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FOREWORD 

The freshwater flshenes of Afnca account for 54% of the total Yield or 640/0 If upwellmg flshenes 
are excluded The rapidly expandmg human populatIOn on the contment has substantially mcreased 
the demand for fish The demand has not been matched by mcreased catches from the flshenes The 
actual Yields from many bodies of water are below predICted levels although catch statistics on which 
the Yield estimates are based are usually highly maccurate and mcomplete There IS a reqUirement to 
develop the methods for the ratIOnal and sus tamable harvest of fish resources and to unify national 
systems of fIshenes data collectIon and analysIs and the Implementation of mternatIonal flshenes 
management pollcy The successful management of aquatic resources IS dependent on the availability 
of data on the status of the resources, their rate of explOitation, the soclOeconorruc component.'> 
affecting the 'harvesters' and external factors such as pollution which Impact on the resources To 
these data, state-of-the-art ecological modeUmg, Initially developed for manne ecosystems. can be 
applied as well as an evaluation of soclOeconorruc Impacts ICLARM and the Flshenes Centre of the 
Uruverslty of Bntlsh Columbia, Canada, workmg m partnership, have been leaders m the evolution of 
these applications whICh illcluded ECOPATH and ECOSIM 

In Egypt the scafClty of water means that the first pnontles given to the resources are for dnnkmg 
and IrngatIon The bUlldmg of the Aswan High Dam and the formatIOn of Lake Nasser provided a 
'water tank' for the country Other uses of the reservoir mclude power production, navigation and 
fIshmg The mtegratlon of the reqUirements of different users and the development of a common. 
holistic management polIcy could optlrruze output for all illcludmg the fishery With this In rrund, 
ICLARM developed a research strategy with the High Dam Lake Development Authonty. Egyptian 
MiniStry of Agnculture The first stage of this strategy was a planning workshop ill June 1998 whICh 
was attended by national and illternatlonal experts These proceedmgs clearly outlIne what IS known 
and what IS not known about Lake Nasser and Its fishery, defIne Its major constramts and suggest 
further studies and work These mclude deterrrunmg mdustry and local community reqUirements. 
mcreasmg knowledge of the ecosystem, evaluatmg enhancement. In particular. the introduction of a 
species to utlhze the open water, and Improvmg the capabilIties of local SCientiSts, fishers, processors 
and managers 

Although the present plan for Lake Nasser represents a case study, the development and applica
tion of techniques have a much Wider apphcatlOn In other lakes and reservOirs on the Afncan conti
nent Knowledge developed for one system can be extrapolated and used to model another This 
approach IS a SignIfICant Improvement on the mamly site-specIfiC studies carned out m the past 

Meryl J. Williams 
Director General 
International Center for LlVIng AquatiC 

Resources Management 
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PREFACE 

Many flshenes of the world have not been adequately managed and catches are m decline 
This IS havmg considerable Impact not only on the consumers m the npanan countnes but also on 
the local people, most of whom are m the lower mcome group and whose hvehhood depends 
directly on the sustamabllity of the flshmg mdustry 

The mland waters of Egypt supply a conSiderable proportIOn of the natIOn's fish protem and 
Lake Nasser's contnbutlOn IS slgmfICant However, the full potential for fish productIOn from the 
lake. based on Its size and level of fertility (nutnent status), has not been achieved Consumers are 
not recelVmg the fish that they require m their diet In additIOn, the wealth currently bemg gener
ated from the lake fishery IS not reachmg those who need It most, m particular the fishers and their 
farruhes Based on an analysIs of the Lake Nasser fishery, a comprehenSive project, 'Improvement 
of the Management of the Lake Nasser Fishery to Enhance the Econorruc Benefit of the Lake Basm 
Commumty', IS bemg planned to mcrease the productIVIty of the lake m a manner which IS sustam
able, envlfonmentally sound and SOCially eqUitable As a first step, a workshop was held at the ISIS 
Island Hotel, Aswan, Egypt, on 19-23 June 1998 The workshop was funded and orgallized by 
ICLARM with the assistance of the Fishery Management Center, High Dam Lake Development 
Authonty 

These proceedmgs document the papers presented and the diSCUSSions held at the workshop 
After an mtroductory sessIOn descnbmg the lake and Its users. the alms and objectIVes of the 
project and workshop, and the pnnClples behmd ecosystem modellmg, a senes of background 
papers were presented (19 of whICh are published here) Followmg an outlme ot the mam Issues 
Identified by the workshop orgallizer, a thorough diSCUSSion on the constramts to the fishery was 
held The partiCipants were then mtroduced to modern techniques to evaluate the sustamabillty 
status of flshenes Each major component-ecosystem, aquaculture. stock enhancement, alien fish 
introductIOns. socloeconorrucs and flshenes management-of the fishery was analyzed by the 
internatIOnal experts based on the background papers and the present state of the art These Im
portant contnbutlOns are presented here The fmal sessions mvolved Identification of tasks tor 
Implementmg the project and the requirements necessary to carry out these tasks In the time 
allowed for the workshop. It was not pOSSible, nor appropnate, to put these tasks mto an order ot 
pnonty ThiS Will be the next step m the project Implementation It was however very satlsfymg to 
see the active partiCipation of all, not only m the presentation of papers and the diSCUSSions that 
followed, but also m the group actiVities and general debate There were many fruitful dialogues 
(and mformal out-of-sesslOn diSCUSSions) among ecologiSts, aquacultunsts, engmeers, econorrusts, 
SOCiologiSts and laypersons a good sign for future cooperation m the Implementation of the 
project 

The Editor 
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Lake Nasser Overview 

M.M. EI Shahat 
Fishery Management Center, High Dam Lake Deve{opmentAuthority,Aswan, Egypt 

EI Shahat, M.M. 2000. Lake Nasser overview, p. 3-6. In J.F. Craig (ed.) Sustainable fish production in Lake Nasser: ecological basis and management 
policy.ICLARM Conf. Proc. 61 ,184 p. 

ABSTRACT 

Lake Nasser, together with Lake Nubia, is the second largest human-made lake in the world and was filled 
in 1964 after the construction of the High Dam at Aswan. The reservoir is about 480 km long, consisting of 
300 km (Lake Nasser) in Egypt and 180 km (Lake Nubia) in Sudan.The only source of water is the River Nile 
with its inflow in the south.The lake is long and narrow, often with dendritic side areas called khors.There are 
100 "important" khors. At 180 m above mean sea level (AMSL), the total surface area of the khors, i.e., areas 
outside the main valley covered by water, is about 4900 km2

, 79% of the total lake surface area. However, they 
contain only 86.4 km3

, 55% of the total lake volume. Lake Nasser is eutrophic and at times the upper layer has 
a high concentration of chlorophyll a. The average water temperature ranges from 15.0°C in February to 
32.4°C in August; dissolved oxygen from 0.0 to 1003 mg I-I, and transparency from 0.2 m in August to 6.1 m in 
December.The fishes recorded in the lake originate from the River Nile.The predominant species for sale as 
fresh fish are the tilapias (in particular Oreochromis nilot/cus) , Lates nilot/cus and Labeo and Bagrus spp.The main 
salted fishes are Hydrocynus forskalii and A/estes spp.The highest total fish production was 34 206 t In 1981 and 
the lowest was 751 t in 1966. 

Lake Nasser, together wah Lake NubIa. IS the second 
largest human-made lake m the world after Lake Volta, Ghana 
It was ftlled m 1964 after the construc[ton of the HIgh Dam 
(Entz 1974) and extends from Cataract at Dal In Sudan 
(approxImately 20

0

27'N and 30'35'E) to Aswan m Egypt 
(approxImately 23'58'N and 33'15'E) The re~ervolr IS about 
480 km long, consIstIng of approxImately 300 km (Lake 
Na~ser) m Egypt and 180 km (Lake NubIa) m Sudan It IS 
sItuated m a desert area where the yearly mean preCIpItatIon IS 
very low, ::;.4 mm year· l, and evaporatIOn IS very hIgh, 
approxImately 3 000 mm year,l The aIr IS dry and the sky IS 
almost completely cloudless The only source of water IS the 
RIver Ntle with ItS mflow m the south and one outflow m the 
nol1h at Aswan ThIS vast Impoundment IS more ltke an ex, 
tremely slow flowmg nver than a typIcal lake (Entz 1976) Some 
of the most Important morphometnc data of the reservoIr are 
summanzed m Table 1 

Table I.A summary of morphological characteristics for Lakes Nasser 
and Nubia (after Rashid 1995). 

The mean slope of the Lake Nasser shorelme IS steeper on 
the generally rocky or stony, mountamous, eastern shore than 
on the flatter. more open, WIder, often sandy, western one 
The lake has a long, narrow shape WIth dendnttc SIde areas 

Pre"iOUB Pa~~ Blank 

Lake Nasser Lake Nubia 

160m 180m 160 m 180 m 
AMSL AMSL AMSL AMSL 

Length (km) 292 292 128 190 
Surface area (km2) 2585 5238 472 978 
Volume (km1 ) 56 133 10 24 
Shoreline length (km) 5400 7800 647 I 406 
Mean Width (km) 8.9 18.0 3.7 5.2 
Mean depth (m) 21 25 20 26 
Maximum depth (m) 110 130 

AMSL = above mean sea level 
- = not known. 

called "khors" (Fig 1) There are 100 important khors m 
Lakes Nasser and Nubia combmed, 58 on the eastern and 42 
on the western shores The total length of the khor systems 
when the lake is full, Ie, 180 m AMSL, IS nearly 3 000 km The 
total surface area of the khors, Ie, the areas outsIde the mam 
valley covered by water, IS about 4 900 km2 09% of the total 
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Fig. I. Map of Lake Nasser.The lake is divided into five fishing regions, I-V. Sampling stations along the main channel are: I Aswan 
High Dam,2 Dahmit,3 Kalabasha,4 Maria, 5 Sayala, 6 Singari, 7 Amada, 8 Masmas, 9 Abu Simbel and 10 Adindan. Khors sampled 
are: A Abesco, B Abu Hor, C Aniba, D EI.Allaqi, E EI·Madiq, f EI·Ramla, G EI-Seboa (east), H EI-Seboa (west) I Forondi,j Garf 
Hussein, K Korosko, L Kourta,M Mirwaw, N Soliman, 0 Tomas, P Turgumi, Q Tushka (east), RTushka (west) and 5 Wadi EI-Arab. 
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lake surface) In volume, they contain only 86 4 km3 water 
(55% of the total lake volume) 

The deepest part of the lake is the anCIent riverbed with Its 
adjacent stnps of cultivated land which together form the origi
nal nver valley The bottom of this central area IS between 
85 and 150 m AMSL The Side areas of the lake he between 
150 and 180 m AMSL The speed of the current In the central 
area IS fast at the southern end of the Nubian gorge region 
(05 m S-I) This speed is gradually reduced within a few 
kilometers to 0 1-0 2 m S-1 and In Lake Nasser to 0-0 03 m S-1 

Seasonally, the water level IS lowest In July and August, 
and nses rapidly with the flood in early November (sometimes 
October or December) The highest levels are reached four 
months later In November 1982, the water level reached 173 m 
AMSL and then It fell gradually to a minimum of 151 m AMSL In 
July 1988 (Fig 2) A sharp Increase In the water level occurred 
dunng the latter half of 1988 to reach the prevIous high level, 
and thiS was maintained dunng 1989-1997 In November 1996 
and December 1997, water levels reached 179 m AMSL 

Lake Nasser IS a monomlCtlC subtropICal lake with preva
lent lacustnne charactenstlCs and with a single CIrculatIOn 
penod In winter between November and March Table 2 
summanzes some of the surface water charactenstlCs Water 
temperature ranges between 15.0°C In February and 324°C in 
August. Transparency (Secchi disc depth) is high dunng Octo
ber-Apnl and low dunng March-September Dissolved oxygen 
IS usually high dunng November-Apnl and low dunng May
October The pH IS normally alkaline 

The upper layer of the water column from the surface to 8 
m depth can contain high concentratIOns of chlorophyll a. The 
maXImum chlorophyll a concentratIOn recorded was 42 4 mg 
m-3 In January 1984 Lake prodUCtiVity would indicate that the 
lake IS eutrophIC. 
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The fishes recorded In the lake are Indigenous to the RIver 
Nile and originated from those formerly living in the Nubian 
part before impoundment. The 57 speCIes recorded since 1964 
belong to 15 famlhes (Latif 1974) The Important speCIes are 
Oreochromls nilotlcuS, Sarotherodon gahlaeus, Hydrocynus 
forskalli, Alestes dentex, Lates nilotlcuS, Bagrus bayad, 
B docmoc, SynodontlS serratus, S schall, Barbus bynm and 
Labeo niloticus These together make up more than 95% of the 
catch The predominant species for sale as fresh fish are the 
tilaplas and Lates, Labeo and Bagrus. Hydrocynus and Alestes 
spp are salted 

The fish are caught by trammel nets, gill nets (bottom and 
floating), long hnes and beach seines The number of boats 
and fishers vanes according to the fishing assoCIation operat
Ing In the lake (Table 3) The fishing yields (Table 4) have 
vaned from a low value In the late 1960s and early 1970s to a 
peak in the early 1980s. At present, the yield IS about 20 500 t, 
well below that expected An unknown quantity of fish landed 
IS poached 

Table 2. Summary of the range of limnological characteristics at the 
surface of Lake Nasser. 

Factor 

Water temperature (0C) 
pH 
Dissolved oxygen (J.lg I-I) 
Phosphorus (J.lg I-I) 
Nitrate (J.lg I-I) 
Chlorophyll a (J.lg I-I) 
Secchl diSC depth (m) 

Year 

Mm 

174 
6.1 
0.0 
9.8 
0.0 
2.0 
02 

Range 

Max 

31.4 
9.1 

12.5 
49.4 
37.6 
42.4 

6.1 

Fig. 2.Water levels at the Aswan High Dam from 1966 to 1997. (Maximum = solid bars and minimum = open bars). 
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Table 3. Fishery cooperatives of Lake Nasser and the number of boats 
and fishers employed (1997). 

Name of association No of fishmg boats No. of fishers 
or public corporation 

Mlsr Aswan Cooperative Society 228 547 
Aswan's Fishermen's Cooperative 605 1452 

Society 
Mother Cooperative Society I 431 3434 
Nubian Cooperative Society 526 1262 
EI Takamol Cooperative Society 61 146 

Total 2851 6841 

Table 4. Official landed catch statistics (t) of Lake Nasser, 1966·1997. 

Year Fresh Salted Total Year Fresh Salted Total 

1966 347 404 751 1982 25979 2688 28668 
1967 782 633 I 415 1983 28885 2379 31 282 
1968 I 152 I 510 2662 1984 22069 2465 24534 
1969 2802 I 868 4670 1985 24975 I 475 26450 
1970 3370 2306 5676 1986 15023 I 292 16315 
1971 4316 2503 6819 1987 15287 I 528 16815 
1972 5303 3040 8343 1988 14579 I 309 15888 
1973 8027 2560 10587 1989 14031 3619 15650 
1974 8030 4225 12255 1990 20 129 I 753 21 882 
1975 10384 4251 14635 1991 29642 I 196 30838 
1976 10929 4862 15791 1992 24721 I 498 26219 
1977 12279 6192 18471 1993 16723 I 208 17931 
1978 17852 4873 22725 1994 20491 I 583 22074 
1979 22649 4372 27021 1995 19693 2365 22058 
1980 26344 3872 30216 1996 18 159 2381 20540 
1981 31 295 2911 34206 1997 16546 3957 20503 

6 Sustainable fish production m Lake Nasser 
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ABSTRACT 

The construction of the High Dam and the formation of Lake Nasser upstream have been among the most 
important projects for sustainable development in Egypt. The total storage capacity of the lake is 162 km3• 

Three types of storage are involved: (I) dead storage which extends from bed level to the water level at 147 
m above mean sea level (AMSL) and has a capacity of 31.6 km3; (2) live storage between 147 and 175 m AMSL 
which has a capacity of 89.7 km3; and (3) emergency storage between 175 and 183 m AMSL with a capacity of 
41 km3.The lake ensures that Egypt is provided with Nile water as specified in the 1959 agreement between 
Egypt and Sudan. The High Dam is the means of controlling sufficient flow for daily demands, which include 
agriculture, industry, tourism, hydroelectric power, drinking, domestic use and navigation. The development of 
the lake area is a major source of interest for many sectors in Egypt. Development projects include agricul
ture, industry, tourism and fishing production. Others are ready for implementation. In this paper, the conflicts 
between different users of the lake are highlighted and the environmental consequences resulting from 
development projects are described. 

Introduction 
The River Nile, the longest river in the world (about 6 825 

km), has the oldest and most extensive hydrological records 
of any water system. It collects the water from three basins. 
(a) the equatorial lakes plateau, (b) Bahar EI Ghayal and (c) 
the basin of the rivers Sobat, Blue Nile and Atbara, which 
emerge from the Ethiopian mountams. There are seven dams 
and their associated reservoirs built on the Nile and its tribu
taries Two of them store water all-year round. These are at 
the outlet of Lake Victoria in Uganda and at the Aswan High 
Dam on the main Nile in Egypt. Several reservoirs that fill 
seasonally are situated in Sudan These are behind the Sennar 
and Roseires Dams on the Blue Nile, the Khasm EI Glrba 
Dam on the Atbare River and the Jebel Awlia Dam on the 
White Nile. In Egypt, the Old Aswan Dam on the main Nile is 
used as a regulator for Lake Nasser. The annual yield (vol
ume) of the River Nile differs greatly from one year to an
other. It may rise to about 151 km3 as in the year 1878-1879, 
or drop to 42 km3 as in the year 1913-1914 

Water In Egypt is predominantly used for agriculture. The 
total area of cultivated land is about 3.1 million ha, which 
reqUires 545 km3 water year-I. Domestic use demands 2.9 

km3 year-I. In addition to Lake Nasser, water demand IS met 
from ground water and drainage Several factors have led to a 
rapid increase In water demand These mclude a rapid nse In 
the Egyptian population, excess cultivation of nce (actual area 
650 000 ha compared to the planned area of 283 000 ha), 
horizontal expansion of the cultivated area, the change from 
spnnkler and drip to Immersion irrigation, industnal develop
ment and Improved livmg standards By the year 2000, It IS 
expected that demands will Increase by about 10 km3 year-I, 
90% of which will be reqUired for a new 43 million ha hon
zontal expansIOn of agriculture and 10% for an Increase 10 

domestic and industrial use In the year 2027, the agncultural 
demand will be increased by about 5.6 km3 yea(1 (810 000 ha 
will be reclaimed) and the domestIC and mdustnal demands 
will Increase by 6 km3 yeac l . 

Lake Nasser storage basin 
The main reason for constructing the Aswan High Dam 

was to safeguard the Egyptian people from the devastatmg 
consequences of droughts, which they have expenenced many 
times in the past. The guaranteed annual flow of water from 
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Lake Nasser is 55.5 km3. This volume provides about 96% of 
the total Egyptian demand. The outflow is carefully controlled 
on a daily basis, according to actual needs The High Dam is 
111 m above the riverbed level The bed level is 85 m AMSL, 
while the roadway level is 196 m AMSL. The maximum level 
of the upstream reservoir reaches 182 m AMSL The spillway 
at the west side of the river has been designed to release 
whatever exceeds this level with a maximum discharge 
amountmg to 2 400 m3 S·I The water held upstream of the 
High Dam at Its maximum storage level compnses an artifi
CIal lake, extending 480 km to the south wIth an average 
WIdth of 13 km, and a surface area of about 62500 km2. ThIS 
lake IS considered to be the second largest human-made lake 
In the world It is evident that the storage of floodwater be
hInd the dam will lead to the sedimentation of most of the 
suspended materials held m the lake However, it was con
SIdered while deSigning the High Dam that the reservoir would 
be spacious enough to hold large amounts of sediment over 
many years before the reservOIr capacity was affected 

The reservoir storage capacity is 162 km3, dlstnbuted as 
follows: 
• 31 km3 is the capacity for sediments deposited over 500 

years. It lIes between the bed and the 147 m water level 
• 90 km3 is the live storage capacity, which lies between the 

147 and 175 m water levels 
• 41 km3 IS the flood room (emergency storage) for protec

tIOn agamst high floods It lies between the 175 and 182 m 
water levels. 

Lake Nasser hydrology 

Water levels 
The water level of the lake changes both between months 

and years dependmg on the rates of Inflow and outflow The 
highest water levels reached were in November 1996 and 
December 1997 at 179 m AMSL, and the lowest occurred m 
1988 at 151 m AMSL. 

Water velocity 
The water velOCity of the lake decreases as It approaches 

the High Dam The magnItude of the VelOCIty depends on the 
mflow rates and the lake water level At the entrance to the 
lake the flow velOCIty IS about 0 5 m S·I and close to the dam 
It IS about 003 m S·I. 

Sedimentation 
After the construction of the High Dam, the sediment 

movement changed completely The average yearly depOSI
tIon is about 134 mllhon t based on the average yearly mflow 
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of 84 km3 Based on recent studies, the accumulated 
sedimentation Inside the lake IS 276 km3 The coarser mate
rial of the sediment IS usually deposited at the mflow to the 
lake in the south and fine material IS deposited when the 
flow velOCIty is reduced further m the central and northern 
parts. Since the lake was created, a new submerged delta IS 
being formed Within It. However, due to the recent drought, 
the upper layers of the delta have degraded and moved With 
the flow towards the dam. The fme sediment can be traced to 
200 km below the dam 

Water quality 
Factors such as chmate, watershed charactenstICs, geol

ogy, nutrients and thermal stratifICation have seasonal Im
pacts on the quality of lake water Generally, from samples 
collected before and after the flood, the lake water has good 
physical and chemICal charactenstlcs for use The high tem
perature m the regIOn accelerates evaporation and weather
ing processes In addition, the productIOn of CO2 from aquatic 
plants helps In the transformation of cabte and dolomite 
into soluble calcium and magnesIUm bicarbonate. Such biO
logical activity may conSiderably affect the chemICal proper
ties of the water 

Evaporation and other water losses 
The lake hes m a hot and extremely and chmatlc area, 

so evaporatIOn represents a SignifICant loss Evaporation IS 
difficult to measure accurately The whole lake's annual evapo
ratIOn losses for the penod from 1964-1965 to 1990-1991 have 
been estimated at 9,6 km3 by bulk aerodynamICS Dunng the 
same penod, losses due to seepage were calculated at 
0.05 km3 ExtenSive dnlling of boreholes was carried out along 
cross sections on the Nile withm the reservoir area and Darcy's 
law was apphed to these data Most of the reservOir basm 
consists of Nubian sandstone that IS known to have low per
meability 

Conflicts 
There are many confllctmg factors affectmg the users of 

the lake and ItS water qualtty 
Due to the Importance of the lake as a strategIC water 

reservOir for Egypt, the followmg should be conSidered and 
methods of reconclitatlon developed 
• Agncultural development on the lake banks wIll mcrease 

crop production but will also add low quality dramage water 
to the lake 

• An Increase m power generation Will reqUire more water 
extractIOn from the lake that may be needed dunng maxI
mum agricultural demand 



• An increase in navigation will enhance transportation 
but will also add a new source of pollution 

• The fish 109 mdustry is Important to the natIOnal income 
but must not cause lake pollution. 

• Urbanization and industrializatIOn around the lake 
Will develop the economy of the region but the lake will be 
the reCipient of all the dramage water of such activities 
resultmg 10 lower water qualIty 

Development of the Lake Nasser area 
In 1995, the National Water Research Centre organized a 

three-day semmar m Aswan The seminar was entitled "De
velopment of the lake area-vIsions and constramts" In this 
semmar, many papers were presented dealIng with the de
Sired developments for the lake area mcludmg mdustry, tour
Ism, agnculture, mmmg and flshmg The partICipants at the 
semmar recommended the development of the lake area, but 
With the followmg conSiderations Egypt's share from the Nile 
water IS hmlted by the agreement of 1959 This share has 
been used completely for the last fIVe years Any develop
ment for the lake area would reqUire water and It would 
affect the water supply for the Nile valley and delta There IS 
a need for Identifymg cntena for developmg the lake These 
should be apphed stnctly m order to prevent undeSired ef
fects such as pollution 

The water resources of Egypt are very lImited and the 
lake area should be kept as a natural.protected area Future 
development 10 the lake area should not adversely affect water 

qualIty 

Summary and conclusions 
Lake Nasser represents the national freshwater bank -of 

Egypt. Smce the constructIOn of the Aswan High Dam 10 1964, 
Egypt has been able to release water downstream as de
manded The lake IS a relatively closed ecosystem with a water 
retentIOn time of 20 years The water qualIty of the lake IS 
affected by many factors mcludmg mflows, water mculatlon, 
thermal stratification, loadmgs and sedimentatIOn The water 
resources of Egypt are very limited, therefore any future ac
tivities and perturbations on the lake should be carefully con
Sidered before ImplementatIOn The area around the lake 
should be kept as a natural desert. 
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Aims of the Lake Nasser Project 
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Craig,J F. 2000 Aims of the Lake Nasser Project and first planning workshop, p. 11-13.ln J.F. Craig (ed.) Sustainable fish production in Lake Nasser 
ecological basis and management policy.ICLARM Conf. Proc. 61, 184 p. 

