 6 7 8 9 10
Nannoplankton

y = 10 595 + 3 389 * X, R h 2 == 153, R=O 391, p< 00001

Fig 17 Lmear regressIOn between nanoplankton densJlJes (chlorophyll 0, /lglL) and

0
120

180

.c 100 160
In

F value=178 191lE ..t: 140en
VI

80 P value: <0 0001 Ee en 120.!! Ec en(lJ 60 C 100
01
>- III
0 01 80- --a 40 0... 60
0 Day I

0
c
c 20 0 40

cIII
Gl NIght c 20
~ Cll

0 CIl
:E 0

IT]



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

zooplankton species dlstnbutlOn, day or mght Lavnun dlstnbutlOn showed a dlstmct migratIOn to

surface water at dawn, and albeit shghtly weaker, also at dusk (Figs 11 and 12) There IS

consistently a strong correlatIon between cladoceran speCIes and phytoplankton (nanoplankton)

concentratIOns m the profiles both day and mght (FIg 13) Only Juvemle CyclOpOlds appear to

correlate spatIally With Bosmma and Cenodaphma (Figs 14 and 17), but have a lower correlatIOn

with nanoplankton (Fig 13), mdlcatmg that they are more closely assocIated WIth cladocera than

with the nanoplankton Adult CVclOPOlds were not correlated spatially with the cladocerans

Durmg the summer stratificatIOn penod a dlstmct DVM pattern was dlscernable for the

cyclOpOlds and Dzaphanosoma (FIg 16) The strength of the DVM was related to orgarusm size

(Figs 15 and 19) There was an upward migratIOn and a redlstnbutIOn of larger mdlvlduals from

the thermoclme to the surface at mghttlme (FIgS 10 and 15)

Dunng the stratIficatIOn penod, lavnun appear to remam close to the thermochne durmg the

day and have a bImodal dlstnbutIOn at rught (probably based on sIze) Lavnun have neither a

posItive spatIal relatIOn to phytoplankton nor to zooplankton (WIth the exceptIOn of

Dlaphanosoma) The CyclOpOlds have a close spatial relatIon WIth Dzaphanosoma, CerlOdaphma,

small rotlfers and nauplll (FIgS 10, 12, 13 and 16)

A study was made of the gut contents and dIUrnal feedmg habIts oflavnun m July 1996

(fIg 18) FISh were sampled at 11 statIOns usmg a commerCial purse seme net Zooplankton

samples were collected simultaneously at the same statIons durmg day and mght Two daytIme net

hauls one at dusk and 8 over the mght at one hour mtervals were made Fifty sardmes were

preserved from each catch and the gut contents from 25 of them were mIcroscopIcally exammed

Lake zooplankton was counted as well The fat content of the fish was also determmed (see

Gophen and Landau, 1977, Landau et al 1991)

In the catches there were two fish SIze groups 1) 20-25 g body weIght and 8-10 cm Total

Length (TL) and 2) 30-40 g body weight and 13-16 cm TL FISh caught m the rught are smaller

than those caught m the day From the gut contents analySIS, It Vias determmed that all

zooplankton except for Bosmma were consumed at SIgnIficantly higher rates durmg the day than

durmg the rught Nevertheless all Items were consumed m small quamtltes also at rught Bosmma

were consumed equally day and rught, but manv more Bosmma fragments were found m the guts of

fishes sampled at rught Copepods were eaten exclUSively m the day Smaller fish have a higher fat

content than large fish and eat per body weight more than larger fish Vanablhty between fish

WIth zooplankton m their guts and those WIthout IS greater at rught Larger fish eat more per body

weight copepods than smaller fish Larger fish showed a preference for copepods, Dzaphanosoma

'I.1oma Cenodaphma and large rotlfers RelatIve zooplankton gut content (consumptIOn) durmg

the mght showed a slgmficant drop m Bosmma, CyclopOlds (adult and Juvemle) and copepod

fragments, m companson WIth daytime (Fig 18)
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Fig 19 Schematic illustration of zooplanktOil dIstribution durmg the nuxmg penod (Dec-

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Mixed season
(Dec-Apr)

Stratified season
(May-Nov)

Thermocline

Epllimnlon

Hypolimnion

Zooplankton distribution patterns In mixed and stratified penods

Zooplankton density...
o

o

20

40

40

Apr) and the stratified penod (May-Nov)



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

A sImilar survey oflavnun gut contents and feedmg habits was made durmg the Winter The

samplmg plan mcluded 6 statIOns With 6 purse-seme net hauls at two hours mtervals and

zooplankton samplIng The analysIs was the same as m the summer survey Results showed that

as the mght progressed, there was a slgmficant drop m the relative numbers oflarge rotlfers,

Bosmma and Cladocera fragments m the guts of lavnun In parallel there was a slgruficant mcrease

m the number of adult copepods and copepod fragments, both relative to other zooplankton and In

actual numbers/fish gut In some of the catches, It appeared that up to 25% of the lavnun were

feedIng on the bottom, as shown by the presence In the guts of large amounts of detntus and Alona

(a bentluc orgarusm)

The effect of larval fish density on zooplankton mortalIty was studied m 20 L bottles The

bottles were suspended m large (5 m3
) outdoor tanks filled With lake water The followmg

fingerlmg densities were tested 1, 2, 3, 4 6 12 per 10 L The expenments contmued 24 hours

Zooplankton was counted at 0 and 24 hours, With a control (fishless) bottle and 3 replIcates With

fingerlIngs for each fish density Three trials were carned out one With 3, 6, 12, and 20 fish/L and

two with 1,2 4, and 20 fish/L

In the first trial there was no slgmficant mcrease m mortalIty of zooplankton as fish

denSIties Increased There was, however, a slgmficant mortalIty ofcyclOpOid and calanOid

copepodltes adult CyclOpOlds, Bosmma, CerlOdaphma, large and small rotlfers and total

zooplankton dunng the 24 h expenment In the second trial mortality of copepodltes and

CerlOdaphma Increased as fish denSIties mcreased Dunng the expenment mortalIty of Bosmma

and total zooplankton was slgruficant, but small rotifers Increased m abundance In the third tnal,

zooplankton of <0 3 mm showed lower mortalIty as fish densIties mcreased Large zooplankton

>0 8 mm was posItIvely selected and zooplankton size>1 3 mm negatively selected

VII The lavoun (sardme) criSIS, 1993-1997 (FIgS 20-29)

In May 1993 commercial fishery of sardmes stopped m Lake Kmneret The lake was then

Inhabited by a dense population of sub-commercial sized lavnun (see SectIOn VIII) At the same

time zooplankton bIomass was at the lowest level ever recorded (Figs I and 1a) Based on results

of the AID Project we recommended to the Water-FIshery Authonties to dIlute (remove) sub

commercial Sized sardInes by paymg commercial fishermen to remove them Our recommendatIon

was Implemented dunng 3 seasons (1994-1997) Followmg thiS lavnun dilutIOn program,

zooplankton communItIes recovered and dunng Wlnter-spnng 1997, reached levels as hIgh as those

recorded m the early 1970's (FIgS 20,21 and 24)
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Fig 23 Annual averages of the denSIties (No IL) of hu ge c1adocerans III Lake Klllneret

Fig 22 Annual averages of the ratio between small and large (SIL) c1adocerans III Lake Kmneret
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Fig 27 RegreSSion plot of Chlorophyta (g/m2
) versus Cladocera (g/m2

) monthly averages
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Nevertheless, the relatIve Importance of reduced grazmg pressure (dIlutIOn program) and the

Improved nanoplanktomc (algae) food resources, whIch also posItIvely affected the zooplankton

populations, have not been defimtIvely detenmned Increase of zooplankton bIOmass can be

attnbuted eIther to Improvements of food resources (nanoplankton) or to suppreSSIOn of fish

predatIOn If the former were the case, we would expect posItIve relatIons between grazers

(Cladocera) and theIr food (Chlorophyta) AnalysIs of the long-term data record mdIcates the

OpposIte, I e a sIgmficant mverse relatIonshIp (FIgs 25, 26, 27 and 30) The mverse relatIon

appears for montWy averages (FIgS 25 and 27) as well as for annual averages (FIg 26) Annual

averages clearly show the mverse relatIOns dunng 1981-1997, when zooplankton bIOmass was low

and chlorophyte bIOmass was hIgh, and no relatIOn dunng 1969-1980, when zooplankton bIOmass

was hIgh and chlorophyte blOmass was low (FIg 28) When all monthly values of cladocerans and

chlorophytes were analyzed no sIgmficant relatlOn was observed m the wmter-spnng penod and a

sIgruficant mverse relatIOnshIp was mdIcated for the sununer-fall season (FIgs 29 and 30) Thus,

we suggest that grazers are not food hmIted, but controlled by fish predatlOn Consequently, a

hIgher bIOmass of Cladocera IS followed by a declIne of cWorophytes and VIce versa

The enhanced grazmg capacIty of the recovered zooplankton stocks was Illustrated by the

fact that m spIte of a hIgh level of pnmary productIOn m 1995-1996, the bIOmass of the

predommant nanoplanktomc algae was low (Table 1)

BIomass Chlorophyll Pnmary productIOn
(g/m2

) (mg/m2
) (gc/m2/d)

Penod I-XII I-VI I-XII I-VI I-XII I-VI

1970-96 80 118 197 287 1732 1987
1996 44 48 132 143 2079 2506
1997 x x 200 1591

Table 1 Phytoplankton bIOmass (glm2
), chlorophyll (mg/m2

) and prImary production

(mgC/m2/d) m Lake Kmneret Averages for 1970-1996, 1996, 1997 m wmter-sprmg (I-VI)

and annually (I-XII) (Lake Kmneret Database) x - No data avaIlable
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VIII Feedmg mechamsm of Daphma hIgh-speed camera analySIS

Increasmg Ink quantIty lowered number of strokes (filters actIVIty) Older and larger

daphmds are less actIve (lower number of strokes, 1 e filter movements, per second) than young

speCImens In our expenments young D magna (body length 1 9 mm) made 27-3 6 strokes per

second, and adult D magna (body length 3 7 rom) made 2 2 strokes per second Nevertheless, It IS

Smgle DaphnIa were placed m filtered lake water, glued to the tIp of a plastIC fiber, whIch

was then fixed on a holder ofa fine tIpped mIcromanIpulator A fme (-100 mIcron mtemal

dIameter) glass tube was placed close to the DaphnIa and very small pulses (controlled by threaded

IllJector) ofIndIa mk were mJected The DaphnIa's actIVIty (motIOn of body parts, espeCIally the

thoraCIC appendages) was taped by High-Speed-Camera through mIcrOScopIcal lenses The tapes

were analyzed m slow motIon With a motIOn-tIme-analyzer

The number of mIllIseconds per stroke of appendages at dIfferent levels of mk qualItIes IS

gIven below (number ofobservatIOns are gIVen m parentheses) (SD's were <30%)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

367 (8)

447 (6)

HIgh Ink

297 (53)

Low Ink

275 (41)

No Ink

To sumrnanze, the followmg changes were documented after lavnun removal

1) The ratIO between small and large cladocerans declmed (FIg 22), 1 e large bodIed grazers

became more abundant ThIs was a pOSItIve development m terms of water qualIty

Improvement, because large bodIed cladocerans have a hIgher capaCIty for filtenng and

algal removal

2) The total zooplankton bIOmass, and especIally the bIOmass of cladocerans, sIgmficantly

mcreased (FIgS 1, 1a, and 24)

3) The abundance (No IL) oflarge cladocerans mcreased (FIg 23)

4) Lavnun body SIze mcreased and m 1996, and the commercIal fishery of lavnun was

renewed

5) Although pnmary productIOn was hIgh, the bIOmass of phytoplankton remamed

relatIvely low

Future work wIll focus on a whole lake study of the long term (years) and seasonal effects of

lavnun removal on water qualIty ofLake Kmneret

Young D magna

Adult D magna
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possIble that larger daphruds have a lugher rate of filtratIOn because of the larger filtenng surface of

theIr "combs"

Two mternal mIcroflows mSIde the carapace space of the Daphma were observed a lateral

subcarapace flow (LSF) and a medIan filter flow (MFF)

The LSF starts from the water Inlet zone above appendage 2 (P2) and contmues along the

mternal surface of the carapace untIl bemg pushed away unfiltered to the eXIt zone at the dIstal

body area The MFF mIcroflow starts also from the mlet zone and contmues downward between

the two filter rows (P3 and P4) The flow IS then spht between the filters and tangentIally passes

through the combs towards the water outlet zone ApproxImately 50% of mcom1Og water flows

through as MFF and 50% as LSF ThIS mechanIsm ensures a smooth and non-pulsated outflow of

the water from the Daphma s body We determ10ed by volumetrIc Image analysIs that the filtermg

rate 10 our expenments was 1 02 ml per hour

Our results 10dicate that filtenng capacIties should be accounted as 50% of water mfloVv,

smce part of the water IS channeled for regulatmg mSide flows and preventIOn water pulses by

smoothIng outflows m order to reduce the ablhty of predators to detect the orgarusm

IX HydroacoustIc surveys of the pelagic fish populattons of Lake KInneret
P Walhne, Y Kahkhman, I Ostrovsky

DespIte the unavallabtlty of the dual-beam echosounder for many months dunng the project

(mstallatton of new hardware, repaIr after breakdown), 7 complete hydroacoustlc surveys were made

wIth the system The total number of fish In the lake for each survey was calculated (FIgure 31)

The results, when plotted together WIth results obtamed WIth the Simrad system 10 years 1987-1993,

mdicate that total numbers of fish remam at the htgh level reached 1I1loally 10 1993 In May 1996

total numbers reached the hIghest levels observed so far 10 the acoustIC surveys (381 rrulhon)

In addItion to the lake-wIde surveys, 10 crUIses were made m wluch acoustic data were

obtaIned SImultaneously wIth purse seme net hauls FISh length dIstrIbutIOn from these catches was

compared WIth acousoc SIzes to obtam an equatIon relatIng acoustic SIze to fish length ThIs equatIOn

together WIth length-weIght measurements made on the same fish samples was used to obtaIn the

bIOmass offish along the transects surveyed These data were mapped and mtegrated to obtam total

bIOmass offish m the lake for the 7 lake-wIde surveys made WIth the dual-beam system SInce July

1994 (Table 2) Results 10dlcate that blOmass ranged from a low of 1200 tons m March 1996 to a

hIgh of4700 tons m September of 1996 There IS a strong 1OdicatIOn of seasonal vanatton 10

bIOmass, whIch IS to be expected for a fast-grow1Og, short-hved fish However, the number of

samples IS too low to allow very detaIled compartsons between years In an attempt to reduce

the graz10g pressure on zooplankton, a sardme dilutlOn program was mstltuted m 1994 to remove
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FIgure 31 Total number of fish In L Kmneret over time The squares mdlcate
surveys made wIth the dual-beam system, and the open CIrcles mdicate surveys
made with the Simrad EY-M smgle beam system

sub-commercIal sIzed sardmes It was thought that by removrng a substantIal number of small

sardmes (1000 tons) dunng the wmter, grazmg pressure on zooplankton dunng the spnng

phytoplankton bloom would be reduced In addItIon, the SIze composItIon ofthe sardme populatIOn

would be shIfted to larger SIzes by removal of small sardmes and by the Improvement of feedmg

condItIons of the remammg sardmes The program was morutored acoustIcally (and by samplmg

wIth a purse seme) About 450 tons were removed m wmter 95-96 and 1000 tons were removed m

wmter 95-96 Surveys made before and after the 96 removal (10/95 and 3/96) detected a decrease m

bIOmass from 2878 tons to 1200 tons, mdIcatmg that the 1000 tons removed constItuted a sIgnIficant

fractIOn of the bIOmass
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X Ecopath 3 0 model of Lake Kmneret ecosystem
P WaHme and M Gophen

Table 3 ComparIson of fish size obtamed acoustically and averaged over 6
statIOns Numbers of targets observed were weighted by depth Weight IS

calculated from the length-weight relationship obtamed from purse seme samples
ta ....en m May 1993

Early m the project we concluded that It would be valuable to compare the Lake KInneret and

Lake Qarun (Egypt) ecosystems by constructmg a steady-state model of the two systems Such a

model had been constructed preVIously for the KInneret ecosystem usmg the ECOPATH model

(Chnstensen and Pauly 1993, Walhne et at 1993), and the exerCIse proved useful from several

wI

48
11 0
172

Weight
88
11 2
127

LengthTS
-494
-468
-454

Date
June '94
June '95
June '96

IdentIcal surveys made m June 94,95, and 96 show an mcrease m the average SIze offish m L

Kmneret followmg the two years of the dIlutIOn program (Table 3) In addItIon, large sardmes

(> 100 g) were observed m our purse seme catches m June 96 for the first tlme smce the collapse of

the fishery m 1993 The commerCIal fishery has resumed for the first tlme smce 1993 and around

300 tons were removed accordmg to the FIshenes Dept The results of thIs project proVIde the

sCtenttfic basIs for our recommendatIon to contmue to remove 1000 tons oflavnun from the KInneret

each year

Number Biomass Ave Fish Wt
Table 2 BIOmass of
fish In L Kmneret as Jul-94 281 1860 94
obtamed from acoustic Dec-94 198 2435 123
surveys

May-95 180 1746 97Average fish weight IS

calculated from bIOmass Oct-95 202 2878 142
and total numbers

Mar-96 153 1200 78

May-96 381 2568 67

Sep-96 244 4700 193

Average 234 2484 11
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pomts ofVIew The model provIdes a good framework to present m summary form the results of

research on all aspects ofthe ecosystem, and especIally mformatIOn on fish stocks The model IS

very sImple to buIld, and does not reqUITe programmIng expertise or modelmg expenence In

additlon, the process ofgathenng the data and discussmg WIth the sCIentlsts who collected It

stimulated fruItful dISCUSSIons The results of the modellmg exerCIse hIghlIghted areas where data

were msufficient (m the case ofLake Kmneret, the data on benthIc productlon and bIOmass was

consIdered madequate) and led to vanous hypotheses concernmg food web relatlons

Smce the publIcatIOn of the results ofthe Ecopath model for Lake Kmneret, there have been

several developments m the ecosystem and WIth the model that made It worthwhIle to update our

prevIOUS work A new verSIOn of the Ecopath software has been released, and we have new data on

the fish stocks obtamed WIth the dual-beam acoustic system purchased for thIs project

As a startlng pomt, we used the same ecosystem components as for the publIshed verSIOn of

the model (FIg 32) As mentloned above, Ecopath IS a steady-state model, and therefore cannot

account for changes over tIme m ecosystem components In the publIshed verSIOn, we used

estlmated long-term average values for the bIOmasses and turnover rates of the mam components

For the present exerCIse, we have mput updated values (the annual average for 1996 was used) for

the fish stocks, zooplankton bIOmass, and phytoplankton bIOmass The results were not greatly

dIfferent from the ongmal model, m large part due to the fact that m order to balance the ongmal

model, we were forced to use hIgher zooplankton bIOmass than that measured m 1993 when the

model was bemg developed As mentIOned above m Section VI, zooplankton bIOmass has nsen

dramatically smce then, and IS now even hIgher than the values we were forced to use m 1993

From tIns result, It can be concluded that zooplankton bIOmass was too low III 1993 to support fish

populatIOns as large as those measured m the lake ThIs IS conSIstent WIth the observation that large

lavnun dIsappeared m the lake sometime m 1993, and those few that were present were m poor

conditlon

One unexpected result concerned canmballsm by zooplankton Because of the large mcrease

m the bIOmass ofzooplankton, the loss due to canmballsm was also greatly mcreased In order to

balance the model, It was necessary to reduce the amount of zooplankton III the dIet of zooplankton

ThIS once again emphasIzes the Importance of zooplankton as a consumer ofzooplankton For thIs

reason the model IS very senSItIve to the compositlon ofthe zooplankton populatlons

We are currently workmg WIth Prof Ezzat Ibralnm Awad and hIs students on a manuscnpt

companng the ecosystems ofL Kmneret and L Qarun The models have been constructed and are

bemg "tweaked", and we expect the work to be submItted for publIcatIOn WIthIn a few months
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FIgure 32 Diagram of the Lake Kmneret food web Each ecosystem component
considered In the model IS represented by a box wIth SIze proportIOnal to the
bIOmass of the component. The vertical pOSitIOn of the boxes corresponds to the
trophIC level of the component, accordmg the scale to the left. The bIOmass (B),
productIon (P), and consumptIOn (Q) are presented m labels for some of the
components Predator-prey connectIons (flows) for the lavoun, protozoa, and
herbivorous zooplankton components are detailed Annual averages for 1996 were
used for the bIOmass and productIOn of zooplankton and phytoplankton
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XI Summary

Results of studIes on fish and zooplankton made dunng the AID project allowed Improved

management of the lake WIth regards to water qualIty Dunng AID-Phase 1 (1980-82) mvestIgatIOn

of the dIets of two speCIes of fish stocked In the lake led to recommendmg the cessatIon of stockIng

Oreochromls aureus and Increased stockIng ofSarotherodon galllaeus It was also proposed to

protect the spawmng grounds ofS gablaeus The changes m stockIng pohcy were Implemented In

Phase 2 (1984-86) pressure on zooplankton from fish was further documented The findmgs

proVIded a sCIentIfic basIS for recommendmg the elImmatIon of the exotIc SlIver carp from the lake

Stoclong was stopped It was also documented that L Kmneret sardInes, the most common fish In

the lake, are almost exclUSIvely zooplanktlvorous, and It was recommended to reduce the stock

However, thIs was not Implemented because of ItS very low commerCIal value Flshmg restnctIOns

deSIgned to protect spawnmg S gahlaeus m the Betelcha lagoons were passed mto law Dunng

AID-Phase 3 (1992-present) mteractIons between sardmes and S gahlaeus were studIed IntenSIve

field InvestIgatIons ofthe behaVIor ofsardInes m relatIon to therr zooplankton food have

strengthened arguments m favor of reducmg the stock of sardmes DetaIled acoustIc studIes have

revealed changes m the SIZe ofthe sardIne stock, whIch for the first tIme have been drrectly related to

the SIze of the zooplankton stocks Changes In the lavnun bIOmass and SIZe composItIon have led us

to recommend a subSIdy program for reducmg the bIOmass of sardmes m the lake, m an attempt to

protect the water qUalIty of the lake The program was Implemented and momtormg showed that It

was a success In summary, we feel that the AID program has made an Important contnbutton to

protectIng the dnnkmg water supply from our only freshwater lake
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Prof M Gophen and Dr P Wallme began the planmng for the current project dunng the

first Annual Project Meetmg held m Carro, Egypt 29-31 December 1992 They met WIth therr

counterpart Dr E A IbrahIm After the planmng and busmess meetmg, Gophen and Wallme went

to VISIt Dr Ibrahun at hIS laboratory m Carro There they met wIth Dr IbrahIm's students and

dIscussed SCIentIfic Issues concermng the research program to be carned out Dr IbrahIm's students

made presentatIons of the work they planned for the project and Dr Gophen and Dr Wallme

proVIded feedback After the meetIng m Cairo, Drs Wallme and Gophen VISIted L Qarun and

checked out the facIlItIes there, whIch were to be used as a base for samplmg the lake The project

PI's also VISIted WadI EI-Rayan south of Carro and concluded that the methods and mformatIOn

developed dunng the current project could be put to good use m the future m developmg a

management plan for WadI EI-Rayan, whIch has potentIal for fish productIOn

Dr Paul Wallme represented the Israeh SIde ofthe project at the second Annual Project

meetmg held m Sharm EI Sheik m December 1993 Dr EI Gammal and Dr IbrahIm presented

results of the first year of samphng m L Qarun, and Dr Wallme presented the results of the work m

L Kmneret

Dr Ezzat A IbrahIm and Dr FahmI IbrahIm EI-Gammal VISIted the Kmneret Laboratory 16

18 October 1994 The VISIt was taken up With reVIewmg research results obtamed durmg the project

and planmng future research based on the work done dunng the Lakes Management Project It was

deCIded that 2-3 colleagues ofDr IbrahIm would attend a mnn-workshop at the lab on Lake

Kmneret

Three EgyptIan SCIentIsts (Mr Osama Khahfa Sayed, Mr Gamal M EI-Shabrawy, and Mr

Adel H Konsoaa) from the EgyptIan NatIonal InstItute ofFIshenes and Oceanography (NIOF)

VISIted Prof Moshe Gophen and Dr Paul Wallme at the Kmneret LImnologIcal Laboratory ofIOLR
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dunng the penod of22 May to 1 June 1995 The VISIt was planned as an mformal "workshop"

covenng a WIde vanety of subJects currently ofmterest In the AID-funded Lakes Management

Project Dunng the VISIt all three SCIentIsts partIcIpated In an acoustIc survey ofLake Kmneret and

helped plan and execute a tank expenment deSIgned to mvestIgate feedmg relatIOnshtps of

zooplankton and fish Mr Sayed worked closely WIth Dr Walhne In gatnlng farmhanty WIth the

Ecopath program and developmg a prehmInary model of the L Qarun ecosystem He also

partICipated m the analySIS of the survey data from the acoustIC cruIse Mr Konsoaa had the

opportumty to consult WIth Prof Utsa Pollmgher on IdentIficatIon ofphytoplankton m samples from

L Qarun, whIch he brought WIth hIm for thIS purpose Mr El-Shabrawy worked WIth the VIdeo

camera system to measure zooplankton from L Qarun All three took advantage of the hbrary at the

InstItute m HaIfa to collect hterature Important for theIr respectIve research subjects The group

toured the Upper Gahlee and the Lake Kmneret watershed

Prof Moshe Gophen and Dr Paul Wallme VISIted Dr E IbrahIm m Cairo from 25-29 June

1995 Dunng the VISIt tnps were made to L Qarun, WadI RaIyan, and several other facIhtIes

managed by the NIOF At the L Qarun facIhty a short cruIse was made together WIth SCIentIsts from

the laboratory DISCUSSIOns (started at KLL, see above) on zooplankton culture, data analySIS, and

other subjects ofmterest were held Prof Gophen and Dr Walhne also VISIted the new laboratory

ofNIOF m CaIro DISCUSSIOns WIth Dr IbrahIm were held on pOSSIble future research proJects,

such as plannmg the fishery development ofWadI RaIyan, and makmg a fishery and acoustIC survey

of Lake Nasser
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ABSTRACT

InvestIgatIon of Lake Qarun ecosystem was carned out over 48 succeSSIve months startmg
from January 1993 to December 1996 ThIs comprehensIve survey was aImed at provldmg
complete mformatIOn on the physIcal, chemIcal and bIOlogICal condItIons of thts enclosed
salme enVIronment, and determlmng the factors responsIble for the severe declme m fish
productIon Most of these factors were found to be related to the lack of proper management
plan rather than ecolOgIcal problems

Several new data, for mstance meteorologIcal parameters, were acqUIred dunng tills study
The preVIOUS meteorologIcal data were collected from the weather statIOn at Fayoum CIty (35
Km south of Lake Qarun), willIe the present meteorologIcal mformatIOn were collected from
the weather statIOn (purchased through the project) mstalled at the lake

The chemIcal data revealed hIgh levels of all major nutnent salts (N, P & SI), as well as the
essentIal trace metals Due to shallowness of the lake (average depth 4 m) there IS no thermal
and oxygen stratIficatIon The pnmary and secondary productIOns are suffiCIently illgh to
account for the essentIal reqUIrements of the hIgher tropillc levels Further the present
mvestlgatIOn proVIded detaIled mformatIon on the natural food, lIffiltmg nutnents, grazmg
pressure and feedmg behaVIOr ofmullet fry m the lake The pnmary aIm of good management
of Lake Qarun IS to ensure utIlIzatIOn of the natural food reserves by the mdlgenous and
transplanted fish speCIes m order to obtam mgh productIOn rates

No eVIdence for external source of heavy metal pollutIon m the lake was found For
pestICIdes, smce 1991, therr levels were ObVIOusly low due to the applIcatIOn of bIOlOgIcal
techmques for controllmg agnculture pest Raw sewage IS the mam source of pollutIon m the
lake and IS responsIble for the mcrease m bactenal dIseases and paraSItes among mdlgenous
and transplanted fish speCIes These dIseases have dIrect effect on SurVIval of fish and are
causmg mass mortalIty of Solea aegyptlaca m addItIOn to theIr adverse effect on the growth
rate and reproductIOn of the mfected fishes One of the most Important acillevements of tills
project was the dIscovery ofpatholOgIcal condItIon of transplanted mullet fry from EI-Gerbee
near Domletta (northern Delta) where the fry were illghly mfected WIth trematodes Our
recommendatIOn m thts respect was approved, and has already been Implemented, by the
General Authonty for FISh Resources Development As a result the fry are now collected
from Ashtom EI-Gameel near Port SaId (MedIterranean Sea), where the fry are less mfected
ThIS step WIll have a sIgmficant Impact on mullet productIon m the lake