ABSTRACT 

The aim of the Lake Nasser Project is to integrate social, economic and ecological factors in the formulation 
of a management policy for sustainable fish productlon.The workshop was held to review the present state of 
knowledge, identify constraints, evaluate existing information and state of the art techniques, and determine 
future research objectives and strategy. 

Introduction 
The successful management of aquatic resources IS de

pendent on the availability of data on the status of the re
sources, their rate of explOitation, the socioeconomic factors 
affectmg the 'harvesters', and external factors such as pollu
tIOn that Impact on the resources In many countnes, particu
larly In thiS region, the problems of acqulflng SUitable and 
suffICient data are compounded by the Wide diversity of spe
CIes, by the multiplIcity of fishIng techniques, by the dispersed 
and often inaccessible landing sites, by decentralized mar
kets, by interaction and often competition among traditional, 
artlsanal and commerCIal flshenes, and sometimes by polIti
cal and/or CIvil unrest 

Hlstonc flshenes data collected from the Great Lakes m 
the Afncan Region have been, m many cases, fragmented 
and analyzed only at the national level despite the resource 
bemg shared by more than one nparian state Perhaps, what 
has been missed IS a Unified theme and the establishment of 
a goal to which data can be harnessed 

Some of the problems outlined above may be overcome 
by developmg a consolidated, holistiC approach usmg data 
from several sources to model a target lake The modelling 
will depend on the exchange of good and relIable mforma
tlOn The need to develop a umfied approach to the manage
ment of fish resources in the Afncan region has been 
recognized for some time (Annala 1997). 
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Several parts of Afnca are endowed with lakes, both large 
and small, and natural and artificial. The freshwater flshenes 
of the contment account for 54% of the total catch or 64% If 
upwellIng fishenes are excluded The lakes proVide food and 
lIvelihood for millions of people. Small-scale fishers who tend 
to be the poorest members of the population take a large 
proportion of the catch in many of the areas. These fishers 
often live in remote areas making It diffICult to mOnitor their 
catch or control their fishing techniques. Rapidly expandmg 
human populations have mcreased the demand, both locally 
and for export, for fish production The demand has not been 
matched by mcreased Yields from the capture flshenes The 
actual catches from many bodies of water are below pre
dicted levels although statistICS on whICh the Yields are based 
are usually highly maccurate and Incomplete There have been 
many capture flshenes' research projects carned out m the 
regIOn that have had specifIC objectives In ecological, SOCIO
logical and/or economIC diSCIplines Rarely have these areas 
of research been mtegrated to formulate a common manage
ment policy for a shared fishery and, moreover, rarely have 
ecologICal conSiderations been mtegrated with the SOCIal and 
economIC structures In which they are embedded (Fig. 1) 

There IS an Important need to accumulate and share present 
knowledge concernIng speCIfic flshenes and to Identify the 
data that are not aVailable but are reqUired to model the fish
eries Two phases In the Afncan Lakes' Program are envIs
aged The first phase (Years 1-5) wlll focus on lakes where 
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Fig. I. Generalized conceptual diagram for ICLARM's African 
lakes' program. 

consIderable data have already been collected. Missmg data 
wdl be gathered or further research performed so that model
ling of the flshenes resources can be developed. It wlll be 
concluded with a synthesis and presentation of data at a con
ference. The second phase (Years 6-10) will concentrate on 
less well-studied but economIcally Important aquatIC systems 
usmg the methods developed dunng the first phase. The pro
gram will provIde an overall and unified approach to fIsher
Ies predictIOn and management m the region. A major 
international meeting organized by the International Center 
for Livmg Aquatic Resources Management (ICLARM) will bring 
the results of this program together Both the meetmg and 
syntheSIS work will be incorporated mto a book, pubhshed 
by ICLARM, as the principal scientific output. Trainmg and 
transfer of "know-how" will be the development output 

Lake Nasser 
This is the first lake to be considered in ICLARM's Afncan 

Lakes' Program. 'The ecological basIs and management policy 
for sustainable fish production m Lake Nasser' was estab
lished through the cooperation between the High Dam Lake 
(Nasser) Development Authonty and ICLARM The Authonty 
has approved ICLARM's four-year workplan that alms to maxI
mize fish production and utlhze the high lake productIvity 
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Lake Nasser - background 
Tills IS gIven by El Shahat (thIS vol) The mam pomts are 

as follows 

• Shared by Egypt and Sudan 
• Used for water storage, electncity generatIOn, naVigation 

and fish production. 
• Present reservoir formed In 1964 by the constructIOn of the 

Aswan High Dam 

• At High Dam (Egypt), fish catch statistics (catch, number of 
boats, type of fishmg gear, fishing effort, etc) have been 
collected smce 1966. 

• About 1 000 people are Involved m the fishery, whICh has 
a gross mcome of about US$30 mdllOn 

• PotentIal Yield thought to be about 80 000 t (denved from a 
catch and primary production model) Actual recorded land
mgs <43% of the potential 

Objectives of the Lake Nasser proposal 
• Improve the current management of the lake flshenes based 

on sound biological, social and economIC factors and thus 
proVIde sustamable productIOn and maximum revenue for 
the people of Egypt 

• AcqUire a better understandmg of the Lake Nasser 
ecosystem. 

• DetermIne the benefit of fish enhancement, cage culture 
and the Introduction of fish to utlhze the pelagIc 

• Enhance the capabihties of local sCIentIfic staff and fishers 

First planning workshop 
The objectives of the workshop were as follows 

Background reVIew 
• DetermIne natIOnal obJectives. 
• InvestIgate the current status of knowledge on the system 
• Analyze the development of the project to date 

Constraints analysts 
• Analyze the constraInts that prevent the reahzatlon of 

development objectIves and potentIal. 

Evaluation of exzstmg research results 
• Assess the research (both WithIn Egypt and externally) that 

can be used to address the constraInts IdentIfIed 

DeterminatIOn of research objectives and strategy 
• DetermIne future research objectIVes and strategy based on 

the constraInts tree, the evaluatIon of eXIstIng results and 
the perceptIOn of research opportunttles 



Identification of research subprojects 
• SpecIfy subproject detaIls mcludmg theIr obJectIves, major 

actIvItIes, locatIOn and the human resources reqUIred 

Priority settmg 
• IdentIfy the cntena and methods to be used 
• Apply the above to defIne a pnonty set of subprojects 
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ABSTRACT 

Single-species approaches to fishery assessment are not sufficient to avoid the changes to ecosystems caused 
by fishing. These changes include the replacement of high trophic level, generally high-value species, by low 
trophic level and lower-value species. Commercial fisheries' practices and ecosystem effects interact produc
ing serious depletion that is usually detected too late to avert, and may result in fishery collapses and the 
failure of stocks to rebuild. Multispecies management is required. Multispecies virtual population analysis 
(MSVPA) is one technique that can be used to assess species of fish for which good catch and diet data are 
available, but whole ecosystem modelling is required to evaluate the impacts of fishing on non harvested 
groups. Ecosystems and their embedded fisheries can now be effectively modelled using the mass balance 
system of ECOPATH, which is briefly introduced. A new development, ECOSIM,allows simulation of "what if" 
questions that can be used to explore changes by the fishery sector. Beyond the limits of numerical simulation, 
ECOVAL comprises a new set of techniques for the comparative evaluation of alternative ecosystems. Eco
system models of current, unexploited and alternative ecosystems are drawn up and their benefits to society 
assessed. In natural aquatic ecosystems, the state of ecosystems in the past provides the alternatives: a pro
cess termed BACK TOTHE FUTURE. In human-made systems,a wide range of possible ecosystems, including 
present and unfished systems, may be compared. Benefits evaluated include total catch, economic value and 
diversity of fishery products, employment, biodiversity and sectoral conflict. Using ECOVAL, the ecosystem 
and associated fisheries that maximize total benefit to society may be adopted as a policy goal, taking into 
account the costs of shifting from the present system. 

Introduction 
Fishenes management has a history of unpleasant sur

pnses that has dismayed the founders of thiS quantitative SCI
ence (e.g., Larkin 1996; Beverton 1998, Holt 1998) and has 
led some prominent fishery scientists to consider that no fish
ery has ever been managed in sustainable fashion (Ludwig et 
al 1993). For example, the unexpected collapse of the New
foundland cod caused economic and social hardship on a 
vast scale. At one time vaunted by the Canadian government 
as the "best managed fishery in the world" (Finlayson 1994), 
the cod were historically one of the most prohfic fish stocks 
anywhere on the planet (Kurlanski 1997) Environmental and 
predator changes have been ruled out as a cause of the col
lapse (e.g., Myers and Cadigan 1995), and serious mistakes 
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have been Identified in stock assessment (e g, nonexpliCIt 
and unacruevable poltcy goals and mstruments Matthews 1995, 
fatlure to use spatLal data Hutcrungs 1996, and errors m biO
mass estLmatLon Walters and Maguire 1996) There is also a 
SuspiCIon that pohtLcal goals comprormsed sClentlllc manage
ment of the cod (Hutchmgs et al 1997) Even today, the New
foundland cod resource has not begun to recover despite fIve 
years of closure, suggestLng that all of these analyses have 
rmssed the VItal factor of ecosystem change Moreover, the 
lessons have not been fully learned by fIshery managers, as 
we fmd that now North Sea cod stocks are also m danger of 
collapse (Cook et al 1997) 

Unlike rocket SCIence, where a disaster can usually 
be traced by dlhgent engmeers to faulty O-f1ngs or other 
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defective hardware or software, flshenes are embedded in 
aquattc ecosystems that are very imperfectly understood One 
contributory reason underlYing fishery disasters like this is 
that management has generally not been designed to adapt 
and learn in the face of errors in data, uncertain assessment 
and ineffective control Instruments, despite the long avail
ability of sophisticated quantttative methods for adaptive man
agement (reviewed by Walters 1986; Punt and Hilborn 1997; 
Bundy 1998; Hilborn and Liermann 1998) Moreover, the gen
eration of excess catching power (= overcapacity) has been 
identified as a major worldWide bloeconomlC problem that is 
out of control and which no one can yet see how to arrest 
(Mace 1997). 

There IS, however, a second and more fundamental rea
son for fishery collapses, that unfortunately presages future 
disasters occurrmg at an lllcreasmg rate This IS the long-term 
effect of fishmg on the speCIes composition of aquatic eco
systems The ecologICal processes leadlllg to these changes 
m ecology seem to be ratchet-like, dilflcult to reverse and, as 
yet, imperfectly understood (Pitcher, m press: a). Some 
recent eVidence supports this conjecture there has been a 
progressive decIllle m the trophic level of fish caught m all 
areas of the world, lllcIudmg freshwaters (Pauly et al 1998a), 
as fishers mamtam thelf mcome by sWltchmg to species lower 
down the food web when higher trophiC level fish become 
depleted A consequence IS that "trash" fish have come to 
replace high-value table fish, a process that has reached 
disaster levels m the South Chma Sea, the Gulf of Thalland 
and the Black Sea, and IS proceedlllg unchecked almost ev
erywhere else (Pauly et al 1998b) Moreover, changes m 
cephalopod flshenes mdependently support the nobon of 
such a worldWide sillft in the nature of explOIted manne 
ecosystems (Caddy and Rodhouse1998) 

Avoiding these profound changes in aquatic ecosystems 
wrought by fisheries reqUIres no less than a paradigm shift 
in fisheries management (Pitcher and Pauly 1998). Smgle
species fish stock assessment, although necessary for com
puting the details of age structure and populatIOn bIOmass, 
is simply incapable of prOViding the mformation to remedy 
or reverse thiS process (Pitcher, in press' a). What IS needed 
is an evaluation of the impacts of flshmg on aquatic ecosys
tems, and the adoption of policy goals that aim to maximize 
profits or total benefits to society, by companng the fisher
ies in alternative explOited ecosystems (Pitcher 1998b). ThiS 
agenda requires multispecies, ecosystem-based stock assess
ment models, and is an essential reqUIrement for evaluating 
and maximizing the benefits from fisheries In the African 
lakes (Pitcher 1997). 
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Approaches to multispecies assessment 
Although multlspeCles methods for assessmg the explOI

tation status of fishenes have long been recognized as bemg 
critically needed (e g , Larkm et al 1984), there are no meth
ods yet generally accepted by the flshenes research commu
mty. Sissenwine and Daan (1991) comprehenSively reViewed 
multispecies methods that showed promise at that time, but 
recent developments m ecosystem modellmg have superseded 
their conclUSions Two approaches to multlspeCles assess
ment that might be used m Lake Nasser are bnefly mtroduced 
here. MSVPA and mass-balance ecosystem modellmg 

Multispecies virtual population analysis (MSVPA) 
Single-speCies Virtual popUlation analysis (VPA) estimates 

the populatIOn numbers (and hence bIOmass) that must have 
existed m each age group from the recorded catch and an 
assumed fishing rate (actually the instantaneous fishmg mor
tality, F) Each cohort IS progressively estimated, steppmg 
backwards m time from the present age structure, and VPA 
methods are sometimes termed cohort analYSIS (see descnp
tion of claSSIC method m Pitcher and Hart 1982) Clever ways 
have been deVised to tune the estimation to converge on the 
correct fishing rate and to adjust the results to known biom
ass surveys. Recently, more sophisticated "catch-at-age meth
ods" have greatly extended the scope and power of the claSSIC 
VPA (e g., CAGEAN: Deriso et al. 1985, stock syntheSIS Methot 
1990, 1995) For example, Parma (993) used CAGEAN meth
ods in a retrospective analYSIS of the PaCifIC halIbut fishery 
from 1944 to 1990, findmg that quotas should be adjusted 
downwards because halIbut biomass had been consistently 
overestimated in each mdlvldual year's analYSIS Length-based 
versions of VPA are also widely used (Pauly 1983; Jones 1984) 
A weak point of most of these methods IS that natural mortal
ity has to be known quite accurately for the method to work 
well and, in fact, it IS usually guessed 

MSVPA uses a simIlar catch-at-age techmque to VPA, ex
cept that part of the natural mortalIty IS explicitly modelled as 
the predation by each predator on each age group of prey 
As the numbers of each age group of predatory species are 
estimated, their Impact on prey species npples through the 
analYSIS, age-class by age-class (a little used length-based 
version IS termed phalanx analYSIS, Pope 1980) MSVPA works 
best where there are many species of commercIal fish that eat 
other commerCIal fish, as In the North Sea gadold commu
nity. MSVPA requires a large amount of hlstoncal catch data 
and biomass estimates, m addition to stomach samples that 
may be used to estimate the predation rate of each age-class 
of each predator species upon all others (Chnstensen 1994). 
MSVPA is reViewed by Magnusson (1995) 

MSVPA techniques are helpful m estlmatmg the biomass 
and harvestable quotas of commercial fish, but they are 



not capable of addresslOg the dynamlCs or impacts of fishing 
on unexplOited groups, such as lower trophic groups, or 
unexplOited top-carmvore ammals that feed upon commer
Cial fish, like billfish, seals, whales, aquatlC reptiles and sea 
birds. MSVPA might be used for top carmvores 10 Lake Nasser's 
flshenes once suffiCient data of age structure of the catches 
have been accumulated. 

Multispecies fisheries and ecosystem modelling 
In the past, most forms of ecosystem modelllOg have gen

erally been of theoretical interest rather than practical rel
evance Most are complex, involve many hundreds of 
parameters, do not encompass the whole ecosystem, and do 
not usually describe the fishery 10 suffiCient detail, for ex
ample by gear sector, to be used directly 10 management 
Some examples are Ulltang (995) on the Barent Sea, Andersen 
and Ursm (977) and Ursin (979) on the North Sea, Laevastu 
and LarklOs (981) and Low (983) on the North PaClflC 

In these models, usually only part of the ecosystem IS 
mcluded, and physlCal oceanographic or hmnologlCal pro
cesses that are not necessary for understandlOg the fishery 
are often confused with the essential blOloglCal features. In 
general, there seems to have been little advance on LarklO 
and Gazey's (982) ploneenng attempt to model fish commu
mtles by multiple predator prey models. Published models 
tend to be highly site-speciflC and so are difflCult to adapt to 

new sites and, moreover, at best, they can often descnbe, but 
are not robust enough to make predlCtlons or understand 
ecosystem processes. 

Ecosystem modelling based on ECOPATH 

ECOPATH mass-balance and the Law of Maat 
In recent years, a series of developments m ecosystem 

models based on the simplifymg assumption of mass-balance 
have Improved the situation descnbed above ECOPATH IS a 
practical trophiC mass-balance model developed by ICLARM 
(Christensen and Pauly 1992, 1993) based on original work 
by PolovlOa at the National Manne Fisheries Service 10 Ha
waH (e g , PolovlOa 1984) Recent extensIOns to this techmque 
have been led by the Fisheries Centre at the Umverslty of 
British Columbia, and compnse ECOSIM (Walters et al 1997), 
a dynamlC simulatIOn techmque, and ECOSPACE, a spatial 
ecosystem modelling tool These developments are descnbed 
below 

ECOPATH tallies the flows of matter wlthm the major com
ponents of the system, deflOes the trophlC level of each com
ponent and can be used to estimate bIOmass (B) given 
mformatlon on diet, mortality (production, P, to B ratiO, which 
equals the total mortality rate, z) and con~umptlon rates 
(consumption, Q, to B ratio) It IS not the mtentlon hel e to 

provide full details of the method, but the baslC ECOPATH 
approach IS to solve a set of Simultaneous lmear equatIOns, 
one for each group, I , m the system 

[Production of il - [all predation on 11 -
[non predation losses of il - [export of il = 0 

ThiS may be expressed more explicitly as' 
[(BI(P/B)i* EE, I - :1((B," (Q/B)J+ DCjll - EX,- ac] = 0 

where, 

:1 = summation for J = 1 to n, predator trophiC groups, 
B, = mean biomass of group I, 
B) = mean bIOmass of predator j, 
(P/B), = productloniblomass, or total mortality rate of group 

I (eqUilibnum), 
EE, = ecotrophlc effiCiency, the fraction of the productIOn 

of i that IS either consumed withm the system or 
exported out of the system, 

(Q/B),= food consumptIOn/biomass of the predator J, 
DC), = fraction of I 10 the diet of predator J, 
EX, = exports (catches + emigratIOn) of group I, and 
ac = accumulated biomass 

An equation like thiS IS drawn up for each component of 
the system, and the set of simultaneous equations solved us-
109 standard algonthms (Mackay 1981) Nonpredatlon losses 
include disease, the metabolic costs of aSSimilation and respI
ration The model uses four parameters for each group (den
vatlOn of the model equations from the general pnnclple set 
out above may be found m Chnstensen and Pauly 0992, 
1993) and 10 the "help" files aSSOCiated With the ECOPATH 
software package) the production to biomass ratiO, P/B, the 
consumption to biomass ratiO, Q/B, the biomass, B, expressed 
10 t km'z, and the ecotrophlc effiCiency, EE, expresslOg the 
amount of a group that IS utilized wlthm the system In addi
tion, any exports from each group have to be estimated, and 
the proportIOn of each group's diet represented by other 
groups in the ecosystem Three of these four parameters are 
reqUired as lOput, and the remamlOg one IS estimated for 
each group As there are short cuts to the estimation of both 
P/B and Q/B ratiOS, and EE can be "guesstimated" for most 
types of orgamsms, drawmg up a prelimmary ecosystem model 
IS not so hard as might be imagmed, espeCially where there 
are conSiderable background data 

What groups should be lOcluded m the ECOPATH model? 
For a freshwater body like Lake Nasser, the mmlmum system 
might be flsh-eatmg birds. flsh-eatlOg reptiles like crocodiles, 
top predator fish such a~ Nile perch, medium predatory fish 
such as tiger fish, benthiC fish such as catfish, small pelagiC 
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planktivorous fish such as cypnntds, herbivorous fish like tl
lapias, macrobenthos, meiobenthos, carnivorous zooplank
ton, herbivorous zooplankton, benthIc producers such as algae, 
macrophtyes, phytoplankton and both organIc and inorganic 
detrItus pools More groups, up to ECOPATH's maxImum of 
50, may be added to these 16 as informatIon becomes avail
able. The model wIll become more useful for fishery assess
ment as group composItion becomes closer to the actual 
specIes targets of the fIshery. Bactena present a technical prob
lem in ECOPATH modelling as theIr flows are so large that 
theIr errors may swamp other data. They are often consId
ered a separate adjacent ecosystem for this reason Fisheries 
for any of the model groups may be included, entered as 
annual catch per square kilometer. Up to six different gear 
types and target species can be Included in the current soft
ware (versIOn 4.0), and there IS scope to enter bycatch. 

Although quite extensIve computationally so that purpose
wntten software is essential, ECOPATH models are conceptu
ally sImple, being lIttle more than accountIng sheets for dIet, 
biomass and the Import and export of matter (or energy) 
among predators, prey, grazers and plants The models are 
credIble because, by USIng the pnnClple of mass-balance, 
ECOPATH models are grounded In physICs' the first law of 
thermodynamICs (the conservatIOn of energy and matter) IS 
obeyed. The prinCIple of mass-balance In ecosystem model
lIng may remind EgyptIans of the ancient pharaonic Law of 
Maat, whIch appears to have meant truth, order and harmony. 
Maat encouraged all elements of government and admInIstra
tIOn to be in harmony and balance WIth human endeavor and 
WIth the natural world, espeCIally WIth the life-gIVIng River 
NIle. 

Many ecologists worry about the mass-balance assump
tIon, but It is not as constraining as It may appear at fIrst SIght 
It is consistent with the work of most aquatIc bIologISts, whose 
state and rate estImates represent averages applIed to a cer
taIn period (although this generally IS not stated) Here state 
and rate estimates are applIed dunng an arbItrary period In 
many cases, the penod considered wIll be a tYPICal season or 
a tYPIcal year, but the state and rate estImates used for model 
construction may refer to dIfferent years For example, 
ECOPATH models may represent a decade or more, dunng 
which little change has occurred When ecosystems have 
undergone large changes, two or more models may be needed, 
representing the ecosystem before, during and after the 
changes. 

The mass balance assumptIon also has the advantage that 
model systems can be bUIlt without reqUIring vast amounts of 
accurate data' many variables can be estImated from Inputs 
and outputs by solving the set of SImultaneous lInear equa
tIOns They are robust In that even prelimInary, Incomplete 
models are still helpful and useable and may be Improved 
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when more accurate data become avaIlable They are qUIte 
easy to explain to nonSCIentIsts, and relatIvely easy to buIld 
and valIdate by jUnIor and student SCIentIsts USIng the soft
ware 

Ecologists have also worned that uncertaInty was not con
SIdered In earlIer versIons of ECOPATH The ECORANGER 
module In the most recent releases of the ECOPATH software 
now remedIes this by allOWIng Input of error dlstnbutlons 
(UnIform, tnangular, normal or log-normal) to be attached to 
all the model Inputs Random values are drawn from these 
dIstributions In a Monte Carlo fashIon for one model run, and 
the process repeated up to 1 000 times Of the models that 
pass a selectIon critena (such as mass-balance), the best-fIt
tIng one IS chosen USIng a least square cntenon, and ItS error 
bounds evaluated from the runs completed ThIS process In
volving pnor and postenor dIstributIOns IS analogous to the 
Bayesian estImatIOn. 

In additIon to its use in evaluatIng flshenes, the ICLARM 
software gUIde to ECOPATH states that such modellIng has a 
number of heunstIC advantages 
• reqUIring the modeller to revIew and standardIze all avaIl

able data on a gIven ecosystem, and IdentIfy InformatIon 
gaps, 

• requmng the modeller to IdentIfy estImates Cof states or 
rates) that are mutually Incompatible, and whIch would 
prevent the system from runntng (e g, prey productIons 
that are lower than assumed food reqUIrements of preda
tors); 

• requinng the modeller to Interact WIth dISCIplInes other than 
their own (e g, In order to descnbe a lake ecosystem, a 
plankton speCIalist WIll have to cooperate WIth fIsh bIOlo
gIsts and other colleagues workIng on the vanous consumer 
groups in that lake) 

In addItIon, the ECOPATH fIles for a model can act as a 
consolIdated database, accessIble to all, that stores all refer
ences and notes about the sources and methods of estImatIng 
values 

Simulation of changes in ecosystems-ECOSIM 
The need for a SImulatIon versIon of the statIC ECOPATH 

mass-balance model of an ecosystem has long been recog
ntzed. ECOSIM IS based upon a simple Idea, the substItutIon 
of rate of change of bIomass for the mass-balance equatIon of 
ECOPATH, but the resultIng SImultaneous dIfferentIal equa
tIons are both conceptually and computatIOnally challengIng 
Walters et a!. (997) have proVIded a practIcal solutIOn and 
theIr paper lIsts a range of examples of successful valIdatIon 
of the technIque ECOSIM modellIng IS based on an ecosys
tem that IS already descnbed by the ECOPATH model, and 
has proved capable of reproducing changes that have been 



observed In a number of ecosystems, such as the North Sea 
and Lake Vlctona The first published examples of the use of 
ECOSIM are an investIgatIOn of the influence of small pelagIC 
fIsh and their fisheries on ecosystems by Mackinson et al. 
(997), and an exploratIOn of the stability of exploited eco
systems by Vasconcellos et al. (in press). 