The aVaIlabIlIty of healthy mullet fry at reasonable pnce IS a major constramt for fishenes
development m Lake Qarun ThIS problem underscores the Importance of a constructIOn of
hatchery for mullet fry productIon near the lake ThIS hatchery wIll also feed WadI EI-RaYlan
Lakes (18,000 hectares) that lIe at the same area and wmch WIll depend on mullet fry for
annual stockmg

The feedmg behaVIor expenments proved the capabIlIty of mullet fry to feed on fertIlIzed
eggs of Solea aegyptzaca and tills WIll adversely affect productIon ofS aegyptzaca

FISh bIOlOgIcal studIes revealed the dIfference m growth m length and weIght between males
and females of the dIfferent fish speCIes mhabltmg the lake On the other hand, shnmp
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(Metapenaeus stebbmgz) and soles (S aegyptzaca) are charactenzed by hIgh mortalIty rate,
whIle the reverse IS true for 0 mlotzcus In general, all fish stocks m Lake Qarun are over- I
explOIted and the explOItatIOn rate should be decreased to achIeve the maxImum yleld per
recruIt All fish stocks m the lake are bottom-feeders espeCIally on Crustacea Thus, m order
to lmprove the lake ecosystem, filter feeder fish speCIes that can tolerate the lake condItIOn I
should be transplanted

The present study revealed overexplOltatlOn of both mdIgenous and transplanted fish In order
to obtam the maXImum sustamable yIeld CfMSY), the fishmg effort, as represented by the
number of fishmg boats, should be reduced from 394 to 165, for mdIgenous specles, and from
Its present 394 to 182, for the transplanted specIes The total expected fMSY after reducmg
the fishmg efforts, WIll be around 1100 tons
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Summary ofPrOject Accompllshments

Infra structure Development
Advanced Laboratones were constructed at the Barrage Research StatIOn through
governmental funds and were eqUIpped through the proJect's budget ($162,000) By these
facllItles the mstltute sIgned several research contracts WIth natIOnal and mtematIOnal
authontIes Through these new actIVltIes the aval1able fund covered contmuatIOn of the
project actIVltIes, mamtenance and upgradmg the eqUIpments

Manpower Development
.:. 10 Ph D students have obtamed therr degrees willIe workmg on tills project or have

utIlIzed ItS faclhtIes
.:. 2 Ph D and 1 M Sc student fimshed theIr field work wItilln the project obJectIves, and

expected to submIt therr theses/dIssertatIOns by the end of the year (1997)
.:. 3 Ph D students spent 12 days tralmng m the fields offishenes, zooplankton and pIgment

analysIs (usmg HPLC techmque) at the KJ.nneret Labs (m Israel) under the supervlSlon of
Prof M Gophen and Dr P Wallme

CollaboratIOn

NatIOnal
.:. A contract was sIgned between the NatIOnal InstItute ofOceanography and FIshenes and

the FIsh Farmers SocIety at Shakshouk (the Project SIte) accordmg to willch fish farmmg
actIVltles were techmcally spuerVlsed by the Project Slcentlsts

.:. A contract was sIgned between the NatIOnal Instltue of Oceanography and Flshenes and
El-Amenca PetrochemIcal Company for water qualIty evaluatIOn of the feed water, as
well as the envIronmental Impact assessment of ItS wates

.:. A contract was sIgned wIth the Academy of SCIentIfic Research and Technology for the
mvestlgatIOn of the ecolOgIcal status ofWadI EI-Ralyan Lakes

InternatIonal
.:. Profs Ezzat A Ibrahun and Fahmy El-Gamal VISIted KJ.nneret Labs (15-18 Sept 1994)

to dISCUSS and reVlew the Project results WIth Prof M Gophen and Dr P Wallme (the
IsraelI Co-Pnnclpal InvestIgatIors)

.:. New research actIVltIes began m Jan 1996 to study phytoplankton of the GulfofAqaba m
CollaboratIOn WIth Israeh and German SCIentIsts Through tills program, Prof E Z
Ibralnm Vlslted Israel m July 1997 and met WIth Profs AftalIon and KJ.mor and dIscussed
WIth them ways to collaborate m the mass productIon ofgenetICally pure Oreochromls
mlotIcus fry, as well as m the prodUCtIO of a catalogue for plankton m Aqaba Gulf
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INTRODUCTION

At early 1993 the research team of Inland Water and Aquaculture Branch of NatIOnal Instltute
of Oceanography and Fishenes began the ImplementatIOn plan for the InveStigatIOn of Lake
Qarun Ecosystem The mam ObjectIves of thIS mvestigatIOn were

To determme the vanabIhty m lake water qualIty and sOlI-condItIOn, and how thts Impacts
the bIologICal productIVIty m the lake

2 To obtam mformatIOn on parasItes and dIseases that may cause fish lalls dIrectly or
reduce fish productIVIty by adversely affectmg growth rates and reproductIve capacIty

3 To provtde mformatIOn on growth rates of the endemtc and mtroduced fish and prawn
spectes and theIr feedmg habIts at dIfferent growth stages

4 To assess the stock and the success of mtroduced fish m terms of growth and survIval,
and to estimate the catch effiCIency of dIfferent fishmg gears

5 To formulate a stockmg pohcy by assessmg the stockmg potentlal of the lake and
selectmg a scheme for adJustmg the stockmg rate

The mvestIgatIOns carned out by the research groups mcluded physIcal and chemIcal water
analysIs, pollutants (heavy metals & pestIcIdes), sedtment (chemtcal and mechanIcal
analysIs), phytoplankton analysts (standmg crop, speCIes composItIOn, and pnmary
productIvIty) zooplankton, bottom fauna, fish populatIons and theIr pathologtcal status The
phySIcal, chemIcal and bIOlogIcal analyse were carned out at monthly mtervals dunng 4 years
(from January 1993 - December 1996) The sedIment and pollutants analyse were carned out
at quarterly mtervals

The present report covers the mvestlgatIOn WhICh was conducted m Lake Qarun wIthtn the
framework of the above mentIOned ObjectIVes

Lake Qarun, the project stte, between 29° 25 & 29° 34 N and 30° 24 & 30° 49 E occupIes
the lowest part m the Fayoum DepreSSIOn It tS an Isolated salIne basm, used as reservotr for
agnculture dramage water, and IS SItuated m the Western Desert, about 83 km from Catro It
has a rectangular shape and covers an area of about 228 km2 (about 40 km length and 5 7 km
mean WIdth) The lake hes at about 45 m below the sea level Its water level tS compensated
by mflowmg dramage water, evaporatIOn seepage through the bottom and banks

The northern SIde of the lake IS bordered by the sandy dunes of the Western Desert, and the
southern SIde by fertIle and cultIvated Fayoum OaSIS The cultlvated lands of Fayoum
Governorate are naturally Irngated by NIle water through Bahr Youssef Canal The dramage
water flow to the lake vta two mam drams, namely EI-Bats (at the east) and EI-Wadt (at the
mIddle) as shown m FIg I

The sahmty of the lake ranges from 14 to 35%0, the lowest sahruty values are found m front
of the drams The rates of mflow and evaporatIOn of water almost equal, thIS leads to annual
accumulatIOn of salt contents of the agnculture dramage water

Several authors mvestigated the dIfferent envIronmental aspects of lake Qarun The
geologtcal characters of the lake were studIed by Gardner (1932), Caton-Thompson and
Gardner (1929),
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Ball (1939), Said (1962), and Coque (I975) Dletnch and Kalle (1957) studIed the chemICal
charactenstlcs of the lake water m relatIOn to the Mediterranean Sea Recently, El-Sayed
(1986) prOVIded detaIled mformatlon on some envIronmental aspects of the lake

On the other hand, studIes of the species composItIOn and bIOmass of phytoplankton,
zooplankton and benthIC organIsms m the lake are scarce (Wlmpenny, 1936, NaguIb, 1961,
El-Maghraby and Dowldar, 1969, Abdel-Malek, 1978, and Abdel-Malek and Ishak, 1980,
Abdel-Monem 1991, Flshar, 1993 and Ahmed 1994)

The gradual mcrease m salmIty m the lake water had an adverse effect on the freshwater
plankton speCIes GIrgIS (1959) exammed some plankton samples collected from the lake m
1959 and found that Dzaptomus salmus and Moma salmarum dIsappeared, whereas, the
nentlc copepod Acartza latzsetosa Knczageum was found m large numbers The presence of
Acartza latzsetosa and Balanus sp m the lake was also confirmed by NaguIb (1961) The
composItIOn of zooplankton, at present, shows that the manne speCIes mclude not only
Acartza latzsetosa and Czrrzpedza naupln, but also other speCIes such as I polychaet larvae

Smce the lake was freshwater, ItS fishenes productIOn contamed most ofNtle fishes The lake
has been noted dunng the begtnnmg of 20 th century for the great quantitIes of Lates mlotlcus
LInn, and Tllapza mlotzca Lmn (FaouzI, 1936)

Smce then, the saltmty of the lake has progressIvely mcreased WhICh made the condItion
became unfavorable for most of the freshwater fish fauna ongtnally mhabltmg the lake Thus
all freshwater speCIes gradually dIsappeared from the lake WIth the exceptIOn of Tzlapza and
Anguzlla FaouzI (1938) mdlcated that remnant of the ongmal freshwater Tzlapza ZZllll was the
only speCIes that had not suffered from the salImty mcrease In thIS connectIOn, EI-Zarka
(1961) stated that Tzlapza mlotzca can stIll be found m small numbers at the dlschargmg
pomts of the drams mto the lake

As a result of disappearance of ongmal fish fauna, the commerCIal catch dropped from 4000
tons dunng 1920 to an average of 1000 to 2000 tons m subsequent years (FaouzI, 1938) ThIS
sItuation had a negatIve Impact on the economy of the commumtles of fishermen around the
lake In order to compensate for the declme m freshwater fish productIOn, the lake was
stocked WIth fish speCIes whIch can tolerate hIgh salImty Wlmpenny, the head of EgyptIan
FIshenes Research Department from 1928 to 1931, thought to stock Lake Qarun WIth grey
mullet (Mugzl cephalus) Thus for the first tIme m 1928, grey mullet fry were collected from
El- Mex StatIOn, near Alexandna, and transplanted to the lake Dunng the penod from 1971
to 1978, about 55 mllhon mullet fry were mtroduced to the lake In recent years 1991/92,
92/93 and 93/94 about 106 mtllton mullet fry were transplanted to Lake Qarun Anguzlla
vulgarzs and Atherma mochon were aCCIdentally mtroduced as fry mIxed together wIth
mullet

As a result of mullet fry transplantatIOn, mullets appeared m the commerCIal catch lfor the
first tIme m 1929 and 1930 In subsequent years, espeCIally after 1934, the productIOn of
mullets constItuted a major part m the commerCIal catch Dunng 1961/62 fishmg season,
when the statIstiCS of mullet fishenes productIOn for the dIfferent speCIes were comptled
separately, It was found that M salzens constItuted about 13 6% of the total fish productlOn of
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the lake, willIe M capzto and M cephalus constItuted 4 7 % of the total YIeld (EI-Zarka,
1964)

Wlmpenny and FaoUZl (1935) and FaoUZl (1936) found eggs and larvae of M salzens m the
plankton hauls collected from the lake ThIs was a strong eVIdence for the natural spawnmg
of M salzens m Lake Qarun EI-Zarka (1965) attnbuted the low percentage ofM capzto and
M cephalus m the fish catch to theIr mabilIty to spawn m the lake Meanwmle, he ascnbed
the hIgh productIOn of M salzens to Its abIlIty to spawn m the lake TIll now, the Issue of
mullet spawnmg m the lake IS shrouded m controversy

Solea vulgans, IS another manne specIes WhICh was successfully transplanted and
acclImatIzed m Lake Qarun The fish was first mtroduced mto the lake m 1938 and was
stocked m the lake m 1943, 1945 and 1948 A total of 1,603 sole fish rangmg from 7 to 10 cm
m length have been collected from Maadia DIStnCt at the MedIterranean Sea (about 32
kIlometers to the east of Alexandna) The transplanted soles to Lake Qarun dunng dIfferent
penods were 103, m 1938, 700, m 1943, 428, m 1945 and finally 377, m 1948 The first
record of soles appearmg m the commercIal catch was reported m 1938, total catch of38 kg
In 1942, 87 kg of soles were caught accIdentally m trammel nets used for tIlapias The sole
catch mcreased to 1,555 kg dunng 1943 ThIs mdlcated that soles were successfully spawned
and establIshed Itself m Lake Qarun (EI-Zarka, 1965a) In subsequent years, the mcrease of
the annual catch of soles was probably due, m part, to natural spawmng m the lake and, m
part, to the Improved skIll of the local fishermen From 1961 to 1966, the sole fishery m the
lake constItuted about 332% of the total yIeld (EI-Zarka, 1968) Dunng 1970's, theIr
productIon ranked at the top of the other speCIes, where It contnbuted more than 50% of the
lake productIOn (BIShaI and KIrollus, 1987)

From 1977 to 1979, about 2 mIllIon sea bream (Sparus aurata) and sea bass (Dzcentrarchus
labrax) fry have been transplanted m the lake

Dunng the penod from December 1977 to May 1978, about 3 mIllIon shrImp larvae have
been transplanted to the lake ShrImp larvae mcluded PanaeusJaponzcus, P semlsulcatus, P
latzsulcatus, Metapenaeus stebbzngz and Metapenaeopsls phllzpu As A result, the productIOn
of shrImps mcreased and compnsed a major part m lake fishenes Agam, thIs mdicates that
shrImp was successfully acclImatIzed and establIshed m the lake ecosystem ShrImp prolIfic
and the profitable returns, encouraged the lake fishermen mtensrfy shrImp fishIng, and thIs,
has led to mcrease shrImp productIOn to 500 tons dunng 1987/88, constltutmg about 45% of
total fish YIeld Unfortunately, the mtenslVe shrImp fishmg had a destructIve effect on the fish
stocks m the lake as the shrImp nets caught other fish :fry and fingerlIngs

Smce the begmmng of 20th century, several mvestIgatIons have been carned out on Lake
Qarun fishenes Dunng 1920's and early 30's, the mam focus of the research was to
mvestIgate means to compensate the loss of freshwater fishes m the lake Faouzi (1936)
reported the successful transplantatIOn of mullet :fry from the MedIterranean Sea to the lake
Wlmpenny and Faouzi (1935) and Wimpenny (1936), recorded eggs and larvae of M salzens
m the plankton samples collected and It was concluded that M salzens hass naturally
spawned m the lake
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EI-Zarka (1960, 1961 & 1962) reported the results and conclUSIOns of research program
started III 1957 to survey the fishenes of Tzlapza zlilll Gev, III the lake He studIed the
annulus fonnatIOn on scales and Its valIdIty In age and growth He mvestIgated the length
frequency dlstnbutl0n, age compOSItIOn, length-weIght relatlOn and growth rate Also, he
studIed matunty, spawnIng and sex ratIO EI-Zarka (1963 a & b) conducted an mvestigatlOn
of the acchmatlzatIOn of both of Solea vulgalls and Mugzl sahens In Lake Qarun He studIed
monthly vanatIOns of theIr catch compositlOn and length frequency EI-Zarka and Kamel
(1965) dIscussed the mullet fry transplantatIon and Its contnbution to the fishenes of the
mland and brackish lakes m Egypt The same authors exammed the sources of fry, and
descnbed methods of collectIOn, seasonal abundance and the appearance of mullet fry
Fmally, they dIscussed the economIC sigruficance of mullet transplantatIOn WIth speCIal
reference to Lake Qarun EI-Zarka (1968) gave a bnef account on the fishenes status m Lake
Qarun dunng the penod from 1961 to 1966 EI-Zarka and EI-Sedafy (1970) studIed age,
growth and reproductlOn ofM sahens m the lake

SporadIC mvestIgations were carned out on some blOlogtcal aspects of Lake Qarun fishenes
Abdel-Malek (1972 a,b) mvestIgated the food and feedmg of T ZZllll m the lake accordmg to
dIfferent length groups and dIfferent sexes, whtle AI-Kholy and Abdel-Malek (1972) studIed,
m detaIl, the vanatIOn of food consumptIOn of T ZZllll m the dIfferent localItIes of the lake
Boulos and Ashour (1973) studIed the hIstology and seasonal cycle of the ovary of Solea
vulgarzs collected from the lake They concluded that the spawnmg penod of the sales was
long and extended from November to early March Boraey (1974) studIed age, growth,
length-weIght relatIOn and condItion coeffiCIent of 4 mugI11dae speCIes m Lake Qarun,
namely M cephalus, Lzza ramada, L sahens and Chelon labrous Ktrollus (1977) was
mterested In studymg the bIOlogy of S vulgarzs In the lake Ezzat et al (1979) studIed the
morpholOgical vanatlOns m S vulgarzs as a result of adaptatIOn to Its new enVIronment

From 1974 to 1980, NatIOnal Institute of Oceanography and Fishenes carned out a five year
research proJect, funded by Academy of SCIentIfic Research and Technology The project
aImed at mcreasmg fish yIeld In Lake Qarun by 10creasmg the number of transplanted mullet
fry as well as mtroducIng a new fish speCIes and shnmps to the lake (Anonymous, 1981)

Ishak et al (1982) gave a bnef account of the mullet fishenes productIon m Lake Qarun
They studIed length and age compOSItIon of dIfferent mullet speCIes m the lake Bishal and
Ktrollus (1988) carned out net selectIVIty expenments for S vulgarzs usmg five sets of both
cotton and nylon trammel nets They concluded that the net of 29 4 mm mesh SIze IS the most
SUItable for catchmg 23 to 32 em long sales Mosaad (1990) studIed the length-weIght
relatIOn and condItIon factor IS the most common fish m the lake, M capzto, M cephalus, M
salzens, S vulgarzs and T ZZllll He compared hIS result WIth that of the preVIOUS InVestIgators
on the same speCIes but from other locahttes

Shafik (1991) mvestigated the bIOlOgical parameters of M cephalus and L ramada m Lake
Qarun WIth emphaSIS on the pOSSIbIlItIes of mducmg breedmg of M cephalus ThIS was m an
effort to restock the lake whIch has been suffenng from the decrease In the number of mullet
fry collected from natural resources Recently, Kamel and Fathalla (1995) studIed the
hIStology of gtlls, lIver and gonads of the most common economIC fish 10 the lake
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Although extenSIve mvestIgatlOns were earned out on the hmnology, fishenes and pollutIon
of Lake Qarun (Abu-Samra, 1936, Aleem, 1958, NaguIb, 1958, Hussem et aI, 1964, EI
Maghraby and Dowidar, 1969, Meshal, 1973, Abu EI- Kerr, 1987, Abdel -Malek, 1980,
IbrahIm, 1981, EI- Sayed, 1986, Abdel-Malek and Ishak, 1980, Abdel Malek, 1990 and
Abdel-Monem, 1991), addItIonal mformatlOn was needed to provIde a data base for optImal
fishenes and water qUalIty management of the lake
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MATERIALS AND METHODS

Samplmg StatIOns

In 1993, twenty-two statIons were selected, these were dIstnbuted all over the lake, besIde the
two drams (El-Bats and EI-WadI), see FIg 1 Dunng the penod from 1994 to 1996, samplmg
was lImIted to 9 statIOns m addItIOn to the two drams Of these, three statIOns representmg the
eastern, mIddle and western regIons were selected for measunng chI a of different
phytoplankton SIze compOSitIons (net> 20 jlm, nano, < 20 jlm and plCO > 2 jlm), and pnmary
productIVIty at dIfferent depths on the basIs of lIght attenuatIOn

Samplmg Program

• EnVIronmental parameters
PhysIcal, chemIcal and bIologIcal data were collected at monthly tntervals Samples
for sedIments and pollutants (heavy metals and pestICIdes studIes), were collected at
quarterly mtervals

Analytlcal Technlques
Envlronmental Parameters

MeteorologIcal CondItions

In January 1996, AANDERAA, AutomatIc Weather Statton Model 2700 was mstalled on the
lake at the project SIte at Shakshouk Research StatIOn The followmg meteorologIcal
parameters were recorded air & water temperature, wmd speed & dIrectIOn, relatIve
humIdIty, sunshme duratIOn, air pressure and ram fall

Physlcal and ChemLCal Characterlstlcs

- AIr water temperatures
At the tIme of samphng, aIr temperature was measured (m the shade) usmg a dry
mercury thermometer graduated to 0 aloe, whIle water temperature was measured by
a mercury thermometer mstalled m the sampler

- EvaporatIon (E)
The evaporatIOn rate was calculated by usmg the equatIon

E = Au ( eo - ea)

Where

- Water Depth

E
A
eo
ea

rate ofevaporatIOn
coeffiCIent ofwmd speed
saturated vapor pressure (mb)
vapor pressure (mb)
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The water depth at each stanon was measured by a portable echosounder Model
(Lowrance X 25)

- Turbzdzty
Water turbIdIty was measured by the standard NephelometrIc method (APRA, 1992)
The results were expressed as NephelometrIc Urnt (NTU) by Orbico-Halhng
Instrument

- Transparency
Water transparency was measured by standard Secchl dISC of 25 cm dIameter WIth
black and whIte surface

-pH
The water pH was measured m-sltu, usmg portable pH meter Genway eqUIpped WIth
mIcroprocessor Model 3405

- Salzmty (S%o)
Total dIssolved solIds were determmed by filtratIOn of water samples through
MIlhpore filter (045 urn. pore diameter) Known volumes of filtered waters were
poured mto dIshes (made ofalUmInum foIl) and dned In oven at 105°C (for 24 hours)
The TDS values were calculated by subtractmg the weIght of the dIsh from the total
weIght of the dIsh and the sample Sal1illty was calculated from the followmg
equatIOn

S%o = TDS / DenSIty

- Electrzcal conductlvzty (E C)
Electncal conductIVIty of water was measured usmg conductIvIty meter YSI (Yellow
Spnng Instrument) Model 32

- Dzssolved Oxygen (DO)
DO was determmed by modIfied Wmkler method accordmg to the standard method
(APHA, 1992), values of dIssolved oxygen were expressed In mg O2 L I

- ChemzcalOxygen Demand (COD)
COD was measured by the OXidatIOn of known volume of sample usmg KMn04

(StrIckland and Parson, 1968), and the results were expressed as mg O2 L I

-Alkalzmty
C03 & HC03 were determIned accordIng to standard methods APHA (1992) usmg ph
ph and Methyl Orange as IndIcators and standard H2 S04
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Nutrzent

-Nitrogen
• Ammoma ( NH.jN)

NH4-N was detennmed spectrophotometncally usmg phenate method as reported by
Booth and Labnng (1973) The results were presented as ug NH4-N L 1

• Nltrzte (N02-N)
N02-N was measured by diazottzmg wIth suphaniialmde and measured by couphng
WIth N-(1- naphthyl ethelyne diamme) to form hIghly colored azo-dye phenate N02

N was measured accordmg to the method of Barnes and Folkard (1951)

• Nitrate (NOJ-N)
N03-N was determmed usmg cadmIUm reductIon technIque as descnbed by Nydahl
(1976) The results were expressed m Ilg N03-N L 1

• Orgamc Nitrogen
Total nItrogen (TN) and Total DIssolved NItrogen (TON) were measured usmg
K]eldahl method as descnbed by McKenzIe and Wallence (1954) Total OrganIC
NItrogen (TON) and Total DIssolved NItrogen (DON) were calculated by subtractmg
the NH4-N value from the total K]eldahl nItrogen and total dIssolved nItrogen

- Phosphorus
• Orthophosphate (POrP)

P04-P was determmed by the ascorbIc aCId and potasSIUm antImonyl tartarate method
accordmg to Stnckland and Parsons (1965) The results are expressed m )lg P04-P L 1

• Orgamc Phosphorus
The total phosphorus was measured usmg dIgestIOn method as descnbed by Gales et
al (1966) The organIC phosphorus was calculated by subtractmg the values of
orthophosphate from total phosphorus

- Siltcate
ReactIve SIlIcate concentratIOn was measured by molybdosl1lCate method accordmg to
Chow & Robmson (1953)

- Sulfate
S04 2 was determmed by turbidimetnc method as reported by Rossum and V111arruz
(1961)

_Hardness (Ca +2 & Mg +2)

Ca+2 & Mg +2 were determmed by EDTA tItnmetnc method as reported by Katz and
Navone (1964)

- Sod.um and PotassIUm
Na and K were measured by a DigItal Flame Photometer Cornmg Model 410
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SEDIMENTS

SoIl samples were collected at each statIOn as well as at the two drams on a quarterly basIS
dunng 1993 The samples were aIr dned, ground and passed through a standard SIeve 2 mm
mesh dIameter The mechamcal and chemIcal propertIes of the samples were determmed

The mechamcal analysIs was carned out usmg the pIpette method m the presence of
hexametaphosphate as dlspersmg agent (KIlmer and Alexander, 1949) The soIl orgamc
matters were determmed usmg dlphenylamme as mdlcator (Jackson, 1967) SoIl pH was
determmed m 1 2 5 soIl water suspensIOn usmg portable pH meter SOlI conductIvIty was
measured by a conductIvIty meter m 1 5 soIl water extract Soluble catIOns (Ca & Mg) were
determmed m the soIl extract by tltratIOn agamst EDTA disodIUm salt usmg menoXlde and
Enochrom Black T as mdlcators (Jackson, 1967) Soluble chlondes were determmed
accordmg to Mohr's method usmg sIlver rntrate (Standard Method, 1992) Carbonate and
bIcarbonate alkalImty were determmed by tltratmg the soIl extract agamst known normal
H2S04 m the presence of ph ph and methyl orange as mdlcators (Jackson, 1967) Sulfate
was measured by tltratmg the SOlI extract agamst Na-EDTA and banum chlonde The
sedIment samples were SIze- fractIOnated as follows clay fractIOn was separated by
sedImentatIOn procedure usmg sodIUm chlonde as dIspersIOn Carbonates were dIssolved
usmg 1 N NA Oak-Hooch at pH 5 and the samples were treated wIth 20% H20 2 followed by
the CltnC dlthornte for the removal of free Ion oXIdes The mmeralogIcal analysIs was
conducted usmg magnesIUm saturated, glycerol solvated and K heated to 550°C for 4 hr X
ray dlfractlon patterns were obtaIned usmg PW 1050 PmlIps X-ray dIffractometer WIth NI
filtered and Cu-X-radiatIOn at 36 Kvand 16 MA potentIal, (Jackson, 1969)

SedIment samples were collected from the eastern, mIddle and western Lake regions as well
as the drams The samples were dned and prepared for mechamcal and chemIcal analyses
The percentage COmpOSITIOn of dIfferent partIcle SIzes were determmed after sIevmg the dned
sedIment usmg standard SIeves WIth mesh dIameter of > 4 mm, > 2mm, > 1mm, > 0 5 mm,
>025 mm, > 0 152 mm, > 0063 mm, > 0138 mm and > 038 mm The mOIsture content of
the samples was measured and ItS percent was calculated

The chemIcal analyses performed on the samples were carned out as mentIOned above and
mcluded the followmg parameters total phosphorus (TP), total KJeldahl rntrogen (TKN),
total orgamc carbon (TOC), total carbon (TC) and percentage of total organIC matter (%
TOM)

POLLUTANTS

- PestiCIdes
Sample preparation
Sedlffient samples were collected from Lake Qarun and the two drams The samples were
gently homogemzed m a beaker WIth 3 tlmes theIr weIght of anhydrous SOdIum sulfate [lOg
sedlffient samples, 30 g anhydrous N~S04 and extracted WIth 220 ml Hexane (HPLC Grade)
for 12 hours] A blank was made by addmg 30 gm anhydrous N~S204 After extraCTIon the
sample was quantltatIvely transferred to rotary evaporator (30-4000C) untIl the extract was

105



reduced to 15 ml SodIUm anhydrous sulfate was added to remove resIdue of water The
sample was then brought to 10 ml by Hexane MetallIc mercury was added to the extracted
samples to remove sulfur compounds

Column chromatography
PreparatIOn
Flonsil was pre-cleaned by soxhlet extractIOn WIth methanol for 8 hours and WIth hexane for
8 hours, dned In oven at 60°C for 4 hours, then stored m a dark bottle The flonsl1 was
actlvated at 200°C for 4 hours and partIally deactIvated by addmg deIOnIZed water

Samplefracuonauon
Organochlonne pestIcIdes were separated by flonsil chromatography column (20 nun IDK
300 rom) The column was filled WIth 16 g of 60/80 flonsil and washed WIth hexane The
extract (I ml) was added to the column and eluted WIth 70 ml of the first elutant hexane The
first elutant contamed Aroelor , Hexachlorobenzene (HCB), Heptachlor and Aldnne The
eluted sample was concentrated to 15 ml by usmg rotary evaporator and reduced to 1 ml
usmg N2 gas FIfty ml of mIxture of Hexane and DlChloromethane (7 3 v/v) were added, and
poured mto another beaker (second fractIOn contamed HcHs Isomers and cyclodlenes
compounds) The elutant volumes were concentrated to 15 ml by usmg rotary evaporator to
15 ml then reduced to 1 ml by usmg a stream of mtrogen gas The remamder was kept mal
ml VIals WIth a teflon cover The extracts were analyzed by gas chromatography