ECOSIM IS capable of evaluating the Impact of changes In 
fishing rates on the ecosystem for each of the modelled fish
enes, selectively across gear types or sectors of the fIshing 
Industry "What 1ft" questIOns may be answered One of the 
first examples of the use of ECOSIM at a speCifiC locatIOn In 
this respect has been In evaluating alternative policy options 
for the Hong Kong flshenes (Pitcher et al. 1998), but thIs 
matenal has yet to be formally published. ECOSIM was used 
to predict the Impact of six scenarios representing changes in 
the management of SIX gear type sectors on the relative abun
dance of eIght groups of speCIes. For example, halving the 
current fishing mortality from trawls proVided conSiderable 
benefIts for all fIshery sectors, and for those elements of the 
ecosystem which needed to be conserved, such as marine 
mammals The model suggested that the full benefits of such 
a policy may, however, take a decade to be realized. Further 
work In progress on the Hong Kong fisheries is evaluating 
benefits to the resource of artifiCIal reefs that might be estab
lished In areas closed to fishing 

Clearly, ECOSIM has great potential to be used In fIsher
Ies management In thIS way, although It IS premature and 
nsky to place great reliance on exact results Management 
plans have to be deVIsed In such a way as to learn from the 
momtonng of changes that result from new poilCles, and to 
be fleXIble enough to adapt to unexpected outcomes 

Simulation of spatial dynamics 
of ecosystems -ECOSPACE 

Another recent development, ECOSPACE, Introduces the 
faCIlity to spatIally model ecosystems that have been summa
nzed by ECOPATH (Walters et aI., In press) ThiS will be es
peCially useful In the evaluation of the benefits of closed areas. 
The model enables the layout, on a 50 by 50 gnd, of a rough 
map of the coastline and Islands, areas of higher productivity, 
the habitat preferences of each ECOPATH group of fIsh, and 
the shape and sIze of no-take areas closed to fishing. It in
cludes the movement characteristIC of each ECOPATH group 
of fish and the blOeconomic spatial behaVior of the fishers 
who, In the model, always move to maXimIze the profit from 
their catch The ECOSPACE technique is so new that there are 
as yet no pubilshed examples 

Policy evaluation by comparison of constructed alter
native ecosystems-ECOVAL 

In the ECOVAL approach, scientlfic tools are used to con
struct and evaluate present and alternative ecosystems. The 
policy objective for management becomes the building of the 
ecosystem that would, if achieved, maxImIze economic ben
efit to society The approach is fundamentally dIfferent from 
a policy goal of sustalnabliity, which may seek only to sustain 
present mIsery (Pitcher and Pauly 1998) 

Compansons among alternatIve ecosystems cannot be 
performed using ECOSIM alone, because It is diffIcult to trans
form one ecosystem Into another uSing this sImulatIOn-mod
elling tool. This IS not a defect of the ECOSIM tool, which can 
simulate changes credIbly up to limits defined by changes In 
target speCIes biomass no greater than about 50%, but an 
unaVOIdable consequence of the inherent uncertainty in ecol
ogy. It is Virtually ImpOSSible to model major changes In ecol
ogy, species compositIOn and trophIC structure. For example, 
specIes eIther vacate (those gOing extinct) or explOIt (those 
being Introduced to a system) trophic nIChes. EcologISts can
not predIct what wlil happen to this mche or what the Im
pacts WIll be on other components of the ecosystem In 
addItion, many speCies alter the physical structure of the habI
tats In an ecosystem by providing refuge for Juveniles, breed
ing SItes, or surfaces that may be colomzed by pnmary 
producers, seSSIle detritus feeders and their Invertebrate graz
ers 

Although direct simulatIOn modelling is likely to remain 
unfeaSible for the foreseeable future, for the first tIme, the 
ECOPATH approach has made it credIble to use other infor
mation to construct models of alternative ecosystems The 
first steps are to draw up probable specIes compositIons and 
their predation matnces Introduced species or specIes that 
become extinct are easy In thiS respect For example, data 
can be used from slmliar systems that may eXIst elsewhere, or 
may have eXIsted In the recent past In the last resort, infor
mation on diet and metabolic parameters may be borrowed 
from other models By 1998, over 150 ECOPATH models had 
been published (see for example contnbutlOns in Chnstensen 
and Pauly 1993), and parameters for the same or Sibling spe
Cies can be used as a first approximation ApproXImate bIom
ass estImates based on other systems may be gIven as tnal 
Input to the ECOPATH model, which can then be used to 
adjust the values to be compatible WIth the newly constructed 
trophIC web The ability to run checks on the Internal consIs
tency of the model, such as respIration rates, IS valuable here 

An analogous approach that can be applied to natural 
ecosystems IS termed BACK TO THE FUTURE (BTF), where 
ecosystems that eXisted in the past are reconstructed uSing 
histOrIcal documents, archaeology and tradItIOnal or local 
envIronmental knowledge (TEK and LEK) CPltcher 1998a, b, 
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c) For a human-made system lIke Lake Nasser, BTF IS clearly 
not appropriate, but the essential features of the procedure 
are very similar. 

In summary, the ECOVAL method for flshefles manage
ment uSing alternative ecosystem evaluation comprises seven 

elements: 
• ECOPATH model construction of present and alternative 

ecosystems; 
• ECOSIM exploratIOn of the limits to fishing, sector by 

sector, for each alternate, 
• evaluation of economic and SOCIal benefits for each 

system; 
• choICe of policy goal as the ecosystem that maximizes 

benefits to society; 

• design of Instruments to achieve this policy goal; 
• evaluatIOn of costs of these management measures, and 
• adaptive implementation and monitoring of management 

measures. 

The comparative polICY evaluation process IS illustrated 
in Fig 1. The triangles represent ECOPATH models, which 
are drawn up for the current ecosystem and ItS fishery along
side several alternative ecosystems with different fishing re-

] 
u :c 
c
o 
F 

gimes One model, for example, might represent an unflshed 
ecosystem Tnangles are used because the ECOPATH model 
IS conventionally represented In this way, where the vertex 
angle and height of the tflangle are scaled to bIOdiversity and 
Internal connectance ascendancy (Ulanowlcz 1986) 

The vertical axis of the pyramid represents the trophic 
level of resources that might be exploited SchematIC resources 
are illustrated at three trophIC levels VertICal arrows leadmg 
to ovals at the top represent fishery catches In the ecosystem 
at the left, mamly top carmvores are exploited In the center, 
there are diverse fisheries sectors With most of the catch com
ing from middle trophIC levels In the ecosystem at the fight, 
catches are mamly from lower trophiC levels In additIOn, 
moving from left to fight represents a gradient of ecosystem 
depletion so that orgamsms avaIlable for exploItatIon are at 
lower trophic levels ThiS need not necessanly be the case, 
but represents what we know has happened to aquatIc re
sources worldWide (Pauly et al 1998a) 

The table below the diagram summanzes suggested evalu
ation cnteria, but the detaIls of the techniques are not given 
here Evaluation of the relative benefits to be gamed from 
companng alternative ecosystems is rather different to 
conventIOnal stock assessment First, It IS mterestmg that the 

Ecosystem A Ecosystem B Ecosystem C 

EVALUATION CRITERIA 

Total catch AI BI CI 

Catch value A2 B2 C2 

Product diversity A3 B3 C3 

Employment A4 B4 C4 

Sectoral conflict AS B5 C5 

Social benefits A6 B6 C6 

Fig. I.A schematic illustration of the ECOVAL comparative policy evaluation process. The triangles represent ECOPATH models, 
which are drawn up for the current ecosystem and its fishery alongside several alternative ecosystems with different fishing regimes. 
The vertical axis of the pyramid represents the trophic level of resources that might be exploited. Schematic resources are illustrated 
at three trophic levels.Vertical arrows leading to ovals at the top represent fishery catches.The table below the diagram summarizes 
suggested evaluation criteria, including costs of implementation. For further details, see text. 
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potentlal yield estimation procedure uSing an ecosystem model 
automatically provides sustainable Yields, since anything 
greater will alter the nature of the ecosystem as detected by 
the ECOSIM modelling Second, In addition to estimating the 
total catch and catch value, values may be put upon the di
versity of the fishery products, the amount of employment 
and secondary SOCial and economIC benefits of the fishery to 
local communities. Evaluation may also encompass conser
vation values such as biodiversity, the preservation of endan
gered species, and benefits and costs for multiple users of the 
aquatlc resource. The procedure has social benefits too Work
shops held to help build models of alternative systems can 
act as a neutral forum where opposing sectors meet and share 
knowledge In the interest of long-term conserval1on. Com
panng speCies levels predicted by the model prOVides talking 
pOints. FOCUSing on the alternatives highhghts what could be 
achieved, as opposed to fighting over present scarcity 
Moreover, when such poltcy goals are Idenl1fled, an ecosys
tem-based agendum means that, during rebUilding, the pub
hc can act as sentinels of progress, and many diverse groups, 
Including industry, local people, schools and colleges can 
have roles in providing data (Pitcher, In press' b) A sense of 
ownership of the process and goals fosters cooperation and 
reduces conflict 

Ecosystem modelling, such as that Introduced In this work
shop, has to be an Integral part of the methodology reqUired 
for thiS new comparative ecosystem evaluation approach. 
Mass-balance ECOPATH and ECOSIM modelhng has advan
tages in making clear the impacts of harvest, comparing the 
effects of alternative gear types, and In being able to proVide 
estimates of unknown blOmasses A disadvantage is that In Its 
present state of development, ecosystem modelhng is not It
self able to proVide single species quotas because, generally, 
many species have to be combined Into one 'box' in the model 
Conventional stock assessment methods will continue to be 
needed, but biomass values for Single species will have to be 
constrained by the results of the ecosystem model. A way of 
merging current sophisticated Single-speCies stock assessment 
methods with ecosystem modelling of the impacts of harvest 
needs to become an active research area 
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ABSTRACT 

Air and water temperature, pH, transparency and dissolved oxygen in Lake Nasser were measured in January, 
May, Augustand December 1996 at nrne stations along the main channel. Air and water temperature tended 
to increase from north to south. The results showed that during January, water temperature was usually 
uniform from the surface to the bottom and close to air temperature. A thermocline was detected inAugust. 
Water transparency in the southern part of the lake was greatly reduced by the incoming, silt-laden water 
especially during the floods in August (Secchi disc depth = 0.8 m). The pH of Lake Nasser was normally 
alkaline. Highest oxygen concentrations were found mostly during January and May. 

Introduction 
This paper reviews seasonal vanatlon In air and water tem

perature, transparency, pH and dissolved oxygen along the 
main channel of Lake Nasser In 1996 

Materials and methods 
SampllOg was conducted 10 January, May, August and De

cember 1996 at nme locations along the malO channel (Aswan 
High Dam, EI-Rarnla, Kalabsha, EI-Allaql, EI-Madlq, Korosko. 
Amada, Tushka and Abu Simbel) (see EI Shahat, this vol, p 4) 
Air temperature and Secdu disc depth were measured at each 
of these stations and water samples were taken at 1, 3,6,9, 12 
and 18 m With a Nansen bottle The water samples were used 
to measure water temperature, pH and dissolved oxygen (DO) 
(modified Wtnkler method, APHA 1992) Means of these vafl
abies were calculated across all depths 

Results and conclusions 

Air and water temperature 
In general, the temperature Increased from north to south 

(Fig 1) The minimum air and water temperature was recorded 
In January and December Water temperature was usually Uni
form from surface to bottom at all stations at these times In 
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May, the highest air temperature (35 8°C) was recorded at Amada 
while the lowest (25 6°C) was recorded at Aswan High Dam 
MaXimum air and water temperatures were recorded In Au
gust. The water temperature was higher at the surface than at 
the bottom At Abu Simbel In August, the water temperature at 
1 m depth was 36 1 DC but decreased to 30 1 DC at 3 m depth 
Thermal stratifICation was also detected at Tushka at thiS time 

Transparency 
Fig 2 shows the seasonal vanatlon In transparency (Secchl 

diSC depth) With station in the lake There was conSiderable 
vanatlon between statIOns The highest values were recorded 
at Aswan High Dam Transparency decreased gradually towards 
the south With the minimum values recorded at Abu Simbel 
MaXimum transparency was observed In the mam channel m 
January, while at most stations, minimum values were recorded 
In May and August 

The lower values for transparency In the south are related 
to the effects of turbid floodwater carrying sediment as well as 
to the abundance of phytoplankton 

Hydrogen-ion concentration (pH) 
Seasonal vaflatlOns of pH at different stations are 

shown In Fig 3 The pH was almost always alkalme except 
In the deep water In the northern part of the lake (Aswan High 
Dam and EI-Ramla) m August 
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Dissolved oxygen 
Seasonal vanauons m DO concentration (mg 1-1) m the 

mam channel III Lake Nasser are shown m Flg 4 The DO 
concentration was hlghest mJanuary and May, and lowest III 
August and December 
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Fig. I. Mean water column (.A.) and air temperature (-WC) along 
the main channel in January, May, August and December 1996. 
See EI Shahat (this vol., p. 4) for location of sampling sites. 
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ABSTRACT 

The vertical variation in water temperature and total dissolved solids (TDS) along the main channel of Lake 
Nasser over one year (1993-1994) is presented. The lowest water temperature was observed in winter and 
thermal stratification was recorded in the summer.The highest value forTDS was found during the summer. 
TDS concentrations were inversely proportional to the water level. The TDS in Lake Nasser do not reach 
high levels due to continuous water change, i.e., the inflow of freshwater from the south and the outflow 
through the Aswan High Dam in the north. 

Introduction 
ThiS study exammed the seasonal vanablhty of water 

temperature and total dissolved sohds (IDS) m Lake Nasser 
for the penod 1993-1994 

Methods 
Dunng the penod January 1993 to January 1994, fIve 

seasonal crUlses on Lake Nasser were undertaken Ten 
hydrographic stauons-Aswan High Dam, Dahffilt, Kalabsha, 
Mana. Sayala, EI-Slngan, Arnada, Masmas, Abu Simbel and 
Adlndan- were estabhshed to cover the main channel of the 
lake (see EI Shahat, thiS vol, p 4) Water temperature and 
TDS were measured at the surface and at 5. 10, 20, 30, 40, 50 
and 60 m depth and as near the bottom as the depth allowed 
Water temperature was measured uSing a reserving ther
mometer and TDS were determined accordmg to the 
standard method of APHA(1992) In additIOn. TDS data 
for the penod 1975-1992 (Awadallah, pers comm) Ibrahim 
1984, Tawfik 1993) were also used 

Results and conclusions 
Due to vertical mixing, the vertICal water temperature gra

dient was very weak In the winter of 1993 The surface water 
temperature ranged from 170°C In the south to 190°C In the 
middle region (Fig 1) In the spring, surface warming caused 

the development of a negative water temperature gradient 
and there were Indications of a thermocline developing The 
water temperature was 20.0°C at the surface decreaSing to 
160°C near the bottom 

In summer, thermal stratificatIOn was at a maximum. The 
surface water temperature reached 28.0°C decreaSing to 
<180°C near the bottom of the lake. In the autumn, surface 
cooling and vertical convection currents created a surface ISO
thermal layer (20 m) With a temperature of about 270°C over
lYing a stratified layer similar to that of the summer Dunng 
the next winter (1994), the water temperature was Similar at 
all depths (200-21 OOC) (FIg 1). 

In general, the vertICal water temperature gradient of the 
lake was dependent on the season of the year, the time of the 
day, clImatic condition and the Inflow from the south The 
middle part of the lake usually had a higher water tempera
ture throughout the year whICh may be due to the slower 
flow of water there. 

Dunng the winter of 1993, the vertICal TDS concentratIOn 
increased from south to north «140 to >155 mg I-I) The 
concentration ofTDS In the spring decreased with depth (Fig 
2). ThiS was probably due to evaporatIOn at the surface As In 
the winter, the concentratIOns were greater In the north than 
In the south 

The highest concentratlon ofTDS (210 mg 1-1) was found 
In summer In the middle regIon of the lake In autumn (flood 
season), the TDS concentration vaned between 180 mg I-I In 
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the mIddle region and 165 mg J-l m the north and the south, 
whIle in the next season (wmter 1994), It mcreased gradually 
northward (145 to 160 mg I-I) 

In the summer, the TDS were generally hIgher than m the 
other seasons, whIch may have been related to a higher wa
ter temperature causing hIgher rates of evaporatIon In the 
flood perIod, the TDS decreased, as a result of mixmg be
tween the lake water and the mflowmg water of lower TDS 

The mean annual values of TDS concentratIOns upstream 
from the Aswan High Dam were vanable, changmg from a 
mmimum 050 mg J-l) m 1989 to a maximum (172 mg J-l) m 
1986 (FIg 3) The concentratIons were negatIvely correlated 
(P<O 01) wIth the water level of the lake 

In general, the storage of water leads to an mcrease m 
TDS after a perIod of tIme dependmg on the clImate m the 
area In Lake Nasser, there IS a contmuous gam of freshwater 
from the south and a loss by dIscharge through the Aswan 
HIgh Dam and by evaporatIon ThIS leads to a faIrly constant 
TDS concentratIon m the lake 

References 
APHA 1992 Standard methods for the exammatIOn of water 

and waste water 18th ed Amencan PublIc Health ASSoCIatIon, 
Washmgton D C 1015 P 

IbrahIm, A.M 1984 The NIle descnptIon, hydrology controlled 
utilIsation HydrobIOlogia 110 1-13 

TawfIk, M F F 1993 StudIe~ of the factors affectmg the preCIpIta
tIOn and dISsolutIOn of some major and mmor elements 
between water and sedIment on the freshwater enVIronment m 
Egypt (Lake Nasser and RIver NIle at Aswan zone) Faculty of 
SCIence, EI-Azhar Umversity. CaIro 250 p Ph D dIssertatIOn 

ABD ELLAH, BELAL and MAIYZAlSeasonal vertical variation in water temperature ... 31 



Seasonal and Spatial Variation of Nutrients 

R.H. Goma 
Fishery Management Center, High Dam Lake Development Authority,Aswan, Egypt 

Goma, R.H. 2000. Seasonal and spatial variation of nutrients, p. 33-38. In J.F. Craig (ed) Sustainable fish production in Lake Nasser ecological basIs and 
management poilcy.ICLARM Conf. Proc. 61, 184 p. 

ABSTRACT 

A water quality monitoring program was carried out in the main channel of the lake during the four seasons 
from 1992 to 1993. The purpose was to evaluate the influence of abiotic factors on the lake ecosystem. The 
study analyzed and evaluated the spatial and seasonal variation of nutrient nitrogen (nitrite, nitrate and total 
nitrogen) and phosphorus (orthophosphate and total phosphate}.The concentration of nutrients in the res
ervoir was found to vary from north to south and was usually greater in the south especially In the flood 
season. The flood had a strong influence on the nutrient variation In lake water as well as on other physical 
and chemical conditions. 

Introduction 
Inorganlcs play an essential role In pnmary production 

and thus production of higher organisms up the food chain. 
Nutrients may be limiting or in excess, causing severe eutrophi
cation and resulting in undesirable effects. The distnbutlOn 
and concentration of many chemical substances will be 
changed by physical processes such as lateral and vertICal 
movements of water masses, diffusion between air and water 
or sediment and water, inflows and stratificatIOn of the water 
column. Therefore, as the changes in nutnent availablhty 
caused by these physical processes Will affect biological pro
ductivity In the lake, it is very Important to understand these 
abiotiC factors. 

Materials and methods 
Six stations, El-Ramla, Kalabsha, El-Allaqi, Korosko, Tushka 

and Abu Simbel, were selected for the survey (see El Shahat, 
this vol., p. 4). Water was collected With a van Dorm sampler 
at the surface, at 5 m Intervals down to 20 m and then at 20 m 
intervals down to 2 m from the bottom The water was stored 
in carboys Sampling was carned out in November 1992 (au
tumn), February (winter), Apnl (spring) and June (summer) 
1993 In the laboratory the following chemical analyses were 
carned out 
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Nitrogen compounds 
Nltnte nitrogen (NOrN) was determmed through the for

mation of a reddish purple azodye produced at pH 2 to 2 5 
by coupling diazotized sulphanlhc aCId with N-1-naphthyl
ethylenediamine dlhydrochlonde CStnckland and Parsons 
1972). The intensities of developed color were measured With 
a spectrophotometer (UV- Shimadzu type) 

Nitrate nitrogen (NOrN) was determined by the cadmium 
reduction method (Strickland and Parsons 1972) Nitrate was 
reduced quantitatively to nitrite in the presence of cadmIUm 
coated With copper in a column. The nitrite produced was 
determined by the same procedure as that of NOrN 

Total nitrogen was determined by the persulphate OXida
tIOn method (Strickland and Parsons 1972). Sample volume 
was measured and 10 ml of oxidizing solution (potassIUm 
peroxodlsulphate and boric aCid) was added The sample was 
then heated for 30 min m an autoclave under pressure where 
the organic nitrogen was broken down to inorganic com
pounds The nitnte produced was analyzed as mentIOned 
previously 

Phosphorus compounds 
Orthophosphate (reactive phosphorus P04-P) was ana

lyzed by the ascorbic aCId method (APHA 1975) AmmOnium 
molybdate and potassium antimonyle tartarate were reduced 
In an acid medium With orthophosphate to form a hetropoly 
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acid-phosphomolybdic aCid that was reduced to intensely 
colored molybdenum blue by ascorbic aCid. The blue color 
mtensltles were measured usmg a spectrophotometer 

To determme total phosphorus (TP) , the persulphate di
gestion method (APHA 1975) was used to oXidize organic 
matter effectively to release phosphorus as orthophosphate. 
Ammonium persulphate (0.4 mg) was added to 50 ml of the 
sample which was bOiled for 30 mm m an autoclave at 98 to 
137 Kpa. The sample was then treated as described m the 
orthophosphate procedure. 

Results and conclusions 
Seasonal and spatial vanation of nItrite, nItrate and total 

nItrogen concentrations at all stations (except m April which 
shows Station 1 only) are shown m Figs 1-3 There were 
marked seasonal changes and spatial differences m nitrite con
centration CFIg 1) Nitnte was the least abundant form of mor
ganIc nitrogen m the lake High concentrations were observed 
dunng the summer season, the highest value of 68 4 Jlg 1-1 at 15 
m depth at Station 1 in June Most nltnte concentrations were 

November 1992 

<3 Jlg 1-1. At Stations 1 and 2, the highest concentratlons of 
nitnte occurred in the water layers between 10 and 20 m depth 
where nitrate concentrations were low These peaks occurred 
m the upper layers in summer due to thermal stratificatIOn and 
the presence of anoxic conditions 

In November, nitrate concentratIOn ranged from a 
minImum value of 0 1 Jlg [-l at 50 m depth at Station 1 to a 
maximum value of 611 1 Jlg [-l m the surface water of Station 5 
The month saw the highest concentratIOn of nItrate through 
the whole water column m the southern part of the lake (Sta
tions 4, 5 and 6) The south of the lake IS strongly mfluenced 
dunng the flood season by the inflow of water contammg high 
levels of nutnents A relatively high concentratIOn of nitrate 
C3 mg 1-1) has been found m the floodwater of the Blue Nile at 
Khartoum (Talltng and Rzoska 1968) The southern part of the 
lake has higher productiVity than the north The high content 
of nitrate m the upper layers (0-20 m depth), after the flood, 
was probably taken up by phytoplankton (Fig 2, June 1993) 
In Lake Nasser, dunng the summer, the strongly developed 
thermoclme prohibited transfer of nItrate from the hypolim
nion. 
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Fig. 2 .Vertical (depth, m) variation in nitrate nitrogen (Ilg r') in November 1992 and February, April and June 1993. Note that the 
concentrations are on different scales. EI Ramla (e), Kalabsha (.), EI-Allaqi (-".), Korosko (O),Tushka (o),Abu Simbel (Ll). 

Total nitrogen concentratIOn ranged from 85 3 Ilg 1-1 at 
15 m depth at Station 5 to 15567 Ilg 1.1 at 60 m depth at 
Station 2 dunng the summer Seasonal vanatIOn in concentra
tions was not apparent However, relatively high concentra
tIOns were found at Stations 4, 5 and 6 10 the autumn and 
w10ter It IS notiCeable that the vertical dlstnbutlon of total 
nitrogen was homogeneous throughout the water column at 
all stations dunng different seasons except in the summer 
when relatively high concentrations were found 10 deeper 
layers 10 the northern part of the lake and trregular vanatlons 
were found 10 the south (Fig 3). ThiS 10diCated that thermal 
stratification had httle effect on the vertiCal distribution of 
total nitrogen The accumulation of total nitrogen 10 the wa
ter IS probably due to 10put from 1Oflow1Og water. 

Figs 4 and 5 show seasonal and spatial variation 10 ortho
phosphate (P04_P) and total phosphorus (TP), respectively, 
at all statiOns except 10 Apnl for Station 1 Orthophosphate 
concentratIon vaned from the lowest value of 1.4 Ilg j-1 at 15 m 

depth at StatIOn 1 10 November to the hIghest value of 539 
Ilg I-I at 60 m depth at StatIOn 3 also 10 November Total 
phosphorus vaned from 5 2 Ilg I-I at 50 m depth at StatlOn 1 
10 February to 1179 Ilg 1.1 at 70 m depth at Station 3 10 No
vember Seasonal variatlOns 10 orthophosphate and total phos
phorus concentratlOns were not clearly observed HIgh 
concentratlOns of P04-P and TP were found near the bottom 
at almost all stations dunng all seasons The highest concen
tratlOn of P04-P and TP 10 the bottom water were measured 
10 the summer season and the values ranged from 7 2 to 
47 6 Ilg j-1 for P04-P and from 11.9 to 599 Ilg 1.1 for TP ThiS 
may 10dicate that large amounts of phosphate were released 
to the lake water from the sediment Phosphate was probably 
regenerated when organic matter was decomposed and when 
ferro-manganese oxides were reduced under the anoxIc con
ditions. The floodwater also increased phosphate 10 the lake 
Low concentratlOns of P04-P and TP 10 the upper layers were 
probably due to removal by the growth of phytoplankton 
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ABSTRACT 

The assessment of the sanitary quality of near-surface water along the main channel (nine stations) and of 
near-surface and near-bottom waters of one station (Tushka) of five selected khors dUring the winter of 
1997-1998 is presented.The water quality was based on the values of total bacterial counts (TBC) at 22.0 and 
37.0°C and total and fecal coliforms (TC and FC) as Indicators of fecal contamlnatlon.The pOSSible presence 
of sulphate-reducing bacteria (SRB) as the main cause of H2S production was also examined In near-bottom 
water and bottom sediments of three stations of the main channel and at one station of each of the five 
studied khors. Bacterial numbers in the main channel were high in the south of the lake, decreased in the 
middle and then increased in the north.The highest and lowest numbers of bacteria in near-surface and near
bottom waters were recorded at EI-Allaqi and Kalabsha khors, respectively. The highest counts ofTC and FC 
were recorded at E I-Ramla and EI-Madiq while the lowest counts were recorded at EI-Allaql. Compared with 
other examined stations, the highest counts of TC and FC were recorded at the source pOint for the EI
Sheekh Zayed Canal In near-surface and near-bottom waters. A complete absence of SRB in almost all tested 
samples was recorded. It was concluded that there was a small degree of microbial pollution at some sites and 
recommendations on more stringent measures to prevent further pollution are suggested. 

Introduction 
As a result of population mcrease, one of the malO objec

tives of developing countnes IS to conserve and develop all 
food sources, especially those that prOVide ammal protem 
Lakes are among the most Important sources of freshwater 
flshenes but they are often subject to pollution The major 
sources of water pollution are domestic, industnal and agri
cultural wastes (Hendry et al 1982) Bactenologlcal analysIs 
IS now carned out with mcreasmg frequency to ascertam the 
sanitary quahty of water Plate count agar IS presently the 
most valuable and sensitive tool for routme momtonng of 
water quahty and treatment effiCIency (Grabow 1990) For 
many years, cohform bactena have served as mdlcators of the 
degree of fecal contammation 10 water (Menon 1974) 

Sulphate-reduc1Og bactena (SRB) are environmentally Im
portant rrucroorganlsms Thelf mfluence can be dlVlded mto 
ecological and econorruc effects (Postgate 1982) Dunng the 
hot months, a problem of odor and change 10 taste has ansen 
10 some areas of Lake Nasser due to H2S production by SRB 
(Saleh 1976) 

The aim of the present work was a sanitary and bacteno
logical assessment of the Lake Nasser water by mOnltonng 
the number of bactena (both total and fecal cohforms, TC 
and FC) developmg at 22 0 and 370°C The study also mves
tlgated the pOSSible presence of SRB 10 near-bottom water 
and bottom sediments of Lake Nasser 

Materials and methods 

Sampling and stations 
A stenle 250-ml glass bottle fItted with a stopper pro

tected by an alummum fOIl cover was used for samplmg the 
near-surface water from mne statIOns of the mam channel 
and eight stations m five khors (one statIOn for each khor 
except four 10 Tushka) In the case of near-bottom water 
samples taken from three stations of the mam channel, Aswan 
High Dam, EI-Madlq and Abu Simbel (see EI Shahat, thiS vol, 
p 4), and from eight stations m the khors, a weighted. ster
Ihzed bottle on a cord was used Bottom-sedIment samples 
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were collected from the three selected stations in the main 
channel and from one statIOn In each khor by using a dredge 

Bacteriological analysis 
For total bactenal counts (TBC), the surface plate method, 

sometJmes called the spread drop or the streak plate method 
(Clark 1971). was used The colollles were counted and com
puted per 1 ml of the onglnal sample CountIng of TC and FC 
was carned out by the most probable number (MPN) method 
It IS known as the multiple tube method or dilution method 
(APHA 1980) It was carned out by uSing three dilutions (10, 
1 and 01 ml) for each water sample (or dllutJon) In three 
replIcated tubes of MacConkey broth for each Inoculum and 
then incubated at 37°C for 48 hours (± 2 hours) The number 
of posltJve tubes (shOWIng aCId and gas) withIn each set of 
replIcates was recorded and the correspondIng MPN Index 
was denved from tables The conflrmatJon and completed 
tests USIng eosin methylene blue medIUm, agar slant, gram 
staIn and MacConkey broth were carned out Enumeration of 
FC was performed USIng the MPN method by InoculatJng three 
loops from each positive pressure tube Into a tube of 
MacConkey broth, after IncubatIng at 445°C for 24 hours 
The frequency of SRB was estimated on modified Starkey's 
medIUm CAbdel-Malek and Rlzk 1958) Three dilutions were 
prepared from near-bottom water and sediment Each dilu
tion was moculated mto five tubes The presence of SRB was 
detected at the end of the mcubatlon penod by blackenIng of 
the medIUm due to the formatIon of Iron sulphide Their MPN 
was read from the tables of Cochran (1950) and theIr num
bers were adjusted to per 1 ml or 1 g (water or sediment. 
respectively) 

Results and conclusions 
TBC at 22.0 and 37.0oC dunng the winter of 1997-1998 

are presented in Tables 1 and 2. The 22.0°C colony counts 
along the main channel ranged from 3.2 X 106 to 6 8 X 106 

organisms ml·1 at Kalabsha and Aswan High Dam, respec
tively Those counted at 370°C vaned from 301 X 106 organ
Isms mP at Kalabsha to 6.8 x 106 organisms ml-I at Tushka 
The results showed a distinct pattern along the main channel, 
where high bacterial counts were recorded at the south of the 
lake (Abu Simbel and Tushka), then decreased in the middle 
(from Amada to Kalabsha), and mcreased again m the north 
(EI-Ramla and Aswan High Dam) This variation may be due 
to the quantity of suspended matter carrymg these microor
ganIsms which IS greater m the south than m the middle re
gion. The present results agreed With those of Elewa and 
Azazy (1986) in findmg the assoCIatIOn between bacteria and 
suspended matter in Lake Nasser On the other hand, the 
high bacterial counts in the north may be due to wmd and 
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Table I.Total bacterial counts (TBC) at 22.0 and 37.0°C and most 
probable number (MPN) of total coliform (TC) and fecal coliform 
(FC) and sulphate-reducing bacteria (5RB) along the main channel 
of Lake Nasser (see EI 5hahat, this vol., p. 4). 

Station 

Aswan High Dam 
EI-Ramla 
Kalabsha 
EI-Allaql 
EI-Madlq 
Korosko 
Amada 
Tushka 
Abu Simbel 

TBCx 106 ml·1 

22°C 37°C 

68 59 
6.2 5.5 
3.2 3.0 
48 4.1 
34 3.3 
41 40 
4.0 3.4 
68 68 
6.4 6.2 

MPN x 102 ml· 1 SRB (MPN) ml· 1 

-----

TC FC NBW BS 

0.2 01 00 0.0 
110 0.9 NM NM 
4.6 0.2 NM NM 
02 <01 NM NM 

11.0 0.3 0.0 00 
21 0.2 NM NM 
0.9 01 NM NM 
04 0.1 NM NM 
09 01 0.0 00 

NBW-near-bottom water, B5-bottom-sedlment, NM-not measured 

turbulence prevailmg dunng the wmter The supply of nutn
ents and allochthonous microflora with Improperly treated 
wastewater from cruise boats (floating hotels) may also play 
a role. The ratios of TBC at 22.0 to 37 O°C were <10, which 
indicated contaminatIOn of the lake water (APHA 1980) Such 
low ratios have also been recorded m water samples col
lected from different aquatic systems m Egypt (Abo-Sedera 
1990; Rabeh 1993) 

At EI-Allaql, the highest numbers of bactena were recorded 
for near-surface and near-bottom waters from the khor samples 
for developing at 22 O°C (11 3 x 106 and 78 6 x 106 organIsms 
ml-I) and at 37°C (1121 x 106 and 77 8 x 106 organIsms ml- l) 

At Kalabsha, the lowest bactenal count at 220 and 37 O°C III 

near-surface and near-bottom was measured In general, bac
tena occurred m higher numbers near the bottom than near 
the surface m the khors ThiS may be attnbuted to the greater 
quantity of organIc matter there. Also, suspended particles 
tend to sink to the bottom With bacteria adhenng to their 
surface Resuspension of nutnents and benthiC bactena at the 
water sediment mterface may also play some role 

Along the mam channel, the highest counts of TC were 
recorded at EI-Ramla and EI-Madlq, whde the highest counts 
of FC were recorded at EI-Ramla The lowest counts of TC 
and FC were recorded at EI-Allaql In the khors, the highest 
counts of TC were recorded m the near-surface water at El
Allaql and In near-bottom water at Tushka (Station 2) The 
lowest counts were recorded at the near-surface water of El
Ramla and at the near-bottom waters of E1-Ramla and Korosko 
The highest counts of FC were recorded III the near-surface 
water of Tushka (Station 1) and III the near-bottom waters 
(Stations 1 and 2 at Tushka) The lowest counts of FC were 
recorded at E1-Ramla and Kalabsha III the near-surface water 
and the near-bottom waters of EI-Ramla and Korosko 



Table 2. TBC at 22.0 and 37.0·C and MPN of TC and FC and SRB in the water and sediment of selected khors in 
Lake Nasser (see EI Shahat, this vol., p. 4). 

Station TBC x 106 ml·1 MPN x 102 ml·1 SRBml·1 

22.0°C 37.0°C TC FC MPN 

NSW NBW NSW NBW NSW NBW NSW NBW NBW BS 

EI-Ramla 8.6 50.4 8.5 39.9 0.1 0.4 0.1 0.1 0.0 0.0 
Kalabsha 6.0 35.3 5.9 34.9 0.3 11.0 0.1 OJ 0.0 0.0 
EI-Allaql 11.3 78.6 11.2 77.8 0.5 2.1 0.9 0.2 0.0 0.0 
Korosko 7.7 45.0 7.6 44.6 0.2 0.4 0.1 0.1 0.0 13 
Tushka I 6.5 38.4 6.5 38.0 0.4 7.0 0.2 0.4 NM NM 

2 6.8 39.8 6.7 39.4 0.2 9.0 0.1 0.4 0.0 0.0 
3 6.3 37.2 6.3 36.8 0.4 43.0 0.1 OJ NM NM 

Average 6.5 38.5 4.5 38.1 0.4 9.6 0.1 0.4 0.0 0.0 
Source point 6.2 36.7 6.0 36.3 4.6 93.0 1.5 1.5 NM NM 

NSW- near-surface water, NB - near-bottom water, BS - bottom sediment, NM - not measured 

Compared with other examined statIOns, the highest 
counts of TC and FC were recorded at the source point for 
the El-Sheekh Zayed Canal both In the near-surface and 
near-bottom waters. (Tables 1 and 2). Fluctuation In num
bers ofTC and FC at different stations could be due to local
ized effects such as discharge of Improperly treated human 
waste from crUise boats. 

At almost all stations, SRB were not found In near-bot
tom waters or bottom sediments during the winter season. 
The only exception was a count of 13 0 organisms g.1 In the 
sediment at Korosko. The almost complete absence of SRB 
dunng the winter season could be attnbuted to the good 
aeration of the lake during this season, thus controlhng the 
growth of these anaerobes. 

Recommendations 
Stnngent procedures should be enforced to prevent the 

disposal of either Improperly or partially treated human waste 
water into the lake Such treatment should aim at ehminat
mg any additional microbial pollutIOn and mimmlzing the 
organic nutrient content Once these steps have been taken, 
the microbiologically polluted sites will undergo a self-pun
fYlng cycle In a relatively short period of time. 

SRB can be a nUisance and may release H2S under re
stncted conditions (as those present In the bottom of the 
lake dunng hot seasons) However, they do not appear to 
be a problem In Lake Nasser Fishing in the lake ensures a 
gradual decrease In the organic and inorganic load leading 
to a lower mICrobIOlogICal oxygen consumption and better 
aeration 
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ABSTRACT 

In 1991, six stations along the main channel of Lake Nasser were sampled, from Station I in the north to 
Station 6 in the south to estimate phytoplankton abundance. The total number of phytoplankton cells or 
colonies was high during January-March at Stations 2 and 3 and during July-August at Stations 3 to 5. The 
number was very low at Stations I and 6 except for July at Station 6 where a very high value was observed at 
the surface. For the water column (0-20 m), the total phytoplankton number as algal units I-I ranged from 
2.8 x 103 at 20 m depth in November at Station 6 to 2 592.1 x 103 at the surface in August at Station 5. 
The phytoplankton community was composed of blue-green algae, diatoms, green algae and dinoflagellates. 
Blue-greens dominated the community, as a percentage, during spring and summer. Diatoms dominated the 
community only once in winter (December). Noticeable peaks of green algae were recorded in spring at 
Stations I to 4 and in summer at Stations 5 and 6_ Dinoflagellates were very few except for some remarkable 
peaks in late winter and spring. 

Introduction 
Planktomc algae occur in all types of water, where envi

ronmental COndItiOnS are sUItable for theIr growth (Feldmann 
1951, Tiffany 1951) Seasonal patterns 10 phytoplankton pen
odiCIty result from the integratIon of such factors as lIght, 
temperature, nutnent concentrations and bIological mterac
tlons (Fogg 1965, Hutchmson 1967, Round 1971, 1981; Porter 
1977, Keatmg 1978) 

Methods 
Water samples were collected four tImes (February, May, 

August and November) during 1991 at six stations, EI-Ramla, 
Kalabsha, EI-Allaqi, Korosko, Tushka and Abu Simbel, along 
the malO channel of Lake Nasser (see EI Shahat, this vol., p. 
4) One-lIter water samples were collected at 5 m intervals 
from the surface to 20 m depth (0, 5, 10, 15 and 20 m) in 
polyethylene bottles and fIxed WIth 10 ml of 4% formalin for 
later treatment Each sample was left to settle lo a measuring 
cylmder for 48 h, after which 900 ml of the supernatant were 
carefully SIphoned off 

The reSIdue was transferred lOto a 100 ml cyllOder and 
left to settle again for 48 h The supernatant was agam si-

Pre 01.1S Page JJlank 

phoned off and the fmal volume of the sample was made up 
With water to 25 ml in a VIal A countlOg chamber of 1 ml 
capacity was used to count the algae with a mICroscope Empty 
and ObVIOUS dead cells were not included lo the counts Re
sults were expressed lo algal umts per liter Algal umts were 
lOdividual cells of slOgle-celled speCies and colomes of 
cyanophytes 

Results 
Seasonal vanation in the total number of phytoplankton 

cells or colomes at five depths (5 m lOtervals from the surface 
to 20 m depth) IS shown 10 Fig. 1. In general, StatIons 2 and 3 
had simtlar trends 10 seasonal variation of phytoplankton abun
dance, with high values 10 February (2326 x 103 and 1 966 x 
103 algal units I-I in the surface layer for both, respectIvely), 
and August (583 x 103 algal units I-1 m the surface and 993 x 
103 algal units I-I at 5 m depth, respectIvely) Values 10 May 
were low (40 x 103 algal units I-I at 20 m depth and 98 x 103 

algal units I-I at 15 m depth, respectively) StatIons 4 and 
5 were also SimIlar to each other in seasonal vanatlon of 
phytoplankton abundance WIth hIgh values 10 August only 
(1 899 X 103 algal umts I-I at 5 m depth and 2 592 x 103 algal 
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Fig. I. Seasonal variation in the total number of algal units (x 1031"1) in 1991 at EI-Ramla, Kalabsha, EI-Allaqi, Korosko, Tushka and 
Abu Simbel from the surface (D) to 5 (0), 10 (0), 15 (!I!IIi) and 20 m (_) intervals. 

44 Sustainable fish production In Lake Nasser 



Units I-I at the surface, respectively) and low values In Febru
ary, May and November The minimum values were 41 x 103 

algal Units I-I at 20 m In May at Station 4, and 7 x 103 algal 
Units 1-1 at 5 m depth In November at Station 5 Stations 1 and 
6 had relatively low values and no Significant seasonal changes 
In February, the surface layer showed a maximum of 277 x 
103 (Station 1) and 312 x 103 (StatIOn 6) algal unIts I-I The 
minimum values at 20 m were 14 x 103 algal Units 1-1 (Station 
1 In August) and 3 x 103 algal Units I-I (Station 6 In Novem
ber) 

The percentage contnbutlon (as an average of the five 
depths) of each group (diatoms, green algae, blue-green al
gae and dinoflagellates) to the total IS Illustrated In Fig 2 for 
the SIX stations Blue-green algae were most abundant In 
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August at all the stations In general, at Stations 1-3, blue
green algae dominated the community from February to Au
gust There was an Increase In November At Stations 4-6. 
diatoms dominated the community In February being super
seded by blue-green algae from May to August In Novem
ber, diatoms and green algae Increased Diatoms were most 
abundant In November at Stations 1-3 and In February at Sta
tions 4-6 Green algae were most abundant In May at Stations 
1-4 and In November at Stations 5 and 6 Dinoflagellates were 
most abundant In May at all the statIOns 

Seasonal vanatlOn In the composition of blue-green algae 
IS shown In Fig 3 In general, Anabaenopsis dominated the 
community In February and November at all SIX stations, and 
at StatIOns 5 and 6 In August. In May, Anabaenopsis was less 
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Fig. 2. Seasonal variation (%) in the major phytoplankton groups in 1991 at EI-Ramla, Kalabsha, EI.Allaqi, Korosko,Tushka and Abu 
Simbel. Diatoms (_), chlorophytes (D), cyanophytes (0), dinoflagellates (D). 
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abundant. Oscillatoria dominated the community in May and 
August at Stations 1-4 and in May only at Stations 5 and 6. 
Merismopedia was less abundant than Anabaenopsis and 
Oscillatoria although one single increase was observed in 
May at all stations The remaining species ('others') made a 
larger contribution at Stations 1-3 m May and at Stations 4-6 m 
February 

Seasonal variations m the composition of diatoms are 
shown in Fig. 4. In general, Melosira dominated the commu
nity throughout the year at Stations 4 and 5. At Stations 1-3 
and 6, Melosira dommated the community m May and No
vember. Cyclotella was not very significant in the diatom com
position in November at Station 3 and m February at StatIOn 6 
although some remarkable increases were noticed in August 
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at Stations 2 and 3. Cyclotella dommated the commumty only 
once in August at Station 6. Synedra was observed mfrequently 
in different months at different stations. There was no record 
for Synedra at Station 6. NaVIcula was recorded m February 
at Stations 1, 2 and 6 and m August at Station 3 There was no 
record of Navicula at Stations 4 and 5 "Others" made a small 
contribution except m August at StatIOns 1-3 when they domi
nated the community 

Seasonal vanations 10 the composition of green algae are 
shown in Fig. 5. Generally, Pediastrum was always present. 
It made the greater contribution 10 August and/or November 
accordmg to the station Chodatella was more important at 
StatIOns 1-4 than StatIOns 5 and 6 It was observed only once 
in May at Station 6 At StatIOn 5, It was absent m November 
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Fig. 3. Seasonal variation (%) in the composition of blue-green algae in 1991 at EI-Ramla, Kalabsha, EI-Allaqi, Korosko,Tushka and Abu 
Simbel. Anabaenopsis (_), Oscillatoria (D), Merismopedia (D), others (D). 

46 Sustamable fish production m Lake Nasser 



Anklstrodesmus was one of the Important genera present 
among the green algae Staurastrum was found throughout 
the year with a high percentage in August and November at 
Stations 1-3 It was more common at Stations 4-6 than at Sta
tions 1-3 espeCially 111 February, May and August. "Others" 
were abundant throughout the year at the SIX stations 

Seasonal vanatlons 111 the compOSition of d1110flagellates 
are shown 111 Fig 6 In general, Ceratium dommated the com
mUl11ty 111 February and May at StatIOns 1, 2, 4 and 5 
Glenodmlum then dommated m August and December At 
StatIOn 3, the commul11ty was shared by Ceratzum and 
Glenodmlum equally, but from May Glenodlmum took over 
the commul11ty At Station 6, Ceratlum dommated the com
mUl11ty m February and May, and shared the commul11ty 
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equally With Glenodinium in August. In December, only 
Glenodlmum dommated the community Peridinum was only 
found in some months at Stations 1-4. 

Conclusions 
Cyanophyta dommated the phytoplankton commul11ty 

throughout the penod of study at all stations With a maxI
mum peak m July and August at the southern stations (Sta
tions 4-6), while m July, February and March at Stations 1-3 
Kalff and Watson (1986) stated that the blue-greens formed a 
maximum m May and contmued to dommate the community 
until at least July at Lake NalVasha, Kenya Diatoms showed 
one maximum peak m November at the northern statlon~ 
and m February at the southern stations Vmer (970) found 
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Fig. 4. Seasonal variation (%) in the composition of diatoms in 1991 at EI-Ramla, Kalabsha, EI-Allaqi, Korosko,Tushka and Abu Simbel. 
Melosira (.), Cyc/otel/a (0), Synedra ([:J), Navicula (mI), others (U). 
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no slgnlflCant differences among localitIes in total phytoplank
ton populatlOn m Lake Volta, Ghana, although differences in 

population type were recorded 

References 
Feldmann, J 1951 Ecology of manne algae, p 313-334 In Manual 

of phycology ChronLca Botamca Co , Waltham, Massachusetts 
Fogg, G E 1965 Algal cultures and phytoplankton ecology Umver

stty of WIsconSIn Press, Madison 126 p 
HutchInson, G E 1967 A treatIse on hmnology I Geography, phYSICS 

and chemIStry John Wtley, New York 1015 p 
Kalff. J and S Watson 1986 Phytoplankton and ItS dynamIcs In 

two tropIcal lakes a tropIcal and temperate zone companson 
Hydroblologla 138161-176 

KeatIng, K I 1978 Blue-green algal InhIbItIon of dIatom growth 
tranSItIOn from mesotrophlc to eutrophIC commumty structure 
SCIence 199971-973 

Porter, KG 1977 The plant-ammal Interface In freshwater ecosys
tems Am SCI 65159-170 

Round, FE 1971 The growth and successIon of algal populatIOns 
In freshwater Mitt Int Ver Llmnol 1970-91 

Round, FE 1981 The ecology of algae Cambndge Umverslty Press 
653 p 

TIffany, L H 1951 Ecology of freshwater algae, p 293-311 InManual 
of phycology Chromca Botamca Co , Waltham, Massachusetts 

VIner, A B 1970 Hydroblology of Lake Volta, Ghana II Some 
observatIons on bIOlogIcal features assoCIated WIth the 
morphology and water stratlftcatlOn Hydroblologla 35 230-247 

HABIB/Seasonal variation of phytoplankton abundance 49 



Primary Production of the Phytoplankton 

O.A. Habib 
Fishery Management Center, High Dam Lake Development Authority,Aswan, Egypt 

Habib,O.A 2000. Primary production of the phytoplankton, p. 5 I-55. In J.F. Craig (ed) Sustainable fish production in Lake Nasser: ecological basIs 
and management policy.ICLARM Conf. Proc. 61, 184 p 

ABSTRACT 

Phytoplankton primary production was estimated at six stations, from EI Ramla in the north to Abu Simbel in 
the south, along the main channel of Lake Nasser from September 1986 to August 1987. Gross and net 
production (gC m-2 day-I) was generally high In September or October and April or May and low in August, 
ranging from 1.0 in August at Station 5 to 27.4 in April at Station 2 for gross production, and from 0.7 In 

August to 23.8 in September at Station 5 for net production. Respiration (gC m-2 day-I) ranged from OJ in 
September at Station I and in August at Station 5 to 12.5 in April at Station 2. 

Introduction 
Primary production IS one of the most Important sources 

of energy mput to freshwater ecosystems and has been stud
Ied largely to obtam baSIC mformatlon on carbon transfer 
Primary production can be measured through carbon uptake, 
oxygen production or the formation of organic compounds 
The classIC procedure for determining the oxygen content 
(oxygen productIOn) of natural water IS the "light-and-dark" 
bottle techmque (Vollenweider 1969). This paper descnbes 
primary productivity and respiration by the phytoplankton as 
measured by the light-and-dark bottle techmque at six sta
tions m the main channel of Lake Nasser from September 
1986 to August 1987 The data given m this paper are the first 
to be published for Lake Nasser smce Samaan (971). 