Chromatographic ConditIOns
Organochlonne pestlCIdes were analyzed usmg Hewlett-Packard Model 5890 Senes II Gas
Chromatograph eqUIpped WIth a spht -sphtless mJector and an Electron Capture Detector
A25 m X 025 mm ID X 0 32 ~m film thIckness Fused-SIhca, CapIllary Column WIth SE-54
( HP Ultra-2) was used for analysIs The GC condItIOns were as follows Carner gas nItrogen
at flow-rate of 1 5 ml/mm, temperature program 600oC for 1 mm 60°C to 150°C at 30°C
/mm, 150 °Co to 225 °Co at 2 CO/mm, 225°Co to final temperature 275 °Co at 10 °Co/mm,
mJector temperature 200 °Co and detector temperature 300°C Carner gas ( He) 250 Kpa,
makeup gas nItrogen 300 Kpa Ahquots of 1 III were mJected m the sphtless mode usmg the
micro-synnge needle technIque

The spIked samples were subjected to the above mentIOned treatments ReSIdual
organochlonne pestlcides were corrected and calculated by usmg HP-CHEM Program
proVided WIth the GC System

- HEA VY METALS
The total heavy metals were measured m the water and sedIments samples taken In the lake
and the two drams The samples were collected, dIgested and analyzed accordmg to the
standard techruques as reported m Messiha-Hanna (1992) and APHA (1992) The results are
expressed m /1g L I , for water and mg Kg I for sedIment

BIOLOGICAL CONDITIONS

106
L I. I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

- Phytoplankton
• Standmg crop and species composltlon

Integrated water samples for quantItatIve estImates (1 e standmg crop) and specIes
composItIon of phytoplankton commumtles were collected at the dIfferent statIOns by the
Ruttner sampler and preserved ImmedIately m 4% neutrahzed formahn In the laboratory, the
samples were poured mto glass cylmders and Lugol's solutIOn (12 + KI) was added untIl the
samples changed to fmnt tea color The phytoplankton orgamsms were allowed to settle (by
graVity), for 5 days About 90% of the supernatant was then SIphoned off Drop technIque
was apphed for countmg and IdentIficatIOn of the phytoplankton speCIes usmg a countmg
chamber and an mverted mIcroscope The specIes composItIOn and the number of
phytoplankton cells were determmed at hIgh magruficatIOn (40 x & 100 x) The number of
phytoplankton cells per hterwas then calculated

- Chlorophyll a andphaeophytm
A known volume of the lake water was filtered In-sltu usmg synnge filtratIOn umt
(Sartonous) and glass mIcro-fiber filter GF/F ThIS umt IS eqUIpped WIth a plastIc holder (13
mm dIameter) Chlorophyll a was extracted by gnndmg the filters With the samples m 90%
acetone The extracts were clanfied by centnfugatIOn at 2000 rpm usmg T 24 centnfuge The
samples were measured by fluorometry usmg Turner III automatIc fluorometer The
apparatus was calIbrated usmg standard ChI a (SIgma product) The extract was aCIdIfied by
addmg two drops of 0 1N HCI and measured agam

The value of chlorophyll a and phaeophytms were calculated accordmg to the standard
methods (APHA,1992)

In January 1996, a new fluorometer (Turner Senes 10-AU) was acqUIred The fluorometer IS
eqUIpped WIth a lot for dIrect measurements of chl ~ Without any mterference from
phaeophytm and chl b The chI a measurement by the new eqUIpment began m January- -
1996 The extractIOn of ChI a was carned out m 90% acetone for 24 h at - 20 0 C The ChI a- -
of net, nano-and plco-phytoplankton was determmed by applymg the same techmque for
filtratIOn and measurements, the only vanable was the SIze fractIOnatIOn of the samples as
follow

For nano-plankton, the samples were filtered through a plankton net 20 !lm mesh dIameter

For pIco-plankton, the samples were first filtered through a plankton net 10 /lm mesh
dIameter, and then through an Iso-pore filter 2 !lm pore dIameter
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- BENTHICALGAE
The bIOmass of the benthIc algae (estImated by Chi a,) was detennmed at quarterly
mtervals One cm 2 of surface sedIment, as well as a kno~ weIght of mIxed sedIment were
collected from the samplmg statIons Chi ~ was extracted m 90% at -20°C for 24 hr The
ChI ~ was measured spectrophotometry accordmg to the standard methods (APHA,1995)

- Nutrlent ltmltatlOn ofphytoplankton bIOmass In Lake Qarun
Up to 20 L of lake water were taken from the euphotIc zone of the mIddle regIon of the lake
ImmedIately after collectIOn the water was filtered through a gauze of 250 Jlm mesh dIameter
to remove the macro-zooplankton PreparatIOn of water for bIOassays began wlthm 2 hr after
collectIOn The rutrogen was added eIther as N03 or NH4 at concentratIOns of 0 075 (N1),
0225 (N2) and 075 (N3) mg L·, whIle P04-P concentratIOns were 0005 (PI), 00225 (P2)
and 0 15 (P3) mg LIThe combmed effect of dIfferent P N ratIos (1 15, 1 10 and I 5) on
phytoplankton bIOmass as represented by Chi a was mvestIgated Phytoplankton
communItIes were subjected to 4 days assay under the followmg condItIOns temperature of
26°C (average aIr temperature of the Lake area), lIght IntensIty, 4000 lux from overhead cool
whIte fluorescent tubes and lIght cycle of 14 h alternatmg WIth 10 hr darkness Dally
measurements of Chi ~ was carned out from the start (tIme 0) to the end of expenment (96
hr)

- Zooplankton
For quantItatIve analysIS, standmg crop and speCIes compOSItIon, zooplankton samples were
collected by vertIcal net hauls from near the bottom to the surface usmg a plankton net 55 J.lm
mesh dIameter The samples were fixed In 4% neutral formalIn and exammed under bmocular
mIcroscope The number of zooplankton organIsms per m3 was calculated from the data of the
countmg tray (3 ml) , and the zooplankton speCIes compOSItIOn made The results presented
10 thIS report are those of monthly average value and mclude the standmg crop of dIfferent
zooplankton groups, percentage compOSItIOn of the groups dependmg on the annual average
values and the malO dommant zooplankton speCIes

- Grazmg experIments ofzooplankton on phytoplankton In Lake Qarun
In SItu grazmg expenments were conducted 10 the lake Two sets of transparent plastIc bottles
(20 L) each were used m these expenments The first set, representmg ungrazed bottles, the
lake water was filtered WIth screen of 45 J.lm mesh dIameter The second set of bottles,
contammg lake water represented the grazed condItIon The bottles (both grazed and un
grazed) were mcubated 10 the euphotIC zone (75 em below the surface water) The standmg
crop and speCIes compOSItIOn of both phyto- and zooplankton were momtored every 2 days
In the meantIme, phytoplankton bIOmass, represented by Chi ~ was measured as mentIOned
before

- Feedmg BehaVlOr ofMullet Fry In Lake Qarun
In late summer 1995, one phase of research focused on the feedmg selectIVIty of mullet fry
and theIr Impact on zooplankton communIty m Lake Qarun PrelImmary feedmg tnal of
mullet fry was conducted 10 30 L glass aquana under laboratory condItIOns and 20 L
transparent plastIC bottle m sltu (receIVed as a gIft from Kmneret LimnologIcal Laboratory)
The standard length (ST) of the test fry ranged from 46 to 64 mm and theIr weIght vaned
from 1 68 to 3 86 g Three sets of eIther glass aquana or plastIC bottles were used m these
expenments The first set served as control (1 e zooplankton WIthout fry), the second and
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tlnrd sets were stocked Wlth 4 and 9 fry each Feedmg procedure consIsted of addmg freshly
caught zooplankton collected from Lake Qarun by plankton net (55 ~m mesh dIameter)

FISh feedmg selectIVIty was mvestIgated by momtonng zooplankton densIties m aquana and
plastIc bottles as well as m gut contents of the fry before feedmg and after 24 h Another
expenment was conducted m the glass aquana and the feedmg behaVIor of mullet fry was
followed before feedmg and after 30,60 mmutes

-BOTTOMFAUNA
The benthIc orgamsms were collected from the selected samplmg statIOns usmg Ekman Grab
(opemng area IS 250 cm2

) The samplmg technIques depend on collectIOn of more than one
grab at each statIon

The bottom samples were washed m sztu and filtered through a small hand net of 500 ~m

mesh dIameter to remove the suspended partIcles The samples were fixed m 7% neutral
formalIn and sorted m plastIC Jars The benthIC speCIes were counted and weIghted after
drymg on filter papers for five mmutes to remove exceSSIve water The results were gIVen as
the total numbers of bottom fauna per square meter as well as theIr bIOmass m gram fresh
weIght per square meter (g f w m 2)

The data mclude the standmg crop and fresh weIght of the mam dormnant bentlnc speCIes,
photographIc pIctures of these speCIes were also taken

Fish Pathology

- Bacteria
Samplmg
Water samples were collected from the selected statIOns, usmg stenlIzed 500 ml glass bottles
and transferred ImmedIately (m an Ice-box) to the laboratory The samples were analyzed
wlthm 6-8 hrs ofcollectIOn

Bacterial count usmg spread-plate method.
The method mvolved the spreadmg of 0 03 ml from dIluted sample over the surface of a
solIdIfied agar plate Spreadmg was usually carned out WIth a wet glass rod shaped almost
lIke a hockey stIck The excess lIqUId was allowed to get absorbed and evaporated at room
temperature, before the plates were mverted mSIde the mcubator Three replIcate moculated
plates were mcubated at 22°C and 3 others at 37 °C Counting of the bactenal colomes was
carned out after 24 hr for the plates mcubated at 37°C and after 48 hr for those mcubated at
22° (Clark, 1971)
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Most probable number (MPN) ofcoliform bacterza
-~u~w~ I
The determmatIOn of MPN-mdex of cohforms as determmed by the multIple fermentatIOn
techmque was carned out usmg 3 decImal dIlutIOn (IO, 1 0 and 0,1 ml) for each sample FIve
rephcate tubes contammg Macconkey Broth were used for each sample Double and smgle
strengths medIa were used for the 10, 1 and 0 1 ml, dilatIOn, respectIvely All tubes were
mcubated at 37°C for 48 hr and theIr the readmgs were taken A posItIve reactIOn was
mdIcated by aCId and production The correspondmg MPN-mdex was computed from
Swaroop's Table (Swaroop 1951 and APHA,1975)

- Confirmatory and differential coliform tests
Plates of Eosm-Methylene Blue (EMB) agar (Levm's medIUm) were moculated from the
Macconkey - PosItive tubes (producmg aCId and gas) and mcubated at 37°C for 24 hr
ColIform growth usually showed a metallIc sheen on that medIUm

- Most probable number (MPN) mdex offecal coliform
Two loops were transferred usmg stenhzed tube (4 mm dIameter) from all posItive
presumptive tubes m the total cohform MPN test to fresh smgle strength Macconkey's
medIUm m tubes prOVIded WIth the Durham tubes The moculated tubes were mcubated at
445°C for 24 hr Gas productIOn m a fermentatIOn table wIthm 24 hr or less was consIdered
as pOSItIve reactIOn mdlCatmg fecal ongm of the cohform bactena (APHA, 1975) The MPN
mdex per 100 ml of water was determmed from Swaroop (1951)

- Bacterlal Diseases
ThIS work was carned out to mvestIgate bactenal dIseases m the natIve fish speCIes or those
transplanted to the lake

Random fresh samples of Tzlapza spp , Solea aegyptzaca and mullets were taken on monthly
baSIS by expenmental fishmg and from landmg sites May 1993 and 1996 The fish were
exammed for clImcal symptoms and PM accordmg to the technIque reported by Amlach
(1970)

For IsolatIon and IdentIficatIOn of bactena, samples were taken from dIfferent organs (skm,
gtlls, fins, hver, kIdney, spleen, gonads and mtestmes) and cultIvated on nutnent agar,
nutnent broth, Mac Conky agar, Mac Conky broth, blood agar, alkalme peptone water, TCBS
agar SSA, RImmlar shots medIa (RSM) and sub-craud dextrose agar (OXIde) accordmg to the
method of Munn (1978)

Plates mcludmg samples and dIfferent medIa were mcubated at 25°C for 24 and 48 hr
MIcrobIal colomes were subjected to gram-stam, mIcroSCOpIC exammatlon and bIOchemIcal
tests accordmg to the techruques reported by Macfaddm (I980) and Popoff (1984) Bactenal
Isolates were confirmed by the API system (BIO Meneux, France)

- Paracytological InvestigatIOn
LIve or freshly-caught fish samples were obtamed monthly (on three consecutIve days) from
fishermen and dIfferent landmg SItes m the lake Duong the annual closmg penod of the lake,
fish samples were collected by expenmental fishmg by local fishermen The paracytologIcal
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InvestIgatIon of the lake fishes covered two consecutIve years (May 1993-May 1995) Some
sporadIc samplIng were done dunng 1996

Fresh and lIve fishes were ImmedIately transported to the laboratory for eXamInatIOn Durmg
thIs study a total of 572 fish of dIfferent specIes, weIghts and sexes were obtaIned In order
of theIr abundance In the lake, they can be arranged as follows Tzlapza spp, Lzza salzens L
ramada, Solea aegyptzaca, L auratus and Mugzl cephalus

F,sh Examznatzon
The specImens were examIned for the detectIOn of any vIsIble leSIOns, ecto-parasItes,
macroscopIC metacercanae, myxosporean pseudocysts and mIcrosporean xenomas SkIn and
fin smears were made, In searchfor external protozoa Internal organs such as gIlls, stomach,
IntestIne, lIver, kIdney, spleen, unnary and gall bladder were examIned for the detectIOn of
any parasItes

ExammatIOn of parasItes was carrIed out In fresh as well as staIned preparatIons and
photomIcrographed by a ZeISS research mICroscope All measurements were taken USIng an
ocular mICrometer Measurements of protozoan parasItes are expressed In (urn), whereas
those of the other parasItes are gIven In (mm) unless otherwIse stated

- Detectzon ofEctoparasltes
Smears were taken from skIn, fins, and gIlls m order to search for any ectoparasIte GIlls were
also examIned under dIssectIng mIcroscope to look for any mIcroscopIc parasIte

Smears contamIng tnchodImds were aIr-drIed, then Impregnated WIth AgN03 (Lorn and
Dykova, 1992) TennInology and method ofmeasurement of the components of the adheSIve
dISC followed the umform specIfic charactenstIc system proposed by Lorn (1958), Wellborn
(1967) and Arthur & Lorn (1984) Body dIameter IS measured as the adheSIve dISC blue
border membrane (Basson et ai, 1983) DentIcle descnptIon was done accordIng to Van As &
Basson (1989)

Other ectoparasItes lIke Scyphzdza spp were fixed after dryIng m absolute methanol, then
staIned WIth GIemsa or HematoxylIn to study the nuclear apparatus

- Detectzon ofzntestznalparasItes
The alImentary canal of each fish was removed, dIVIded Into three segments and placed In
petn-dlshes The IntestIne was cut longItudInally and examIned for the presence of any
worms IntestInal scrapIngs from each segment were then exammed for the detectIOn of any
parasIte

Detectzon ofencysted metacercarzae
Small smps of the muscles were taken from dIfferent regIons of the body especIally the head,
trunk and the caudal regIons Each smp was compressed between two slIdes and exammed
under a stereo-dIssectIng mICroscope The metacercanae were then Isolated by tIssue
dIssectIOn and wIthdrawn by a fine pIpette Into 05% salIne Some metacercanae were ex
cysted by a dIssectIng needles then eIther staIned WIth acetIc aCId alum carmIne or staIned
WIth 1% neutral red and then examIned mIcroscopIcally
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- Detection oftrematodes
The wonns were collected from fish speCImens by wasmng and sedImentmg several tlmes
untIl they were more or less clear The sedIment was exammed and the flukes collected The
trematodes were washed m 05% salme then flattened between a slIde and a cover, fixed m
10% fonnalm for 6-12 hours then stamed WIth acetIC aCId alum carmme for 12-24 hours

- Experimental mfectlOn ofammals
WhIte mIce and rats were used as expenmental anImals Encysted metacercanae aspIrated m
o5% sahne were mtroduced carefully mto the esophagus of the anImal WIth a plastlc synnge
(ItS needle IS replaced WIth a rubber tube) About 50 encysted metacercanae were fed
smgularly to the laboratory anImals The feces of these anImals were exammed from the 3rd
day on to look for the trematode ova

Flshenes Statistics

Catch statIstICS for 25 succeSSIve fishmg seasons extendmg from 1970171 to 1995/96 were
complIed The annual catch by speCIes and group of speCIes for the penod from 1970 to 1992
was collected from two mam sources, the General Authonty for FIsh Resources Development
(GAFRD) and the General Agency for PublIc MobIlIzatIOn and Statlstlcs (CANPS) The
monthly catch records of the last four years, I e from 1992/93 to 1995/96, have been
collected from the FIshermen's CooperatIve SOCIety of Lake Qarun and from GAFRD, NIle
Valley Sector, EI Fayoum

Catch effort data, I e the number of fishmg day and number of fismng boats were complIed
from the data collected Another catch effort mdex I e numberof landmgs has been
calculated As an mdex of relatlve abundance, catch per landmg was estImated

• Biological Studies

Monthly samples of the common fish speCIes eIther from the commercIal landmgs or by
means of expenmental fishmg (dunng closed seasons) were collected The collected samples
were carefully IdentIfied and the followmg parameters were measured for each speCImen

* Total length, to the nearest rom

* Standard length, to the nearest rom

* Forked length, to the nearest mm

* Total weIght, to the nearest 0 I g

-I: Sex and matunty stage

* Gonad weIght, to the nearest 0 01 g

* Degree of stomach fullness
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• Back-calculatIOn

A few stomachs were also collected to study contents and feedmg habIts

* Gutted weIght, to the nearest 0 I g

L = a + b R
IS the total fish length (cm)

R IS the total otohth radms (mm)

a & b are constants, whose values were deternuned by the least

squares methods

Lwhere,

The back-calculated lengths at the end of dIfferent years were determmed usmg Fraser (1916)
and Lee (1920) formula as shown below

The relatIOnshIp between the otolIth radms and the total body length IS represented by the
lmear relatIOn,

Before age determmatIOn, otohths were cleaned by Immersmg them m 2% hydrochlonc aCId
and ImmedIately cleamng WIth tap water and carefully washIng them WIth dIstIlled water
OtolIths were cleared m clove 011 and exammed usmg NIkon Zoom Stereo-mIcroscope

FIsh Stomachs were collected for determmatIOn of food and feedmg behavIOrs of the dIfferent
fish specIes For age and growth studIes, both scales and otolIths were collected from each
speCImen and preserved m paper envelopes, on whIch senal number, date of capture, speCIes
and locatIOn were recorded

Monthly samples of shnmp were obtamed from the local market, these were IdentIfied and
the dIfferent specIes were separated From the external exammatIOn, dIfferent sexes were
separated and the followmg measurements were deternuned

* Total length, to the nearest mm

* Carapace length, to the nearest mm

* Total weIght, to the nearest 0 I g

• Age and Growth

Otohths were chosen for age determmatIOn of the dIfferent fish speCIes m Lake Qarun, smce
they are more relIable than any other method The advantage of usmg the otohths for gomg IS
due to theIr formatIOn dunng the embryomc stages, so they reflect all hfe hIstory events In
addItIon, each fish has otohths SImIlar m shape and thIs aVOIds the confuSIOn m the dIfferent
shape and SIze of the fish scales However, It shall be stated that otohth collectIOn reqUIres
more skIll and IS tIme-consummg compared to collectmg fish scales (Khahfa, 1995)
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or

where,

In IS the body length at the tIme when the nth annulus was fonned

L IS the length of fish at capture

R IS the radIUS of the hard part contammg the annulI

a IS the correctIOn factor whIch represent the value of mtercept of body

length/otolIth radIUS relatIOnshIp

• Length-weight relatwnship

The general power equatIOn was used to descnbed thIs relatIOn

where,

W the total fish weIght (gm)

L the total fish length (em)

a & b are constants

The parameters a and b were estImated by the least-squares method After a loganthnuc
transformatIOn the above equatIon, can be expressed as follows

log W = log a + b log

• Condltlon factors

Two measures of IndIces of 'well-bemg' or 'Pendoral mdlces' were estImated for each
specimen The first IS the Fulton's condItIOn factor (Kc)

Wx 100
L3

the second IS the RelatIve condItIon factor (~)
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The three methods used for determmatIOn ofVBGE parameters are Ford (1933) - Walford's
(1946) method, Gulland and Holt's method (1959) and Chapman's method (1961)

for wei

Wx 100
a Lb

the weIght offish (gm)

the length of fish (cm)

are the length and weIght at tIme t

are the asymptotIc length and weIght

IS the Body growth coefficIent

IS the hypothetIcal age at wmch the fish has zero length

IS the exponent oflength weIght relatIOnshIp

100 IS a scalmg factor

a & b are the constants oflength-weIght relatIOnshIp

W

L

t

K

b

where,

• Theoretical model ofgrowth

The most wIdely used Von Bertalanffy growth functIOn (VBGF) (1938) was applIed to

descnbe the growth pattern of Lake Qarun fishes VBGF IS m the form

It = L
oo

(1 - ek(t tol ) for leng

where,

• Food andfeedmg habits

Stomach fullness degree was VIsually claSSIfied by usmg five dIgIt scale, 0 for empty, I for
25% full, 2 for 50% full, 3 for 75% full and 4 for dIstended stomach

Selected full stomachs were labeled and preserved mdIvIdually m 10% formalm solutIOn
Later, the content of each gut was flushed m a petn-dlsh and exammed mICroscopIcally
Vanous food Items were sorted and IdentIfied to the lowest pOSSIble taxonomIC level,
sometImes to the speCIes level Pomt method has been applIed m stomach content analySIS

The length frequency dIstnbutIon analySIS was applIed for shnmp, and the Modal class
progreSSIOn analySIS technIque was applIed usmg FISAT computer program (Gayamlo et al,
1996)
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• Reproductive BIOlogy

Data concernmg gonad weIght and total weIght were used to determme the gonado-somatlc
10dex The latter IS calculated as a percentage of the gonad weIght ratUI to the total fish
weight, as follows

GSI = (~ ::) * 100

where,

GSI gonado-somatIc mdex

G wt gonad weight (0 01 g)

T wt total fish weIght (0 1 g)

Length and age at first sexual matunty was determmed graphIcally as the length at whtch
50% ofthe fish reach sexual matunty (Lso%)

• Management

• PopulatIOn structure

Length frequency dIstnbutlOn for the dIfferent sexes were used m determmmg sex ratIO, age
length key and age compositIOn

Total mortahty coefficient "Z" was estImated by means of the followmg methods

For the dIfferent fish species, analysIs of catch curve based on age compositIOn data
(Chapman and Robson, 1960 and RIchard, 1975) whIch IS mamly apphed for determImng
survIval rate as shown 10 the follow1Og equatIOn

TS = ------
[IN + T - 1]

I
•

where,

and

T = N I + 2n2 + 3N3 +

I.N=N +N\ +N2 +

Denoted that, the succeSSIve age groups coded from 0 to X, where zero IS attnbuted to the
first fully recruIted age group

As,

where, S the survival rate



then,

Z total mortalIty coefficIent

z = - In 5
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(Gulland, 1971)

S3 ]
Z + 3k

3S2

Z + 2k

W IS the mean total observed weIght m gram

y / = F e M (t e t r ) W [~
IR <Xl Z

F FIshmg mortalIty coeffiCIent

M Natural mortalIty coefficIent

Z Total mortalIty coefficIent

tc age at first capture

where,

For shnmp, analysIs of lInear catch curve based on length composItIOn data was applIed
(Pauly, 1983)

Natural mortalIty coefficIent (M) was determmed usmg the equatIOn proposed by Ursm
(1967) In thts method the natural mortalIty coefficIent can be calculated as a decreasmg
functIOn ofbody weIght,

Z =F +M

where,

The explOltatIon ratIO (E) IS estImated from the equatIOn

E = F
F +M

FIshing mortalIty coefficIent (F) was sImple subtractIOn of the value of M from that of Z,
SInce,

• Yieldper recruit

Beverton and Holt (1957) Yield per recruIt model was applIed to calculate yIeld per recruIt for
the dIfferent fish speCIes III Lake Qarun, as a functIon of natural mortalIty coeffiCIent and age
at first capture The formula suggested by Gulland (1983) as a SImplIfied form of Beverton
and Holt model was used The formula was

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



tr age at recruItment

K, Loo and to Von Bertalanffy growth parameters

Length at first capture (IJ IS determmed from the length frequency dlstnbutlOn usmg the
method of Caddy (1982) Then, the length converted to age usmg the followmg
rearrangement ofVBGF,

The length at recruItment (Ir) was chosen as the smallest fish length appeared m the catch
Then, age at recruItment (1.) was determmed by the above equatIOn

RelatIve yIeld per recruIt (Y'/R) as well as RelatIve bIOmass per recruIt (B'/R), were
esnmated on the baSIS of Beverton and Holt's Model of 1966, modIfied by Pauly and Sonano
(1986) for the dIfferent fish specIes The followmg forms were used,

Yh = E U~ {I _ 3 U + 3 U
2

_ U
3

}

R 1 + m 1 + 2m 1 + 3m

where,

U = 1 - (XJ
m = ( 1 - E) (~) = ~

E = %

The computed form of relatIve bIOmass per recruIt IS
= (YX)

F
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RESULTS

Environmental ConditIOns

* Meteorologlcal parameters

- Net solar radzatlOn

The monthly vanatIOns of net solar radIatIOn In the study area are gIVen In FIg (2) Net
radIatIOn showed a gradual Increase from January 1996, reachIng the maxImum value of
2419 W m 2 In June 1996, Its millimum beIng 5305 W m 2 In December 1996 The annual
average radIatIOn ofLake Qarun area In 1996 amounted to 148 3 W m 2

- Azrpressure

The aIr pressure of the lake area IS Inversely proportIOnal to aIr temperature Therefore, Its
values fluctuated between a maxImum of 1,022 19 mb m December and a mllllmum of
1,011 81 mb In July (FIg 3)

- Wmd condztlOn

• WmdSpeed

As shown In FIg (4), there IS a general decrease dunng wmter months (January & December)
when Its values were 2 6 and 2 11 m sec 1 , respectIvely The maxunum WInd speed 5 4 m sec
1 was recorded m

• Wmd gust and dzrectlOn

The results ofwmd gust and dIrectIOn are shown m FIg (5) The contInuous records of these
parameters began m January 1996 after mstallatIOn the weather statIOn The most dommant
WInd dIrectIon In the lake regIOn IS northwest (NW), except m WInter (January and
December) when Its dIrectIOn IS northeast (NE) The wmd gust showed a gradual Increase
from January, reaclung the maxImum of 8 89 m sec I, m June ObVIOUS gradual decrease
started In July and reached ItS mimmum of3 7 m sec I, In December

- Relative humzdzty

Lake Qarun bes In hyper and area, the relatIve humIdIty reaches ItS maxImum value of
58 76% In December (FIg 6), ItS average value IS 48 8% The relatIve humIdIty In the lake
area IS dIrectly proportIOnal to aIr pressure and mversely related to WInd speed
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Fig (2) Net RadiatIon
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Fig (5) Wuui Duectwn & Gust In Lake Qarun
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I
- Evaporahon rate I
The evaporatIon rate IS drrectly proportIOnal to arr temperature Its values fluctuated from a
maxnnum of 28 4 cm month 1, m August to a mmnnum of 4 1 cm month 1, m December, wIth
an annual overage value of 16 78 cm month 1 (Fig 7)

-Ram Fall

The precIpItatIon pattern Wlthm the lake area IS shown m FIg (8) ThIs parameter was
recorded m 1996, after mstallatlOn the weather statIon m January 1996 The preCIpItatIOn m
the lake was recorded m March, Apnl and May 1996, Its values were 0 28, 0 Oland I 8 mm,
respectIvely

PhyslCo-chemzcal parameters

- A,r & Water temperature

The monthly mean VarIatIons of arr & water temperature for the sampbng statIOns for three
successive years (1993 - 1995) are shown m FIg (9) In 1996, arr & water temperature were
recorded by the weather statIOn whIch was mstalled on the lake m January

The hIghest absolute water temperatures recorded m the lake occurred m June 1993, m
August 1994 & 1996 and m July 1995 The lowest absolute temperatures were all recorded m
January, except one record m December 1995 In general, water temperatures followed the
correspondmg arr temperatures

- Depths and Secchz dISC

The monthly average depths of the lake are shown m FIg (10) The greatest depths were
recorded m wmter, except m 1995 & 1996 when the maxnnum depth occurred m late autumn
and summer, respectIvely Dependmg on the annual average depths, the mmnnum value of
4 02 m was recorded m 1994 and the maxnnum of4 33 occurred m 1996