Methods 
Water samples were collected monthly with a van Dorn

type water sampler at SIX stations: El-Ramla, Kalabsha, El
Allaql, Korosko, Tushka and Abu Simbel (see El Shahat, this 
vol, p 4) from September 1986 to August 1987 The pnmary 
production of phytoplankton was estimated by the chloro
phyll a method according to Ishimura et al. (962) and Aruga 
(966) The photosynthetic and respiratory activIties of phy
toplankton were measured to obtam photosynthesis-light 
curves on a chlorophyll a basis The diurnal changes of light 

mtenslty were measured with a lux meter and the attenuation 
of light m water was estimated from the Secchl diSC depth 
The relative mtenslty (RLI) at depths of sampling was deter
mmed from the light attenuation m water, the depth for 1% 
RLI (D1 %) IS approximately three times the Secchl disc depth 
The absolute light mtenslty at each depth for every hour of 
the day was calculated usmg the diurnal changes of light 
mtenslty in accordance with RLI and the hourly gross photo
synthesIs at each depth was read from the photosynthesls
light curve accordmg to the respective light mtenslty The 
hourly gross photosynthesis at each depth was summed from 
sunnse to sunset or from sunnse to noon and multiplied by 2, 
to obtain the dally gross production at each depth and the 
daily gross production at each depth was multiplied by the 
chlorophyll a concentration at respective depth to obtain the 
daily gross production per m3 Daily gross production at each 
depth was integrated from the surface to the lower limit of 
the euphotIC zone to obtam the dally gross production per 
m2 of the surface The hourly respiration on a chlorophyll a 
baSIS was multiplied by the chlorophyll a concentration at 
each depth and by 24 to obtam the daily respiratIOn per m3 at 
respective depth The daily respiration of each depth was 
integrated from the surface to the lower limit of the euphotic 
zone to obtam the dally respiration per m2 of the surface The 
difference between the daily gross production and the daily 
respiration was taken at each depth to obtam the daily net 
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Fig. I. Seasonal variation in primary gross production (e), primary net production (0) and phytoplankton respiration (.) (gC m·2 day'I) 
from September 1986 to August 1987 at EI-Ramla, Kalabsha, EI·A"aqi, Korosko, Tushka and Abu Simbel. 

production. The daily net production of each was mtegrated 
from the surface to the lower limit of the euphotic zone to 
obtain the daily net production per m2 of the surface. Or, the 
daily respiration per m2 was subtracted from the dally gross 
production per m2 to obtain the daily production per m2 of 
the surface. 

Results 
Seasonal variation m pnmary production at Stations 1-6 IS 

shown in Fig 1, including gross production (Pg), net produc
tIOn (Pn) and respiration (R) Gross production ranged from 
1.0 gC m-2 day-! in August 1987 at Stations 5 to 27.4 gC m-2 

dar! in April 1987 at Station 2. There were two penods of 
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high net production Stations 4 and 5 only showed a high 
peak In September 1986 of 161 and 238 gC m-2 day!, 
respectively, but no peaks were recorded at other stations 
Stations 1-3 had peaks m October 1986 IncreaSIng from 
StatIOn 1 to StatIOn 3 Another peak was observed In Apnl at 
all stations with StatIOn 2 haVIng the maximum peak of 
140 gC m-2 day-I and Stations 1 and 3 the mmimum value~ 
Apart from the previously mentioned peaks, net production 
was constant or decreased from June to August 1987 at 
all stations RespiratIOn ranged from 03 gC m 2 day-l m 
September 1986 at Station 1 to 125 gC m-2 darl In Apnl at 
StatIOn 2 

Seasonal variation In primary production depended maInly 
on transparency and chlorophyll a Fig 2 shows seasonal 
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Fig. 2. Seasonal variation in Secchi disc depth (m) from September 1986 to August 1987 at EI-Ramla, Kalabsha, EI-Allaqi, Korosko, 
Tushka and Abu Simbel. 

vanatJon of transparency at StatJons 1-6 It IS clear that peaks 
of pnmary productlon, espeClally ill Apnl, cOlllClded With low 
transparency III most cases The correlatIOn coeffiCient 
between pnmary productlOn and transparency was calculated 
separately at each statlon Only StatJon 1 showed a high POSI
tJve correlatJon There was no slgruflCant relatJonshlp, prob
ably due to small sample size (see I 0 Mohamed, this vol) 

Chlorophyll a concentratJon at StatlOns 1-6 15 shown III 

Fig 3 It IS notlceable that the peaks of chlorophyll a con
centratIOn normally cOlllClde with those of pnmary 
productJvlty In some cases, high concentratJons of chloro
phyll a also cOlllclded with mlll1mUm transparency 
(Stations 5 and 6 ill August) but rrunimum productJvlty was 
observed ThiS could be related to the small euphotIC zone, 
whlCh III turn affected the illtegrated layers The correlatlOn 

coeffIClent between net productlon and chlorophyll a was 
calculated at each statJon separately StatJons 1, 4 and 6 showed 
no correlatJon at all, while StatJons 2, 3 and 5 showed POSI
tJve correlatIon (P<O 01, P<O 05 and P<O 01, respectJvely) 

Conclusion 
The combillatlOn of factors known as the light-clImate 

lllfluences photosynthetJc productIon by the phytoplankton 
ThiS lllcludes illcldent solar madlance, underwater light 
attenuatIOn and the proportIOns of Illummated and dark 
water ill the rruxed water column (Billdloss 1976) To estI
mate total photosynthesIs beneath a umt of water surface. 
all the vanatJons of photosynthesIs ill the Illurrunatlon gradi
ent With respect to depth and tlrne must be illtegrated The 

HABIB/Primary production of the phytoplankton 53 



EI-Ramla Kalabsha 
~ 30 30 
>-
'" -0 55 55 

'" E 
20 bO 20 

E 
'" 15 15 
>-

~ 
..s:: 10 
~ 

10 LL • 0 
'-

..Q 5 5 

..s:: 
U 0 0 

S86 0 N D J87 F M A M J A S860 N D J87 F M A M A 

EI-Allaqi Korosko 

30 30 
>-
'" 25 -0 25 

"'E 
20 

~ 
bO 20 
E 

'" 15 15 
>-..s:: 10 10 

~ 
0... e 
0 5 • 5 ::<: 

U 0 0 
S86 0 N D J87 F M A M J A S860 N D J87 F M A M A 

Tushka AbuSimbel 
~ 30 30 '7>-

'" -0 25 25 
"'E 

bO 20 20 
E 

'" 15 15 
>.. • ..s:: 10 10 LL e 
0 5 ::<: 5 .--. 
u 

0 0 
S86 0 N D J87 F M A M A S86 0 N D J87 F M A M A 

Month Month 

Fig. 3. Seasonal variation in the mean chlorophyll a concentration (mg m-3
) in the euphotic zone from September 1986 to August 

1987 at EI-Ramla, Kalabsha, EI-Allaqi, Korosko, Tushka and Abu Simbel. 

Integer may be evaluated d1rectly from measurements of 
photosynthet1c rates between sunnse and sunset at depth ill
tervals (Megard 1972) According to Talling (965), the rate of 
photosynthes1s at any depth 1S a s1mple product of popula
tion dens1ty and the specll1c rate of photosynthes1s by umts 
of the populat10n, whiCh are illterdependent 11ght attenua
tlOn mcreases as dens1t1es Increase and photosynthes1s 
therefore decreases rap1dly w1th depth when the population 
dens1ty 1S h1gh 

Desp1te extenS1ve literature on spatial and temporal 
vanahOn ill phytoplankton pnmary produchOn In temperate 
lakes, httle Informat10n 1S avallable on the seasonahty of 
phytoplankton production for most of the tropiCal lakes Net 
pnmary product10n of Lake Nasser ranged from 0 7 to 
238 gC ffi"2 day-I dunng 1986 and 1987 Few measurements 
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have been pubhshed about Lake Nub1a-Nasser. but Entz (1972) 
refers to one h1gh est1mate of 15 5 g02 m-2 day-I (58 gC ffi"2 
daTI) Slllularly h1gh estimations by Samaan (1971) give 3 2-
52 gC ffi"z daTI Kille and Belay (990) recorded dally mte
gral photosynthesIs for Lake Awasa, Ethiopia. rangmg from 
33 to 78 gC m-2 daTI They concluded that theJf data were 
very close to those reported for Lakes Nalvasha. Olodle and 
Crescent Island Crater m Kenya (Melack 1979) and greater 
than those found for Lakes Zlway and AblJata m Ethiopia 
(Belay and Wood 1984) Lake McIlwame. RhodeSia (Zimba
bwe), IS considered one of the most productive lakes m 
Afnca With photosynthetIC rates of 1 64 to 603 gC m-2 day-I 
(Robarts 1979) In companson, Lake Sibaya has product
IVity rates of 0 23 to 1 85 gC m-2 day-' (Allanson and Hart 
1975) and the upper reaches of Swartvlel rates of 0011 to 



0017 gC m-2 hour-! (Robarts 1976) Tallmg (1965) recorded 
dally rates between 40 and 60 gC m-2 day-! m a number of 
east Afncan lakes, and Melack and Kllham (974) found rates 
of 0 3 to 2 0 g02 m 2 day I (1 2-7 5 gC m-2 day-!) for a number 
of east Afncan alkalIne, salme lakes Ganf (975) found that 
the ffild-day mtegral photosynthetic rate m Lake George, 
Uganda, was between 1 and 2 g02 m-2 hourI (375-750 mgC 
m-2 hour-I) Perhaps the most productive lake m Afnca IS 
Lake Arangudl, an EthlOplan soda lake, for which Tallmg et 
al (1973) reported a produCtivity of 43-57 g02 m-2 day-l 06-
21 gC m2 dayl) LewIs (1974) found the average net pnmary 
producllon of 1 7 gC m-2 day! for Lake Lanao, Phlhppmes, 
whlCh IS considered to be one of the most productive lakes 
This was slffillar to Lake VlCtona With 1 7-38 gC m-2 dayl 
(Tallmg 1965) 
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ABSTRACT 

Chlorophyll a concentrations have been measured in Lake Nasser since 1982. Usually, high concentrations 
were recorded in the euphotic zone. A stratified vertical distribution was noted from April to September; 
while the distribution was homogeneous from November to February. The average annual chlorophyll Q 

concentrations in the euphotic zone were higher at the three southern stations compared to the three 
northern ones.The maximum yearly average (13.1 mg m·3

) was recorded at Station 3 (EI-Allaqi) in 1990, while 
the minimum (1.8 mg m·3) was measured at Station I (E I-Ramla) in 1994. The maximum yearly average 
transparency (Secchi disc depth) among the stations was 4.6 m at Station I and the minimum, 1.1 m, at 
Station 6 (Abu Simbel) in I 994.The maximum yearly average water temperature in the euphotic zone (26.3°C) 
was recorded at Station 4 (Korosko) in 1995, while the minimum (17.3°C) was recorded at Stations I and 3 
In 1997 

Introduction 
The FIshery Management Center (FMC) has measured 

chlorophyll a concentrations In Lake Nasser Since 1982. ThIS 
paper descnbes the changes In average chlorophyll a con
centrations In the euphotIC zone from 1986 to 1997. 

Materials and methods 
The water samples were collected from the euphotIC zone 

(Secchl disc extinction depth x 2 7) WIth a van Darn water 
sampler at SIX statIons, El-Ramla, Kalabsha, El-Allaql, Korosko, 
Tushka and Abu 51mbel, along the main channel (see El Shahat, 
thIS vol, p 4) Water transparency was measured with a Secchl 
dISC (30 cm dIameter) and water temperature was recorded 
ImmedIately after collectIon WIth a standard thermometer The 
water samples 0-2 I) were filtered through a glass fIber filter 
(Whatman GF/C, 47 mm) and the filter stored in a cool and 
dark place for later analYSIS PIgments were extracted WIth 
90% acetone To check the turbIdIty of the extract solutIon, 
light absorbenCIes of the extract were measured at 750, 663, 
645 and 630 nm with a spectrophotometer The chlorophyll a 
concentration was calculated by the equatIon of SCOR
UNESCO (966)' 
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Fig. I.Yearly average chlorophyll a concentrations (mg m'3 ± 
95%CL) for six stations in the main channel. 

Chi a Cmg m'3) = Cl1 64*Abs 663 nm - 2 I6*Abs 645 nm) + 
o I*CAbs 630* ext vol (ml))/Cflll Vol (1) 

Results 
A stratIfied vertIcal dlstnbutlon of chlorophyll a wa~ 

noted from Apnl to September, while the dlstnbutlon wa~ 
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homogeneous from November to February The average an
nual chlorophyll a concentrations In the euphotic zone were 
higher at the three southern statIOns compared to the three 
northern ones. The annual average (six statIons), from 1986 
to 1997, of chlorophyll a concentrations in the euphotic zone 
are shown in Fig. 1 The maximum value through the period 
of study was 13 1 mg m-3 measured at Station 3 in 1990 and 
the mInimum was 1.8 mg m-3 at Station 1 In 1994. 

The maximum yearly average transparency (Secchi diSC 
depth) among the stations was 4 6 m at StatIon 1 and the 
minimum, 1.1 m, at Station 6 in 1994 

Transparency and chlorophyll a concentratIOns were In
versely related (P<O.OOl) (Fig 2). 

The maximum yearly average water temperature In the 
euphotic zone (263°C) was recorded at StatIOn 4 In 1995, 
while the mInimum (17 3°C) was recorded at StatIons 1 and 3 
in 1997. 

Conclusions 
Chlorophyll a concentratIon In the water can be used as 

an index of primary production of the phytoplankton. 
(Ishlmura et a1. 1962; Aruga and Monsl 1963) The transpar
ency In Lake Nasser IS caused by two maIn factors, namely 
allohtonic silts of riverine origIn and authochtonlc suspended 
organic material (plankton and detritus). 

The inverse relationship between transparency and chlo
rophyll a explained this phenomenon of authochtonic char
acter. The results agree with the data obtaIned by Zaghloul 
(985). However, other planktoniC organisms also played an 
Important role In lowering the water transparency 

Acknowledgements 
I would like to express my deep gratitude and appre

CIation to Eng M H Tolba, Chairman of High Dam Lake 
Development Authonty, and Eng M M El Shahat, Under
Secretary of State for Flshenes, for supportIng thiS survey I 
am greatly mdebted to Dr Hussein E Toubabah, Researcher 
10 the National Institute of Oceanography and Flshenes, 
Inland Water and Aquaculture Branch, for his help with the 
graphical and statistical analyses. 

58 Sustainable fish production in Lake Nasser 

16 

14 • 
q-- 12 
E • • DO 
-.SIO ••••••• 

•• •••• • 0 

~ 8 
..c 
0-e 6 
0 
::c 

4 u 

2 

0 
0 0.5 

•• •• •• 
I. • •• • • • • 

• •• 
• • 

• 
1.5 2 1.5 3 3.5 4 4.5 5 

Secchl diSC depth (m) 

Fig. 2. The relationship between chlorophyll a concentration 
(mg m'l) and Secchi disc depth (m). 

References 
Aruga, Y and M Monsl 1963 Chlorophyll amount as an mdlcator 

of matter productlVlty m blO-commumtles Plant Cell Phy~lol 
4'28-39 

Ishlmura, S , Y Sal)o and Y Aruga 1962 PhotosynthetIC character
IstiCS of natural phytoplankton and ItS meanmg m chlorophyll 
method Bot Mag (Tokyo) 193-202 

SCOR-UNESCO Workmg Group 17 1966 Determmatlon of photo
synthetic pIgments m sea water UNESCO Monogr Methodol 
19-18 

Zaghloul, ER 1985 Seasonal vanatlOns of plankton m Lake Nasser 
Faculty of SCIence, Suez Canal Umverslty 364 p Ph D theSIS 

:tj ~a:a'rou gfv:~ a vaJt:te for the yearly average blomass? 
A; Noj ~1' enly :¢alculated the maximum and minimum 

v{i!iJ.:les,·J;J.Qt'~he avem-ge, 
.Q. Did. Y€l-\l make anY' ,comparison between the chloro

phJliUa da~and the composition of the phytoplank
.,t,€}n3; 

A, 80,~pa:dsons have been made, 



Microcystis aeruginosa Kutz Water Blooms 

1.0. Mohamed' and T.loriya2 

IFishery Management Center, High Dam Lake DevefopmentAuthority,Aswan, Egypt 
2Tokyo University of Fisheries, Tokyo,Japan 

Mohamed, 1.0. and T.loriya. 2000. Microcysus aerugmosa Kutz water blooms, p 59-60. In J.F Craig (ed.) Sustainable fish production in Lake Nasser: 
ecological basis and management policy. ICLARM Conf. Proc. 61, 184 p. 

ABSTRACT 

After the construction of the Aswan High Dam, water blooms of Microcystis aeruginosa were observed only at 
the southern end of the lake between Wadi Haifa and Abu Simbel. Recently, water blooms were observed 
in the central area of the lake.Very occasionally, they were seen at Korosko in the northern area. Formerly, 
M. aeruginosa water blooms occurred annually for several months before the floodwater period, but now they 
occur intermittently all the year round. 

Introduction 
After the construction of the Aswan High Dam, extensive 

water blooms of Microcystls aerugmosa Kutz were common 
every year, for several months before the flood penod, 10 the 
southern areas of the lake between Wadi Haifa 10 Lake Nubia 
(Sudan) and Abu Simbel in Lake Nasser An mvestlgatlon was 
mltlated to momtor the temporal and spatial changes of these 
blooms 

Materials and methods 
Since 1985, monthly surveys have been conducted to Iden

tify water blooms in the malO channel of Lake Nasser from 
the Aswan High Dam to Abu Simbel (see EI Shahat, thiS vol., 
p 4) When blooms were observed, water samples were col
lected 10 plastIC buckets, fixed with 10% formalin and stored 
In sample bottles. In the laboratory, identification and count
Ing of each speCIes was undertaken 

Results 
The dates when M. aeruginosa blooms were observed 

are shown in Table 1. The size of water bloom patches varied 
from a few centimeters to 35 m in diameter and the blooms 
were usually found to be at <1 em depth The largest blooms 
were observed on 11 December 1989, when patches of plants 
were distnbuted over a length of 125 km, from El-Seboa to 
Abu Simbel M aerugmosa was the dominant speCIes 

Table I. Date, location and surface water temperature when water 
blooms were observed. 

Date Location Water tern perature (0C) 

19 Aug 19B7 Abu Sirnbel 332 
19Aug 19B7 Tushka 300 
16 Aug 19BB Korosko 333 
9 Sep 19B9 Tushka 31 I 
II Dec 19B9 Abu Sirnbel 20.2 
II Dec 19B9 Tushka 20.0 
II Dec 19B9 EI-Seboa 20 B 
22 May 1990 Korosko 26.6 
14Aug 1991 Abu Simbel 29.2 
16 Oct 1992 Abu Sirnbel 2B I 
16 Oct 1992 Wadi EIArab 2B.4 
19 Feb 1993 Korosko IB.S 
25 Aug 1993 Tushka 2B.S 
26 Feb 1994 Tushka 

On 9 September 1989 at Tushka, Oscl11atona tenUis was domi
nant although M aerugmosa still was >40% As shown In 
Table 1, the occurrences of water blooms were not restncted 
to any particular season, but tended to be more common In 
the month just before the flood period (from late summer to 
early autumn) 

Conclusions 
Reports of water blooms in Lake Nasser are few (Entz 

1976) Smce 1965, when Lake Nasser was ftlled, extensive 
water blooms of M aeruginosa were observed annually for 
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several months before the flood water penod only in Lake 
Nubia and In the southern areas of Lake Nasser, between 
Wadi Haifa and Abu Simbel (Entz 1976) Before 1987, the 
occurrence of the water blooms was restricted to the area 
south of Tushka and Abu Simbel From the results, 12 occur
rences of water blooms were observed in the area between 
Abu Simbel and Korosko and only two occurrences were 
seen In the areas north of Korosko The northern movement 
of water blooms IS gradual. It took about 20 years to move 
from Abu Simbel to Korosko Korosko IS situated at the Great 
Bend of the lake, which forms a kind of "threshold" for phy
toplankton dlstnbutlOn (Habib et al 1990) The water bloom 
has only been observed tWice in the regIOn north of Korosko 
but the spread appears to be accelerating. The seasonality of 
water bloom outbreaks has disappeared. 

At present, Lake Nasser IS almost totally deVOid of Indus
tnal pollution and nutnent ennchment from agncultural run
off. However, momtonng the occurrence of water blooms In 
Lake Nasser in relation to eutrophicatIOn must be contmued 
Hammerton (1963) pomted out that even a very mild degree 
of eutrophicatIOn from mdustnal development could have a 
serious effect on the Nile because of the high temperature 
and high radiation inputs 
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ABSTRACT 

The paper gives an account of the dynamic changes in the Lake Nasser aquatic macrophyte communities In 

relation to water and hydrosoil phYSical and chemical characteristics. Two types of aquatic macrophyte changes 
were recognized: changes due to alteration of the Nile system in Egyptian Nubia from "Iotic" or "fluviatile" to 
"Ientic" or "lacustrine" and changes due to the continuous alteration in the physical and chemical character
istics of water and hydrosoil. Literature and field surveys suggest that major changes have occurred in the 
aquatic macrophytes in Lake Nasser following completion of the Aswan High Dam in 1964. However, recent 
changes in the submerged macrophyte communities in the lake appear to be related to phYSical factors (e.g., 
water level fluctuations and human activities). 

Introduction 
Aquatic submerged macrophytes can cause weed prob

lems by the growth of dense vegetation that lOterferes wIth 
IrngatLOn and hydroelectnc schemes, fishenes and/or navIga
tIon On the other hand, they are beneficial to the aquatIC 
system because they produce oxygen, punfy the water by 
trappIOg stlt partIcles, take up toxic substances and provIde 
habitats for fIsh fry and other orgamsms 

Profound changes can occur to the flora of a system after 
the bUlldIOg of dams and the Impoundment of water Rorslett 
(989) summarized the changes 10 vegetation, foliowlOg Im
poundment for hydroelectric schemes as' (a) a decime 10 spe
cies nchness, (b) the gradual dIsappearance of the shallow 
water and mid-depth commumtles; (c) a conspICuous absence 
of submerged vascular macrophytes in storage hydroelectnc 
lakes when lake levels are >7 m annually, and (d) an lOuease 
10 the incidence of speCIes possessing strategIes of the rud
eral (R) type 

MorphologICal changes in the nver may occur as a result 
of changes 10 the flow regIme An lOcrease 10 the flow can 
cause erosion of river banks and result 10 a reduction of the 
mean size of particles remaming Alternatively, reduced flows 
can result in sedimentation WIth decreasIOg substrate diver
sIty Qeffnes and Mills 1990) After impoundment, resultIOg 

either 10 reservoIr formatIon or in raising the level of an eXlst-
109 lake, there IS usually an lOcrease 10 the total bIologIcal 
productIVIty, WIth a nsk of eutrophIcatIon due to leachIOg of 
nutnents from the newly mundated ground 

Methods 
InformatIon on the past dlstnbutlon of aquatIc plants 10 

EgyptIan Nubia before the formation of Lake Nasser IS based 
on literature records However, data on dlstnbutLOn and ecol
ogy of aquatIC plants after formation are mamly denved from 
surveys Sampling of the euhydrophyte communJtle~ was 
undertaken dunng three samplIOg penods, 1984-1986 (at 18 
statIOns), 1988-1990 (at 17 stations) and 1993-1994 (at three 
statIOns) (see El Shahat, thIS vol, p 4) 

Submerged macrophytes were sampled usmg a replIcated 
grapnel-samplIOg techmque (Murphy et al lWll) The grap
nel was attached to a wooden pole and collected both foliage 
from the water column and overwlOtenng vegetatIon and roob 
buried 10 the sediment In the laboratory, plants from each 
grapnel haul were washed to remove mud, stones. mollu~c 
shells and aquatIC lOvertebrates Plants were separated mto 
different taxa, IdentifIed after Tackholm (974), Moore (1986) 
and Tnest (989), and a Itst of specIes was recorded 
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Standing crop dry weight of each species per grapnel haul 
was determined after mr-drymg 

Results 

Aquatic macrophytes 
In 1962-1964, several expedItions of EgyptIan and Euro

pean botamsts explored the NubIan area. The part of the Nde 
valley, which was to become Lake Nasser, had a relatIvely 
rIch submerged and emergent flora (57 specIes, of whIch SIX 
were euhydrophytes' Alisma gramtneum Lejeune, 
Damosomum alzsma MIll var compactum, Potamogeton 
cnspus L , P pectmatus L., P perfoliatus Land Zanmchellza 
palustris L.) (Boulos 1967). Similar data were presented by 
other authors (e.g, Aballah and Sa'ad 1972, Ahtl et al 1973, 
E1-Hadidl 1976) from studIes dUrIng the same period 

After the constructIon of the Aswan HIgh Dam, two 
euhydrophyte speCIes (A grammeum and D alisma) appear 
to have been lost from the regIon, but the other four specIes 
have colOnIzed the lake, WIth vary10g degrees of success 

In 1967, Valhsnena splralzs L was recorded for the fIrst 
tlme in Egypt CE1-Hadldl 1968, EI-Hadldl and Ghabbour 1968). 
In 1978-1986, eIght speCIes were recorded (Ail 1987, Springuel 
and Murphy 1991) FIve of them (Potamogeton schwemfurthu, 
Najas homda, N manna subsp armata and Nltella hyahna) 

were new to the area (see Table 1) SIxteen SItes were VISIted 
dunng the 17-month period from November 1988 to March 
1990 and the results are gIven In Table 2 In November 1988, 
no aquatic vegetatIon was recorded at any of the Lake Nasser 
SItes 

In February 1989, seedlrngs of N manna subsp armata 
appeared In both shallow and deepwater zones Z palustns 
was also observed In May 1989, Na)as manna subsp armata 
became more abundant and reached ItS hIghest bIomass of 
507g m-2 (Table 3). N. homda and N hyalma were com
monly found. In September 1989, V splralzs dominated the 
aquatIC plant communIty at the Amada SIte, whIch IS sItuated 
In the mIddle sectIon of the lake In October 1989, N hyalma 
dIsappeared and N marina subsp armata became domI
nant. In March 1990, the abundance of N homda Increased 
and became dommant at some SItes 

From Table 2, the followmg may be inferred (a) N ma
nna dominated the deepwater zone at all sites (except at 
Amada, where It was dominated by V splrahs) and (b) the 
aquatIC vegetatlon was more abundant In deep than 10 shal
low water. 

In 1993-1994, the author surveyed the northern sector of 
Lake Nasser from the Aswan High Dam to El-Allaql Dense 
cover of two "nUIsance species" was recorded, Myrophyllum 
spicatum L In Abu Hor and Ceratophyllum demersum L at the 
Aswan HIgh Dam port In addition to N homda, N manna 

Table I. Freshwater macrophyte species recorded in Egyptian Nubia pre- and post-formation of the Aswan 
High Dam in 1964. 

Species 1962-1964 1966-1967 1978-1986 1988-1990 1993· 1994 

Alslma grammeum + 

DamasonlUm aitsma var compactum + 

Potamogeton perfolJatus + 

P CriSp us + + + 

P. pectmatus + + + 
Zanmchellta palustrls + + + + 

Valltsnena sptralts + + + 

P. tnchotdes + 

P. schwetnfurthll" + + + 

Najas homdab + + + 

N. manna subsp armata + + + 

Nttella hyaltna' + + + 

Myrophyllum spICatum + 

Ceratophyllum demersum + 

-~---

, ThiS species was miSidentified as Potamogeton nodosus 
• ThiS species was miSidentified as NaJas pectmalls (Ali 1987) 
, ThiS species was miSidentified as Chara sp In Spnnguel and Murphy (1990) 

Sources a) Pre-Inundation, 1962· 1964 Boulos (1967), EI·Hadldl (1968) and EI-Hadldl and Ghabbour (1968),Abdalia and Sa'ad (1972), 
Ahtl et al (1973), (b) Post·lnundatlon.I966-1968 Ghabbour (1972) and EI·Hadldl and Ghabbour (1968),1978·1986 Ail (1987) and 
Sprlnguel and Murphy (1991), 1988· 1990 Ail (1992), and 1993-1994 author's records (northern part of the lake from the Aswan High 
Dam to EI-Aliaql) 
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Table 2. Dry weight standing crop (g per sample) in shallow and deepwater zones at 15 sites, 1988-1990. 
(- = not present) 

Site Species 

Shallow zone Deepwater zone 

Date N.marma N.homda Z palustns N manna N. homda Z palustns V. sPJra/ts P. schwemfurthll 

Abesco Nov 1988 
EI-Allaql Nov 1988 
Kourta Nov 1988 
Adlndan Nov 1988 
Sollman Feb 1989 0.4 
Mana Feb 1989 0.1 
Kalabsha Oct 1989 
EI-Ramla West May 1989 3.2 
EI-Ramla East May 1989 

Oct 1989 
MlrwawWest Feb 1989 1.1 
Mlrwaw East Feb 1989 10.9 
Amada Sep 1989 
Abu Hor Feb 1989 0.2 
Kalabsha Feb 1989 05 

Sep 1989 
EI-Madlq Sep 1989 <0.1 

Apr 1990 4J 
Turguml Jun 1989 16.4 

Oct 1989 
Mar 1990 

Table 3. Dry biomass (g m2) in the shallow water zone at Turgumi, 
Lake Nasser. 

Species Apnl89 May 89 July 89 May 90 

Najas manna 115 507 121 48 
N homda 50 
Mtella hyalma 103 54 38 
ZanmchellJa palustns I 

OJ 

0.3 
03 

<0 I 
<0 I 

subsp armata at all sites surveyed and P schwemfurthl at 
Kalabsha 

Hydrosoil 
The physIcal propertIes of hydrosOlI samples collected 

dunng a prevIous study (Ah 1992) 10 Lake Nasser are gIven 10 

Table 4 The hydrosotl vaned 10 texture and could be claSSI
fIed mto three categones as sandy, loamy sand and sandy 
clay loam Sand was the malO constituent of the hydrosOl I 
texture 1D Lake Nasser However, the northern section had 
hydrosotl that was mamly sandy clay loam and the mIddle 
sectIon was sand or loamy sand The hydroSOl I IS nch 10 

caloum and magnesIum and poor 10 phosphate CTable 5) 

Conclusions 
Regulated Vvaterbodles have dlstmct features assoCIated 

with them In parttcular, hydroelectnc reservoirs tend to be 

1.6 
35 

16J 0.1 <0.1 39 
125 4.4 
09 4.6 

<0 I 28.1 
1.2 0.2 
3.9 

10 5.4 
2.8 04 
0.8 

<0.1 4.6 
OJ <0.1 0.8 
1.0 

13.5 
72 

31.6 

much steeper-sided than other lakes (Rorslett 1989) ThIS has 
a direct phYSical effect on the plant and animal commUnities 
Water level regulatIon also affects the physical and chemICal 
charactenstlcs of the waterbodies EroSIOn of the Itttoral zone 
IS a natural phenomenon occurnng m regulated waterbodles 
and IS often hnked closely with water level fluctuations and 
wave actIon (SmIth et al 1987) 

Hydrosotl charactenstics can be Important to plant dlstn
bution and abundance (Haslam 1978) The causes of thiS re
lationshIp with the substrate may be both mdlrect, via water 
movement regimes that create these substrates, or dIrect due 
to rootmg patterns (Madsen and Adams 1989) The Itttoral 
zone IS often composed of gravel and has a coarse hydrosOl I 
texture ThIS IS determmed largely by the water level regime 
and by the degree of exposure to wave actIon (Wtlson and 
Keddy 1986; WeIsner 1987) In the Egypttan waterbodles, 
hydrosotl texture plays an important role 10 species dlstnbu
tlOn 

The constructIon of the Aswan High Dam substantially 
reduced the amount of stlt depOSited 10 the nver downstream 
from the dam E1-Hadldl (976) stated that the stlt. whICh IS 
necessary for butldmg up the ferttle embankments, was no 
longer avaIlable after the construction of the dam The Itttoral 
zone of Lake Nasser has a mamly sand substrate, as the sub
merged area was preViously desert. 

Most of the SIlt. which had been brought by the floods. 
accumulated behmd the dam Such an accumulatIon of Slit, 10 
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Table 4. Physical composition (%) of hydrosoil samples from Lake Nasser (After Ali 1992). 

Physical makeup (%) 

Site Gravel Coarse sand Fine sand 

EI-Ramla 049 22.32 42.66 
Kalabsha (a) 14.64 14.41 45.31 
Turguml 014 84.60 7.64 
Amada 056 8.48 77.58 
Kalabsha (b) 0.43 52.76 31.64 

Table 5. Chemical analysis of hydrosoil samples (Jlg g-') from Lake 
Nasser (After Ali 1992). 

Site K+ Ca++ Mg++ P0
4
'] 

EI-Ramla 34.86 510 39.0 1.54 
Kalabsha (a) 21.09 480 310 3.16 
Turguml 40.90 400 130 1.75 
Amada 1117 410 25.0 0.72 
Kalabsha (b) 10.70 410 20.0 1.70 

the north sectIOn of the lake, gave a hydrosOiI texture of sandy 
clay loam, which proVided a favorable substrate for the growth 
of M spicatum (Haslam 1978) Some of the silt was deposited 
on the shores and khors on both sides of the lake Due to the 
water level fluctuation and wave action, the accumulated silt 
was washed from the banks and accumulated 10 the main 
channel, leavmg behmd sandy or loamy sandbanks On these 
shores, P. schwemJurthil and N marino subsp armata were 
the dommant plants. 

Alteration of the hydrology of the River Nile system has 
not only resulted 10 a difference 10 the species that domi
nated each site but it has also resulted in structural differ
ences in the vegetatIOn The dramatic changes in macrophyte 
communities, resultmg from the regulation of waterbodies, 
have been descnbed by several authors (Smith et al 1987, 
Rorslett 1989, Wilcox and Meeker 1991). 

Water body regulatIOn leads to the selectIOn of a commu
nity of submerged aquatic plants, whICh can tolerate the fluc
tuating water levels. The abundance of a speCies alters with 
different water level fluctuation regimes. An extended range 
of water level fluctuatIOns often results 10 mortahty of the 
aquatic vegetation caused by conditions of low or no hght 
(Rorslett 1989) Extreme changes 10 water levels therefore 
give rise to commUnities that are extremely species poor and 
so the httoral zone is Impovenshed (Smith et al 1987) Some 
species cannot tolerate the disturbance caused by the fast 
rate of change in the water level. The capacity to invade new 
territory successfully, especially after some form of distur
bance, to maintam existmg populations or to recolonize an 
area after control and propagate rapidly, are Important weed 
charactenstics 
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Silt Sand Clay Organic matter Soil type 

8.52 19.08 1.88 Sandy clay loam 
1.34 22.48 3.91 Sandy clay loam 
1.28 10.90 0.75 Sand 
1.55 9.10 I 17 Loamy sand 
4.03 909 194 Loamy sand 

Impoundment and regulation have altered the macrophyte 
community structure 10 Lake Nasser In 1963-1964, 
A gramineum, D. alisma var campactum. P crzspus, P 
pectinatus, Z. palustns and P perjolzatus (whICh was a new 
record) were noted (Boulos 1967) In 1967, V splra/ts was 
recorded (EI-Hadidl 1968). In this study. two nUisance spe
cies, M. spicatum and C demersum mvaded the lake Species 
such as M spicatum have only been recorded 10 south Egypt 
during the past decade (Fayed 1985) 

Clearly, the degree of control and consequent duratlon, 
frequency and extent of water level changes are of funda
mental importance to the lIttoral macrophyte communities 
The data presented here mdlcate that, where there IS a high 
degree of control, there are extensive changes to the plant 
community, whereas at sites where the water level IS less 
regulated, the plant community has remamed close to that 
present before the construction of the dam 

In Lake Nasser, lIght attenuatIOn had very lIttle mfluence 
on the submerged aquatIC macrophytes growmg in the 0-3 m 
zone, because of the clear water (Secchl dISC 5 m depth. AlI 
1987). However, dunng the flood season, lIght attenuation 
may be a more Important factor (Secchl dISC <0 5 m) 

This study had three pnmary alms to charactenze the 
features of a regulated lake, to assess the Impact of distur
bance on the lake, and to determme the mfluence of other 
variables on the macrophyte community The data presented 
demonstrate that regulatIOn has a strong mfluence on the 
lake because of the dIsturbance It causes Plants present be
fore regulatIon may not be able to explOIt the new habitat 
created gIving the opportunIty for mtroduced (and pOSSIbly 
nUisance) species With broad ecological tolerances to mvade 
the area and compete With or displace the natlve species 
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ABSTRACT 

Zooplankton standing crop (individuals 1.1
) was estimated at six stations from EI-Ramla I in the north toAbu 

Simbel 6 in the south along the main channel of Lake Nasser, Egypt, from February 1987 to November 1988. 
The concentration of zooplankters in the water column (0-20 m) was variable throughout the year, ranging 
from 0.6 individual I-I (in February 1987 at the surface atAbu Simbel) to 346.2 individuals 1.1 (in August 1988 
at 5 m depth at EI-Allaqi). Normally values were higher at Kalabsha, EI-Allaqi and Korosko than at EI-Ramla, 
Tushka and Abu Simbel even though several high values were recorded at these stations. The zooplankton 
community was composed, in order of abundance, of copepods, cladocerans and rotifers.The species compo
sition of each group of zooplankton is discussed. 

Introduction 
A small fractIon of the radIant energy mCldent on a lake IS 

converted by the phytoplankton mto chemICal energy in the 
form of organic matter. Some of thIS energy wIll then be trans
ferred to the zooplankton, the so-called pnmary or herbIvo
rous consumers. The anImal components of the freshwater 
plankton are dominated by Copepoda and Cladocera (Wetzel 
1975). Rzoska et al. (955) began a quantItative survey of the 
annual cycles of plankton production In the Blue and WhIte 
NIle south of Khartoum Their work was continued and en
larged in scope by Prowse and Talling (958) who gave a 
detailed account of the seasonal growth and succession of 
planktonIc algae In the White NIle from 1951 to 1956 

The results of these studIes, together with those of Brook 
(954) and TailIng (957), have revealed the presence of two 
regular systems of yearly plankton growth and declIne, the 
general timing beIng determined by biological regimes of the 
river. ThIS paper describes the vertical dIstributIOn and 
seasonal vanation of zooplankton specIes compositIon. 

Methods 
Durmg February, May, August and November 1987 and 

1988, 10 I water samples were collected from each of SIX 
statIons, El-Ramla, Kalabsha, El-Allaql, Korosko, Tushka and 

Abu Simbel (see El Shahat, thIS vol, p 4) at 5 m Intervals from 
the surface to 20 m depth (0, 5, 10, 15 and 20 m) WIth a van 
Dorn water sampler Only three depths (surface, 5 and 10 m) 
were sampled at Station 3, a shallow water area Water samples 
were filtered through a plankton net (01 mm mesh) The 
samples were preserved WIth formalIn (4%) and kept for later 
analyses Each sample was then transferred Into a beaker and 
left to settle overnight In the case of low numbers, all organ
isms were put In a SedgWICk-Rafter chamber (1 m!) for count
mg. Samples with hIgh numbers of zooplankter were left to 
settle again and the exact volume of the sample was measured 
The sample was then shaken, 1 ml was removed and the or
ganIsms In the subsample counted The procedure was re
peated at least three times, and the average number of 
indiVIduals per 10 I was estImated 

Results 
The vertical distributIon of zooplankton as number of 

Individuals 10 I-lover the samplIng penod IS shown In FIg 1 
The upper layer (surface and 5 m depth) normally contaIned 
the largest number of zooplankton (Table 1). The mInImum 
zooplankton numbers were normally at 20 m depth The ex
ceptions were Stations 2, 3 and 6 (Table 1) 
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Table I. Maximum and minimum numbers of zooplankton organ· 
isms (individuals 10 1.1) counted at Stations 1·6. Depth and date are 
provided. 

Station Max Min 

I 1802 (5 m) in Aug 1987 17 (20 m) In Aug 1987 
2 1.918 (5 m) mAug 1988 42 (15 m) In Aug 1987 
3 3 462 (5 m) In Aug 1988 102 (zero) In May 1987 
4 2 941 (zero) in Aug 1988 82 (20 m) In Aug 1987 
5 I 834 (5 m) In Aug 1987 31 (20m) In Aug 1988 
6 2578 (5 m) m May 1987 6 (zero) in Aug 1987 

Seasonal variation m the total number of zooplankton was 
clearest (showed a similar pattern m 1987 and 1988) at Stations 
1 and 4 (Fig 1 and Table 2) The number was normally small 
during the winter (February) and increased towards a maxi
mum in the summer (August) At Stations 2 and 3, seasonal 
variation was not clear Station 5 showed clear seasonal vana
tion, but the maximum zooplankton number was recorded at 
different times in the two years The first peak was in August 
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Table 2. Average number of zooplankton organisms (individuals 
10 1.1) over all depths (surface to 20 m). 

Date Station 
2 3 4 5 6 

Feb 1987 356 870 1470 437 360 53 
May 404 284 379 543 441 917 
Aug 778 670 878 I 333 I 038 272 
Nov 609 715 I 585 678 303 210 
Feb 1988 239 803 880 432 509 550 
May 310 473 314 588 437 520 
Aug 1004 I 066 2844 I 062 182 177 
Nov 125 281 313 685 65 108 

1987 while the second peak was m February and May 1988 
The seasonal variation of zooplankton number at Station 6 
showed a peak In May 1987 and a lesser peak dunng Febru
ary and May 1988. 

The zooplankton community was dommated by three mam 
groups: copepods, cladocerans and rotlfers Copepods were 
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Fig. I. Seasonal variation (August 1987·November 1988) in the number of zooplankton (individuals 10 1'1) at EI·Ramla. Kalabsha, EI· 
Allaqi, Korosko, Tushka and Abu Simbel (see EI Shahat, this vol., p. 4). Samples were taken at the surface ('=).5 m (0). 10m (0), 15 
m (II) and 20 m (.) depth. Note that only 3 depths were measured at EI·Allaqi (a shallow water station). 
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Fig. 2. Seasonal variation (August I 987-November 1988) in the percentage contribution of copepods, c1adocerans and rotifers in the 
zooplankton at EI-Ramla, Kalabsha, EI-Allaqi, Korosko,Tushka and Abu Simbel. Cope pods (iiiII), c1adocerans(D), rotifers (:::::1). 
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Fig. 3. Seasonal variation (August 1987-November 1988) in the percentage contribution of Cyclops, Diaptomus and nauplii in the 
copepod community at EI-Ramla, Kalabsha, EI-Allaqi, Korosko,Tushka and Abu Simbel. Cyclops (III), Diaptomus (D), Nauplii (0). 
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Fig. 4. Seasonal variation (August 1987-November 1988) in the percentage contribution of Daphnia, Diaphanosoma, Ceriodaphnia, 
Bosmina and others in the cladoceran community at EI-Ramla, Kalabsha, EI-Allaqi, Korosko, Tushka and Abu Simbel. Daphnia (II), 
Diaphanosoma (0), Ceriodaphnia (D), Bosmina (~), others (0). 
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Fig. S. Seasonal variation (August I 987-November 1988) in the percentage contribution of Brachionus, Keratella, Playtias, Asplanchna 
and others in the rotifer community at EI-Ramla, Kalabsha, EI-Allaqi, Korosko,Tushka and Abu Simbel. Brachionus (I11III), Keratella (C), 
Platias (D),Asplancha ([;3), others (0). 

72 Sustainable fish production In Lake Nasser 



commonest at all stations (Fig. 2) Cladocerans were the sec
ond most abundant group Only on one occasion did cla
docerans dominate the community (February 1987 at Statton 
6) Rotlfers were the least Important group showmg two peaks 
m August 1987 and 1988 

In general, Cyclops dommated the copepod community 
m 1987 (Fig 3) Diaptomus were at a maximum m May 1988 
at stations 1-3 Station 4 recorded a peak of Dzaptomus m 
May 1987 and station 5 m November 1987 In February 1987, 
Dlaptomus dominated at Station 6 At Stations 1, 2, 4 and 5, 
the maximum number of nauplll was recorded m November 
1988 At Stations 3 and 6, the maximum was recorded in 
February and August 1988 

Seasonal va nations m the speCies compositIOn of c1adocer
ans at Stations 1-6 are shown m Fig 4 One or two peaks of 
Daphnza abundance were observed m May 1987 at StatIOns 
1-3 and m February 1987 at Stations 4-6 and m February 1988 
for all statlons The community was dominated by 
Dlaphanosoma In August 1987 and In August 1988 
Cenodaphnza showed moderate percentages dunng 1987 at 
stations 1-3 At Stations 4-6, Ceriodaphnza showed two peaks 
m May 1987 and m May 1988 Bosmma was more abundant 
at StatIOns 1-3 than StatIOns 4-6 It persisted throughout the 
study 

Seasonal vanatlOn m the speCies composition of rotlfers 
at StatIOns 1-6 are shown m Fig 5 Two to four peaks of 
BrachlOnus were notICed m February and August 1987 and 
1988 Keratella showed a moderate percentage at Stations 1-
4 At Stations 5 and 6, Keratella dommated the community m 
August and November 1988 Playtlas dommated the commu
nity m August and November 1987 at Stations 1, 2, 5 and 6 At 
Statton 3, It dominated the community m November 1987 
only In the case of Station 4, Playtzas showed a moderate 
percentage In November 1987 but dommated the community 
m August 1988 Asplanchna showed one or two peaks m 
May 1987 and 1988 and predomInated the community m May 
1988 It was predommant In the community m May 1988 at 
Stations 1-3 and 5 

Conclusions 
In 1988, the zooplankton numbers showed a noticeable 

decrease at Stations 5 and 6, remarkable to moderate mcreases 
at StatIOns 2-4 and a slight decrease at Station 1 Several fac
tors could affect the declme of zooplankton numbers at Sta
tions 5 and 6, one bemg transparency, whICh was very low 
(Secchl diSC depth was 0 4-0 7m) espeCially dunng August 
and November due to the floodwater The low transparency 
could also adversely affect the phytoplankton community At 
Stattons 2-4, the transparency was low because of phytoplank
ton abundance (high chlorophyll a concentratIOn) It was 

noticed that the maximum numbers of rotlfers coinCided with 
the highest water temperature. The correlation coeffiCients 
between rotlfers and water temperature and transparency were 
positive (p<O 001) and negattve (p<O 001), respectively 

Monakov (969) recorded the density of zooplankton m 
the floodplam of the White Nile (AIJab, Shambe, Jor, No and 
Atar) m 1964, whICh ranged from 180 organisms m-3 m AI/ab 
to 59 000 organisms m-3 m Atar Abu Gldelfl (969) found 
very few zooplankton m the Morgran areas (White N!le) dur
mg the flood season (July-September) but after the subSid
ence of the flood waters, a rapid Increase m zooplankton 
occurred and a maximum was reached In November-Febru
ary. He also recorded a small number of zooplankton in April
July at Shagara and Jebel Auha (White Nile) and the mcrease 
began in August to reach a maximum In September to early 
October Masundlre (1989) recorded a Wide range of values 
of total adult crustacean plankton abundance from as low as 
4 mdlvlduals I-I to more than 30 mdlviduals I-I m Lake Kanba, 
Zimbabwe He found two peaks In abundance, one m March 
and the other m July-August He attnbuted the March peak to 
a nutnent flux resultIng from the local ramy season, and the 
second peak (July-August) comCided with the penod follow
mg the lake's turnover and mlXlng Abu Gldelfl's (969) re
sults are more likely to resemble the Lake Nasser data With 
the mmlmum dunng the flood season and the maximum m 
August-October Moreover, Entz (976) stated that zooplank
ton was poorest usually In the first wave of the floodwaters 
The nchest zooplankton development could be noticed al
ways Just In front of the flood m areas not yet affected by the 
floodwater 

Zooplankton data m thiS mvestlgatlon are slm!lar to those 
of Entz (1976) The August peak was greatest at Stations 1-4 
and smallest at StatIOns 5-6 The latter statIOns are affected by 
floodwater before the other stations The maximum numbers 
of zooplankton were recorded mamly m the upper 10 m of 
the water column and correlated with chlorophyll a concen
tration Habib et al (987) and Habib and Aruga (988) stated 
that the upper layer of water column from the surface to 8-10 
m generally contamed high chlorophyll a concentratIOns from 
March or Apnl to October or November 
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ABSTRACT 

A quantitative estimation of the macrobenthos in Lake Nasser was carned out during the winter of 1997-
1998. Nine stations along the main channel of the lake and five main khors were selected.The macrobenthic 
community of the lake consisted of five groups (oligochaetes, crustaceans, insects, gastropods and bivalves). 
The annelids were the most dominant benthic phylum in the main channel, constituting 90.2 and 88.4% of the 
total benthic number and mass, respectively, followed by molluscs and arthropods.The highest standing crop 
was recorded in the southern localities (Tushka and Abu Simbel), while the lowest was recorded in the 
northern part of the lake. The khors, E I-Ramla and Tushka, had the most productive benthic fauna while 
Korosko had the poorest. The formation of macrozoobenthos communities in the lake can be divided into 
three phases: (I) filling phase which covered the early years of impoundment, from 1966 to 1978, and was 
characterized by mass development of chironomlds and oligochaetes, which were able to utilize organic 
matter at great depth and live under anaerobic conditions; (2) post-filling phase, which covered the next 10 
years and was characterized by an Increasing number of individuals and diversity of species, owing to the 
establishment of favorable conditions for zoobenthos to flourish (a pronounced decrease in standing crop, 
attributed to the African drought, was noted at the end of this period); and (3) equilibrium phase from about 
1990 until the present, which was characterized by a remarkable increase of diversity and fluctuation within a 
definite range of Individuals. 

Introduction 
The compositIOn and bIOmass of the benthic 

macrolnvertebrate community have long been considered to 
be good indicators of water quality and lake prodUCtiVity 
The aim of the present work was to study the benthic com
mUnity structure, dlstnbutlon and changes In abundance from 
the formation of Lake Nasser until the present 

Materials and methods 
Quantitative sampling of the bottom fauna was performed 

In the winter of 1997-1998 at nine statIOns along the main 
channel of Lake Nasser, namely, Aswan High Dam, EI-Ramla, 
Kalabsha, EI-Allaql. EI-Madlq, Korosko, Amada, Tushka and 
Abu Simbel Sampling was also carned out In five khors, El
Ramla. Kalabsha, El-Allaql, Korosko and Tushka (see EI Shahat, 
thiS vol, p 4) An Ekman grab (opening area 400 cm2) was 

used The collected samples were washed In the field through 
a small hand-net of 500 ).lm mesh diameter The samples were 
stored In plastIC Jars after adding 7% formalin solution Sorting 
and IdentificatIOn of the species were carned out, If pOSSible, 
In the laboratory The different groups were counted and 
weighed after drying on filter papers for five minutes to re
move excess water Results are given as total numbers of bot
tom fauna per square meter as well as their biomass In grams 
fresh mass per square meter (G FW m'2). 