The SecchI dISC readmgs dISplayed therr maxnnum values of 0 68 and 0 97 m m autumn 1993
& 1994, respectIvely In 1995 & 1996, the maxnnum SecchI dISC values of 0 83 & 0 8 m were
recorded m summer In general, the SecchI dISC dId not reach the bottom, thIs reflects the htgh
turbIdIty of the lake water Smce the depth of euphotIC zone IS calculated by multIplymg the
SecchI dISC value by a factor 5 4 at most statIons, the data mdlcated that the euphotIc zone
does not extend to the bottom. ThIs IS true when the calculatIons are made usmg the monthly
average SecchI dISC values, wh11e the actual SItuatIon m the lake IS the eXIStence of euophotIc
and aphotIc zones at the deep statIons only Ie> 4m

- Turbwlty ( NTU)

The turbIdIty data are presented m FIg (11) The results mdIcate that the turbIdIty of the lake
water had sigruficantly mcreased m 1996, wh11e ItS least values were recorded durmg 1994
The range and annual average turbIdIty values recorded durmg the four succeSSIve years of the
project are summanzed as follows

122





I

Fig (9] AIr & Water temperature
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FIg (14) Electrical Conductivity
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In 1993, Its values ranged from 1275 NTU m April to 4625 NTU m September, the annual
average value was 26 54 NTU In 1994, a severe drop m turbIdIty was observed, Its values
fluctuated from a maxmmm of 29 64 NTU m May to a mmImum of 13 21 NTU m October,
wIth an average value of 2005 NTU In 1995, a shght mcrease m turbIdIty was recorded, Its
values ranged between 53 22 NTU m November and 1453 NTU, m February, WIth an annual
average value of 23 45 NTU In 1996, the hIghest turbIdIty values were recorded, they vaned
from 54 6 NTU m December to 1696 NTU m October, WIth an annual average value of 33
NTU

• Hydrogen Ion Concentratzon (PH)

The pH values of Lake Qarun water durmg the four succeSSIVe years (of thIs project) are
shown m FIg (12)

The results mdIcated a small vanatIOn m the pH values In 1993, these values ranged between
a mmnnum of 793 m November, and 8 84, m April, WIth an annual average value of 833 A
shght decrease m pH was observed m 1994 when ItS values vaned from 8 09, m December to
834 m November, WIth an annual average value of 823 In 1995, maxnnum pH values were
observed therr levels changed from 82, m January to 863 m June, while Its annual average
value was 84 In 1996, the pH values fluctuated from 8 03 m June to 87, m December, WIth
an annual average value of 8 32

• Salznzty ( S%o)

The monthly vanatIOns of water salmIty m Lake Qarun are presented m FIg (13) The hIghest
salmIty was recorded m autumn and late summer, while the lowest values occurred m sprmg
and late wmter The data showed a clear mcrease m water salmIty durmg the project's penod
In 1993, salmIty values vaned from a maxnnum of 37 67'(;0 m December to a mmImum of
31 74'to m Apnl, WIth an annual average value of 34 0&0 In 1994, ObVIOUS mcrease m salIruty
was observed and Its values ranged between 407'to, m August and 35 &0, m January &
February, WIth an annual average value of 3779%0 In 1995, more mcrease m salmIty was
recorded Its levels fluctuated from 42 7%0, m October to a mmImum of 36 49%0 , m March, WIth
an annual average value of 38 72'to In 1996, the hIghest salmIty was recorded m the lake
compared to the data of the precedmg years, m that year Its values ranged between 4531%0, m
September and 37 64'(;0, m March, WIth annual average value of40 93'(;0

• Electrzeal conductzvlty (EC)

The EC values of the lake are shown m FIg (14) The readmgs were relatIvely hIgh m summer
and sprmg seasons In 1993, the electncal condUCtIVIty ranged between a maxnnum of 4376
m mhos m September and a mmImum of 27 61 m mhos Cm 1 m December In 1994, EC values
ranged between a maxnnum of 47 1 m mhos Cm 1 m June and a maxnnum value of 28 84 m
mhos Cm-1 m December Durmg 1995, the EC levels varIed from 50 79 m mhos Cm I, m
August to 2599 m mhos Cm I m January In 1996, substantIal mcrease m EC-values was
observed, WIth values tluctuatmg between 533 m mhos Cm I October and 4375 m mhos Cm
1 The results revealed a sIgruficant gradual mcrease ill EC dunng the project's penod, Its
annual average values were 35 12 m mhos Cm I ill 1993, 3659 m mhos Cm 1 m 1994, 41 85
m mhos em 1 ill 1995, and 47 69 m mhos Cm 1 ill 1996
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• DlSsolved Oxygen ( DO)

DIssolved Oxygen m the lake water ongmates from the atmosphere and through the process of
photosynthesIS The results of DO are presented m and FIg (15) The data reveal that the DO
m the surface water was always hIgher than the values m the bottom layer

In 1993, the DO values vaned from 587 to II 01 mg L 1 at the surface, and from 493 to 876
mg L I, m the bottom water The annual average values were 7 88 and 6 38 mg L 1 for the
surface and bottom layers, respectIvely

In 1994, a slIght decrease m DO was observed m both surface and bottom waters The DO
values ranged between 8 83-6 19 mg L 1 and 6 79-4 57 mg L 1 for surface and bottom layers,
respectIvely The annual average values for the two layers amounted to 7 12 and 5 59 mg L 1

In 1995, DO showed a slIght decrease compared to Its level m the precedmg year The values
fluctuated from 839 to 425 mg L 1 and 772-269 mg L 1 for surface and bottom waters,
respectIvely Its annual average values for the two layers were 6 89 and 5 81 mg L I

In 1996, the hIghest DO values were recorded and Its concentratIOns vaned from 10 88 - 6 1
mg L I , m the surface and from 7 77-4 29 mg L 1 , ill the bottom layer Its annual average
concentratlons amounted to 8 5 and 6 29 mg L I for surface and bottom layer, respectIvely

• ChemIcal Oxygen Demand (COD)

The results of COD, shown m FIg (16), mdtcate that there was a narrow fluctuatIon range,
except m 1994 when notIceable drop concentratIOn was observed Its VariatIOns durmg the
mvesugatIOn penod can be gIven as follows

In 1993, COD concentratIons varIed from a maxnnum of 25 04 mg Lim January to a
rrurumum of 844 mg Lim October, WIth an annual average value of 15 78 mg L 1

In 1994, a severe drop m COD was observed, Its values ranged between 15 79 mg Lim
October and 6 46 mg Lim December, Its annual average level was 11 85 mg L 1

In 1995, COD levels had mcreased and vaned from 21 09 mg Lim November to 6 16 mg L 1

m January, WIth annual average value of 14 98 mg L 1

In 1996, the hIghest COD values were recorded, Its concentratIons ranged between 21 86 mg
Lim May and 9 73 mg Lim June Its annual average concentratIon was 17 04 mg L 1

• Alkalzmty (C03
2 & HC03 )

AlkalmIty (C03
2 & HC03 1) data are shown m FIg (17) BIcarbonate concentratIons were

always much hIgher than the correspondmg C03
2 values In the first year (1993), a severe

drop ill both C03 2 and HC03 was observed compared to the data recorded m subsequent
years
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In 1993, alkaI1ru.ty values vaned from 243 5 to 37 35 mg L 1 , for HC03 and from 102 97 to
2863 mg L 1, for C03

2 The annual average HC03 & C03
2 concentratIons were 14207 &

5893 mgL 1

In 1994, a sharp mcrease m alkalmIty was observed and Its values vaned from 37962 to
137 19 mg L \ for HC03 1 and from 103 56 to 43 56 mg L 1, for C03

2 The annual average
HC03 & C03 2 concentratIOns were 19792 & 7136 mg L 1

In 1995, HC03 decreased, however, the phenomenon was reversed for C03
2 TheIr levels

fluctuated between 284 and 12944 mg L 1 for HC03 and between 118 67 and 65 78 mg L 1,

for C03 2 TheIr annual average concentratIOns were 191 18 and 89 59 mg L 1

In 1996, a slIght mcrease m HC03 assocIated WIth a decrease m C03
2 was observed TheIr

levels vaned from 2424 to 14578 mg L 1, for HC03 and from 112 to 60 8 mg L 1, for C03 2

Nutnents

- Nztrogen

• Ammonza - N ( NH,,-N)

Ammorua rutrogen (ammorna NH3 + ammornum NI4) IS the soluble product m the anaerobIc
decompoSItIon of rutrogenous organIC matter It IS also formed when rntntes and rntrates are
reduced eIther bIOlogICally or cheIDlcally The proportIOn of NH3 and~ depends on the pH
and temperature Smce the maXlIllUID pH dId not exceed 8 8,~ IS the dommant component
(FIg 18)

For~ Its concentratIOn m the first year was sIgmficantly hIgher than the correspondmg
values m the followmg years On the other hand, the N~-N values seem to have stabilized m
the last two years The most mterestmg findmg was the mcrease m NI4-N concentratIon
durmg summer, when It reached Its maxImum m all years, except m 1994 when the hIghest
~ -N was recorded m wmter The annual average~-N concentratIOns were, 11959 Jlg
LIm 1993, 71 61 Jlg L 1 m 1994,5427 Jlg L 1 m 1995 and 57 74 Jlg L-I m 1996

• Nztnte (N02-N)

NItnte IS an mtermedIate product of ammorua and also an mtermedIate form m the de
rutrIficatIon process from mtnte to rutrogen gas The mtrate data revealed a sharp decrease
dunng the project's penod TheIr values were much lower than correspondmg NI4-N and
NH3-N (FIg 18)

In 1993, N02- N levels varIed from 1471 - 1 32 Jlg L \ WIth an annual average value of 738
ugL 1

In 1994, a slIght decrease m N02-N was observed, Its concentratIon ranged between 2773
and 1 74 pg L 1, WIth an annual average level of 6 78 pg L-I
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In 1995, N02-N had sigruficantly decreased, Its values reached a concentratIOn of 13 2-261
l1g L 1, With an annual average concentration of446 pg L 1

In 1996, a severe drop m N02-N concentration was recorded Its values changed from 8 18 
o7 pg L 1, With annual average concentratIOn of 2 6 pg L 1

• Nztrate (NOrN)

NItrate IS the end product of the stabilization of the orgaruc mtrogen wluch occurs through
aerobic bIOCherntcal processes Nitrate concentratIons showed a gradual mcrease durmg the
fIrst three years The hIghest concentrations were always recorded m summer, except m 1996,
when the maxunum value occurred m early autumn (Fig 18) The range and average N03-N
values recorded durmg the four years can be sumrnanzed as follow

In 1993 N03-N values fluctuated between 225 54 and 11 57 pg L 1 with an annual average
value of72 72 pg L 1

In 1994 considerable mcrease m N03-N was observed, Its levels ranged from 1877 to 21 3 pg
L I, with an annual average value of 100 36 pg L 1

In 1995 a sl1ght mcrease m N03-N was recorded, Its values vaned between 222 74 and 27 37
pg L 1, the annual average value was 105 85 Jig L 1

In 1996, a substanual decrease m N03-N was observed, Its concentratIon vaned between
25339 and 13 45 Jig L 1, the annual average value was 61 21 pg L I

.Orgamc-N

Orgaruc mtrogen compounds are usually found m natural waters m two forms, namely
dissolved orgaruc rntrogen (DON) and particulate organIC mtrogen (PaN) In Lake Qarun,
paN concentratIOns are much lugher than the correspondIng DON (FIg 19) Both paN and
DON were clearly hIgh durmg the fIrst two years and sharply decreased m the last year Therr
range and annual average values are given below

In 1993 therr concentratIOns vaned between 828 and 1 03 mg L I for DON, and from 9 3 to
3 79 mg L I for paN, with annual average values of 3 57 & 6 02 mg L 1, respectively

In 1994 therr values fluctuated from 7 13 to 1 13 mg L 1 for DON, and from 11 18 to 264 mg
L I for paN, therr annual average levels were 2 9 & 6 22 mg L I, respectIvely

In 1995 a slIght mcrease ill DON and a marked decrease m paN were observed Therr
concentratIOns ranged from 5 22 to 1 31 mg L 1 for DON and from 5 87 to 1 79 mg L I for
paN, with annual average values of 3 53 & 3 91 mg L I, respectIvely

In 1996 slgrnficant decrease m the two orgaruc mtrogen fractIons was observed, therr levels
ranged from 3 63 to 0 58 mg L 1, for DON and from 5 18 to 0 94 mg L I for PON The annual
average values were 2 05 & 2 57 mg L I, respectIvely
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- Phosphorus

Dunng tlns mvestlgatIOn the phosphorus compounds were orthophosphate (P04-P) and
orgamc phosphorus (OP) (Fig 20) In general, the concentratIOn of orgamc phosphorus was
much hIgher than the correspondmg P04-P values The range and annual average P04-P & OP
values are given as follows

In 1993 the hIghest P04-P values and the least OP levels were recorded durmg tlns year TheIr
concentratIons changed from 192 8 to 13 51 f.1g L-1 for P04.P, and from 15929 to 19 16 f.1g L
1 for OP, with annual average values of 54 92 & 67 98 f.1g L I, respectIvely

In 1994 a substantIal decrease m P04-P and a shght mcrease m OP were observed, theIr values
fluctuated between 5583 and 6 98 f.1g L 1 for P04-P, and from 13491 to 2745 J.lg L 1 for OP,
wIth annual average values of 24 73 & 7461 f.1g L I, respectIvely

In 1995 the level of P04-P was more or less slIDllar to the precedmg year, while the OP
concentratIon had sIgmficantly mcreased TheIr concentratIons vaned between 63 56 and
1229 f.1g L 1 for P04-P, and from 2853 to 3476 f.1g L 1 for OP, with annual average levels of
25 69 and 97 13 f.1g L I, respectIvely

In 1996 a notable decrease ill P04-P and OP values was observed, theIr values ranged from
3499 to 5 14 f.1g L 1 for P04-P, and from 104 55 to 4396 f.1g L I, annual average values of
13 11 & 71 96 JIg L I, respectIvely

- Szlzeate (SZ03 - Sz)

Silicate concentratIOns showed narrow fluctuatIons espeCIally the last two years (FIg 21)

In 1993, Its silicate values ranged between 11 63 and 3 63 mg L 1 wIth an annual average level
of 7 48 mg L 1 A shght mcrease m Its concentratIOns was observed m 1994 when It vaned
between 16 4 and 5 98 mg L 1 wIth an average value of 8 67 mg LIOn the other hand,
silicate concentratIon m the last two years (1995 & 1996) was more or less the same, the
annual average concentratIons for the two years were 6 73 and 6 95 mg L 1

- Sulfate (S04 2
)

The results presented m FIg (22) showed the monthly vanations of S04 2 m the lake durmg
the four succeSSIve years of the project Sulfate concentratIOns were sIgmficantly hIgh durmg
1993 & 1994 compared to the values recorded m 1995 & 1996

In 1993 504
2 concentratIOns varIed between a mmImum value of 299 34 mg Lim January

and a maxnnum of 1121 73 mg Lim October, wIth an annual average level of 80821 mg L 1
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A slIght mcrease m 504 2 concentratIon was observed durmg 1994 when Its concentratIon
ranged between 272 22 and 105667 mg L 1, WIth an average value of 834 14 mg L 1

A marked decrease m 504 2 concentratIon was recorded durmg 1995 & 1996 the average
value were 307 7 and 336 99 mg L I, respectlvely

_Hardness (Ca+2 & Mg+2
)

The hardness of the lake water IS mamly due to Mg rather than Ca (FIg 23) The results
obtamed durmg thIS study are summarIZed as follows

In 1993 Ca+z & Mg+z values varIed between 4,80368 and 781 60 mg L 1 for Ca and between
5,6865 and 4,191 03 mg L I for Mg, wIth annual average values of 1,49456 & 4,927 64 mg
L I, respectlvely

In 1994 thelT values were more or less surular to the precedmg year, and thelT concentratIOns
changed from 2,215 35 to 1,12222 mg L I for Ca and from 6,888 56 to 3,311 93 mg L I for
Mg, with annual average concentratIons of 1492 85 & 4930 45 mg L I, respectlvely

In 1995 Ca & Mg concentratIOns had sIgruficantly illcreased, therr values ranged between
3,66985 and 1,61882 mg L I for Ca, and between 5,983 07 and 4,718 11 mg L1 for Mg, wIth
annual average values of2,331 09 & 5,50588 mg L 1

In 1996, a substantIal decrease ill Ca occurred, however the reverse was true for Mg Cavalues
varIed between 2,692 38 and 1,010 45 mg L 1 for Ca and from 8,101 8 and 4,986 5 mg L I for
Mg, WIth annual average concentratlons of Ca and Mg were 1,902 77 & 5,983 33 mg L I,

respectlvely

- SodlUm and Potasslum (Na & K)

SodlUm concentratIons ill Lake Qarun were much htgher than the correspondillg K levels
ThelT concentratIons showed very narrow VarIatIOns durmg the mvestIgatIon penod, except m
1993 when thelT values were slIghtly lower than ill the followmg years (FIg 24)

The annual average values of Na m 1995 varIed from 3 36 g L I ill 1993 to 3 88 g L 1 and from
o4 g L I ill 1993 to 0 44 g LIm 1995 & 1996 for K
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SEDIMENTS

- Mechamcal AnalysIS

The results shown m FIg 25 mdlcate that Lake Qarun sedIments consISt of clay, silt, fine and
coarse sand Therr dlstnbutIon reveal great VarIatIOns between statIons For mstance, ill the
eastern regIOn, the percentage of clay, silt and coarse sand were hIgh, whIle the fine sand
constItuted mmor fractIons At the rruddle statIons, coarse sand compnsed the major fraction
reaching a maxJn1um of 55 91 % at statIon 10 Movmg from the rruddle regIOn westward, fine
sand slgnrficantly mcreased and reached the hIghest percentage of 49 56 at statIon 15 In the
western regIon, clay silt and fine sand constItuted the major fractIons In general, the
mechanIcal propertIes of the lake are mam1y clay loam (40 9% of the statIons), and sandy loam
(409%), whIle the loam and sand were found to be 182% of the samplIng statlons, formmg
24% & 23%, respectlvely The least partIcle SIZe (> 0 5 rom) constItuted 10 5%

In the eastern regIOn of the lake that hes under the mfluence of EI-Bats Dram, 0063 mrn
partIcle constltuted an Important fractIOn, compnsmg > 41 9%, followed by partIcle SIZe 0 138
rom that constItuted 28 9% On the other hand, partIcle of> 0 5 rom sIZe was the least fractIon
and formed 14% (Table 1)

In the mIddle regIOn, the partIcle of> 0 138 mm SIZe constItuted the major fractlon (33 2%) ,
followed by partIcle SIZes> 0068 and> 0125 rom

In the western regIon, the coarse partIcle of> 1 rom SIZe was recorded and formed 06%,
whIle the major component was partIcle of> 0 138 rom SIZe, constItutmg 28% On the other
hand, partIcles of> 0 25, > 0 125, > 0063 and> 0 38 rom SIZes varIed Wlthm a narrow range
and comprIsed 163, 175, 15 1 and 145%, respectIvely

The drams sedIment IS charactenzed by the presence of coarse partIcles of > 2 and > 1 mm
SIZes, they constItuted the least percentages of> 0 I and I 3% The partIcle of> 05 rom SIZe
constItuted 13 I%, whIle partIcles of> 0063 SIZe were the dommant component, formmg
201%

• ChemIcal properties ofthe sedIment

The results are shown m FIg 26 and can be summarIZed as follows

.pH

The quarterly vanatlons m the pH of Lake Qarun sedIments mdIcated that therr readmgs were
always on the alkalIne SIde (1 e > 7) pH values vaned between a mInlffium of 796 m summer
and a maxunum of 9 22, m sprmg
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Table (1) Chemical chal actenstlcs of Lah:e Qarun's sediments

Site MOlsture% TOM% TP BlOavaIlable P TKN TON TC

East 344 6 1 195 195 1247 8 1 037 2801

Mtdlle 449 83 255 255 1536 1 0836 48581

West 447 94 525 525 23343 1 2925 6 1996

Drams 34 62 165 165 1084 1 06215 26974

TOM Total Organic Nitrogen

TP Total Phosphorus

TKN Total KJekldahl Nitrogen

TOC Total Organic Carbon

TC Total Carbon (Organic & Inorganic)
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Fig (25)· Percentage of SIZe fractIOns
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Table (2)' Gram size of different Lake regIOn's sedIments

SIte >4m% >2m% >lm% >05m% > 0 25 m% > 0125 m% > 0063 m% > 0 138 m% > 0 38 m%

East 0 0 0 1 40 950 10 00 41 90 2890 830

Mldlle 0 0 0
I

1 50 1000 2300 2400 3320 830

West 0 0 06 800 1630 1750 15 10 28 00 1450

Drams 0 o1 1 30 13 10 1650 13 90 20 10 1970 1530

-~-~-----~---~-----
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• Organu: matters (OM)

The orgamc matter percentage m the sednnent showed narrow vanatIOns, Its percentage
values vaned from a mInImum of 3 38% m autumn to a rnaxunum of4 01%, m sprmg

• Electncal conductlvzty (EC)

The EC values of the lake sednnents mcreased durmg sprmg and summer seasons, theIr values
ranged between 11 86 m mobs Cm 1 m wmter and 13 64 m mohs Cm 1 m summer

• Amons

The amons of Lake Qarun sedIment were dommated by CI I followed by S04 2, whIle the least
amon was HC03

• Sulfate (SO/)

NotIceable mcrease m S04 2 concentratIOns was observed durmg wmter and summer seasons
TheIr values vaned between 7 46 m. equ /100 g SOll m sprmg and 9 62 m. equ 1100 g SOll m
wmter

• Chlonde (Cr1
)

The concentratIOn of the major amon m the sednnents vaned from 27 62 m. equ 1100 g SOll m
sprmg and 612 m. equ/100 g soil m wmter

• Bu:arbonate

HC03 I exlnbIted narrow vanatIons wIth abnormal mcrease m summer when HC03 I value of
247 m equ 1100 g SOll was reached Its least concentratIon of 095 m. equ 1100 g soil
occurred m autumn

The sedIment data presented m Table (1) showed the chemIcal charactenstIcs of the eastern,
mIddle and western regIOns of the lake as well as the two roam drams

• MOlSture

The mOIsture contents of sednnent samples of the eastern regIOn of the lake and drams were
more or less sImIlar bemg 344 and 340%, respectIvely In the meantIme, the percentage
mOIstures of the mIddle and western regIons were 44 9 & 44 7%, respectIvely

• Total organu: matters ( TOM)

The percentage orgamc matter ill the sednnent mdIcated that Its value m the western regIOn
was 94%, whIch was much hIgher other regIOns The lowest levels of orgamc matters (6 1 &
62%) were found m the eastern regIOn and drams, respectIvely
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• Total carbon

The total orgamc and morgamc carbon content m the dJiferent regIons and m the drams varIed
from a muumum value of 2 6974 mg k 1, m the drams to a maxunum of 6 1996 mg Kg I found
m the western regIOn

• Total orgamc carbon ( TOC)

The total organIC carbon m the western regIon of the lake (I 2925 mg kg 1) was lugher than at
any other regIon, the least value occurred m the drams (Table I)

• Bzo-avazlable phosphorus

The lughest blO-avarlable phosphorus value, 52 5 mg kg 1, occurred m the western regIon,
whtle Its lowest concentratIon of 165 mg kg I was recorded m the dram's sedunent (Table 1)

• Total /(]eldahl mtrogen

TKN was slgmficantly lugh m the western regIOn (2334 3 mg kg 1) compared to the other
mvestlgated SItes, the least concentratIon (1084 I mg kg 1) occurred m the drams
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POLLUTANTS

- Organo-chlonne

The chlonnated pesticIde resIdues were determmed m the lake sedIments as well as m the two
drams Before presentmg the resIdual measurements, It IS Important to dIscuss the reasons for
analyzmg these organo-chlonne pestICIdes The InformatIOn and standards of commonly used
chlonnated pestICIdes at Fayoum Governorate were receIved from the El-GlZa Seed and
HerbICIde SUbSIdIary of Kato & AromatIC The company has all the InformatIOn about the
pestiCIdes used m the drfferent EgyptIan Governorates It has a well-eqUIpped laboratory
establIshed and operated m collaboratIOn wIth German experts

The results presented m FIg (27) mdIcated that 17 organo-chlonne pestICIdes are WIdely used
at the Fayoum Governorate TheIr seasonal vanatlons m the lake sednnent showed that of
these pestICIdes 11 were found m relatIvely the hIgh concentratIOns In summer 1995,
heptachlor epIOkIde, methoxychlor, qumtozme, ortho, para DDT and BHC-Beta were found m
hIgh concentratIOns of 2494, 2026, 1692, 15 58 and 12 84 J1.g Kg 1, respectIvely The other
pestICIdes were recorded m low concentratIons

In autumn 1995, sIgmficant mcrease m pestICIdes was observed, theIr concentratIons (m J1.g
kg 1) were 9089 Alpha-Endosulfan, 64 05 Ortho, Para DDT, 40 17 Alpha- chlordan, 4205
Quantozme, 12 88 Heptachlor EpIoXlde and 11 86

In wmter 1996, the maID pestICIde reSIdues found m the sedIments and theIr concentratIons (m
J1.g kg 1) were 78 16 BHC-Beta, 4298 Alpha-Chlordan, 37 19 Heptachlor EpIoXlde, 2333
Beta-Chlordan, 1740 Qumtozene, 1806 Methoxychlor, 16194,4-DDD and 1480
Heptachlor

In sprmg, summer and autumn 1996, a sharp declIne m the pestICIde reSIdues was observed m
Lake Qarun's sedIments ThIS was mamly due to the applIcatIOn of bIOlogICal control for
agncultural pests not only ill the Fayoum Governorate but also m other Governorates The
roam pestICIdes recorded durmg thIS peflod were Methoxychlor, 4,4 DDD, Ortho Para DDT,
Endrm, Heptachlor EpIoXlde, and Qumtozme

- HEAVY METALS

• In Lake Water

Heavy metal analyses m lake water and sedIment began m wmter 1996, after purchasmg the
AA-Spectrophotometer (Perkm EI-Mer 3110 eqUIpped WIth GraphIte Furnace Model HG600,
as well as Hydnde umt Hg-20), from the project's budget

The results of heavy metal analyses m the water and sedIments are gIven m FIg (28)

The heavy metals measured ill lake water were Hg, Cu, NI, Co, Fe, Cd, Ph, Mn, Zn and Cr

In wmter 1996, the most Important metals m lake water and theIr concentratIOns (m J1.g L 1)
were Fe, 430 75, NI, 184, Co, 15833 and Zn, 15767 In sprmg 1996, ObVIOUS mcrease m Co
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and Mn was observed, wlule the other metals had decreased In summer 1996, the heavy metal
concentratlons had sIgmficantly decreased, except Zn and Fe when theIr concentratIons
mcreased In autumn 1996, ObVIOUS mcrease m Fe, Co, Zn and Cu concentratIon was
observed

• Heavy metals m sedzments

The heavy metals m lake sednnent are charactenzed by the dommance of Fe Its
concentratIons fluctuated between a nurumum of 90 27 mg kg I m wmter and a rnaxnnum of
147 57 mg kg I, m sprmg The less nnportant metals, based on theIr maxnnum concentratIons
m mg kg', were Cr, 10 14, Zn, 843, NI,7 83, CO,7 27, and Mn, 6 07 mg kg I It IS
noteworthy that the mdustnal actIvItIes m the Fayoum Governorate are very hrmted, there IS
no other sIgmficant source of mdustnal effluents dIScharged mto the lake eIther dIrectly or
through the drams

BIOLOGICAL PARAMETERS

- Phytoplankton

• Standmg Crop

The phytoplankton commurutles m Lake Qarun are represented by SIX classes, namely,
Bactllanophyceae, Dmophyceae, Cyanophyceae, Chlorophyceae, Euglenophyceae and
Cryptophyceae

The standmg crop of the total phytoplankton as well as the populatIOn denSIty of each class
and theIr monthly vanatIOns are presented m FIg (29)

The results clearly showed substantIal decrease m the phytoplankton standIng crops durmg the
mvestlgated penod The htghest standmg crop of 2,66373 X 103 cells m 3, was recorded m
1993, whereas the least value was 1,10675 X 103 cells m 3 These figures depend on the
annual average values

ConspiCuoUS phytoplankton peaks were observed sprmg 1994 & 1996 and ill summer 1993 &
1995 On the other hand, the mmor peaks were recorded m wmter 1993, summer of 1994 &
1996, and sprmg 1995 The major phytoplankton peaks are mamly due to outburst of dIatoms,
except m summer 1993 when the dmoflagellates were the maID dommant class In general, the
flounshmg of dmoflagellates was always observed m summer seasons, except m 1994 when
theIr htghest densIty occurred m early autumn