Results 

Community composition 
The community composItion of macrobenthos In Lake 

Nasser In the wmter of 1997-1998 IS represented by oligocha
etes, msects, crustaceans. bivalves and gastropods In the malO 
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channel, oligochaetes were the most dominant of the benthic 
groups, constituting 902% and 88.0% of the total benthic num
ber and mass, respectively, followed by molluscs 50% and 
8.6% and arthropods 4.8% and 2 9% (Fig 1) In the khors, the 
percentage compositIOn of different groups vaned. Ohgocha
etes were the most abundant in El-Ramla, Kalabsha and 
Korosko but with lower percentage values than m the main 
channel Arthropods were most abundant in EI-Allaql and 
Tushka. However, molluscs were fewer in their numencal 
abundance, but their bIOmass percentages were higher than 
other groups (Fig. 2). The dominance of oligochaetes in most 
samphng sites m the main channel and khors is possibly due 
to their ability to adapt to many kmds of habitat and their 
tolerance to low oxygen concentrations or anoxIC conditions 
(Brinkhurst 1970). 

Distribution 
In the main channel, the distnbution of bottom fauna var

ied widely from one regIOn to another The lowest popula
tIOn density and biomass were observed m northern locahties 
(Aswan High Dam and Kalabsha), while the highest values 
were recorded in the southern ones (Tushka and Abu SimbeD. 
The middle stations were relatively Similar (Fig. 3) The de
cline in standmg crop of benthos m the north was attributed 
to the increasing depth of the water and the reductIOn in 
dissolved oxygen (Fishar 1995) 

Ohgochaetes were most abundant at Tushka and Abu 
Simbel, while the lowest standing crop was recorded at 
Kalabsha. They were represented by four species, Llmnodrillus 
udekemzanus, L. hoffmeisteri, Pristina sp and Branchiora 
sowerbyi The first and second species were recorded at all 
statIOns, while Pristina sp. was found in the middle and north
ern parts of the lake. B. sowerbyi was recorded only in the 
northern part of the lake. 
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Fig. I. Percentage number and mass of benthic groups in the 
main channel. Molluscs (D), arthropods (_), annelids (0). 
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Fig. 2. Percentage composition (A) number and (8) mass 
of benthic groups in five khors. Molluscs (D), arthropods (_), 
annelids (0). 

Arthropods showed irregular dlstnbution along the mam 
channel of the lake. They were represented by three mam 
groups, ostracods, chironomlds and tncopterans Chlrono
mid larvae and pupae were recorded at most statIOns of the 
mam channel, while the ostracod speCies were recorded m 
the souchern stations CAmada and Abu Simbel) The 
tricopteran speCies appeared only at Kalabsha 

Only one speCies of mollusc was identified, Valvata 
ni/otica, which was found m the middle stations (EI-Madlq 
and Korosko) . 

The benthiC community m the khors was more nch and 
diversified than in the mam channel This was mamly due to 
the shallower water, lack of current and the presence of 
macrophytes which offered a favourable habitat by proVid
ing protectIOn from predators, food and a good substratum 
for these organisms In the khors, as shown in Fig 4, EI
Ramla was the most productive followed by Tushka and 
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Fig. 3. (A) Population density (organisms m'2) and(8) biomass 
(G.F.W. m'2) in the main channel. Molluscs (D). arthropods (_). 
annelids (D). 

EI-Allaql The lowest populatlOn density and biomass was 
observed at Korosko. 

Oligochaetes counted In khors were highest at El-Ramla 
while the lowest number was recorded at Korosko. They were 
represented by the same four species as the main channel L. 
udekemianus was found at all khors whde B. sowerbyi was 
observed at Kalabsha and Tushka 

Arthropods were charactenzed by an increase In number 
of individuals and species in khors compared with the main 
channel. Tushka was the most productive followed by El
Allaqi They were represented by ostracods and insects (lar
vae of Chironomus spp., Caenis sp. and Mlcronecta sp , and 
nymph of both Enallagma sp. and Perithemts sp .). 

The distribution of molluscs showed that the highest stand
ing crop was recorded 10 the northern khors (El-Ramla, 
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Fig. 4. (A) Population density (organisms m'2) and (B) biomass 
(G.F.W. m'2) in the major khors. Molluscs (D). arthropods (_). 
annelids (D). 

Kalabsha and EI-Allaql) Molluscs were not found at Korosko 
SIX specIes were recorded In the khors, V niiotlCa, Bulmus 
truncatus, Physa acuta, MelanOldes tuberculata, Gyralus 
ehrenbergi and Femssia clessimana 

Conclusions 
The standing crop of the total macrobenthlc Invertebrates 

In Lake Nasser averaged 1 169 orgamsms m-2, 5488 G FW mol 

This average standing crop was lower than the correspond
ing values 10 some Egyptian saline lakes, Qarun and Bardawll 
(Aboul-Ezz 1988, Fishar 1992), and higher than that recorded 
in Wadl El-Rayan lakes (Flshar 1998) 

The average total bottom fauna In the lake changed an
nually As shown in Fig. 5, the lowest standing crop of benthos 
was recorded at the beginning of the impoundment of the 
lake (Latif et al. 1979), and increased gradually With the nse 
m water level The standmg crop dropped sharply to a 
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of benthos in the main channel, 1976-1998. 

mmimum dunng 1988, and mcreased agam dunng the fol
lowmg years. This was due to the drop m the lake level re
sultIng from the major Afncan drought (lastIng unttl 1988) 

whlch caused a partial drought in some zones and major 
changes in ecologICal conditions 

Accordmg to the classifICation of MacLachlan (974) for 
human-made lakes m Afnca, three stages can be differenti
ated m the formation of zoobenthos m Lake Nasser (Table 1) 
The first stage (ftllmg phase) covered the early years of Im
poundment 0966-1978) and was charactenzed by a mass 
development of chlronomlds and oligochaetes (Tuhifex sp ) 
which were able to utilize orgamc matter at great depth and 
live under anoxic conditions Some workers (Entz 1978, Latif 
1984) found the freshwater crab, Potamonatus mlotlcus, 
prawn, Caradina nilotica, and some snads Ctncludmg B 
truncatus) m the littoral zone It should be noted that these 
species were endemIC nvenne speCies and most of them died 
at the end of thiS stage The second stage (post-filling phase) 
covered the next 10 years, 1979-1989, and was charactenzed 
by an increase m the standIng crop as well as m specles 

Table I. Benthic invertebrates recorded in Lake Nasser by different authors. 

First phase Second phase Third phase 
-----

Species Entz and Entz 1976 Entz 1978 Entz 1980 Latif Elewa Iskaros Fishar 1995 Flshar 1997 Flshar 1998 
Latif 1974 1984 1987 1988 

Annelida 
LImnodrlllus udekemJQnus + + + + + 
LImnodrlllus hoffme/sterl + + + + + 
Tublrex sp. + 
BranchlOra sowerbYI + + + + + 
Prlstma sp. + + + 
Helobdella cOn/rera + + 
Alma sp. + 

-

Arthropoda 
Ostracods + + 
Caradma mlotlca + + + + + 

Potamonatus mlotlcus + 
Ch,ronomus larvae + + + + + + + + + + 
Nymph of Odonata + + + + 

Nymph of AOisoptera + + 
Nymph of Ephemeroptera + + 
Nymph ofTrlcoptera + + + 

Nymph of Hemiptera + + + + 
Nymph of Coleoptera + 

Mollusca 
Valvata mlotJca + + + + + 
Melanolds tuberculata + + + + + 

Bulmus truncatus + + + + + 

Physa acuta + + + + + 
Cleopatra bullmO/des + + + + + 

Gyralus ehrenbergl + + 
PlsldlUm Plrothl + + + 
Spharlum simile + + 
Femss/a classm/ana + 
Corb/Cula ffammalls + + + + 

Hydrozoa 
Hydra vulgafls + 
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diversity owing to an increase in organic matter, dissolved 
oxygen and surface area of the lake whICh provided a sub
stratum of mud, trees and rocks. The standing stock of benthic 
animals was reduced at the end of thiS stage due to a de
crease in water level resulting from the African drought (Elewa 
1987; Iskaros 1988). The third stage (equihbnum phase) from 
about 1990 until the present has been charactenzed by an 
Increasing diversity of species and fluctuations In the range 
of indiViduals. The Indications are that the community of 
benthos in Lake Nasser IS beginning to stabilize 

It can be concluded from the present study that Lake Nasser 
is a fertile lake. More detailed investigations, espeCially on 
meio- and microbenthos, are needed to follow up the changes 
In the benthiC community which contribute to the develop
ment of the fisheries. 
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ABSTRACT 

Open-water areas and large concentrations of fish are natural attractants to fish-eating birds. In addition to 
predation, the birds damage fish that escape, disturb brood stock and contribute to the spread of disease and 
parasites. 

The number of bird species and subspeCIes that occur in 
Egypt are 123 and 392 respectively, of which 186 are resI
dent, 12 are extmct and 17 are endemic (Tharwat 1997) The 
rest are migratory birds, whICh ViSit Egypt m summer from 
the south or m the wmter from the north Some VISit Egypt 
twice a year, m the spnng on their way south or in the au
tumn when travellIng north to Europe and ASia Forty-one 
speCIes and subspecies are known to mhablt the Lake Nasser 
area Twenty of these are fish-eatmg birds, namely. the great 
cormorant, Phalacrocorax carbo sinensis (Blumenbach), the 
African darter, Anhinga ruja ruja (Lacepede and Daudin), 
the white peltcan, Plecanus onocrotalus L , the pmk-backed 
pelican, P rufescens Gmelm; the bittern, Botaurus stellans 
stellans (L), the little egret, Ardea garzetta L., the GolIath 
heron, A goltath Cretzschma; the purple heron, A purpurea 
L , the yellow-billed stork, Myctena ibIS (L); the ruddy shel
duck, Tadorna ferrugmea (Pallas), the garganey, Anas 
querquedula (L), the pochard, Athya fenna (L); the black 
kite, Mllvus mlgrans mlgrans(Boddaert), the Afncan fish eagle, 
Hallaetus vocifer(Daudm), the moorhen, Gallmula chloropus 
chloropus (L ), the eagle owl, Bubo bubo ascalaphus Savlgny, 
the common kmgflsher, Alcedo althls althls (L ), the osprey, 
PandlOn hallaetus haltaetus (L ); the common black-headed 
gull, Larus ndlbundus L , and the sClssor-btiled tern or Afn
can skimmer, Rynchopsjlavirostns Vletllot. 

Open-water areas and concentrations of fish are natural 
attractants to fish-eatmg birds. As well as consuming fish, the 
birds damage fish that escape, disturb brood stock and con
tnbute to the spread of disease and parasites Large concen
trations of shore birds can cause pollutIOn problems Those 
causmg most damage are gulls, egrets, cormorants, pehcans, 
ospreys, terns, kingfishers, ducks and herons 
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ABSTRACT 
Scales were used to age and estimate the growth of Oreochromis niloticus L. and Sarotherodon galilaeus Art.The 
average standard lengths of O. niloticus for the successive age groups I to IV years were 241,300,354 and 392 mm, 
respectively. For S. galilaeus, the average standard length for the successive age groups I to III years were 224, 
250 and 275 mm, respectively. 

Introduction 
Oreochromis niloticus L. and Sarotherodon galilaeus Art. 

are the most common species in Lake Nasser capture fishery 
This study IOvestlgated the age and growth of the two 
species Age and growth are parameters used 10 flshenes SCI
ence and management 

The scales of 0 niloticus and S. galtlaeus, used to age the 
fishes, are typically cycloid and fan-shaped. Concentric ridges 
or Clrcuh are arranged around the focus, whICh may be cen
tral or slightly off center towards the postenor. Radial grooves 
extend from the focus to the anterior edge of the scale The 
size of the scales varies from one location to another on the 
fish (Azlm 1974). Different terms have been applied to the 
spaced circuli. In the present study, followlOg Arora (951), 
the boundary between the winter and the succeedmg sum
mer band IS conSidered as a year mark The use of the scale 
method for age and growth studies of species of tilapia has 
been validated by others (Halden 1955,Jensen 1958; El Bolock 
and Koura 1960, 1961, Elester and Jensen 1960; EI Zarka 1961, 
Azim 1974) but not in thiS study 

Materials and methods 
Random samples of 0 nilotlcuS and S ga/zlaeus were 

collected monthly from January 1989 to December 1990 For 
each mdlvidual fish, the date and locahty caught were re
corded and the standard length was measured to the nearest 

PrevioUl Page Blank, 

millimeter using a measunng board Scales from each fish 
were collected from the left Side below the lateral hne behmd 
the pectoral flO, and stored 10 envelopes The location from 
whICh the scales were taken was consistent throughout Thl~ 
consistency was shown by Jons (957) and EI-Zarka (959) 
to be a necessary precaution to aVOId discrepanCies that mIght 
anse dunng growth calculations. Before readmg, the scales 
were cleaned WIth 10% ammonIUm hydrOXide solutIOn, 
washed WIth dIstIlled water, and mounted dry between two 
glass sl!des bound With tape They were exammed WIth the 
help of a scale projector 

Results and conclusions 
The average standard lengths of o. nzlotlCUS for succes

sIve age groups I to IV years were 241,300,354 and 392 mm, 
respectively The growth increment 10 length was greatest 10 

the first year and markedly decreased With age For 5 galzlaeus, 
the average standard lengths for the successive age groups I 
to III years were 224, 250 and 275, mm respectIvely As With 
o. nzlotlCUS, the growth mcrement was greatest 10 the first 
year and decreased With age 
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ABSTRACT 

The main commercial fish of Lake Nasser is the Nile tilapia. Oreochromis nilotlcus L., accounting for more than 
90% of the total catch. Water level changes affect both the biology of tilapia and the fisheries. During the 
spawning season, tilapia reproduction is influenced by the water level and as tllapia are caught In the shallow. 
littoral areas, the change of water level affects the size of the fIshing area. The average annual water level (m 
above mean sea level [AMSL]) and In (catch per unIt effort [CPUE] two years later) were the best fit to the 
data, where CPUE is the total annual catch (t) divided by the number of boats operating In the year. 

Introduction and analysis 
Agaypl (995) and YamaguchI et al (996) dISCUSS the 

relatJonshlp between catch and water level for Lake Nasser 
Data on water levels have been recorded from 1966 to the 
present 0997 In thIS study) (see El Shahat, thIS vol) The 
number of boats and total annual landIngs (mt) through the 
same penod have also been collected Agaypl 0993a,b) gave 
catch data by speCles and month from 1983 to 1992. Other 
data are avaIlable from the author 

An analYSIS was undertaken to fInd the best relatJonshlp 
between water level (maXImum, average and IllinImUm, m 
AMSL) and CPUE defIned as the total annual catch d1VJded by 
the number of boats operatJng JfJ the year The hIghest corre
latIon (r = 0782. p<O 001) was found between average water 
level (m AMSL) and In (CPUE two years later) (FIg 1) 

TIla pIa speCIes, In partICular 0 nilotzcus L , are the most 
dommant fIshes InhabItIng shallow water areas <10 m The 
greatest proportJon (>90%) of the catch IS composed of thIS 
speCIes (see Khabfa, thIs vol) When the water level nses, the 
shallow water areas Increase ThIS proVIdes more spawnIng 
area but greater fIshIng pressure HIgh water level In a gIVen 
year appears to assIst recruItment to the fIshery two years 
later More preClse data such as catch and effort by gear type 
and area and the quantIty of fIsh caught but not accounted 
for (poached) WIll be reqUIred for a more detaIled analYSIS of 
the relatIOnshIp between water level and recruItment 
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ABSTRACT 

A sampling program for collecting the basic Information needed for long-term management of sustainable 
catches in Lake Nasser was established In I 996-1997.The results indicated that tilaplas composed about 90% 
of the total lake fisheries production. For the first time, the occurrence of both Ti/apla zi/Iii and Oreochromls 
aureus was recorded. The former contributed about 2% to the total catch. In terms of relative abundance, It 
was found that fishes were more abundant in the southern sectors than in the northern ones. Length compo
sition data for 0. m/otlcus L. and Sarotherodon galIlaeus Art have been analyzed to make a preliminary and rapid 
assessment of their stocks under present conditions. Parameters of the von Bertalanffy growth function have 
been calculated as follows: L= 54.73 and 37.80 (cm), K= 0.270 and 0.294, and to = -0.745 and -1.187 for 
0. mlotlCus and S. galdaeus, respectively. Instantaneous mortality rates (fishing and natural) were determined. 
The results indicated that the stocks of both 0. mlotlCus and S. galilaeus have been overexploited, where E (the 
exploitation rate) was about 0.8 for the two species. The long-term effects of redUCing fishing mortality by 
10% would increase the catch of 0. nilotlCUs by about 65% and that of S. galIlaeus by 7%. 

Introduction 
About 5 000 fishers belonging to five cooperatives oper

ate the Lake Nasser fishery. About 2 000 fishing boats are 
used. Only a few boats, those operating floating gill nets in 
the open water, have outboard engines. The fishers presently 
operate m village and family groups at about 970 bases 
located m at least 79 separate fishing areas. The area bound
aries are more or less fixed, with respect to shoreline features. 
The effects of the fluctuating water level on the boundaries are 
the source of some conflict among fisher groups. 

Three main kmds of fishing gear are used. These are the 
sinking gill net (kobak), the floating gill net (sakorata) and 
the trammel net (duk). Longlines (sharak) and cast nets (toraha) 
are used less frequently. Sinking gill nets and trammel nets 
are used along the shore at depths of up to 10-15 m. The 
former are usually operated overnight. When the weather 
and water conditions are favorable, sinking gill nets are used 
in the open waters of the khors and to some extent in the 
main channel. The predominant fish caught in gill nets are 
Akstes spp. and Hydrocynus spp .. The catch is usually gut
ted, salted and preserved in tins. Fish species caught in tram-

mel nets are Oreochromis niloticus, Sarotherodon galilaeus, 
Lates niloticus, Bagrus bayad, B. docmac, Mormyrus spp., 
Synodontisspp. and Barbusspp. Tilapias and NIle perch form 
the major bulk of the trammel net catch. The fish are stored 
on ice. 

The catch is collected by carner boat. There are about 100 
carrier boats each collecting fish from an assigned area. All of 
the collected fish, fresh and salted, are landed at the Aswan 
Fishing Harbour. The landings are sorted. In the case of fresh 
fish, tilapias and Nile perch are recorded separately (as bolti 
and samoos, respectively) because they are not difficult to 
identify, large quantities are landed, and they have a 
relatively high market value. Minor species, of about the same 
market value, tend to be combined under one common name 
Accordingly, the nominal catch statistics do not give an accu
rate figure of the compositIOn of the landings. 

It is desirable to distinguish between "catch" and 
"landings" because a sizeable quantity of fish caught is not 
landed or not reported as landings. The difference between 
the catch and the landings is due to consumption by the 
fishers, poaching and discards due to spoilage, or being 
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under the minimum legal size. Thus, records at the harbor 
will only provide data on the quantity landed (about 50% of 
the catch) 

Management information, needed for the long-term main
tenance of sustainable catch, Include 
• bIOlogical data (espeCially life history data, relating 

to fecundity and age of reproduction), 
• changes In the population bIOmass, and 
• major changes In abundance 

Biological Information reqUires continuous extensIVe sam
pling and aging of the catch Bloma~s and abundance (num
bers) estimations depend on catch and effort data. In Lake 
Nasser, these data are unreliable and very poor 

A cooperative sampling program between the National 
Institute of Oceanography and Flshenes and the Fishery Man
agement Center has been established to study the lake fish
ery and stock assessment The program IS Intended to collect 
basIc informatIOn reqUired for the long-term maintenance of 
sustainable catch In the lake The present work summarizes 
the important results obtained so far and Introduces a pre
liminary and rapid assessment of 0 ntloticus and S galilaeus 
stocks in the lake 

Materials and methods 
Catch data and catch compositiOn and effort In the major 

khors of Lake Nasser were collected from 1996 to 1997 The 
sampling was done from fishing boats, Ie, pnor to delivery 
to the carner boats. 

The lake was divided mto four sectors (a) khors EI-Rarnla, 
Dahnut and Kalabsha, (b) khors Abesco, EI-Allaqi and Garf 
Hussem, (c) khors Korosko, EI-Seboa, Wadi EI-Arab and Tomas, 
and (d) khors Amba, Tushka and Forgondl (see EI Shahat, 
thIs vol, p 4) At least one khor m each sector ,vas sampled 
durmg the survey An mterview questionnaIre was prepared 
to collect data that mcluded the followmg date, name of khor, 
name of the skipper, number of fishers m the boat, type of 
net, length of net, mesh Size, number of hauls, fishIng time 
and total catch by speCies In addition, a form for recording 
fish length and total weight accompanied the questionnaire 
From the collected data, catch per boat per day and catch per 
fisher per day were calculated a~ IndICeS for relatIve abun
dance Also, catch compOSition by species and group of spe
cies for the dIfferent sectors was estimated 

For studYing the population dynamiCs of 0 mloticus and 
5 gahlaeus, the collected length frequency was used 
Battacharya's (967) length frequency method was adopted 
and length-weight relationships were obtained by the least 
squares method Subsequently, parameters of the von 
Bertalanffy growth function (L= K and tJ were calculated 

88 Sustainable fish production In Lake Nasser 

The instantaneous total mortality coeffiCient (Z) was de
termined by the length converted catch curve method (Pauly 
1983) Natural mortality (M) was obtained from Pauly's (1980) 
empirical relationship and Ursln's (967) equation Fishing 
mortality (F) was calculated by subtracting the geometnc mean 
of the two values of M from Z 

To predict the maximum yield per recruit and the corre
spondmg fishing mortality, the Beverton and Holt (956) Yield 
per recrUit model was constructed for the two speCies Length 
at first capture was estimated by graphical methods (Caddy 
1981). Length-cohort analYSIS (Jone~ 1981) was used to esti
mate the average number attaining each length dunng the 
year, as well as the average numbers present m a length group 
at any particular time 

Results and conclusions 
AnalYSIS of the boat catches sampled indicated that there 

was no dlstmct difference In the catch cOmpOSitlOn between 
sectors In general, 0 nilotlcuS made up the bulk of the catch 
(70%), S galilaeus contnbuted about 20% and L ntlotlCUS 
about 6% For the first time, both Tzlapza zlllll and 0 aureus 
are recorded In the lake The former contnbuted about 2% to 
the total catch (Table 1) 

Two measures of effort have been obtained from the col
lected data, number of fishers and number of boats The catch 
per umt effort (CPUE) IS used as an mdex of relative abun
dance. Accordmgly, catch boar] day'] and catch flshee] dar] 
were used to compare the abundance of fish In the different 
sectors (Table 2) The results showed that the fishes are more 
abundant in the southern ord and 41h) sectors 

Table I. Percentage composition by species in the different sectors 
of the lake. 

Sector 

Species 2 3 4 Overall 
-----

Oreochromls mlO!lCus 68.2 786 58.8 687 68.8 
Sarotherodon ga!J/aeus 225 107 226 207 203 
f/lapla zJ!11I 1.9 06 2.8 I I 16 
Lates mlO!lcus 5.9 76 3.9 52 58 
Mormyrus spp. 03 OB 36 01 07 
Synodon!ls spp 0.5 0.9 7.6 42 2.2 
Others 07 09 06 02 0.6 

Table 2. CPUE as an index of fish relative abundance in the different 
sectors of the lake. 

Sector Catch (kg) boat I day- I Catch (kg) fisher· 1 day I 

I 348 146 
2 348 II 5 
3 388 17 I 
4 71 2 19.5 



Growth 10 length (L) and weight (W) for O. mlotlcuscould 
be descnbed by· 

L
t 

= 54.730 Cl_e-0270 (t+0745)) 

W
t 
= 6414 871 Cl-e-o 270 (t-O 745))2842 

Growth 10 length (L) and weight (W) for S galllaeus could 
be descnbed by. 

Lt = 37 800 Cl-e-o 294 (t+ 1187) ) 

W
t 

= 1849626 (I-e-o 294 (t-1187))2 449 

The mortality rates for 0 niiotlcuS and S galllaeus were 
Z=1 21 and 1 97, M=O 24 and 034, and F=0.97 and 1 63, 
respectively The explOitation rates for the two species were 
o 80 and 0 83 mdicatmg that both 0 mEotlcuS and S gahlaeus 
were heavily explOited 10 the lake 

The length at first capture (Ie) for the two species was 19 
and 17 cm for 0 niloticus and S galllaeus, respectively Length 
at recrUitment was chosen as the smallest length observed in 
the catch, 125 and 130 cm for the two species, respectively 
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Fig. I. Yield per recruit (Y/R) (g) of O. niloticus as a function of 
fishing mortality (F). Arrow indicates present annual fishing mor
tality at 0.97. 
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Fig. 2. Yield per recruit (Y/R) (g) of S. gaIilaeus as a function of 
fishing mortality (F). Arrow indicates present annual fishing mor
tality at 1.63. 