The percentage abundance of dIfferent phytoplankton classes durmg the mvestIgatlon penod IS
shown m FIg (30) The results revealed a slgruficant gradual decrease m percentage
abundance of BacillarIOphyceae durmg the 4 successIve years Its percentage abundance vaned
from 6632%, m 1993 to a mmunum of 53 1% m 1996 In contrast, the abundance of
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Dmophyceae has mcreased from 34 1% m 1993 to a maxnnum of 4646% m 1996
Cyanophyceae, has also mcreased from 0 45% m 1993 to a maxnnum of 1 27% m 1996
Chlorophyceae, winch were less represented, theIr abundance has also mcreased from a
mmnnum of 0 13% m 1993 to a maxunum of 0 18% m 1996 Green algae were usually found
at the d1schargmg pomts of the two mam drams mto the lake
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FIg {29} Total Phytoplankton
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-------------------
Fig (31) The vertIcal & temporal variations of ChI a at the 3 hydro-stations
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Fig (30) Percentage abundance of different phytoplankton class
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The hst of phytoplankton specIes recorded In Lake Qarun dunng the penod from 1993 •
1996 IS presented as follows

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1 BacIllanophyceae

Achnanthes kolbez

A lanccolata var rostorata

A lanceolata

A longzhes

Amphzprora paludosa

Amphora coffeoformzs

A ovalzs

AstenonellaJaponzea

Baczllana paradoxa

Bzddulphza rhombus

B sp

Campylodzscus echenezs

C sp

Chaectoceros sp

Clzmacosphenza monzlzgera

Cocconezs lmeatus

Cocconezs placentula

C scutellun

Coscznodzscus excentncs

C lmeatus

C granuzz

Crammatophora manna

Cyclotella glomerata

C Kutzzzngzana

C menghmzana

C ocellata

Cymbella helvatzca

C lanceolata

Nztzchza recta

N angulans

N apzeulata

N clostenum

N fontzcola

N frustulum

N frustulum var perpuszlla

N kutzzzngzana

N [zneans

N mzerocephala

N palea

N szgma

Nztzschza sp

N thermalzs

N thermalzs var mznor

N trybzonella

Opeophora martyz

Plagwgramma vanheurcla

Pleuroszgma delecatulum

P salznarum

Stephanodzscus aegyptzacus

S astena

Sunrella ovata

Syndera ulna

S fulgen

S ulna var longzssma

Thalasszonema nztzschzodes

T fraunfeldzz
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Cymbella sp

Dzplonezs mterrnpta

Fragzllana construens

Gomphonema ollvaclUm

Gomalax monocaanpha

Grammatophra manna

NavUlula cryptocephalus

NavUlulasp

N alpzna

N cancellata

N capltata

N lyra

2- Dmophyceae

Dlplopsalzs lenhculata

Exuvlella apora

GonUlulax monocantha

Gomaulaxsp

Gymnodlmum smlle

3- Cyanophyceae

Lyngbyasp

Mensmopedza punctata

OClllatona bonnemazsonu

o agardhzz

o carollmae

o formosa

4- Euglenophyceae

Euglena sp

5- Chlorophyceae

Scenedesmus quadncauda

S dlmorphus

Tnceranum untedliuvUlnum

Gyroszgma accumlnatum

Hanzschza amphwxys

Lzchmophora abbrevzata

L flabellata

Mastoglza brunn

Meloszra granulata

M momlliformzs

Gymnodzmum sp

Hermeczum adnahcum

Monassp

Perullmum sp

Prorocentrum mzcans

o margantifera

Osclilatona sp

Phormedlum retZZI

Spzrullna sp

Synchocystzs salma
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Staurastrum sp

6- Cryptophyceae

Chroomonas salzna

Rhodomonas mznzma

Monas affinzs

The most Important phytoplankton species are shown m Plates (1-3)

• Photosynthetic Active RadIation (PAR) and ChI. a

Startmg m January 1995, PAR and Chi a were measured at three hydrostatIons, representmg
the eastern, Illiddle and western regIOns of the lake A maxnnum of five depths was chosen on
the basIS of hght attenuatIon (90, 50, 10, 1 and < 1% of the surface PAR)

• PAR

The montWy average surface of PAR over the mvestIgated penod vaned between a rrnrumum
of 158 4 J.1 mole m 2 S I ill January and a maxnnum of 675 7 J.1 mole m 2 S I m July The
euphotOlc zone (as approxnnated by 1% of surface hght level) extended to the bottom of the
three regIOns, ill August, whIle ill May, June and July, the photIc zone extended only to the
Illiddle and western regIOns

• ChI a

The data presented ill FIg (31) whow the vertIcal and temporal d1stnbutIOn of cW a at the
three hydrostatIons In 1995, two peaks were observed and showed a wIde vanatIon In most
cases, hIghest cWorophyll values were recorded at 50% PAR, however ill a few cases It was
found at 100 & 90% PAR

The major peak was observed m spnng, a less promment peak occurred m wmter The chi a
maxIma were 52 89 mg m 3 ill the east, 30 5 mg m 3 m the Illiddle, and 32 89 mg m 3 ill the
western regIOn These maxnna were recorded at 10, 50 and 1% PAR, respectIvely The chi a
values at the mmor peaks of the three regIOns were 26 13, 17 07 and 13 9 mg m 3 These were
observed at 90, 50 and 100 PAR for the eastern, Illiddle and western regIOns of the lake,
respectIvely

In 1996, the hIghest chi a values were observed ill autumn, whIle the rnmor peak occurred ill

sprmg In the major peak, the chi a maxnnum of 28 8, 204 and 1895 mg m 3 were found at
1, < 1 and 10% PAR m the eastern, Illiddle and western regIons For the mmor peak, the Chi
a maxImum of 23 98, 1375 and 13 mg m 3 were recorded at 10% PAR for the three regIOns

• Szzefractzonatzon ofphytoplankton ChI a

The results of chi a of dIfferent phytoplankton SIZe components (1 e net> 20 j1m, nano < 20
j1m and picoplankton < 2 j1m) are presented ill FIg 32 The montWy average chi a values of
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Fig (32) SlZe FractIOnation of Chlorophyll a
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-------------------
Fig (33) Quarterly vanatlons In Chi aof benthic algae
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I
the d1fferent phytoplankton sIZe fractIOns illdlcate that the lughest concentratIOns were I
observed ill spnng, except ill 1993 when the major peak occurred m nud sununer

The chi a values recorded ill 1993 were much Ingher than m the followmg years The lughest I
chi a concentratIOns were observed ill July, 1993 when therr values were 75 mg m 3

, for
picoplankton, 31 44 mg m 3, for nanoplankton, and 15 96 mg m 3, for netplankton Dependmg
on the annual average values, nanoplankton was the dommant fractIOn, ItS values vaned from a
maxunum of 18 23 mg m 3 ill 1994 to a mmnnum of 17 81 mg m 3 m 1996, constitutmg 51 41
& 51 83% of the total chi a, respectIvely Net plankton was second m abundance, therr
contnbutIOn varIed between a maxunum of 10 24 mg m 3 m 1994 and a mmnnum of 9 64 mg
m 3 m 1995, compnsmg 28 87 and 27 05% of the total chi a, respectIvely Picoplankton was
the least abundant component, therr contnbUlon vaned between 7 52 mg m 3 m 1995 and 5 29
mg m 3 ill 1993, constltutmg 21 12 and 1608% of the total chi a

• BENTHIC ALGAE

The seasonal vanatIon ofbentmc algal bIOmasS (m terms of chi a) 15 shown m FIg 33 The data
revealed very small changes m bentmc algae m the lake sedlIDents WIth a value of 32 66 mg
m 2 recorded ill summer,and a concentratIOn 27 99 mg m 2 m willter These results correspond
to the data calculated based on the weIth of the sedlIDent Here agam the mghest chi a value of
8338 was found ill summer, wh1le Its mmImum concentratIOn (6 85 mg kg I) was observed m
wmter The annual average chi a values of bentmc algae m the lake were 30519 mg kg 2 &
751 mg kg I

• Nutnent lzmztahon ofphytoplankton

The results, presented m FIg 34, show the dual1lmltations of N03 and P04 (N P = 1 5) durmg
the May and July expenments NItrogen and phosphorus ratIO 1 10 stlIDulated the
phytoplankton growth ill June The results revealed that N03-N 15 the pnmary 1lmltmg nutnent
m Lake Qarun If N03-N or eIther N03+P04 were to enter the lake from some external
sources, illcreased phytoplankton growth would occur NH4-N seems to have l1ttle effect on
phytoplankton growth eIther when added alone or m combmatlon WIth P
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ZOOPLANKTON
Zooplankton commumtIes ill Lake Qarun are represented by three mam classes, namely,
protozoa, rottfers and copepoda (FIg 35) Other zooplankters of lessor nnportance were also
recorded The results of the montWy varIations of the zooplankton standIng crop durmg the
illvestIgatIOn penod can be summarIZed as follows

The data collected mdIcate that the major zooplankton peaks were always recorded m summer
seasons, except m 1995 when the maxnnum standIng crop was observed m early autumn
(September)

The annual average zooplankton standmg crops showed consIderable vanatIOn WIth substantial
mcrease durmg 1994 (1344 org L 1), whIle the lowest standmg crop of 150 org L 1 occurred
m 1993 RotIfers were always the most nnportant and dommant group from early summer
(June) to IDld-autumn (September or October), although they also were dommate ill late
sprmg 1995 Copepoda, on the other hand, were the second dommeant group, except m 1995
when the protozoa occupIed that place Copepoda usually flounshed m wmter and sprmg
seasons, WIth the exceptIOns m 1995 & 1996 when the protozoa occurred m substantial
numbers

The percentage abundance of zooplankton classes IS shown m FIgS 36 & 37 and the results
are presented as follows

The rotIfers were always the most dommant group, theIr percentage abundance vaned
between a IDlnlIDum of41 56% m 1993 and a maxImum of 44 04% m 1994

As mentIoned before, Copepoda occupIed the second predommance place, except m 1995
when protozoa had mcreased higher than Copepoda The percentage abundance of Copepoda
reached a maxnnum of 36 54% m 1996 and a IDlnlIDum of 24 62% m 1995

Protozoa was the third predommant group except m 1995, when It occupIed the second place
Its percentage abundance was lugh m 1995 bemg 2949%, Its IDlnlIDum abundance was
recorded m 1993, when It formed 1406% of the total zooplankton standmg crop

- Dommant zooplankton species

The leadIng zooplankton speCIes m the lake were BrachlOnus plzcatzlzs, Paracartla
latzsetosac, and Helzcostomella subulata, representmg the three mam groups, Ie RotIfera,
Copepoda and Protozoa, respectively

BrachlOnus plzcatzls was the dommant speCIes and constItuted the major part of
zooplankton denSIties, especIally durmg the penod from late sprmg (May) to IDld-autumn
(October) Its lughest populatIOn denSIties were always found m summer months

Paracartza latzsetosa was the most nnportant speCIes among copepoda, Its populatIOn
denSItIes showed WIde fluctuations durmg the mvestIgatlon penod This speCIes usually
flOUrIShed m wmter months and early sprmg
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Fig (36) Class composition or zooplankton
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Fig (37) Percentage of class composition of zooplankton
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The mam zooplankton speCIes recorded m Lake Qarun dunng the penod 1993 - 1996 are the
followmg

Helzcostomella subulata IS the most abundant specIes among protozoa, ItS densItIes had
obVIously mcreased dunng wmter months, especIally January and February The most
Important zooplankton speCIes m Qarun Lake are shown Plate 4

Protozoa

Other forms

169

Textularza sp

Favella panamensls

F adrzatlca

F serrata

F chrenbergz

F taralkensls

F sp

Apocyclopspanamensls

Synchaeta spectlnata

Testudznella patlna

holdt

troplca

salznus

Ostracoda

Mesachrd

Paracartla latlsetosa

Globlgerzna sp

Cyprzdles torosa

Forammefera

Ronfera

Tmtmmds

Leprotlntznnus botmcus

Euplotes vannus

TzntlnnopSIS stJ 19osa

T amphora

T kO/Oldl

T berOidea

Hellcostomella subulata

Keratella

Notholca

Copepoda

BrachlOnus pbcatllls
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Polychaet larvae

Clmped larvae

Insect larvae and Free-hvmg Nematoda

Vehger larvae

Zoea larvae

- Grazzng pressure ofzooplankton on phytoplankton commumhes zn Lake Qarun

Two grazmg experunents were conducted m the lake dunng July and August 1994

In the first experunent (from July 21 to August 2), the phytoplankton orgarusms m un-grazed
aspIrators (contammg filtered lake water wIth 45 !lm mesh dIameter screen) had slgruficantly
mcreased wIth tune, reachIng a rnaxnnum of 110,600 X 103 cells Lion the 8th day They
began to decrease, reachIng a rnmnnum of 51,500 X 103 cells L 1 at the end of the expenment
(12 days) The zooplankton populatIon had also mcreased wIth tune, reachIng a maxnnum of
2,062 org L I at the end of the mcubatIon penod Phytoplankton cornmuruues were mamly
represented by Nltzschza szgma (61-79% 0 f the total phytoplankton crop), wtnle N frustulum
var perpuszlla, N closterlUm and Cyclotella spp were less abundant BrachlOnus pelzcatzils
was the most dommant speCIes among the zooplankton orgarusms Its percentage abundance
ranged from 84-100% of the total zooplankton crop

In the grazed aspIrators (contammg unfiltered lake water), a slgruficant decrease m the
populatIon denSIty of Nztzschza szgma and N frustulum var perpuszlla was observed ThIs
decrease was enhanced WIth tune till the end of the expenment On the other hand, growth of
N closterzum and Cyclotella spp showed a gradual mcrease, reachIng a maxunum on the 8th

day, then began to decrease

The results of thIs experunent mdlcated that the grazmg pressure of Brachlonus pe[zcatzlzs was
mamly centered on N szgma and N frustulum var perpuszlla

The second experIment ran for 8 days (from 21-29 August 1994) The 1D1t1.aI zooplankton
standmg crop (3450 org L I) was much hIgher than the correspondmg value of the first
experunent (694 org L 1) The screen removed more than 99% of the total zooplankton
BrachlOnus pelzcatzlls was also the leadmg speCIes among the zooplankton orgarusms In
contrast, the phytoplankton standmg crop was low (76 X 103 cells L 1) compared WIth the
value of the first experunent The dommant specIes was Nztzschza szgma, wtnle N frustulum
var perpuszlla, N closterzum and Perzdznzum sp were less represented

In the un-grazed aspIrators, a marked mcrease m phytoplankton standmg crop was observed,
thIs mcrease was enhanced WIth tune reachIng the maxunum of 122,950 X 103 cells Lion the
8th day Zooplankton standmg crop showed a gradual mcrease WIth tme, reachIng the lughest
value of 358 org L 1 at the end of experunent

In the grazed aspIrators, phytoplankton had slgruficantly decreased on the 2nd day followed by
a 511gh! mcrease from the 4th day until the end of the mcubatlon penod On the other hand,
zooplankton had slgruficantly mcreased on the 2nd day, followed by sharp decrease from the 4th

day until the end of the experIment
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Here agam, the grazmg pressure of zooplankton was rnamly on N szgma and N frustulum,
whIle the populatIOn denSItIes of the phytoplankton speCIes showed a gradual mcrease wIth
tnne The data are presented m FIg 38

- Feedmg Behavwr ofMullet Fry

The results of the feedmg behaVIOr expernnents are presented m FIg (39) The mam
zooplankton speCIes durmg the expernnents were Brachzonus pelzcatllzs, Syncheata
pectlnata, nauphs larvae, polychaete and calanOld copepodItes In plastIC bottles, the total
zooplankton denSItIes at the begmmng of the expernnent m dIfferent bottles were 1,380
orgamsms L 1 m the bottle WIthout fish, 1.520 orgamsms Lim the bottle WIth 4 fry. and 1.440
orgamsms L 1 m the bottle WIth 9 fry Brachzonus pelzcatzlzs was the dommant speCIes m the
three bottles, compnsmg 71 7, 67 1 and 64 6% of the total zooplankton Nauphs larvae
occupIed the second dommant place, theIr percentage abundance m the three bottles were
239, 27 and 25% of the total zooplankton After 24 hr zn sztu mcubatIOn, a shght decrease
(1 2%) m zooplankton denSIty was observed m control bottle (Le WIthout fish)

In the bottles WIth 4 & 9 fry, sharp decreases were recorded, constitutmg 77 3 and 93% of the
1llltIal zooplankton standmg crops, respectIvely

In glass aquana expernnent, the 1llltIal zooplankton densItIes were 1,276 organISms L I

(control), 1,226 orgamsms Lim aquanum WIth 4 fry, and 1,513 organISms Lim aquanum WIth
9 fry After 24 hr a marked decrease m zooplankton denSItIes was recorded m the aquanum
WIth fry compared to the control (1 e WIthout fry) The percentage denSIty decrease were
107%. for the control. 632% m the aquanum WIth 4 fry. and 948% m the aquarIUm WIth 9
fry

The results demonstrated the feedmg rates of9 mullet fry after half hour. one hour and 24 hrs
ill the glass aquarIUm. The data revealed a clear decrease m the zooplankton denSItIes m the
presence of mullet fry The percentage decrease of the zooplankton standmg crops were 44 4,
606 and 86 6% of the correspondmg controls after 1/2, 1 and 24 hr. respectIvely

The gut analyses of the fry collected from the lake mdIcated the presence of eggs WIth
developmg embryo ofSolea aegyptzaca (Plate 5)
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FIg (38)' Grazmg pressure ofzooplankton on phytoplankton
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Gut Content of mullet fry In Qarun Lake
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BOTTOM FAUNA

• Annual and monthly vanatwns oftotal benthos

Durmg the study penod (1993 - 1996), the arumal average standmg crop of total bottom fauna
m Lake Qarun vaned from year to year As shown m Fig 40, the lowest populatIon of 2,282
orgarusms m 3 was recorded m the first year (1993), followed by a sharp mcrease m 1994
when the population reached 17,104 07 orgarusms m 3 Tlus IS mamly attnbuted to mcreasmg
number of ostracod species (Cyprzdles torosa) Dunng 1995 and 1996, the total populatIOn
denSItIes of the benthos were more or less smular bemg 11,531 and 11,686 orgarusms m 3

With regard to the bIOmasS of the benthIc orgarusms, the results were presented ill g fresh
weight m 2 as shown ill Fig 41 The values showed a wIde variatIon WIth a hIghest value of
1176133 g m 2 ill 1995, and lowest value of 48 2 g m 2 ill 1996 Mollusca constItuted the
major component of the benthIc biOmasS, therr percentage abundance varied from a htghest
value of 65% m 1995 to the lowest value of 43%, m 1993 Arthropoda occupIed the second
pOSItIon, therr abundance vaned from 38%, m 1994 to 30%, m 1995 Next m abundance was
the annelIda, therr denSity fluctuated between 17% m 1996 and 4% ill 1995 Coelentrata
comprISed the least bIOmasS, therr abundance vaned between 6% m 1993 to 1% ill 1995

The total number and biOmass of the benthos displayed monthly VariatIOns (Fig 42) Dunng
1993, a peak of 6,083 orgarusm m 2 was recorded ill January, whereas, the hIghest bIOmasS
value of 129 25 g m 2 was observed m May On the other hand, the lowest populatIon densIty
and biOmass were recorded ill June and September, respectIvely

Durmg 1994, the hIghest populatIon denSity and bIOmasS were recorded ill the willter months,
whtle the lowest values occurred ill the summer months

Durmg 1995, the pIcture was changed and the hIghest populatIon denSIty and bIOmasS of
14,413 orgarusms m 2 and 178 78 g m 2 were recorded ill August and May

In 1996, two peaks of 16,448 and 16,120 orgarusms m 2 were recorded ill Apnl and May whIle
the hIghest biOmass value was observed ill March On the other hand, the lowest bIOmasS of
5 23 g m 2 was found m April

- Commumty Composition

The benthIc orgarusms ill Lake Qarun are represented by four maID phyla, namely arthropoda,
annelIda, mollusca and coelentrata (FIg 43) Arthropoda were always the most abundant
phylum, constItutmg 87 03% of the total benthos populatIon durmg the illvestlgatlon penod
The phylum was also abundant m all years, It contnbuted 71 09%, 9495%, 9144% and
89 95% of the total benthIc orgarusms dunng 1993, 1994, 1995 & 1996, respectIvely On the
other hand, mollusca and coelentrata were less abundant constltutillg 1 59% and 2 17% of the
total population denSIty, respectively

With regard to the biomass, mollusca were the dommant group They constituted 51 91 % of
the total biOmasS, followed by the annelIds whIch contnbuted 34 59% to the total biOmass
durmg the illvestlgatlon penod On the other hand, coelenterate was less comprISed 3 3% of
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I
the total bIOmasS of the benthIc orgarusms On the other hand, benthos mEl-Bats and EI-WadI I
Drams were represented by only three phyla, namely arthropoda, annelIda and mollusca It
shall be noted that the lIst of specIes recorded m Lake Qarun (FIg 42-43) was greatly dIfferent I
from that recorded m the drams ThIs IS because the freshwater fauna observed m the drams
were not able to tolerate the hIgh sa.lm.tty of the lake, except the euryhalme amplupods
Gammarus aeqzcauda and Corophzum ascheruslcum and the polychaete Nens dzverslco[or _
whIch survIve m freshwater as well as m waters of vanable sabmty

The monthly and annual vanatIons of benthIc phyla are summanzed as follows

• Arthropoda

Arthropoda were the most numencally abundant of the benthIc phyla The phylum was
represented by 8 speCIes belongmg to three classes, namely crustaceae, ostracoda and InSecta

The annual average populatIon densIty of arthropoda ranged between 1,621 and 16,224
orgarusms m 2 ThIs great year-to-year VariatIon was due to the mcrease m the number of
ostracod Cyprzdles torosa m 1994 As to the bIOmasS, thea values ranged from 17 113 to
35 597 g m 2 Most of the bIOmasS values of the arthropoda were attnbuted to the presence of
barnacle Balanus pallzdus

The monthly VariatIon of arthropods showed that theIr populatIon denSIty mcreased durmg
wmter and early sprmg, except m 1995 ThIs flounshmg m populatIon denSIty was assocIated
wah decreasmg m thea bIOmasS values

• AnnelIda

The Phylum annelIda was numencally the second most lIDportant component of the total fauna
m Lake Qarun The phylum was represented by two speCIes belongmg to the class polychaeta

The annual average standmg crop of annehds varIed shghtly from year to year The lowest
population denSIty of 342 org m 2 was recorded durmg 1993 ThIs value mcreased gradually
m 1994 and 1995 when ItS denSItIes reached to 471 & 492 orgarusms In 2 In 1996, ItS denSIty
decreased and reached a low of 360 orgarusms m 2 The reverse was true for the bIOmasS
where the lughest weIght of 11 535 g m 2 was recorded m 1993 ThIs value decreased m 1994
& 1995 but mcreased ill 1996 when Its value reached 8 111 g m 2

The monthly VariatIOn of annehd showed theIr hIghest populatIon denSity and bIOmasS m
wmter and sprmg On the other hand, the lowest values were observed m late summer and
autumn ThIs may be attnbuted to the fact that the hfe cycle of these orgarusms occurred m
summer (wah mcreasmg temperature), when the early stages of worms were recorded durmg
that tlIDe
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• Mollusca

Mollusca occupIed the first posItIOn ill benthic bIOmasS ill Lake Qarun It was represented by 5
specIes, 2 bIvalves and 3 gastropods In addItion, empty shells and shell fragments of c1lfferent
specIes were also observed

The annual average populatIon denSIty of mollusca showed that ItS lowest value occurred ill
1993 when 51 orgamsms m 2 were recorded This value has sharply mcreased ill 1995 to about
6 fold the number observed ill 1993 (303 org mthe denSIty reached 101 orgamsms m 2 As to
bIOmasS, the annual average values ranged bet 2) In 1996, ween 22004 g m 2 ill 1996 to
75289 g m 2

, ill 1995

WIth regard to monthly VarIatIons of mollusca, the population denSIty showed theIr highest
counts ill autumn, except ill 1993 when the maxnnum denSIty occurred ill sprmg At the same
time, the bIOmasS showed ItS highest value durmg sprmg, except ill 1994 when the maxImum
bIOmasS was reached ill autumn

• Coelentrata

Coelentrata were less represented ill the lake compared to the other bentluc phyla ThIs
phylum was represented by one speCIes of sea anemone, namely Alptaswgeton Cf comatus

The annual average populatIOn denSIty of this speCIes was 242 orgamsms m 2 weIghmg 2 447 g
m 2 Its denSIty varIed between 356 and 106 orgamsms m 2

The monthly vanatIOns of thIs speCIes varIed from year to year, WIth two peaks observed, the
major one (578 orgamsms m 2) occurred ill September 1994, whereas the romor peak (498
org m 2

) was reached ill June, 1995

• Domznant Speczes

The monthly vanatIOns of the doromant benthIc speCIes are shown ill FIg 43

• Corophzum ascheruszcum

ThIs speCIes IS one of the most lIDportant and dommant speCIes found ill Lake Qarun The
results of the present illvestigatIon showed a WIde vanatIOn ill the tImillg of outburst of
standmg crop and bIOmasS of this speCIes The maJo.. peak of ItS standillg crop (2209
orgamsms m 2) was recorded ill December 1993, whIle ItS lughest bIOmass (l 826 g m2

)

occurred ill March, 1993 In 1994 the highest denSIty of 1,476 orgamsms m 2 was observed ill
July, whIle the maxImum bIOmasS of 1 32 g m 2 was found ill June ContranwISe, the hIghest
populatIOn denSIties of thIS speCIes were assocIated WIth maxIIDum bIOmasS ill 1995 and 1996

• Nerezs dzverscolor

The polychaete Nerels dlverscolor represents one of the most nnportant orgamsms mhabitillg
Lake Qarun Its highest populatIOn denSItIes and bIOmasS were always recorded ill February
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Therr values were 571 org m 2 & 26 094 g m 2, ill 1993, 324 org m 2 & 11 66 g m 2 ill 1994,
413 org m 2 & 1639 g m 2, m 1995 and 248 org m 2 & 18928 g m 2, ill 1996

• Ceratoderma glaucum
The bIvalve Ceratoderma glaucum IS a common edIble specIes abundant ill all EgyptIan
coastal shore The data collected showed that the populatIon denSIty and bIOmass of thIS
specIes reached therr maxnnum dunng late willter and sprmg

The most Important benthIc organISms m Qarun Lake are shown m Plate (6)

Lzst ofbenthzc speczes recorded m Lake Qarun and the drams

durzng the mvestzgatzon perzod

Phylum Class SpecIes LocatIon

Lake DraI

n

Arthropoda Crustacea Balanus pailulus +

Sphaeroma pulchellum +

Gammarus aeqzeouda + +

Corophlum ascheruszeum + +
Brachynotus sexdentatus +

Insecta ChIronomus larvae + +
Ostracoda Cyprulles torosa + +

Annehda Po1ychaeta Nens dzverszeolor + +
Polydora lzgnz +

Ohgochaeta Tubificzda sp +
Mollusca BivalvIa Ceratoderma glaucum +

Venerupzs aurea +

Corbzeula consbnna +
Gastropoda Theodoxus nzlotzcus +

Cleopatra buizmouies +
Physaacuta +
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FISH PATHOLOGY

• Bactenology

Total Bactenal Counts (TBCs)

The results of TBCs at 22°C and 37°C m Lake Qarun as well as m the two mam drams are
presented ill FIg 44 Therr monthly VarIatIOns can be brIefly explamed as follows

The TBCs m the lake showed a WIde varIatIon, therr maxnnum numbers were recorded m
August when theIr numbers reached to 44 66 & 56 8 X lOll mIl at 22 & 37°C, respectively

In the drams the maxnnum bactenal counts 94 15 & 56 5 X lOll mIl were recorded at 22°C &
37°C, respectIvely

The least TBCs m the lake were observed m late sprmg (May), theIr values at the two above
mentIon temperatures were 0 74 & 071011 mIl The lowest TBCs m the drams showed a great
vanatlon, the nnrumum TBC (at 22°C) of 54 X 1011 mIl occurred m October, the
correspondmg count at 37°C reached 122 X 1011 mIl m July

The seasonal averages of most probable numbers (MPN) of total and fecal CObfOrmIS are
shown m FIg 45 It IS clear from tills figure that both total and fecal COhfOrmIS had
sigruficantly illcreased m number dunng summer when theIr rnaxnnum counts of 255 6 & 176 I
100 ml were recorded

TheIr least numbers of 562 & 249 I 100 ml were observed m autumn In general, fecal
cohfonrus were usually found near the dISchargmg pomt of El-Bats Dram at the easternmost
regIOn of the lake

The total and fecal coltfomus ill the drams were much htgher than theIr correspondmg
numbers m the lake TheIr numbers recorded m summer were comparatIvely hIgher than the
correspondmg counts ill the other seasons The htghest count of total coltfOrmIS of 1,450,000 I
100 mI was observed ill August, whtle the maxnnum number of fecal cobfonms of 575,000 I
100 ml occurred ill June

• Bactenal dlSeases
The external exammatIOn of Infected fishes revealed petechtal haemorrhages of the sIan
Congested base of fins and opercula, nerosIS of fms, IIp erOSIon, darkness of skm especIally m
the ventral vIew, ulceratIon of the skm exophtha1mIa, eye cataract and abdommal dIStentIon
(ASCItIS) were also observed

Post mortum exammatlon showed general congestIOn of VISceral organs and muscles, bloody
flUId, enlargement of lIver, ktdney, spleen, gonad and dIStended gall bladder These leSIon are
shown m the attached photographs

The bactenal exammatIOn revealed that the ISolated bactenal pathogens were mostly Gram
negatIve and lIttle Gram-posItIve InfectIOns Streptococcus B-haemolytIc whIch was hIghly
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Fig (44) Total Bacterial Counts (TBCs) In Lake Qarun
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Fig (45) The Most Probable numbers (MPN) of total & faecal cohformls ..
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prevalent among Infected fishes Salmonella typhzmunum, Aeromonas sp , Ps aerugenosa, E
coZZ, Yersenza entcrocolztzca were hIghly InfectIous among fishes (Tables 3 & 4 )

In May 1996, vibnosIS caused hIgh mortahty rates of Solea sp (50%) wbJ.le the illcidence
Yerslnza and streptococcus ill the naturally Infected fishes were 30% ill Mullets and Tzlapza
zzllz

Parasltology

- Protozoa

Durmg the present study 7 tnchodmd specIes belongmg to two genera were observed m Lake
Qarun fishes The systematIc pOSItIon of these parasItes IS gIven below

• Tnchodzna lepsZl Lorn, 1962 (plate 7, Photo 1).

Hosts & SIte of InfectIon Mugzl cephalus, Lzza ramada, L salzens and Solea aegyptlaca
(gills)

The tnchodlllid has a relatIvely small body It IS always found m large numbers ill the Infected
gills The tnchodlIDd also shows some vanabIhty ill shape m the drfferent hosts Mugzl
cephalus was the most preferable host m terms of the mtensity of InfectIOn

• Tnchodzna puytoracl Lorn, 1962. (plate 7, Photo 2)

Hosts & SIte of InfectIOn Lzza salzens, Mugzl cephalus and Solea aegyptzaca (gills)

A relatIvely large tnchodlIDd found ill rruxed InfectIon WIth T lepsll and T cf jadrnzca Lzza
salzens was the most susceptIble fish to thIS parasIte, wbJ.le Solea aegyptzaca recorded the
lowest mfections The tncodlIDd shows very characterIStIcs central cIrcle composed gram-hke
granules

• Tnchodzna cf JadranlCa (plate,7 Photos 3 & 4)

Hosts & SIte of mfectIOn Lzza salzens, Solea aegyptzaca (gill)

A medIUm-sIZed tnchodlIDd found m low numbers on the gills of the mfected host always
IlliXed WIth other tnchodlIDds Two shghtly drfferent populatIOns were observed on the hosts

• Tnchodzna hatala n sp. (plate, 7, Photo 5)

Hosts & SIte of InfectIOn Mugzl cephalus (gill)

ThIS tnchodlIDd was found m moderate numbers m gills ofMugzl cephalus

• Tnchodzna sp (plate, 7, Photo 6)

Hosts & SIte of InfectIOn Gobzus sp (gill)
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Table(3) Bactenal sp Isolated In Spnng

Fish species

Baclertalsp Tllapla sp Mullets 50lea sp

of diseased Fish % (T0lal colony (Counlfg or diseased 01 Tlalpla Fish % (T0lal colony (Counlfg 01 diseased Fish 0/. (T0lal colony (Counlfg

Aeromonas hyrJrophlla 2350 100610 2150 22000 1584 150100

Ps aeurogenosa II 10 400 500 3000 834 15000

Ps Oourecnces 1667 400

Yelsenla mchlnl

YelSenla enterocolltfca 278 500 1500 4000000

Streptococcus 8 haeno 3445 1000030000 1750 1000000 2500 1500000

Sfaph- non haemofyffc 500 100000

Staph- haemofyflc 400 1500000 1000 2015000 600 1000000

Safmonella fyphfmunum 3612 450000000 3750 3000000000 834 4000000

Shlgefla simonis 1667 10000 1500 3000000

E Coil 1945 200000 1500 15000000

Vibno anguf!arom 1500 100000 2500 1500000

Mtcococcl II 12 250000 5 DO 15000

Corynebacfenum sp 400 1000000
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Table (4) Bactenal sp Isolated In Summer

Fish species

Bacterial sp Tllapla sp Mullets Solea sp

of diseased Fish % (Total colony (Count/g of diseased of Tlalpla Fish % (Total colony (Count/g of diseased FIsh % (Total colony (Count/g
I

Aeromonas hydrophlla 1773 7000 00 2579 2300000 833 10000

Ps aeurogenosa 1932 3333 33 2282 1690000 556 100000

Ps flourecnces 293 666667 000 000 1700 231667

Yersenla ruchlrll 741 166667 000 000 000 000

Yersenla enterocolltlca 20 78 4000 00 900 3500 00 000 a00

Streptococcus 8 haeno 1947 16693333 3829 39666667 000 a00

Staph- non haemolytIc 196 2666667 880 3333333 000 000

Staph- haemolytIc 2843 200000 00 4 17 1333333 000 000

Salmonella typhlmunum 4317 2886666666 67 6372 1100000000 00 3056 2023333333

ShIgella sImonIs 2238 133333 2153 1676666 67 000 000

E coli 3473 15000000 3145 1370000 00 556 6666667

VIbrio angullarum 000 000 741 66667 000 000

Mlcococcl 23 19 24666667 10 32 66800 00 000 000

Corynebacterium sp 000 000 000 000 000 000
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Moderate InfectIons of tlus small tnchodlilld were found on the gills of Gobzus species, and
one specunen was found on Mugll cephalus

• Tnchodzna species of Oreochromrs aureus

On the gills of some emaciated Oreochromls aureus some dJ.fferent tnchodIDlds were observed
m a mIXed InfestatIon WIth Paratrlchodma oblzque

• Ambzphna sp (plate, 8, Photo 7)

At least one specIes of Amblphrya IS found m most of Solea aegyptzaca and to a lesser extent
m t.tlapla fishes

• Myxospondla

Durmg the study penod, two myxosporeans belongmg to two genera were IdentIfied as
follows

• Myxobolous eXlguus Thclophan, 1895

Prevalence (%) 229%

..-

Host

SIZe of Infection

Llza ramada

Intestme

• Paratnchodzna oblzqua Lorn, 1963 (plate, 8, Photo 8)

Hosts & SIte of InfectIon Mullet fry, OreochromlS aureus (gills)

Durmg wmter (January, 1995) an epIZootIC, among t.tlapIa fishes was reported m Lake Qarun

On exammatIon of the diseased fishes It was observed that the outbreak was confined to
Oreochromls aureus The fishes suffered from debilitatIOn and severe emaCiatIon assocIated
WIth mInute scattered hemorrhages on the body surface Some ulcers on the trunk and
bleedmg from the ta.tl peduncle were also notIced MicroscopIcal exammatlon revealed the
presence of masSIve mvaslOn of dIfferent tnchodlllid and sess.tle c.t.1Iates on the skIn and gills
Large numbers of the present tnchodlilld were found on gills and contnbuted to the roam
mfestatIOn ThIs tnchodIDld, characterIZed by Its small SIZe, dId not mterfere WIth the
ImpregnatIOn as IS usually the case WIth such small tnchod1ll1ds

Stocks of the mullet fry were exammed before releasmg them mto the lake These fry were
collected from the coast of the MedIterranean Sea near the dIschargmg pomt of Darmetta
Branch at EI-Gerbee The fry harbored the same tnchod1ll1d but m " normal" numbers

Amblphna sp (Plate 8, Photo 7)

At least one speCIes of Ambiphna IS found m most of S aegyptzaca and to a lesser extent m
t.tlapm fishes ThIs sessile pentnch has a barrel or vase-shaped body of 48 9 /-lm (41 1-61 5)
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long and 37 9 pm (31 5-46 0) wIdth The charactenstIc macro-nucleus IS nbbon-shaped and
occupIes most of the power body space

b. Myxospondla'

Dunng the course of thIS study, two myxosporeans belongmg to two genera were IdentIfied,
these are

(a) Myxobolus exzguus Thelohan, 1895

Prevalence 22 9% (22/96%),

Host Lzza ramada

Site of mfectIon Intestme

The plasmodIa of thIS parasIte were observed as pearly wlnte cysts attached to the wall of
mtestme through the mesentenes and adIpose tISsue These cysts were rarely observed on the
gIZzard and -m two cases only - mSlde the wall of the mtestme The cysts had vanous shapes
and contamed huge number of spores (polysponc) They were usually large and sphencal but
some tImes narrow and long TheIr SIZes ranged from 0 58 - 99 mm m length Some fishes
were mfected WIth about 50 small cysts m a masSIve fonn The mfectIOn was also observed m
the mullet fry collected from a nursery m Lake Qarun (the fry was 5 cm long), mfectIOn started
m autumn (October), peaked dunng wmter, and vamshed by spnng

(b) Zschokkella mugzlzs SltJa-BodadIlla & Alvarez-PeIhtero,1993

Prevalence 42% (4/96)

Host Lzza ramada

Site of mfectIon Gall bladder

The coelozOlc forms of tlns parasite were observed as small, ellipSOid or round, dI-sponc
trophozOltes measurmg 13 6-150 pm m dtameter The color of bile flUId of the mfected gall
bladder was blue-green

HIStopathology
Some slZeeable amounts of sloughed cells and debrIS of epIthehal cells were found m the bue
together WIth the trophozOltes

• Helmznths

a Encysted metacercana

• PyguIlOPSZS genata

Hosts Tllapza spp, L ramada,L salzens (VIScera, muscles)

These metacercanae are found mamly mfectmg tuapia fishes and less frequently mullets The
SIte of mfectIOn IS usually the mtestmal wall, the spleen and kIdney and rarely m the muscles
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The viable metacercaria move InSide the cyst wall It IS sphencal or subsphencal m shape with
a dlameter of 0 2-0 3 mm. On excystatIOn, the body of the larva IS pear-shaped and shows an
active peristaltIc movement, the segment IS covered wIth spmules up to the postenor part of
the body The metacercarIa IS charactenzed by the presence of a Y-shaped vaculated matrIX at
the posterIor end of the body Tlus matrIX flows upon ruptunng the cyst wall to reveal two
oval testIS

• Leclthobotrys putrescens Looss, 1902 (plate 9, Photo 25)

Hosts & sIte of mfectIon LlZa ramada - MugIl cephalus (mtestme)

• Saccocoelzum tensum Looss, 1902 (plate 9, Photo 26)

Hosts & sIte of InfectIon M cephalus, L ramada and L swens (mtestme)

• Dlcrogaster contractus Looss, 1902 (Plate 9, Photo 27)

Hosts & SIte of Infection L ramada-L swens (mtestme)

• Haplosplanchnus pachysomus (Eysenhardt, 1829) Looss, 1902 (Plate 9, Photo 28)

Hosts & SIte of Infection M cephalus, L ramada and L sallens (Intestme)

• Haplosplanchnus sp (plate 9, Photo 29)

Hosts L ramada & L salzens (mtestme)

- Parasites of Stocked Fry m Lake Qarun

The stocks of mullet fry were exammed and the results showed the followmg

Fry stocks were collected from EI-Gerbee, near DamIetta Branch, at the NIle dIScharge
mto the MedIterranean Sea (Plate 10, Photo 30) The exammed fry were Infected WIth
the followmg parasItes

• EctoparasltIc cIlJ3tes 31% 10 gIlls &sk1O

• Trematodes 100% m mtestme (Plate 10, Photo 31)

The mullet fry collected from Bogas Ashtoom EI-Gameel near Port SaId at the Mediterranean
Sea The exammatlOn of these fry mdIcated the followmg parasItes

• Encysted metacercarea 9% m the vIScera (Plate 10, Photo 32)

• Normal numbers ofecto-parasItlc ciliates on gills (40%)

• A relatIvely hIgh mfectIon of a Myxosporean (Myxobolus eXlguus) m mtestmal wall

Number of cysts found m the fry represented 30%

• Cysts were localIZed m the muscular layer of the mucosa The growmg cyst has greatly

stretched thIs layer, and ultnnately will lead to Its rupture to release the spores ThIs

mechamsm nught cause senous comphcatIons to the fry (e g causmg pentomtls)
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• Encysted Metacercanae (EM) recorded m muscles, mtestmal wall and hver

It was represented by low numbers of PygZdlOpszS geatata and mfected about 60% of the

Fryexammed

• Trematodes only one trematode sp (Llclthobotrlces sp ) was found m the mtestme of about

10% of the exammed fry

FISHERIES

Fisheries StatIstIcs

The fishery m Lake Qarun IS operated by 550 wooden, non-mecharnzed boats and about 4000
fishermen FISh harvest IS landed m 11 landmg SItes he along the southern coast of the lake
The landIng SItes are from east to west are namely Sanoures, Abo-Neuna, Shakshouk, Abo
Shanab, Allokanda, El-Smda, EI-Hona, Kahk, EI-RoshdIa, Ayoub and Qarun FIShmg IS

prohIbIted m June and July each year, as a regulatory measure to maIntam tilapIas, however
dunng the last few years, the closmg season was rrregular

The maID fishmg gear used m the lake IS the trammel gill nets TheIr heIght and constructIOn
depend on the target speCIes For mullets, the net depth ranges between 8 to 10 meters The
mesh of the mner layer IS 17 (17 mesh openmgs m 50 em, 1 e about 2 9 cm stretched mesh
openmg), while that of the outer layers IS WIder bemg 14 mesh SIZe For tilaplas and soles the
nets are IdentIcal m shape but dIffer m the number of sInkers and floaters The mner layer WIth
a mesh number of about 17 to 20, while meshes of the outer layers are much WIder For
catchmg soles, the net used IS about 75 cm m depth and about 600 to 1500 cm long There IS a
few number of floaters on the head of the rope, and the sInkers are close to each other to keep
the net on the bottom For tilapIas, the number of sInkers IS moderate and the space between
floaters on the head rope IS less than that used for catchmg soles The depth of the net IS about
65 cm, ItS lengths varIes from 200 to 500 meters Beach semes are used for catchmg shnmp,
theIr dImenSIOns are 5 4 m m depth and about 25 m m length, WIth a small mesh SIZe of 90, Ie
055 cm stretched mesh openmg and IS operated by 2 or 3 fishermen Also, there are some
traps and hooks used for catchmg TLlapla zlllzz

Annual fishenes productIOn of Lake Qarun dunng the penod from 1970 to 1996 are shown m
FIg 46 Throughout thIS penod, the total catch varIed conSIderably between 2,023 tons,
durmg 1970171, and 473 tons, dunng 1989/90 From 1970 to 1978, soles productIon
constItuted about 50% of the total catch The catch of soles sIgruficantly decreased and
reached ItS mmImum of about 11 4 tons m 1989/90, 1 e about 2% of the total fish productIOn
dunng thIs season

Smce 1978, tilaPIas fishenes contrIbuted the major part of Lake Qarun fishenes TheIr
productIOn reached to about 73 % of the total catch dunng the 1980/81 fishmg season
Throughout thIs penod mullets occupIed the second pOSItIOn after tilapIas, except from
1987/88 to 1991/92 fishIng seasons, when shrImp fishenes productIon came m the second after
tilaplas and compnsed 30% of the total fishery productIon
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Table (6) - Age composItIon of the dIfferent fish specIes collected from

Lake Qarun

Age groups
SpecIes Sex

0 I II III IV V

Solea Males 3953 50 35 988 024

aegypnaca Females 3402 457S 18 18 088 059 059

Combmed 378 4830 13 58 052 026 026

Llza Males 9 13 7S 80 1324 1 37 046

salzens Females 283 6239 3239 1 52 065 022

Comblled 486 6672 2622 1 47 059 o15

Ttlapza Males 2857 49 15 2034 1 45 048

ZZllll Females 4268 3949 1656 1 27

Combmed 3246 4649 1903 1 40 035

OreochromlS Males 4669 47 12 579 041

aureus Females 2778 3632 3034 556

Combmed 3739 41 81 1786 294

OreochromlS Males 6591 2500 682 227

nzloacus Females 6765 2647 294 294

Combmed 6667 2564 5 13 1 28 1 28
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Table (7) Natural mortalIty (M), Flshmg mortahty (F), Instanteneous
total mortality (Z), SurvIval rate (S) and Annual morthty
rate (A) for the species collected from Lake Qarun .

Species M F Z S A

Solea aegyptlQCa 02322 1 3337 15659 2089% 7911%

L,za sallens 02605 1 0125 12730 2800% 7200%

Tilapla vllu o1730 1 1811 1 3541 3090% 7418%

OreochromlS aureus 02192 10677 12869 2762% 7238%

OreochromlS mlotlcuS 02393 09348 1 1741 3091% 6909%

Metapenaeus stebbmgl 06613 4229 4890 075% 9925%
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Table (8) ExplOitation rate (E), relative YIeld per reCruIt (Y'IR) and
RelatIve bIOmass per reCruIt (B'IR) for the species collected
from Lake Qarun

Species Present SItuation At maXImum YIR

E Y'!R B'!R E Y'!R B'!R

Solea aegyptzaca 0852 o119 0089 0702 o128 0234
Lzza salzens 0832 o110 0085 0726 o115 o167

Tilapza zzllzz 0872 o105 0089 0623 o139 0486

Oreochromzs aureus 0813 0077 0081 0576 o108 0363

Oreochromzs mlotzcus 0872 0081 0050 0584 o124 0369

Metapenaeus stebbmgz 0865 o177 0042 0640 0248 0210
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It was ObVIOUS that the depletIon m the catch of soles was concOIDltant wIth the expansIOn of
shrImp fishenes m the lake In 1982/83, the shrImp productIOn mcreased to 334 tons when the
total fishenes productIOn was 1969 tons Durmg the followmg season the total catch declmed
to 892 tons, I e a descrease of about 55%

Catch and effort statIStICS for the fishmg seasons from 1992/93 to 1995/96 were studIed For
fishmg season 1992/93, the season extended from July 1992 till April 1993, wIth one month
closed season durmg January 1993, I e a total of 170 days fishmg season The total fishery
productIOn dunng thIs season was 1,045 tons TI1apias represented 35% of the total catch,
while mullets, shrImp and soles contnbuted 30, 24, and 10%, respectIvely The maxImum
monthly catch was m July, amountmg to 20% of the total annual catch The catch
compOSItIon was rnamly mullet and shrImp, formmg 21 and 41 % of the total populatIOn,
respectIvely On the other hand, the maxImum catch of soles and tI1apias was observed durmg
October compnsmg 19 and 22% of the total annual catch, respectIvely The number oflandmg,
as an mdex of fishmg effort, was 83,780 durmg the season The monthly landmgs vaned
between 6,250 durmg March 1993 and 13,260, dunng October 1992 Catch per landmg (as an
mdex of relatIve abundance), vaned between 3 113 kg, dunng AprI1 1993, and 20,189 kg
durmg February 1993 In general, dunng thIs fishmg season, the average catch per landmg was
12471 kg

Durmg 1993/94, fishmg actIVItIes began m July 1993 and termmated at the end of January
1994, a total of 170 days only The total fishery productIon dunng thIs year was 505 tons
TI1apias and mullet constItuted 36 and 28% of the total catch, respectIvely Whereas, shrImp
fishery contnbuted 26% of the total Yield, and the soles represented about 10% The maxImum
monthly productIon took place m July, when about 30% of the total catch was landed HIghest
landmgs (12,190 tons) were also recorded and compnsed 19% of the total annuallandmgs
The hIghest monthly catch of shrImp was m July contnbutmg about 70% of the total Yield
(FIg 47) The maxImum landmg oftI1apias was recorded m October, formmg 22% of the total
tilaplas productIOn The hIghest monthly productIon of mullets was m October, formmg 28%
of the total mullet Yield Dunng thIs season, the fishmg effort, m terms of number of landIngs,
was 65,530 Catch per landmg showed a decreasmg trend, from 12262 kg m July 1993 to
2 135 kg m January 1994 (FIg 48)

Dunng the next fishmg season of 1994/95, fishmg actIVItIes began four days at the end ofMay
1994 and ended on 9th of March 1994, a total of 227 fishmg days The total fishery productIon
was 528 tons, of whIch 54% were tI1apIas, 32% mullets, 13% soles and 06% shrImp The
monthly catch vaned from 36 tons, m August, to 82 tons, m October As usual, the hIghest
monthly catch of both of shrnnps and tI1apias was m July and October, respectIvely, when 58%
and 18% of the total catch were landed m these months, respectIvely (FIg 47) On the other
hand, the hIghest monthly catch of mullet and soles was recorded m November 1994 and
January 1995 The number of landmgs durmg thIs season was 100,225 In June 1993, about
13% of the totallandmgs were made The catch per landmg vaned from 2 137 kg dunng
March 95 to 19 354 kg dunng May 1994, WIth an average value of 5 27 kg It IS noteworthy
that at the begmnmg of thIs fishmg season, and m four days m May, 40 tons, constitutmg
about 7 5% of the total catch, were fished WIth only 2,080 landmgs
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Fig (48). Monthly catch per landing of lake
Qarun fisheries dunng the fishing
seasons from 1992/93 to 1995/96
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In 1995196, the fishrng season extended from July 1995 to March 1996, wIth 262 fislung days
The total catch was 620 tons, of whIch 54% tIlaplas, 24% mullets, 17% soles and 5 %
shrImps The hIghest productIon was recorded dunng July, when about 19% of the total fish
productIon have been landed The hIghest monthly productIOn of shrImp and tilaplas was m
July and October, when 78 and 21 % of therr total yIeld has been landed On the other hand,
the hIghest monthly yIeld of mullet and soles occurred m July and February, when 20 and 25%
of the total Yield have been caught The number of landmgs, as a measure of fishmg effort
vaned from 700 durmg March to 11,492 dunng November WIth an average value of 69,427
Catch per landmg showed a gradual mcrease durmg the penod from November to February,
when It reached Its maxunum of 18 015 kg In general, catch per landmg m the fishmg season,
1995/96 was hIgher than that of the two precedmg fislung seasons Its value was 8 928 kg

• BIOlogIcal Studies

AnalYSIS of the fish samples collected eIther from the landmg SItes, or by experImental fislung
showed that Lake Qarun fishenes consISted of the followmg fish speCIes

1. Mullets were represented by 6 speCIes, namely MUgil cephalus, Llza ramada, Llza salzens,
Llza aurata, Chelon labrousus and Llza cramata) L salzens IS the most dommant speCIes
and constItuted about 80% of the mullets L ramada ranked second, It contnbuted about
10% of the mullet productIOn M cephalus represented about 5% of the mullet productIon
The rest of mullet speCIes were rare and constItuted about 5% of the total mullet catch

2 Soles, smce the transplantatIOn of thIS genus to the lake m1928, It was IdentIfied as Solea
vulgans

Dunng January 1993, samples were collected through expenmental fishIng and the number of
soles m the sample was very low Exammatlon of the external features revealed that thIS
speCIes IS S aegyptzaca One of the unportant cntena for IdentIficatIOn of thIs speCIes IS the
number of vertebra shown by X-ray exarrunatIOn (Plate 11) All the sole samples underwent to
careful exammatIOns, and the result confirmed that the speCIes mhabItmg Qarun Lake IS Solea
aegyptzaca

TIlapias ill Qarun Lake mclude Tliapza ZZllll, Oreochromls aureus and Oreochromls mlotlcus
T zzllzl constItutes the major bulk of the tilapia productIon, about 80% of the total yIeld 0
aureus represents about 15 % of the YIeld, while 0 nzlotlCUS compflSes only about 5% of the
yIeld

It IS worth mentIonmg that, Oreochromls aureus was recorded for the first tune m Lake
Qarun ThIs speCIes was eIther wrongly IdentIfied as 0 mlotzcus, or was mtroduced while
IDlXed WIth the transplanted mullet fry ThIS was one of the unportant findmgs of the present
study

Three speCIes of shrunp were IdentIfied ill the catch, namely Metapenaeus stebbmgl,
Palaemon elegans and Penaeus semzsulcatus Penaeus semzsulcatus was very rare, only 4
speclIDens were collected throughout the study M stebbmgl contnbuted more than 99 5% of
the shnmp catch m the lake
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BIOlogICal studIes were also carned out on the lIIlportant fish specIes mhabItmg the lake, these
mclude Tllapza zlllll, Lzza salzens, Solea aegyptzaca, Oreochromls aureus, 0 nzlotzcus and
Metapenaeus stebbzngz

• Age and growth

oLength-Otohth radius (US) relatIonshIp

The length-otohth radIus relatIOnshIp for the dIfferent specIes studIed by sex and for the
combmed sex were determmed as follows

- For OreochromlS aureus

- For OreochromlS mlotlcus
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r=O 738

r=O 815

r= 0 849

r=0732

r =0 760

r = 0 798

r=O 927

r = 0 959

r= 0 936

r= 0 947

r=0964

r = 0961

r= 0 921

r= 0932

r = 0 932

L = 2 982 + 5 114 S

L = -0 045 + 6 578 S

L = -2 644 + 7 288 S

L = 7 296 + 6 128 S

L=5148+7711 S

L = 4 351 + 7 858 S

L = -0 559 + 6166 S

L = -2 052 + 6 573

L = -1 224 + 6 386S

L = -3 472 + 6 839 S

L = -3 724 + 6 758 S

L = -3 079 + 6 627 S

L = -4 266 + 7 406 S

L = -3 946 + 7 233 S

L = -3 946 + 7 233 S

Males

Females

- For Llza sallens

Males

Females

- For Solea aegyptzaca

- For Tllapza zliln

Males

Females

Sexes combmed

Sexes combmed

Males

Females

Sexes combmed

Females

Males

Sexes combmed

Sexes combmed
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The above data show that, the value of the mtercept was either positive with soles and mullets,
or negative with all tI1aplas species

oLength-weIght relatIonship

Length and weight data proVide VItal statIStIcs that are cornerstones of the foundatIOn of
fishery research and management

The relatIon between total length (cm) and total weIght (m gram) for the drfferent fish speCIes
collected m Lake Qarun are represented m FIgS 49 through 54 Constants of the power
relatIon were calculated by least-squares method The relatIons were as follows

- For Solea aegypttaca o

Males W = 0 0097 L29544

Females W = 0 0124 L2917

Combmed Sexes W = 0 0059 L3139

I
I
I
•

- For Llza sallens

Males

Females

Combmed Sexes

W =0 0136 L2802

W =0 0086 L29773

W = 0 0068 L30499

....
\

• For Tzlama zlllil ....

Males W = 0 0177 L30122

Females W = 0 0158 L30639

Combmed Sexes W = 0 0173 L30217

- For Oreochromzs aureus·

Males

Females

Combmed Sexes

W =0 0143 L30469

W = 0 0168 L29814

W = 0 0167 L2976

• For Oreochromls mloncus:

Males

Females

Combmed Sexes

W=00115L31526

W = 00136 L30899

W = 0 0121 L31344
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Fig. (49): Length-weight relatIonship of Solea aegyptlaca
collected reom lake Qarun
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FIg.(50): Length-weIght relatIonshIp of Llza salums collected from Lake
Qarun.
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FIg.(51):Length-welght relatIonship of Tilapza zzlliz collected
from Lake Qarun.
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Fig.(52): Length-weight relationship of Oreochromis aureus
collected from Lake Qarun.
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I Fig.(53): Length-weight relationship of Oreochromzs nilotzcus collected from
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Fig.(54): Length-weight relationship of Metapenaeus stebbmgt collected from
Lake Qarun.
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. For Metapenaeus stebbmfll.

Males W =0 009 r}8231

Females W =0 007 r} 0091

Combmed Sexes W = 0 006 L30489

The results showed that the value of the exponent (b) falls between 2 8 and 3 1 Tins mdicates
that the growth of these speCIes may be lSometnc, I e the shape does not change as the fish
grows

oCondItIOn factors

Both Fulton (Kc) and Relative condItIOn (Kn) factors were calculated for the dIfferent fish
speCIes, the results showed no sIgnrficant montWy vanatIOns In general, relatIve condItion
factor (Kn) was less than that ofFulton (Kc), except for S aegypnaca and L salzens

oGrowth In length and In weIght

Growth curves of the dIfferent fish speCIes m Lake Qarun are shown m FIgs (55 - 66) The
average back-calculated lengths revealed that there was a clear dIfference m growth m length
between males and females For S aegyptzaca and L salzens, the average calculated lengths at
the end of the years of lIfe for females were hIgher than those of males Further, the females
attamed older ages, theIr maXIDmm age was 5 years For the soles and mullet, the maxnnum
ages for the moles were 3 and 4 years, respectively

For T ZZllZl and 0 mlotzcus, the males surpass the females m back-calculated lengths at the
end of the dIfferent years of lIfe, they attamed older ages For 0 aureus, the maxnnum age
both of males and females was 3 years, however the back-calculated lengths for the males
were slIghtly hIgher than that of females

In general, for all speCIes, the maxnnum mcremental length was attamed at the end of first
year The average calculated weIghts of soles and mullet mdicated that the maxnnum
mcrem.ent m weIght was recorded at the end of first year, whIle for tilaplas It was dunng the
second year

For M stebbzngz, FISAT, 4 modes and VEGA growth model was applIed, and the calculated
length was determmed at the end of each quarter year of lIfe for the males, females asa well as
for combmed sexes (FIgs 65 & 66)

oTheoretical growth.

For management purposes, data concernmg lengths and weIghts at dIfferent ages are not
suffiCIent The available InformatIon should be reduced and expressed by means of a smgle
equatIon ThIs equatIOn could be easily and readily mcorporated mto stock assessment models
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Fig.(56): Growth mweight and annual Increment of Solea aegyptIaca collected from
Lake Qarun.
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FIg.(58): Growth In weIght and annual Increment of UZ3 sallens collected from Lake
Qarun.
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The most wIdely applled model was that of VBGF Table (5) summanzes the results of VBGE
constant for the dIfferent fish specIes, for the separate sexes as well as for the combmed sexes

• Food and Feedmg habits'

The percentage compOSitIon of the dJiferent food Items recorded ill the stomachs of dIfferent
specIes collected from Lake Qarun IS shown m Fig (67) and can be summarIZed as follows

For Solea aegyptzaca, It was found that the major part of therr food conSISts of detntus It IS
belleved that most of the detntus IS digested food The bottom fauna were mostly represented
by crustacea and annehda, comprISmg about 38 45% of the total consumed food The results
mdIcated that the soles were carruvorous bottom feeder

The crustacea contrIbuted about 35 88% of the food ofLzza salzens, wlule food of plant ongm
formed 30% of Its needs Detntus constItuted about 23% of the total consumed Items

Food of plant ongm whIch constItuted about one thIrd of the total food of Tzlapza zzllu,
constituted rnamly of bacI1larlOphyceae, macrophytes, cyanophyceae and dmophyceae, m order
of therr unportance The benthos formed about 18 35 % of the total food mtake, wlule the
crustacea alone contnbuted about 13 61 % The rest of the food consISted of detrItus,
comprISmg 44 85%

OreochromlS aureus and 0 mlotzcus consumed benthIc orgarusms With the followmg
percentages 21 II and 33% The orgarusms were constituted mam1y of crustacea (2022%
and 27 09 %) The major part of therr food was detrItus whIch compnsed 66 and 58 54% for
Oreochromzs aureus and 0 nzlotzcus, respectively

Detntus formed the roam food of Metapenaeus stebbmgz, whIle the other components of the
stomach were benthos (1943%), protozoa (2 14%) and diatoms (3 0%)

In general, the results mdIcated that almost all the adult fish species as well as shnmp stocks m
Lake Qarun are bottom feeders espeCIally on crustacea, whIle the fry are plankton-feeders

• ReproductIon

o Gonado-SomatIc mdex

Monthly VariatIons m GSI of the dJiferent fish species collected from Lake Qarun are shown
ill FIg (68)

The monthly variatIon of gonado-somatIc mdex of the female soles' showed a marked mcrease
from September to February, followed by a slgmficant decrease, reachmg Its mmIITlum m
August For the males, there was no sIgruficant vanatIOns ill the GSI value throughout the
year, except m December when a sl1ght Increase was observed It was notIced that the testes
of soles were very small and did not show any slgruficant maturatIOn peculIantles dunng the
year ThIs leads one to conclude that the spawrung season of soles extends from early
November tI1llate February, whIle the npeness reaches Its maxImum ill late February
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Table (5) von Bertalanffy grwoth parameters for the different species
collected from Lake Qarun .

-Sexes
SpecIes Parameter Males Females combined

K 03756 04155 03070

Solea t., -1 9306 -1 5600 -16170

aegyptzaca Leo 2574 3005 3219

Weo 14346 24976 30494

K 04762 02940 03030

Lzza to -1 6700 -1 6800 -14545

sallens Leo 2287 31 19 3105

Weo 8781 24026 24194

K 02894 03714 02754

Tilapza !o -09688 -0 5353 -09370

zzllll Leo 2662 2423 27 16

Woo 34687 27580 373 12

K 04573 03064 03081

Oreoc/zromlS teo -04019 -06089 -06488

aureus t.. 3126 3683 3651

Weo 51362 78367 77705

K 04201 03578 03640

OreochromlS t.. -04370 -05324 -04125

niloacus Leo 31 57 31 06 3354

Wco 61326 55370 73047

K 3974 1947 2 181

Metapenaeus t.. 0053 0036 0005

stebbmgz Loo 9069 12749 12 145

Wco 4545 14421 12751 I
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I
For Llza salzens, two peaks were notIced dunng April and August-September, the latter IS I
lugher than the fonner These peaks were clear for both sexes Thus It appears that two
spawnmg perIods take place, one m the sprmg (April), and the other m late summer (August-
September) Therefore, It can be concluded that rIpe fish release an early patch of eggs dunng
April

For both of 0 aureus and 0 mlotzcus, the results mdicated a long and protracted spawrung
season from April to September For T zlllll, one peak was notIced durmg July

oSize at first sexual matunty

The sIZe and age at ftrst sexual maturIty, whIch IS defined as the length at whIch 50% of a
gIven fish stock reaches sexual maturIty, IS an lffiportant parameter m assessmg the optnnal.
sIZe and age at fIrst capture A graphIcal method was used to determme the length at fIrst
sexual matunty It consISts of a slffiple fittmg maturatIOn percentage curve WIth length The
length at first sexual maturIty IS then graphtcally estunated as the pomt on X-axIS
correspondmg to 50% pomt on the Y-axIS

As mentIoned above, testes of soles showed no sigruficant matunty throughout the year Thus,
length at fIrst sexual maturIty was determmed for the females only and was estunated at 20 8
cm. In conJunctlon With the analysIS of length frequency dIStrIbutIOn (as will be dIScussed
later), about 38% of the soles were fIshed before attammg the fIrst sexual maturIty

Length at first sexual matunty was detenruned at 16 4 and 16 8 cm for males and females of
Lzza salzens, respectIvely From length frequency, the results mdlcated that 30% and 9% of the
males and females, were fished before reachIng therr fIrst maturIty

With respect to Tliapza zzllll, the length at fIrst sexual maturIty was estunated at 13 3 and 10 2
cm for males and females, respectIvely Thts means that from length frequency dIstrIbutIOn,
58% and 43% of the males and females were caught WIthout undergomg any spawrung

As for OreochromlS aureus, It was found that length at first sexual maturIty was 153 and 124
cm for females and males, respectIvely Length frequency data mdIcated that about 40 and 9 %
of males and females were landed before reachIng therr fIrst sexual maturIty

Length at frrst sexual matunty (LSD ) was estunated to be 20 3 and 13 5 cm for males and
females of Oreochromzs mlotlcuS, respectIvely Thts means that about 89% and 45% of the
males and females were caught pnor to reachIng the sexual maturIty

In general, the results mdicated that the explOited fish stocks m Lake Qarun are heavily
explOIted before attammg sexual maturIty To protect the recrultment for the spawnmg stocks
m the lake sIZe hnuts must be establlShed to lengths greater than the (Lsa)

• Management Studies

oPopulatIon structure

oLength frequency dlstnbutlOn
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Length frequency dIStnbutIOns for the fish specIes collected from Lake Qarun are shown m
FIg 69 For Solea aegypnaca, the males ranged from 11 4 to 22 1 cm, whIle for the females
theIr lengths range of about 147 to 29 1 cm The graph showed a polymodal dIstnbutlOn of
length frequencIes for both males and females It IS eVIdent from the graph that almost all the
males (about 85%) are small m SIZe ( 155-205 cm) On the other hand, most of the females
(about 70%) are medmm-slZeed fishes (rangmg from 19 5 to 25 5 cm)

The lengths of Lzza salzens m the catch vaned between 157 and 29 5 cm for the females, and
from 14 1 to 22 1 cm, for the males A great proportIon (about 95%) of the males m the
commercIal catch were small m SIZe (from 155 to 195 cm) whIle a consIderable percentage
(75%) of the females was medIUm SIZed (from 19 5 to 235 cm)

The sIZe composItIOn of Tzlapza ZZllll males vaned between 7 8 and 24 9 cm, that of the
females ranged from 62 to 21 6 cm The catch compnsed about 75% of small-slZeed fishes,
theIr lengths ranged from 95 to 155 cm

Polymodal dIStnbutIon of length frequency could be easily dIStInguIShed for both males and
females of Oreochromzs aureus The males ranged from about 10 1 to 29 0 cm, whIle females
were dIStrIbuted through a length range of about 9 5 to 35 5 cm As to Oreochromzs nzlotzcus,
Its sIZes varIed between 9 2 and 29 6 cm, WIth an average length of 18 5 cm The SIZe of
females ranged between 10 6 and 24 7 cm A polymodal dIStrIbutIOn of length frequenCIes are
qUIte eVIdent among females

SIZe composItIon ofMetapenaeus stebbzngz males vaned between 4 I and 9 3 cm, WIth
modal length of7 2 cm Length of females ranged from 39 and 120 cm The graph revealed a
polymodal dIStrIbutIon of length frequency m case of females

oSex ratIo'

Sex ratIOS among the dIfferent length groups for the dIfferent fish speCIes collected from Lake
Qarun are represented m FIg 70 For Solea aegyptzaca, Lzza salzens and Metapenaeus
stebbzngz, among the small fishes the males outnumbered the females, whIle m larger length
groups, the females are dommant In general, for the three speCIes, females were more
abundant than males The ratios of males to females were I 1473, 1 2087 and 1 I 579,
for the soles, mullet and shrImps, respectIvely

For both of Tzlapza zlllzz and Oreochromzs nzlotzcus, m the small length groups, the females
outnumbered the males, whI1e m the larger length mtervals the males were more abundant than
females Sex ratio of males to females were 1 0450 and 1 0321 for the two speCIes,
respectIvely Concernmg Oreochromzs aureus, the ratIO of males to females was 1 0968

Age and growth studIes revealed that there was a dIfference m growth m length and weIght
between males and females of Solea aegyptzaca, Lzza salzens, Metapenaeus stebbzngz, Tzlapza
zzllzz and Oreochromzs nzlotzcus The dIfference m the growth rates could explam the reason
for the dommance of a defimte sex m the catch As fishes attamed larger sIZe and heaVIer
weIghts they are more vulnerable to be caught m the nets, hence they are more abundant m the
catch For soles, mullets and shrImp, the females reached older ages, larger SIZe and heaVIer
weIghts Accordmgly, they outnumbered the males m the catch For Tzlapza zzllll and
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OreochromlS mlotlcuS, the males attamed older ages, larger SIZe and heavier weights and as a
result they outnumbered the females ill the catch

oAge composItion

The age composItions for the dIfferent fish species collected from Lake Qarun are summarIZed
m Table 6 The results mdlcate that except for Oreochromls mlotlcuS, the fIShery depends on
age Group I The fishery for Oreochromls mlotlcuS depends mamly on age Group 0

oMortality coeffiCients

Instantaneous total mortalIty, natural mortalIty, fishIng mortalIty as well as SUrviVal rates of the
dIfferent fish speCies are shown ill Table 7 The results show that Metapenaeus stebbmgl and
Solea aegypttaca sustamed the lnghest mortalIty rates They also had the lowest SUrvival rate,
075 and 089, respectively Oreochromls nzlotlCUS had the lowest mortahty rate, and the
lnghest SUrviVal rate

oYield Per Recruit

Beverton and Holt (1957) yield per recruit model was applIed to calculate Yield per recruit for
the dIfferent fish species m Lake Qarun, as a function of natural mortalIty coeffiCient and age
at first capture (FIgS 71 - 82) The results showed that all fish stocks ill Lake Qarun are
overexplOIted The results mwcated also that the illcrease of age at first sexual matunty,
and/or decrease m natural mortalIty, IS associated With a pronounced mcrease m the yield per
recruIt

For Solea aegyptlaca, FIgS 71 and 72, It was found that With the decrease m natural mortalIty
from 023 (present value) to 0 13, the maxunum yIeld per recruit mcreases from 51 99 to
7439, 1 e the yIeld mcreases about 4308% On the other hand, the mcrease m age at first
sexual matunty (tc) from I 2 to 1 6 leads to an illcrease m maxnnum yield per recruit from
51 99 to 55 26

The explOItatIon rates were estimated for the dIfferent fish speCIes Relatlve YIeld per recruIt
(Y'IR) as well as relative bIOmasS per recruIt (B'IR) models were estImated for the dIfferent
speCIes (see FIgS 83 - 88) Table (8) represents explOItatIon rate, relative yIeld per recruIt and
relative bIOmasS per recruit for the mvestIgated speCIes at the present level of explOitatIon as
well as at the explOItatIon rate correspondmg to the maxunum yIeld per recruIt The results
showed that all fish stocks m Lake Qarun are overexploited It IS necessary that the
explOitatIon rate be decreased to achIeve the rnaxunum yIeld per recruit ThIs could be done by
lowermg the fishmg mortalIty rates As a result, the YIeld of the dIfferent fish speCies will
mcrease, espeCially that for tilaplas

-
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Table (6) - Age composItIon of the dIfferent fish species collected from

Lake Qarun.

Age groups
SpecIes Sex

0 I II III IV V

Solea Males 3953 5035 988 024

aegyptlaca Females 3402 4575 18 18 088 059 059

Combmed 378 4830 1358 052 026 026

Llza Males 9 13 7580 1324 137 046

sallens Females 283 6239 3239 1 52 065 022

Combmed 486 6672 2622 1 47 059 015

Tzlapza Males 2857 49 15 2034 145 048

zzllu Females 4268 3949 1656 1 27

Combrned 3246 4649 1903 140 035

OreoclzromLS Males 4669 47 12 579 041

aureus Females 2778 3632 3034 5 56

Combmed 3739 41 81 1786 294

OreochromLS Males 6591 2500 682 227

nzlotlcus Females 6765 2647 294 294

Combrned 6667 2564 5 13 1 28 1 28
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Table (7) Natural mortalIty (M), FIshing mortalIty (F), Instanteneous
tota[ mortahty (Z), SurvIval rate (S) and Annual morthty
rate (A) for the species collected from Lake Qarun .

SpecIes M F Z S A

Solea aegyptJaca 02322 1 3337 I 5659 2089% 7911%

LIZD. saIlens 02605 1 0125 12730 2800% 7200%

Tilapw vIlli 01730 I 1811 1 3541 3090% 7418%

OreochromlS aureus 02192 1 0677 12869 2762% 7238%

Oreochromts mlotlcuS 02393 09348 1 1741 3091% 6909%

Metapenaeus stebbmgt 06613 4229 4890 075% 9925%

I
I
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Flshmg MortalIty

FIg (77) Yield per recruIt (gm) of Oreochromls aureus as a functIOn of
fishmg mortalIty (F) and different levels of natural mortality (M).
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FIshmg MortalIty

FIg.(8t). YIeld per recruIt (gm) of Metapenaeus stebbmgz as a functIOn
of fishmg mortality and dIfferent levels of natural mortality
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DISCUSSION

Before nnplementm the Lake Qarun ProJect, a workshop was held m July 1992 at Shakshouk
Research StatIon (Project sIte) m the presence of the representatIve of the General Authonty
for FISh Resources Development (G A F R D) Durmg thIS meetmg the leaders of the research
groups of the project presented the obJectIves, plan of work and the asSIgnments gIven to
them The fishenes management problems of Lake Qarun were dIScussed m great detaIl wIth
the representatIve of G A F R D

In January 1993, the nnplementatIOn plan of the proJect's ObjectIves commenced and
contmued for 4 succeSSIve years ComprehensIve researches have been carned out under thIS
project on the ecology, fish pathology and fishenes of Lake Qarun The lake hes m the
Western Desert of Egypt It IS the only salme lake among the EgyptIan Inland Water Lakes,
receIvmg agnculture dramage water from the surroundmg cultIvated fields through two mam
drams, namely EI-Bats and EI-WadI In addItIon, numerous small drams as well as pumpmg
statIOns dIScharge the agnculture dramage as well as sewage mto the lake

The present study showed that to a great extent, water temperatures follow great the
correspondmg arr temperatures Therefore, there IS no thermal stratIficatIOn recorded m the
lake Several authors have mamtamed that thIS IS mamly due to shallowness of the lake whIch
IS consIdered to be homothenmc m nature The average water temperature dunng the four
years vaned from 22-25 °C, whIle the recorded 1989 value was 217°C (Abdel-Monem,
1991) For arr temperature, the average value of 24 38 °C was lower than that recorded m
1989 (7 3°C)

The general clnnate of the lake area, as reported by the prevIOUS mvestIgators, depended on
the data collected by weather statIon ofFayoum Governorate, located about 35 Ian southwest
of the lake ThIS IS far from representmg the actual meteorologIcal changes m the lake regIOn

In January 1996, the weather statIon purchased through the Project was mstalled on the lake
and began recordmg the vanous meteorologIcal parameters

The meteorologIcal data collected by the weather statIOn served to correct the preVIOUS
InformatIOn e g wmd dIrectIon NE wmds are prevaIlmg dunng January & February, whIle
strong unstable NW wmds are prevailing m spnng, summer and autumn The preVIOUS reports
were completely dIfferent and showed, that SW wmds are prevaIlmg m wmter, whIle NE
wmds are prevailing dunng other seasons The data on wmd gust are completely new and
mdIcated that ItS maxnnum values of 8 89 m sec) was recorded m June, whIle ItS lowest value
of 37m sec I occurred m December

On the other hand, all the data on net radIatIOn, relatIve hUmIdIty and other meteorologIcal
condItIOns are completely new and gave correct figures of some parameters e g ram fall and
evaporatIon rate Dunng 1996, the preCIpItatIOn (raInfall) m the lake was recorded only m
March, Apnl and May, and Its values were 028,001 and 1 8 rnm, respectIvely The prevIOUS
ramfall mformatIon mdIcated that Its annual average value was 138 nnnlyear (Abdel-Monem,
1991) WIth regard to evaporatIon rate, ItS average value was 2013 6 mm year), whIle the
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prevIously recorded value was 2,550 rom year I The relative hUIIlldity data revealed the dry
weather of the lake area as the hUIIllmty dId not exceed 58 8%

The depths of the lake showed wIde fluctuatIOns dunng the study penod, Its mmunum average
value of 4 02 m was recorded m 1994 and showed a gradual mcrease reachIng the rnaxnnum
of 433 m m 1996 The depths recorded durmg tlus comprehensIve study were much hIgh
compared to the prevIous data wluch gave an average depth of 364m (Abdel-Monem,
1991) ThIs wIde VariatIOn m the depths are mamly due to the fluctuatIons m the amounts of
agnculture dramage water dIScharge mto the lake, wlule the evaporatIon and seepage have the
least effect on the water level

Seccht dISC readmgs recorded dunng tlus mvestIgatIOn ranged between 0 68 and 0 97 m, these
values were much htgher than that recorded by Abdel-Monem (1991), who reported that the
annual average secchI dISC value of Lake Qarun was 0 445 m. ThIS means that the turbIdIty of
the lake water m 1989 was htgher than the correspondmg values recorded durmg the project
Abdel-Monem (1991) mentIOned that the euphotic zone does not extend to the bottom of the
lake and thIS had an adverse effect on benthIc and epIphytIC algae HIS assumptIon was based
on the calculatIon of euophotIc zone by multIplymg the SecchI dISc readmgs by a factor of 3
The present survey mdicated that the correct factor for estrrnatIon the euophotIc zone from
Seccht dISC readmg IS 5 4 as determmed by applymg the Imear regreSSIOn equatIon on SecchI
dISC readmgs and the actual compensatIon depth (at whIch 1% mCIdent hght was detected) In
tlus connectIon GrrgIS (1980) attnbuted the htgh turbIdIty of Lake Qarun water to the
agnculture dramage water wluch was loaded wIth suspended partIcles and was dIScharged mto
the lake Via the drams

The turbIdIty data dId not show any correlatIon wIth eIther the phytoplankton standmg crop or
bIOmasS as represented by chl g ThIS can be attnbuted mamly to the suspended nonbIOlogical
partIcles because the fme clay constItuted 21 62% of the bottom sedIments of the lake ThIS
VIew agrees With the conclUSIOn of Abdel-Monem (1991) who contend that suspended sohds
m Lake Qarun are mamly represented by suspended partIcles rather than planktoruc organISms
He also reported that the suspended partIcles of the lake are autocathonous

The pH spectrum of Lake Qarun's water revealed the predommance towards alkahphIlous
SIde Its values showed a narrow variatIon and were always above 8 On the other hand, the
dIssolved oxygen concentratlons m the lake were always hIgh and SUItable for growth and
SUrvIVal of heterotropInc orgarusms Its values ill the surface waters were Ingher than the
correspondmg values m the bottom layer and gradually decreased from 1993, reachIng a
mmunum of 6 89 mg L 1, m 1995 and ItS hIghest value of 8 5 mg L I occurred m 1996 The
present DO data are closely surular to the preVIOUS results reported by Abdel-Monem (1991)
who attnbuted the oxygen fluctuations m Lake Qarun to wmd actlvltles rather than to
phytoplankton photosynthesIS In the meantIITle, the prevIous mvestlgators attnbuted the pH
vanatIons ill the lake to temperature, sa!uuty, carbonate and bIcarbonate systems rather than
the prunary producers Durmg tlus mvestlgatIon, a new eqUIpment (Envrronmental Momtormg
System) recorded the VariatIOns ill temperature, pH and DO every 5 mmutes for 72 hours The
results of these parameters are at vanance WIth preVIOUS assumptions regardmg the factors
affectmg pH & DO m the lake It IS now clear from the results that the photosynthesIS and
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respIratIon of the pnmary producers play an IDlportant role m regulatmg the pH and DO values
m Lake Qarun FIg (46)

SalImty of the lake generally mcreases as one moves away from the dIscharge pomts of the
two mam drams Sahmty IS consIdered to be the mam factor responsIble for the detenoratIOn
of the envIronmental conditIons of the lake and the declme m ItS fish productIon The annual
average salmIty value recorded m 1989 was 32-49§-o (Abdel-Monem. 1991) SalmIty values
have sIgmficantly mcreased dunng the study penod, ItS annual average levels were 34 06%0, m
1993, 3779§-", m 1994 , 3872%:0, m 1995, and 40 93§-", m 1996 Abdel-Monem (1991)
reported that the annual mcrease m sahmty of the lake dunng the penod from 1979 to 1989
was 0 199 %0 ThIS figure hass completely changed durmg the last four years (1993-1996)
when Its rate reached 1 72 %0 Trus abnormal mcrease m the annual accumulatIon rate
represents a dangerous effect on the bIOlogICal prodUCtiVIty and fish productIon of the lake not
only m the present tIme but also m the near future The sharp mcrease m the accumulatIOn rate
of salts m the lake IS not attnbuted to meteorologIcal changes because there were no
sIgmficant vanatlons m evaporatIon rate and arr temperatures recorded m the area The only
reason for the mcrease IS the Annsal Salt Company wruch has a stock ofbnne waters (300 %0)
consIStmg mamly of NaCI & MgO The Company was establIShed to produce Na2S04, NaCl
and MgO m amounts equal to or exceedmg the accumulated salts m the lake Therefore, ItS
constructIon was aImed at reducmg or even keepmg the salmIty of the lake at some sUItable
level for the SUrvIval of the fauna and flora mhabltmg thIS aquatic enVIrorunent

Smce the constructIOn ofthIS company m 1987 the only productIon lme was Na2S04, whIle the
other lmes for NaCI & MgO productIon have yet to start The sharp mcrease ill accumulation
rate proved WIthout any doubt that the company dIScharges the brme waters mto the lake ThIS
conclUSIOn IS supported by the Company claIm durmg the workshop held ill 1992 The major
problem IS the fillmg of ItS reservoIrS by brme waters WIth a total salts of 60,000 tons The
techrucal staff of the Company proposed to release bnne waters WIth agnculture dramage
water to the lake Tills proposal was rejected ats It has an adverse effect on ecology and fish
productIon of the lake

The conductIVIty values were closely correlated WIth salImty ill that ItS concentratIons had
progreSSIvely mcreased WIth tIme, reachIng the maxImum of 4769 g LIm 1996, whereas ItS
least value was 35 12 g L 1 wruch occurred m 1993

The total alkalmIty (C03
2 & HC03 ) of Lake Qarun had sIgmficantly decreased m 1993 when

ItS values were 5893 & 14207 mg L 1 for C032 and HC03 , respectIvely Carbonate &
bIcarbonate values recorded m the followmg years showed a narrow vanatIOns For HC03 , ItS
values were more or less smnlar to ItS value reported by Abdel-Monem (1991) bemg 19296
mg LIOn the other hand, the present C032 concentratIOn was rugher than the preVIOusly
recorded value of 62 32 mg L 1 It IS well known that alkahmty IS pOSItIvely correlated WIth
bIOlogICal productIVIty and consequently fish productIOn (Ball, 1948 and Carlander, 1955)
Smce hard water (of alkalImty above 40 ppm) are more productIve than soft waters (Barrat,
1953), accordmgly, Lake Qarun can be deSIgnated as very hard waters and rughly productIve
It was reported that total alkalImty values up to 20 ppm mdIcate poor productIOn, whIle 40-90
ppm SIgmfy medIUm productIOn, and values above 90 ppm show production (Jhmgran, 1986)
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The CheITIlcal Oxygen Demand (COD) data showed narrow vanatIOns, although Its value of I
17 04 mg L I recorded In 1996 was hIgh compared to Its concentratIons m the precedmg years
The present COD values agreed wIth the prevIous value of 1467 mg L 1 gIven by Abdel- I
Monem (1991) who attnbuted the hIgh COD levels ill the lake to the allocthonus matenal
mtroduced the lake wIth the dramage waters VIa the two maID drams

Abnormal decrease m sulphate concentratIon was observed between the present values and
those reported by Abdel-Monem (1991), who reported that the annual average S04 2 values m
surface and bottom water of the lake were 4 81 and 5 39 g L 1, respectIvely Dunng the
present study, S04 z concentratIon dId not exceed 834 14 mg L 1 In thIs respect, It IS
noteworthy that Anusal Salt Company at the Shakshouk regIOn (Project sIte) started a project
for mcreasmg NaZS04 productIon from the lake smce 1990 Durmg 1995 and 1996 new lmes
for Na2S04 productIon were opened, thIs explarns the severe decrease m S04 z durmg 1995
and 1996 to less than half the values recorded m 1993 and 1994

NItrogen IS a basIC constItuent of protem and occurs m water as free rntrogen (N), as ammorna
(NIL and NH3), rntrate (N03) and rntnte (NOz), m addItIon to the orgaruc fonns of dISsolved
orgarnc rntrogen (DON) and partIculate orgarnc mtrogen (PON)

Durmg the four succeSSIve years mvestIgatIon, N03- N, the most stable Inorgaruc mtrogen,
was always rugh compared wIth the NOz - N & NH.t - N, except m 1993 when~ - N was
the dommant form

Ammorna m natural water IS usually present as NIL and as un-dISSocIated NH3 the latter IS
rughly tOXlC to aquatIc orgarnsms, espeCIally fish (Trussel,1972) The proportIons of N~ &
NH3 are dependent on the dISSOCiatIon dynarmcs wruch are governed by pH and temperature
Smce the pH of Lake Qarun water IS always> 8 but below 8 5, the approXImate ratIo ofN~
to NH3 m the Lake IS> 5 1 (HutchInson, 1957) The NIL-N level m the Lake (758 Ilg L 1)
was lower than that reported by Abdel-Monem (1991) who gave the value of 8995 Ilg L 1 He
attnbuted the varIatIons of N~-N In the Lake of to the fluctuatIons In the levels of the
dramage waters DurIng thIS study, the estrrnated annual average~ - N dIScharged to the
lake VIa the drams was 312 tons ThIs amount certamly has an effect on the vanatlon of~ 
N, conSIderIng the total water volume of the lake wruch IS 907 2 x 106 m3 It should be noted
that, the annual amount of agrIculture dramage waters dIScharged mto the lake IS 400 x 106 m3

The unstable NOz -N was the least morgaruc rutrogen compounds studted In lakewater Its
values had conSIderably decreased from the begmrnng of the InvestIgatIon and reached the
ITIlillmum of2 6 /lg L 1 ill 1996 The amount dIScharged wIth the dramage amounted to waters
8 4 8 tons year 1

NItrate represents the most stable form among the InorganIc rntrogenous compounds Its
concentratIon was much lower than that reported by Abdel-Monem (1991) who reported a
value of 307 Ilg L I The same author stated that the dramage waters represent the major
source of N03 - N to the lake ThIs VIew IS supported by the calculated amount of NO) - N
dIscharged Into the Lake Via the drams that reached 600 tons year 1 The N03 - N ~ - N
ratIo of Lake Qarun was 1 12 1, wlule the ratIo recorded In 1989 was 46 1 ( Abdel 
Monem, 1991) In tlus connection, It should be mentIOned that In unpolluted lakes thIS ratIo IS
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25 1 as reported by Wetzel (1983) ThIs means that Lake Qarun IS polluted by sewage and
that pollutIOn has sIgruficantly mcreased wIth tIme N"RJ - N IS the most nnportant morgamc
rutrogen affectmg phytoplankton standmg crop and bIOmasS as represented by Chi f!:

concentratIon m Lake Qarun (r = 0 71 & r = 0 94, respectIvely)

In thIs connectIon, It was reported that N"RJ - N IS usually the most preferred morgaruc
rutrogen for uptake by phytoplankton (DJlgdale & Goermg, (1967) Clearly, thIs does not
apply to all ecosystems, as It could change dependmg pnmanly on the speCIes compOSItIon of
phytoplankton Abdel-Monem (1991) reported a shght correlatIon between~ - N and
phytoplankton standmg crop durmg hIs work on Lake Qarun m 1989 (r = 0 53)

Concernmg the orgamc rutrogen (paN and DON). the data mdIcate the hIgh levels of paN
compared to the correspondmg DON values The paN data showed a gradual decrease dunng
the mvestIgatIon years and reached theIr mIlliffium of 2 57 mg L I, m 1996 paN m the Lake
was closely related to phytoplankton bIOmasS as represented by chl £. (r =0 87) On the other
hand, a weak correlatIOn was observed between DON and phytoplankton bIOmasS (r = 0 48)
The orgamc mtrogen contents m Lake Qarun were sIgruficantly hIgh m summer ThIS agrees
WIth the findmgs of Abdel-Monem (1991) who reported that the hIghest level of orgamc
rutrogen m the Lake occurred m summer and wmter He further observed the pOSItIve relatIOn
between phytoplankton and TON. and concluded the autocthonous nature of orgamc rutrogen
.tIl the Lake A sIgruficant portIon of the algal mtracellular mtrogen (10 to 20%) IS released
extracellularly, mamly as protem and ammorua WIth a smaller amount of mtnte and ammo aCId
(Meffert and Zunmerman - Telschow, 1979 - C F Wetzel. 1983)

Phosphates are usually conSIdered as prImarY hnntmg nutnent productIOn m natural waters
TheIr concentratIOns m Lake Qarun showed an ObVIOUS gradual decrease, reachmg theIr
IIll111Illum value of 13 11 Jlg LIm 1996 On the other hand, the orgamc phosphorus contents
varIed WIthm a narrow range. whIle theIr values m 1995 had sIgmficantly mcreased to 97 13
Jlg L I The present data of phosphate level m the lake were comparatIvely lower than those
recorded m 1989 by Abdel-Monem (1991), who attnbuted the P04 vanatIons m the Lake to
the amounts of phoshates dIScharged VIa the two drams ThIS. m part. agrees WIth our
observatIOns that the dramage water IS not the mam source of P04 m the Lake. although It
represents an Important source The calculated P04 - P dIScharged mto the lake VIa the dram
was 84 8 tons year I, m addItIOn to the 28 8 tons year I orgamc phosphorus ThIS IS beSIde the
amounts of OP excreted or accumulated m the phytoplankton cells and released to the water
as a result of theIr normal phySIOlogICal actIVItIes, and after the death and decompOSItIon of
theIr cell contents The nnportance of P04 - P to phytoplankton growth m Lake Qarun IS

mdIcated by the strong pOSItIve correlatIon between P04 - P and phytoplankton crop (r =0 54)
and ChI a ( r = 0 87) ThIS findmg agree well WIth that reported by Abdel-Monem (1991)

Silicates m Lake Qarun showed narrow fluctuatIons durmg the four succeSSIve years of
mvestIgatIon. however ObVIOUS mcrease was noted m 1994 The SI 0 3 - SI dId not show any
correlatIOn WIth the populatIOn denSIty of dIatoms ThIS IS due to the presence of SI03 - SI m
concentratIOns far exceedmg the demands of dIatoms The data revealed pOSItIve relatIOn
between SI03 - SI values and temperature (r =0 62) and thIS relatIon was preVIously reported
by Mckeague and Chne (1963 a & 1963 b) and Abdel - Monem (1991) The latter author
reported a pOSItIve correlatIon between SI03 - SI and dIatoms m Lake Qarun (r = 083) As
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mentioned above, tlus phenomenon was not recorded dunng the present study, due mamly to
the dlfference between class compOSItion as well as the mam dommant phytoplankton species
dunng tlus study and those recorded by Abdel - Monem (1991)

The catiOns, represented by Na & K. showed narrow vanatIOns, although therr concentrations
ill the last two years (1995 & 1996) were lugher than the correspondmg values recorded ill

1993 & 1994 Sodurrn concentratIOns were always lugher than potasSiUm. The levels of Na is

usually affected by Its concentratIOn m the agnculture dramage water and the annual
production of Na2 S04 by Anusal Salt Company On the other hand, the brme waters
d1scharged by the Company mto the lake (consiStmg mamly of Na CI and MgO) play an
unportant role m Na fluctuatIOns m Lake Qarun

CalCiUm contents of the lake water did not show any correlation With sabmty ThIS means that
vanatlons ill calcmm m Lake Qarun are controlled by Its precipitatIon as carbonate ThIS
fmdmg agrees With the observations of Beadle (1932) and CalJon (1983) who recorded thIS
phenomenon ill lakes With water saluuty lugher than 10 g L I On the other hand, Mg
vanatIons were closely related to salmIty ill that therr values had gradually illcreased durmg the
study penod, reachIng the maxunum of 5983 33 mg L I, ill 1996 On the other hand, Mg is

usually found as soluble bicarbonate TIns represents another eVIdence agamst Anusal Salt
Company case and a good proof for the release of brme waters mto the lake, smce, as
mentIoned before, MgO and Na CI are the roam salts m the brme water

The variations ill mmeral compoSItIon of Lake Qarun sedlffients were concentrated m the
heavy mmeral fractions, especially m the gram SIZe of plu 3 and 4 These fractions are
characterIZed by the ultra stable mmerals The fluctuatiOns of heavy mmerals dIstnbutIon
explams the depOSition of the Lake envrronment and reflects dIfferent dynamIC processes
generally, the heavy mmeral contents decrease WIth mcreasmg the depth of the lake The
mmeralogy data of the sand samples illdlcate that they contam the followmg maID groups of
heavy mmerals Opaque, Pyroxenes, Ampluboles, EpIdotes and Zrrcon arranged m a
descendmg order of abundance The data revealed that heavy rnmerals ill Lake Qarun conSiSt
mamly of Iron ores (Opaques) Three provenance's have been IdentIfied as follows Opaques
pyroxenes characterIZed its predornmance (875%) The mIXed opaques - pyroxenes 
ampluboles provenance constItuted 10% The opaques provenance was represented by
scattered samples and constituted 5% These provenances mdIcate that the depOSition ill
subaenal condition and that the lower pyroxenes reflected the dommance of braclash
enVIronment at the trrne of depOSitIon Sedrrnents of Lake Qarun contamed econOmIC amounts
of ZIrcoruum depOSIts

The clay fraction of sedrrnent conSiSted of montmorillorute, illote and kaohrute The non clay
mmerals were calCite, quartz and felldspars The obVIOUS decrease m montmonllorute m the
IDlddle and western regiOns of the lake can be attnbuted to ItS transformatIon to other rnmerals
(Hamdl, 1967) On the other hand, the mcrease m kaohrute percentage m the rruddle and
western regiOns of the Lake was also reported by Nage et al (1981) The lake sedunent is

characterIZed by the predommance of montmonllorute sluch has lugh exchange capacity

Lake Qarun sed.nnents adsorb a portion of dIssolved nutnents wluch encourage development
of bentluc algae - natural food orgarusms for fish and prawn The data on bentluc algae
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bIomass ill Lake Qarun, as represented by chl ~ are completely new The results mdtcate the
marked illcrease m benthIc algal bIOmass ill the eastern regIon compared to the mtddle and
western regIons ThIs IS mamly attnbuted to the abnormal mcrease m suspended orgarnc
matters m thIs area that hes under the mfIuence of waste waters dIScharged from EI- Bats
Dram

Important soil chemtcal condItIOns whIch mfluence the productIvIty of Lake Qarun were
determtned and presented m the results Average electncal conductIVIty values showed that the
western regIon was hIghly salme (13 61 m mhos Cm I) compared to the eastern and mIddle
regIons (11 89 & 11 88 m mhos Cm 1, respectIvely) pH values of the three areas he ill the
alkalme SIde (always above 8) Total phosphorus and total KJeldahl -N were hIgh, theIr
maxunum values amounted to 1052 8 and 2334 3 mg Kg I, ill the eastern and western regIOns,
respectIvely BlOavatlable - P, TOC, TOM and TC pomts to the hIgh fertility of the western
regIOns compared to the other areas Lake Qarun SOlls are generally fertile as they contam
essential nutnents necessary for benthIc flora, fauna and consequently fish productIon

Durmg the present illvesugatlOn levels of organochlonne pestICIdes and heavy metal resIdues
were illvestlgated m the Lake sedtments and water As mentIOned before the pestICIde reSIdues
measured dunng thIs study were those commonly used at Fayoum Governorate accordmg to
the mformatIon receIved from the GlZza Seeds Exportmg Company The results showed
obVIOUS decrease m pestICIde reSIdues durmg the last three years (1994,1995) ThIs can be
attnbuted to the new polIcy of MmlStry of Agnculture and Land ReclamatIOn that depends on
apphcatlon bIOlogICal control techrnques for controlling agnculture pests Instead of mtensIve
use of pestICIdes Accordmg to thIs approach the amounts of pestIcIdes used for controlling
pests had sIgmficantly decreased The most dommant organochlonne pestICIdes were Alpha
Endosulfan, BHC - Beta, Ortho, Para - DDT, Alpha - Chlordan, and Qumtozene m that order
The apphcatlOn of DDT, BHC and other organochlonne InsectIcIdes was prevalent m Egypt
for almost 20 years (1952 - 1971) throughout agncultural and medIcal pest programmes (Abd
Allah and Alt, 1994) The amounts used ill 1961-76 (53,300 metnc toms, mostly DDT and
hndan) were reported by EI-Sebae (1981)

Concemmg the pestICIde reSIdues m Lake Qarun fishes, random fish samples were collected
from the mIddle and western regIons and underwent to pestICIde analyses In general, the
pestICIde concentratIOn m the muscles was always much lower thanlJlg g 1 Table __ shows
the pestICIde levels m the muscles of Solea aegyptlaca and Mugzl capzto The most dommant
pestICIde was Archlor 1248, Its maxImum concentratIOn of 120 ng g I (0 12 Jlg g 1) occurred
ill M capzto collected from the western regIOn
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Table 8 Pesticide residues In fish muscels (ng g 1)

Pesticide Solea aegyptlaca Mugll caplto

west InIddle west

HCB 28 3.5 64

AlphaHCH 0.4 08 12

BetaHCH ND. 0.2 09

GamaHCH 64 96 125

Aldnn 83 125 19.3

Heptachlor 8.3 134 17.5

PPDDD 24 54 9.2

PPDDE 104 224 34.2

PPDDT 63 144 23.4

PPTDE 294 276 42.1

A.. 1242 43 64 95

A.. 1248 64 82 120

Ar.1254 30 42 60

Smce Lake Qarun receIves consIderable amounts of agnculture dramage waters wInch are
loaded wIth pestIcIdes, It IS recommended to contmue to put emphasIS on the least persIStent
pestIcIde and decreasmg rehance on the use of persIStent chlonnated hydrocarbons

The trace metal studIes mcluded therr level of concentratIOn m water and sedunents of the lake
and the two drams TheIr concentratIons m the lake and drams waters mdIcated that Fe was
the most dommant metal followed by Co and Zn In summer and autumn, the trace metal
concentratIons m the lake water were lugh compared to therr correspondmg values m the
drams, however, the reverse was true durmg wmter and spnng ThIS mdIcates that Lake Qarun
IS not heavIly polluted by trace metals and that theIr fluctuatIOns m the drams depend on the
source of waste water, mamly pestIcIdes and sewage-contammg metallic Ions In the
sedunents, Fe was the major lon, followed by Cr and Zn As reported m the mechamcal and
rnmeralOglcal propertIes of the lake sedIments, Iron ore IS the dommant fractIon ThIS leads to
the conclUSIon that most of trace metals m Lake Qarun, especIally Iron are of autocthonous
ongm ThIs findmgs agree well WIth the actual SItuatIOn of Fayoum Governorate (lake regIon)
wInch shows that there IS no mdustnal development m the area and consequently there IS no
notlceable mflux of mdustnal wastes mto the lake It can be concluded that the levels of heavy
metals m Lake Qarun are normal and theIr concentratIons are WIthIn the permISSIble lumts,
except Iron wInch ongmates from the lake sedIments Other metals such as AI and As were
also analyzed m lake sedunents For AI, Its concentratIons vaned from 248 mg kg I m the east
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to 290 mg kg 1 m the western regIOn The levels of As m the lake sedlments ranged between
1 74 mg kg 1 m the east and 423 mg kg 1 ill the mIddle regIon These data mdIcate that these
two metals are found ill the lake sedlments (autochtonous) rather than mtroduced through the
drams

Concernmg the bIOlogICal parameters, the present data demostrate the mgh productIVIty of
Lake Qarun, startmg from phytoplankton to the bentmc orgamsms Phytoplankton
commumtIes of the Lake are represented by SIX roam classes, namely BacillarIOphyceae
Dmophyceae, Cyanophyceae, Euglenophyceae, Chlorophyceae, and Cryptophyceae
Generally, two plankton pulses have been recorded every year, the major one always occurred
m summer, except m 1996 when the outburst of phytoplankton was observed m late sprmg
The mmor peaks were usually recorded m late autumn and late wmter, except m 1994 when
the least phytoplankton standmg crop was found m early sprmg The same phytoplankton
classes were also recorded m the Lake by the preVIous mvestIgators (Ibrah1m,1979) and
Abdel-Monen,1991) They reported that members of Chlorophyceae and Euglenophyceae are
allochathonous and enter the lake VIa the drams ThIs findmg IS corroborated by the fact that
the speCIes of these two classes were recorded only at the dlSchargmg pomts of the two drams
mto the lake Abdel-Monen (1991) recorded two phytoplankton peaks ill the lake, a major one
m summer and a romor one m autumn The seasonal cycle of phytoplankton m Lake Qarun
does not exmbit the clasSICal pattern for low temperate regIOns (maInly the northern
heIDlSphere ) as reported by Raymont (1980)

The data show strong pOSItIve corelatIOn between phytoplankton standmg crop and both P04 

P & NH4 - N (r =0 54 & 0 71, respectIvely) ThIs leads to conclusIOn that both N & P are the
pnme hmItmg nutnent for phytoplankton m Lake Qarun ThIS conclusIOn IS at varIance WIth
the findmgs of Abdel - Monen (1991) who reported pOSItIve corelatlOn between
phytoplankton and both salmIty and temperature ThIs means that salImty has pOSItIve effect
on phytoplankton standmg crop, however the reverse was observed durmg the present
mvestIgatIon

Durmg thIS study the phytoplankton peaks were mamly due to the predommance of dIatoms,
except m summer 1993, when the dmoflagellates were dommant Diatom speCIes appearmg m
sigruficant numbers were Nltzschza spp, Cyclotella spp, Meloszra spp and Chaetoceros spp
It IS eVIdent that phytoplankton commuruties m Lake Qarun showed year to year and month to
month changes m magrutude and specIfic dOmInance The predommance of dIatoms m Lake
Qarun has also been reported by the prevIOUS mvestIgators (Nossoerr and Abou El-kherr, 1970
,Ibrah1m, 1979, Abou EI-Kerr and IsmaIl, 1986, and Abdel-Monem, 1991) Durmg the present
study a total of 74 dIatom taxa were recorded m the lake, whIle Abdel - Monem (1991) gave
119 dIatom taxa Our results dId not reveal any correlatIon between dIatoms and silicate ThIs
IS mamly due to the presence of SI03 - SI m concentratIons far exceedmg the demands of
dIatoms The most abundant dIatom speCIes durmg the four years survey was Nztzschza
clostenum wmch IS known to flOUrISh at mgh nutnent levels and when the temperature shIfts
to mgher values (Werner, 1997 )

As to the other phytoplankton classes, the dmoflagellates were the most Important, they
occupIed a pOSItIon second only to dIatoms, except m summer 1993 when they were
dOmInant Therr roam representatIve speCIes were Perzdzmum sp, Exuvazella apora and

263



Prorocentrum mzcans The least abundant class was Cryptophyceae that was recorded only m
1993 and represented by Chromonas spp and Rhodomonas spp

The results of chl B. showed that Its maxnnum values were always recorded ill sprmg, except
m 1993 when Its hIghest value occurred 10 summer The chl ~ of chfferent phytoplankton
fractIons revealed the dommance of nanoplankton (> 20 )lm) durmg 1993, whIle m the
followmg years Its values showed a WIde fluctuatIon between the dIfferent fractIons A slIght
posItIve relatIon between phytoplankton crop and Chl a was observed (r =0 5), wlule a strong
posItIve correlatIon was observed between the chI ~ and NH.t - N & P04 - P (r =094 and
087, respectIvely) In tlus connectIon Abdel- Monem (1991) reported that chI ~ maxnnum m
Lake Qarun occurred 10 autumn, whIle the least value was 10 summer The weak correlatIon
between chl (J and phytoplankton densIty 15 due to the WIde varIatIons m speCIes compOSItIon
and cell sIZes In thIs context, Nebakken (1988) reported the chI ~ varIatIOns among
phytoplankton speCIes and cells of the same speCIes as well, dependmg on theIr growth phase
and condItIons In general, as shown from chI (J data, Lake Qarun can be deSIgnated as super
eutropruc (>7Ilg chI aLl, C f KostIamen, 1969)

The dIStrIbutIon of phytoplankton bIOmasS m Lake Qarun as represented by chl (J IS affected
by nutnent concentratIOn levels, turbulence and graz10g The present study revealed a negatIve
coreiatlon between phytoplankton bIOmasS and zooplankton denSItIes (r =-0 5) ThIs mdIcate
the role of zooplankton grazmg m controllmg phytoplankton bIOmasS

Zooplankton commurutles m Lake Qarun are represented by three roam groups, namely
Roufers, Copepoda and Protozoa RotIfers were always the most dommant group throughout
the 1OvestIgatlOn penod, followed by Copepoda and Protozoa, except m 1995 when Protozoa
occupIed the second promment place TheIr annual average standmg crops showed WIde
varIatIons, reaclung theIr maxnnum m 1996, whereas the rnmtrnum values occurred m 1993
The maxunum zooplankton numbers were always recorded m autumn except m 1996, when
theIr rnaxnnum numbers occurred 10 late summer The grazmg expenments demonstrated the
effects of zooplankton grazmg actIVIty on phytoplankton The grazmg pressure of zooplankton
whIch was donunated by Brachzonus plzcatzlzs was sIgruficantly hIgh and effectIve on
nanoplankton (> 20 11m )

In general, the zooplankton data reflect the eutrophIc nature of Lake Qarun and the avaIlability
of mgh zooplankton denSItIes

Bottom orgarusms 10 Lake Qarun are represented by four maID groups, namely Arthropoda,
AnnelIda, Mollusca and Coelentrata In general, Arthropoda were always the most dommant
group followed by AnnelIda, Coelantrata and Mollusca, except 10 1995 when Mollusca
occupIed the thIrd dommant place The seasonal cycles of benthIc fauna showed that theIr
maxnnum denSItIes were recorded m sprmg m 1995 & 1996 and m wmter durmg 1993 &
1994 TheIr denSItIes showed a gradual decrease from (1993) and reached theIr least denSIty m
1995 The unportance of bottom bIOta as fish food IS well establIshed On the other hand, the
penphyton commurutles m Lake Qarun play an unportant role m the bIOlogICal prodUCtIVIty of
the lake The seasonal cycles of theIr bIOmasS were preVIOusly dIScussed WIth sedunents
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The bIOlogICal condItIons of Lake Qarun mdicate several Important pomts concernmg the
avaIlability of natural food In the first place, the lake, as was stated above, can be desIgnated
as super-eutrophIc Judgmg from the food web bIOmasS The pnm.e lmntmg phytoplankton
nutnents were N & P as mdIcated from the close relatIOn between these major elements and
phytoplankton productIOn, and also from nutrIent lmntatIon expenments On the other hand,
the problem of sigruficant mcrease m sahmty and ItS Impacts on bIOlogIcal productlon of the
lake, was shown from the data whIch revealed pOSItIve relatIOn between sahmty and both
zooplankton & benthos crops (r =0 83 & 0 68) whIle It has strong negatIve corelatIon WIth
phytoplankton bIOmasS (r =- 0 89) ThIs means that salImty has deletenous effects on the
bIOmasS of prImary producers, that should cause adverse effects on the other components of
the food cham

WIth regard to the bactenal counts of total and fecal colIform, the data showed abnormal
mcrease m bactenal counts durmg 1994 ThIs IS mamly attrIbuted to the amounts of waste
waters dIScharged mto the lake VIa the two roam drams and the hIgh nutnent levels In the
meantIme, the orgamc matters m the sedlments and waters are sufficIently hIgh to stImulate
bactenal growth On the other hand, the total and fecal cobforms showed notIceable mcreases
durmg summer, whIle theIr mmImum counts occurred m autumn The mall factors affectmg
thIs cycles were temperature and the amounts of raw sewage dIScharged mto the lake VIa the
drams In the meantme, the abnormal mcrease m fecal colIform counts m the drams and theIr
dISchargmg pomts m the lake revealed the hIgh level of sewage pollutIOn m the dram's water
ThIs means that the drams' waters consIst not only of agrIcultural dramage water but also
substantIal amounts of raw sewage

As to the bacterIal dISeases, the hIgh load of orgamc pollutIOn (sewage) and hIgh bIOlogICal
productIVIty are optmum condItIons for the appearance and flOUrIShIng of pathogeruc bactena
The most mportant case recorded dunng thIs mvestIgatIOn was the mass mortalIty of Solea
aegyptzaca InformatIon of thIs mCIdent was receIved from the representatIve of G A F R D
and the local fishermen Close exammatlon revealed that thIs mortalIty was realIzed to
VIbrIOSIS, and that 50% of the exarruned S aegyptzaca samples were mfected In the
meantme, 30% of mullets and Tzlapza Zzlll were mfected WIth YerslOla and Streptococcus
The bacterIal dISeases recorded m the lake mfect the endemIC and transplanted fish specIes All
pathogeruc bacterIal specIes were recorded m the Lake and were not mtroduced WIth the
transplanted mullet :fry ThIs suggests that the lake enVIronment IS greatly affected by the
heavy load of raw sewage dIScharged from the drams ThIs leads us to recommend that raw
sewage and waste waters. m general. should be treated before dIScharge mto the lake

In addItIOn to bactenal dISeases, the paracytologlcal studIes mdIcated the presence of
numerous parasItes, encysts metacercarIa and ectoparasltes m both endemIC and planted fish
speCIes The dIStnbution and IdentIficatIOn of these parasItes were preVIously explamed m
detaIls In general, Trzchodznzds are servely mfectmg M cephalus, whIle tIl1apIa fishes are
heaVIly mfected by encycted metacerCarIa m the muscles and VIScera, whIch proved to be
potentIally dangerous to humans PrelImmary data showed that the growth of the mullets IS
adversely affected by the large numbers of trematodes mvadmg theIr mtestmes The most
Important findmg was that concernmg the paracytologlcal status of mullet :fry transplanted
from the MedIterranean Sea near the dIScharge pomt of the NIle Damtetta Branch ThIs area IS
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heavJ.1y polluted wIth raw sewage of Dommate CIty The fry were exammed Just before
mtroducmg them mto the lake The results revealed that 100% of the fry were mfected wIth
large numbers of trematodes m theIr mtestme, 9% were mfected WIth encysts metacercana and
were 31 % mfected WIth ectoparasites These findmgs were dIScussed WIth the representatIve
of General Authonty for FISh Resources Development We recommended the Importance of
changmg the collectIon SIte of the fry from EI-Gerbi at Darruetta to Ashtom EI-GamJ.1 at Port
S31d ThIs recommendatIon was supported by the paracytoiogical exarmnatIOn of mullet fry
collected from the new SIte As was expected, only 10% of the fry were mfected WIth
trematodes In thIs connectIon our recommendatIon for the near future IS the need to construct
a hatchery for the productIon of grey mullet fry at Fayoum Governorate for the annual
stockIng of Qarun and WadI EI-R31yan Lakes WIth healthy fry ThIs should aVOId the adverse
effects of the parasItes on SUrvIval and growth rate of fry collected from the Mediterranean
Sea It Is worth mentIOnmg that the annual stockIng of Qarun and WadI EI-RaYIan Lakes fry IS
45 X 106 fry and the parasItes detected m Qarun Lake are exotIC and represent protozons (e g
P olzque & tnchodlDlds of 0 aureus) whIch mvaded the endemIC fish specIes m masSIve
numbers

Ezzat et al (1979) on theIr studIes on the bIOmetnc vanations m soles m Lake Qarun gave
the vertebral count as 41 ± 2 161 That IS to say, the range of vertebral count varIed from 39
to 43, the same range as mentioned for the EgyptIan sole by Quero et al (1986), who gave the
vertebral count range for S vulgarIS between 46 and 52 ThIs was another eVIdence that thIs
speCIes has been wrongly Identified Several mvestIgators, espeCially those who used scales m
agmg, bIOlogICally mterpret the mtercept as the fish length at whIch the hard structure IS
formed However, as dIscussed before, otolIths are formed durmg the embryomc stages Thus,
the SIgn of mtercept depends on the length range of the collected samples It could be argued
that If the collected samples comprISe the whole range of very small as well as very large
fishes, the mtercept would be zero Accordmgly, It IS better to accept the propose of HI1e
(1970) that mtercept IS best regarded as a mathematIcal constant that makes the equatIOn
works (Duncan, 1980)

The lInportant accomplIsments of the present mvestIgatIOn 15 the proper IdentIfication of Lake
Qarun soles as Solea aegyptzaca and the record of Oreochromls aureus for the first tIme m the
commerCIal catch WIth a conSIderable percentage

The history fishenes of Lake Qarun mdicated that the eXIStence of the lake fisherIes depends
mamly on the contmuous and regular transplantatIon of mullet fry The declared number of
transported fry IS about 30 mJ.11Ion fry Accordmgly, usmg the Yield per recruIt model, the yIeld
of mullets should be about 1500 ton yearly However, thIs figure IS not achIeved ThIs may be
attnbuted to the transportatIOn and handlIng loss of fry and/or that the declared number IS not
accurate Thus, It IS recommended that a better attentIon to the process of mullet fry
transportatIon and acclImatizatIon be gIven

AnalYSIS of fishenes statIstIcs revealed that mtensive shrImp fishenes has a destructIve effects
fish stocks m Lake Qarun, espeCIally for the natural spawners soles and tIlapias Thus,
prohIbItmg shnmp fishenes durmg July IS recommended to gIve the soles the chance to rebuIld
theIr depleted stock Moreover, closed fishIng season durmg January and February each year IS
also Important m rnamtammg the speCIes
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Age and growth studIes showed that, for almost all fish stocks, the maxnnum illcrements ill
length and weIght are acrueved at the end of the first year of Me However, populatIOn
structure studIes as well as the study of length at first sexual rnatunty, showed that a
consIderable percentage of fish were caught ill age group 1 e before attammg theIr sexual
rnatunty To protect the recruItment (for the spawnmg stocks), SIZe lmnts must be establIshed,
1 e to lengths greater than the (Lso)

The results of the food and feedIng studIes revealed that almost all fish stocks ill the lake are
bottom-feeders and they showed a speCIal preference to feedIng on crustacea In hght of thIs, a
filter-feeder speCIes could be elected to be transplanted to the lake ill an effort to Improve the
status of the lake ecosystem Needless to say that the selected speCIes shall be able to
WIthstand the rugh salmIty of the lake, and would be able to spawn naturally ill the lake

It IS worth mentIOnmg that ill the course of the present illveshgatIOn, mortahty rates, estImates
of explOItatIon rates as well as yIeld per recruIt estImated were calculated for the first to Lake
Qarun fishes The results obtamed illdIcated that fishes ill the lake are suffermg from
overexplOltatlOn and that rapId measures should be taken ill order to mamtam the health and
sustamabIhty of the lake fisherIes
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