Application of Beverton and Holt (1957) Yield per recruit model 
(Figs. 1 and 2) showed that the maximum Yield per recruit for 
O. niloticus was 681 g, at F=0.30 At the present level of fish 109 

mortality (0.96), Yield per recruit IS 518 g For S galllaeus, 
maximum Yield per recruit was to 214 g at F=O 55 At the present 
level of flshmg mortality, the yield per recruit IS 190 g 

In applymg length cohort analYSIS, it IS assumed that the 
length composition IS 10 steady state, and that the numbers 
caught represent annual catches per length group Fig. 3 shows 
that the total abundance of 0 niloticus was about 39 million 
The catch was about 11 million while the natural mortahty 
about 9 million For S gahlaeus (Fig 4), the total abundance 
was about 18 million, the catch was 12 million and the natu
ral mortality was about 6 million. Biomass of 0 nilotlcuS and 
S gahlaeus was about 27 901 and 4 598 t, respectively 

The long-term effect of reducing flshmg mortality by 10% 
was studied by applying length-cohort analYSIS It was found 
that the present catch of 0 ntlot/cus, 14 721 t, would 
Increase to about 24 378 t (65%) For S. galllaeus, the 
reduction In fishing mortality would result in an mcrease In 

the totallandmg from 4 472 to 4 797 t 0%) The present data 

14 

12 
c 
~ 10 

:§.s 
... 
.8 6 
§ 4 
Z 

2 

O~~-T~--~~~~-+~-ru~~~_+_--~ 

< 15 15-20 20-25 25-30 30-35 35-40 40-45 >45 
Length group (cm) 

Fig. 3. Length-cohort analysis of O. niloticus. Standing crop (o), 
natural mortality (1fII1) and fish mortality (.). 
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Fig. 4. Length-cohort analysis of S. galilaeus. Standing crop (0), 
natural mortality (~) and fish mortality (.). 
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are only prelimmary and the sampling program should be 
continued on a regular basIs. 
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ABSTRACT 
Trials were carned out on using floating cages to culture silver carp (Hypophthalmichthys molitrixValenciennes) 
from March 1990 to June 1991. The effect of stocking density on growth was studied. Three cages of 100 m2 

capacity were stocked with 400,700 and I 397 fingerlings (average weight 28 g). The final average individual 
masses were 1.62,2.02 and 1.23 kg and the net production for each was 421,761 and I 082 kg, respectively. 

Introduction 
To utlhze the abundant phytoplankton production of Lake 

Nasser, an experiment on the net cage culture of stiver carp 
(Hypophthalmlchthys molztnx ValenCiennes), without artifiCial 
feeds, was performed to evaluate the feaslblhty of raising fish 
to marketable size. Floating cages were found to be SUitable 
for use in the lake where the water level varies by about 18 m. 

Materials and methods 
The floating net cages were 5 x 5 x 5 m In size The top 

of each cage was raised 1 m above the surface so that the 
volume for culture per cage was 100 m3 Three net cages 
were tied together and anchored near the shore at Abu Simbel 
harbor The net was made of multifilament nylon with mesh 
size Initially of 17 8 mm ThiS was changed to 40 0 mm 
SIX months after stocking To keep the net shape square, 
64 I-kg Sinkers were used. dlstnbuted along the bottom edges 
of the net The cages were covered with netting to prevent 
fish Jumping out The expenment was carned out from March 
1990 to June 1991 Silver carp fingerlings were 28 g average 
mass, and stocking denSity was 400 In cage 1, 700 In cage 2 
and 1 397 In cage 3 

Results and conclusions 
;\let production was 421 In cage 1, 761 In cage 2 and 

1 082 kg In cage 3 Total production was 2 263 kg, 78 kg m-3 

(Table 1) 

Table I. Result of silver carp culture in net cages without artificial 
feed. 

Cage no. Fish Fish Survival Ave. mass Total mass 
stocked harvested rate (%) at harvest per cage at 

(no) (no) (g) harvest (kg) 

I 400 266 67 1620 432 
2 700 385 56 2020 781 
3 I 397 907 65 1230 I 121 

Acknowledgement 
The authors Wish to thank Dr K Sakal (Tokyo University 

of Flshenes) for hiS helpful adVICe 

SHENODA and NAGUIB/Net cage culture of Silver carp 91 



Fisheries Management and Enhancement 

M.M. EI Shahat 
Fishery Management Center, High Dam Lake Development Authority, Aswan, Egypt 

EI Shahat, M.M. 2000. Fisheries management and enhancement, p. 93-94 In J.E Craig (ed.) Sustainable fish production In Lake Nasser: ecological baSIS 
and management poli cy. ICLARM Conf. Proc. 61, 184 p. 

ABSTRACT 

Lake Nasser is an important source of fish for Egyptians. The High Dam Lake Development Authority is 
responsible for the management and development of the lake fisheries. Its goal is to maximize fish production 
and utilize the high lake productivity through several procedures and regulations: (a) a closed fishing season; 
(b) restrictions on gear type and mesh size; (c) determination of size for marketing; (d) production and 
restocking of native fish species; (e) establishment of infrastructure and ice plants at fish landing centers in the 
north and south regions of the lake; and (f) social welfare of the fishers through policy concern, construction 
of shelters and provision of medical care. 

The High Dam Lake Development Authonty (HDLDA) IS 
responsible for the utilrzatIon of the natural resources m the 
lake region mcludmg flshenes, agnculture, rrunmg and ser
vices 

To manage the flshenes mdustry, HDLDA controls research, 
adnunIstratlon and production Management IS achieved by a 
vanety of technIques 
• There IS a closed flshmg season dunng the peak of the 

Oreochromis niloticus L (tllapla) spawnmg season 
• Closed areas have been establIshed to mamtam tIiapla stocks 
• There are restnctIons on gear type to prevent catchmg 

Immature fish 
• Production (m hatchenes) and restocking of native and 

exotic fish species to enhance the lake's fish populations 
are bemg practICed 

• Flsh-Iandmg and harbor facllrtles have been constructed at 
Aswan and Abu Simbel (300 km from the High Dam) to 
Improve fish handlmg conditions 

• Workshops and a floating dry dock have been constructed 
for carner boat mamtenance 

• Fishers' sOCieties and companIes have been establIshed for 
fish production, processmg and marketmg The Mlsr Aswan 
Company for flshmg and processmg IS one of the biggest 
companIes m the region 

• Carner vessels have been deSigned and constructed to trans
port fish and to keep It fresh 

Preyiows Page !lank 

• Ice plants have been establIshed m Aswan and Abu Snnbel 
for the fIshmg carner boats 

• Expenments on aquaculture technIques and fish farrrung. 
mcludmg fish propagation of native species. are bemg un
dertaken Net cage culture has been used to test the poten
tial for the mtroductIon of new speCies m the lake Fish 
farnung m khors and enclosures has been carned out to 
mcrease fish production 

• Fish meal IS produced from fish waste and used mammal 
feeds 

• A fish pellet factory has been constructed 
• Envlfonmental, phYSical, chenucal and biological studies 

are bemg undertaken A tentative relatIOnship between fish 
and pnmary production has been denved 

• SpeCial procedures to prevent lake pollutIOn are bemg 
undertaken by applYlllg Egyptian environmental laws 
Pollution IS momtored and controlled HDLDA has taken 
all precautions to prevent sewage water from entenng the 
lake 

• Studies on flshmg operations and nets are bemg under
taken to develop flshmg gear technology 

• Fishers' livmg conditIOns have been Improved by esta
bhshmg shelters, provldmg medical care and supplymg food 
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DISCUSSION 
Q. The Fishery Management Center is concentrating on 

the biological aspects of management. What about 
the economic aspect? 

A. Yes, we must manage with regard to the economic 
factors. However, we are unable to make predictions 
about the sustainable yield. 
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Q. The lake is supposed to be mtensively fished, but 
yield is only 20 000 t. Why is the yield below expec
tations? 

A. No explanation given. 
Q, Have you studied the fish in the area closed to fish

ing near the Aswan High Dam? 
A. Yes, but this is only a very small area compared with 

the rest of the lake. 
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ABSTRACT 

The storage of water in Lake Nasser commenced in 1964. Fish landings increased progressively during the 
period 1966-1981. However, during 1982-1997, the landings tended to decrease. In 1997 landings were esti
mated at 20 000 t. This was due mainly to the low water level and overfishing. About 90% of the fish were 
tilapia species. The most common gears used were trammel nets (duk) and gill nets (kobak) operated from 
small boats, most of which were equipped with outboard engines. The 4 000 fishers were dispersed over 
about 500 fishing bases of variable location, which were used as fish collecting sites. Approximately 10-20% of 
the fish caught were salted.To transport the fish (both fresh and salted) to the receiving harbor, a number of 
boats of varying sizes were operated by fishers' cooperative societies.The collection of the catch was rather 
poorly organized. The marketing of Iced fish was done mostly by the Egyptian Marketing Company (EMC). 
Processed fish were marketed JOintly by the Misr Aswan Company (MAC) and EMC, while fishers' coopera
tive societies were responsible for the marketing of salted fish. Price regulations for fresh fish caught were 
enforced, which led to smuggling of considerable quantities. Proper fisheries management, improvement In 
the fish collection system and the establishment of appropriate pricing policies are strongly recommended to 
achieve the predicted potential yield. 

Introduction 
The purpose of thiS paper IS to provide a bnef descnptlOn 

of the present status as well as development reqUirements of 
harvesting, transportation, processmg and marketing of Lake 
Nasser fish The sources of mformatlOn and data used 
Include prevIous studies and records of the High Dam Lake 
Development Authority and the fishers' cooperative SOCIeties 
as well as field tnps, observations and mtervlews with many 
people 

Fishing operations 
The lake IS divided Into five fishing zones, affiliated to 

five different organizations (see El Shahat, thiS vol, p 4) 
Fishing operattons are carned out by fishers (4 000 in 1996), 
who are based along the shore or on small islands. There 
were an estimated 500 fishing bases in 1996 However, thiS 
number vanes as locatIOns are not fixed The bases are Sited 

near SUitable flshmg grounds and where they can be reached 
directly by the carner boats 

Two types of locally made wooden boat are used mamly 
m Lake Nasser In the northern half of the lake, the fishers 
use flat-bottomed, canoe-type, Alexandnne boats As most of 
the fishing IS In the khors (Inlets), these boats are adequate as 
rough water IS rarely encountered In the southern part of the 
lake, the traditIOnal "Nile RIver" flshmg boats, which are heaVier 
and broader, are used Both types of boats are reasonably 
cheap to bUild and are adequate for flshmg and transporta
tion In 1996, the number of flshmg boats was estimated at 
2 834, most of which are eqUipped with outboard engmes of 
15 hp or more. 

Gtll and trammel nets are used for fIshmg Alestes spp 
and Hydrocynus spp. are mainly caught In floatmg gtll nets 
(sakorata) and most are salted Trammel nets (duk) are used 
to catch Oreochromls mlotlcus, Lates mlotlcuS and Bagrus 
spp which are processed fresh 
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Fish landings 
Recorded annual data are avaIlable from 1966 to 1997 

and are gIven by EI Shahat (this vol, p 3). The fIsh are usu-
ally landed at the Aswan High Dam port either fresh or salted 
The contribution of salted fish decreased gradually from >50% 
in the 1960s to about 10% in the 1990s. This may be due to 
overfishing of the fish species that are salted, as they are sold 
at free market prices, compared to species that are marketed 
fresh which have lower enforced market prices. The most 
Important species in the 19961andmgs were 0 niloticus(84%) 
and L niloticus (4%). 

The highest landings were observed m March, Septem-
ber, November and December m 1996 (Table 1). A closed 
season has been imposed smce 1991 for the penod 15 Apnl 
to 31 May, the main spawmng period of tilapia m the lake 

Fish transportation 
Fresh and tms of salted fIsh (see below) are transported 

from the different regIons of the lake (fIshing bases) to the 
fIsh-receiving port at Aswan High Dam by a number of carry
ing boats (approxImately 102 of varymg sizes and capacity) 
operated by the MAC and the fishers' cooperative societies. 
Some of the carrymg boats have refngeratIOn umts while oth
ers use ice m the holds to preserve the fish The fIshers de
pend on the carrymg boats not only to collect the fish, but 
also to supply goods, includmg salt used for preservatIon of 
some species, and for personal transport However, it is re
ported that the carrymg boats are not fully utIlIzed After the 
constructIOn of the Aswan to Abu Simbel road, fishers started 
to smuggle the catch from many of the sites Further, the 
carrymg boats are not always accessIble to all the fishers 

Salted fish 
In recent years, about 7-12% of the fish caught from Lake 

Nasser has been salted The promment fish salted are Alestes 
spp , Labeo spp , Hydrocynus spp and EutroplUS mloticus 
The fIsh caught are sun-dned for about 24 hours The larger 
fish are gutted before being salted while smaller ones are 
salted whole The fish are rubbed WIth salt then packed in 
tms They are transported to the salted fish marketmg center 
and separated by species and packed m separate tms At thiS 
stage, the quantity of salt is adjusted The tins are then tightly 
sealed and stored The fish are ready for consumption after 
three months Salted fish from Lake Nasser are subject to spoil
age and heavy losses They are conSidered to be a low-grade 
product. 
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Table I. Monthly landings (t) of fresh and salted fish, 1996. 

Month Fresh fish Salted fish Total 

January 1329 177 1 506 
February I 125 130 I 255 
March 2844 140 2984 
April 1210 175 1 385 
May 216 79 296 
June 1414 117 1 531 
July I 164 230 I 394 
August 1488 269 I 757 
September 1892 265 2157 
October 1628 272 I 899 
November I 913 191 2104 
December I 937 336 2274 

Total 18 159 2381 20540 

Source: High Dam Lake DevelopmentAuthority (HDLDA) 

Fish marketing 
The EgyptIan MarketIng Company (EMC) markets most of 

the ICed fish Both MAC and EMC market fish fillet products 
Salted fish IS sold through the Marketmg Centre of Salted FIsh 
In Aswan, where the product IS auctIoned to wholesalers under 
the control of representatIves from the fIshers' cooperatIve 
SOCietIes. Cairo IS the maIn receiver of Lake Nasser fishes 
Fewer are marketed In Aswan and the towns of Upper Egypt 

Pnce regulations for fresh fish are enforced The pnces 
are set by the Mimstry of Supply and Trade, and are reViewed 
penodlCally The fmal pnce to be paid to producers IS de
CIded after determming the degree of freshness ThiS system 
usually creates problems for all partles concerned and leads 
to smugglmg of conSiderable quantities of the catch The 
oblIgatory pnces do not reflect the real economIC ones The 
black market has flounshed and admmlstenng controlled pnces 
has become difficult and expensive The two available alter
natives are either to determme the economic pnce of fish 
based on the cost of productlon and marketmg or accordmg 
to the mteractlon between the forces of supply and demand, 
reflected through auctions occurnng m other parts of Egypt 

Conclusions 
Development efforts should stnve to Improve the fisher

Ies management of the lake Accurate data, mcludmg mfor
matlon about the real catch and flshmg effort, are reqUIred 
The current diVISion of the lake mto closed geographICal ar
eas should be exammed and reVised If necessary Fish han
dling, collectIOn and processmg are poor and need 
Improvement An appropnate pncmg polIcy IS needed 



Recommendations 
To exploit the fisheries of Lake Nasser in a sustainable 

manner, the followmg recommendatIOns are suggested. 
• One body should administer the exploitatIOn and manage

ment of the whole lake instead of the boat owners who, at 
present, control most fishing areas of the lake The current 
dlstnbutlon of fishers should be revised 

• The rules and regulations for fishing in the lake should be 
enforced 

• A thorough assessment of the stocks available and their 
dlstnbutlon should be conducted so that the extent to which 
the lake can be safely fished at different water levels IS 
known The data provided from prevIous studies are mostly 
from fish landmgs at the Aswan High Dam port rather than 
the actual fish catches, and thiS has been a major constraint 
to analysIs 

• The unexplolted area In the pelagic region of the lake should 
be given attention 

• More efficient and economic alternatives for collectIOn and 
transportatIOn of fish from the fishing camps to the port 
should be investigated This includes improVing fish han
dling . 

• Appropnate pricing policies are needed to encourage fish
ers to deal through legal channels 
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ABSTRACT 

This paper attempts to raise a debate on the current state of sociological research on Egyptian lakes. It 
stresses the need for a solid database as an essential starting point. Furthermore, it shows that the existing 
problems can only be understood when viewed from a perspective that takes into account not only the 
biophysical aspects of lakes but also the socioeconomic ones. In planning for the sustainable development of 
Lake Nasser, a thorough understanding of organizational, behavioral, environmental and political processes is 
required. The paper provides a brief assessment of the state of sociological research on lakes in Egypt fol
lowed by a review of the development of Lake Nasser and the consequences of the Aswan High Dam con
struction. It discusses the development of fishing activities and their concomitant aspects, Le., production, 
organization and marketing. The paper also stresses the fact that the lake is a contested terrain for several 
government agencies. This is a major problem that needs to be addressed if any meaningful policy on lake 
management is to be elaborated and effectively implemented. 

Introduction 
To say that the SOCIOlogy of lakes In Egypt is an under

developed field of investIgation is an understatement. The 
field is Virtually nonexIstent A few academIC studies and 
some related to applied projects are available (personal in
formatIOn), but the subject is far from a coherent body of 
knowledge. ThiS IS surprising, given the fact that about 41% 
of Egypt's fish production in 1996 came from the 10 lakes 
and coastal depressions (GADF 1997) Furthermore, a con
Siderable number of VIllages, towns and fishers and their 
famlltes are almost totally dependent for their lIvelihood on 
these areas 

Of the lakes In Egypt, Lake Nasser stands out as one of 
the most understudied from the SOCIological point of view 
In the Working Reports of the Fishery Management Center, 
Issued by the High Dam Lake Development Authonty 
(HDLDA), between 1993 and 1996, there IS not a single study 
devoted to the SOCIal aspects of the lake. Another report on 
the developmental profIle of the governments of Aswan and 
Qena makes a very hasty statement In reference to the lake 
"Lake Nasser offers a umque opportunIty for freshwater fish
mg, however, data on productIon In the governorate are not 

avaIlable" (Nagi et al 1994). Given the current state of knowl
edge on lakes in general and Lake Nasser in partIcular, thIS 
paper can only attempt to raise questions rather than pro
vide answers. 

Lake Nasser and its impact 
The physical impacts of building the Aswan HIgh Dam 

were to flood land in the reservOIr area, create a new body 
of water, change the amount and timing of the flow of water 
downstream and generate electrical power at the dam site 
These impacts were expected to change the regional and 
natIonal economy, provoke shifts In human settlements, and 
later alter the water relations of the allUVIal lands of the 
river valley and the delta (White 1988) 

The connectIons between phYSIcal and social effects were 
perceIved as relatively direct. flooding the reservoIr 
area would cause population dIslocation, creating the new 
reservoIr would provide fishing grounds and improve navi
gation, generatIOn of power at the dam would Increase elec
tncity supply and reduce energy prices, and the regulatIon 
of the stream flow would result in increased agncultural 
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production, Improved navigation, reduced sediment flow 
downstream, and an opportunity to change crop patterns 
and water scheduhng (White 1988). 

The clearest losers resulting from the dam construction 
have been the 100 000 or more Nublans, half-Egyptian and 
half-Sudanese, who had to be evacuated from their homes m 
the zone and transferred to government-built villages far from 
the river (Pearce 1994). They settled in eight villages on newly 
Irngated lands m the Kom Ombo area, 20 km to the north of 
Aswan The history of this mass evacuation in Egypt has been 
recorded (Kennedy 1977, 1978, Fahlm 1982). Much less is 
known about the Sudanese who were moved to the area of 
Khashm el Gibra. 

Some 30 years after their relocation, a few observations 
were made about the Nublans in Egypt. Their health had 
improved through a reduction in the incidence of mfectlOus 
diseases Their agricultural production remamed relatively 
modest Prompted by the efforts of SOCial workers m the new 
vlllages, the Nublans had increased their interest and effec
tiveness in handicrafts However, they were unhappy in theIr 
desert edge locations without their palm trees and nver banks, 
and they were reported to be anXIous to return to the river or 
the lakeshore (White 1988). The development project at Tushka 
may proVide an opportumty for some of them to go back. 
The impact of their return on the aquatic environment of the 
lake and hence its flshenes IS not known 

Since the 1960s, employment m the fishmg industry has 
grown considerably Accordmg to the 1960 census, the Gover
norate of Aswan had 547 fIshers CMaslahat 1962). By 1966, 
there were about 600 working on 200 boats m the lake alone. 
These figures mcreased by almost 10 fold to reach 5 000 fIsh
ers and 2 000 boats m 1981, accounting for 57% and 6.0% 
average annual rate of mcrease for fishers and boats, respec
tively (GADF 1997) By companson, the overall average an
nual growth rate of the labor force for the entIre Governorate 
of Aswan dunng the mtercensus penod of 1976-1986 was 
1.6% (CAPMAS 1978, 1989) These numbers have not signifi
cantly changed since 1981, and thus the lake provides few 
employment opportumtles Fishers working on Lake Nasser 
are organized in several cooperatives that vary m size as mea
sured by the number of boats under their control (see EI Shahat, 
this vol, p. 6). Accordmg to GADF (997) data, these coopera
tives had in their possessIOn a total of 2851 boats workmg 10 

the lake m 1997 (Table 1). The largest cooperative owned 1 
431 boats, and the smallest had 61. It is not known if there are 
other boats fishing m the lake and If so what IS their resistance 
or willingness to join the cooperatIves. 

For each of these cooperatives, a productIOn target is 
set by GADF. In 1997, the production target was 34 164 t 
Actual landings were at about 19300 t, a difference of about 
15 000 t (44%) between targeted and actual. 
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It is not clear how these production targets are set, or 
upon what assumption they were based. It IS not clear If the 
fishers themselves are consulted about production targets. 
However, the general pattern IS one of production shortage 
in all cooperatIves, except for the NubIan cooperative, whICh 
comes very close to achievmg Its set target (99 7%) (Table 1). 

These data clearly indicate that flshmg performance IS 
weak. ThiS is so despite the fact that the Aswan Governorate 
is ranked third in the nation 10 terms of annual per capita 
production of fish, 39 kg. It has only been surpassed by the 
two Red Sea Governorates, Suez (95 kg) and the Red Sea (55 
kg). 

It is worth noting that the statistics on the lake's Yield (see 
El Shahat, thiS vol., p 6) are highly vanable and subject to 
controversy. Data from HDLDA set production for 1996 at 20 
540 t (about 4.8% of the total national production of fish). 
Data from GADF mdicated productIOn at about 45 401 t m 
the same year (about 10 5% of the total Egyptian production) 
Although there has been a systemIC dechne m productIon m 
the past two decades, severe discrepancies in data sources 
make any kind of analYSIS highly susceptible. An accurate 
database is clearly needed for any meamngful analYSIS of the 
current status and for future lake planmng 

With declinmg production and mcreasmg numbers of fish
ers and boats on the lake, one would expect much more 
fierce competItion for fishmg and dlmlnlshmg returns ThiS 
provides a perfect prescnptlOn for Illegal flshmg practices, 
which in turn impacts on flshmg sustainabdlty The declmmg 
productiVity from the lake has been attnbuted to low water 
levels in the lake during the 1980s (see EI Shahat and Agaypl, 
this vol.) resultmg from successive years of drought m Afnca, 
overflshing and the centrahzed pncmg system, whICh in turn 
leads to the spread of fish poachmg Recently, there have 
been some allegations that Nlle crocodIles are threatenmg 
life m Lake Nasser. It is estimated that the lake has about 260 
crocodiles (>3 m) in additIOn to an unspeCIfIed number of 
small ones (AI-Ahram 1998). They are seen as a threat to 
fishers and their livelihood Strikmg a balance between 
biodiversity and sustainablllty of flshmg and the hvehhood of 
fishers is complex and cannot be dealt With 10 such an 
overslmplistlc way 

Apart from production, markets and marketmg (dlstnbu
tion) must be conSidered. Untd now, pncing offish produced 
from Lake Nasser IS subject to control by the state ThIS IS 
probably because freshwater fish are conSIdered to be more 
in demand by the majonty of the populatIOn compared to 
saltwater fIsh. However, thiS remams an assumptIOn as no 
one knows who consumes what, how fish markets are struc
tured and if there has been a change m the taste of the urban 
populatIon that has led to declinmg demand for freshwater 
fish. Furthermore, it IS not known how fishers respond to 



Table I. Targeted, actual and shortages offish yields (t) and number of boats working in the lake in 
1997 by co-operative societies. 

Cooperative No of boats Actual 
societies production 

Mother I 431 8741 
Aswan Fishermen's 605 2230 
MlsrAswan 228 I 648 
Nubian 526 6262 
AI-Takamol 61 419 
Total 2851 19300 

changing poltcles: poachIng is only one option If their entire 

household economy IS conSidered, what alternative subSIS

tence strategies do they adopt In order to resist government 

InterventIOn? All these SOCIological questions reqUire investi

gation not only With regard to Lake Nasser but also to all 

other lakes In Egypt 

FInally, there IS the Issue of the admInistratIOn of the lake 

Like other lakes In Egypt, Lake Nasser IS a contested terraIn, 

where several authontles have vested Interests InclUding GADF, 

HDLDA, the MInistry of Agriculture, the MInistry of Public 

Works and Water Resources, the MInistry of Tounsm and the 

Governorate of Aswan Each of these has Its own plans for 

the lake These plans are not necessanly compatible with one 

another and sometimes they confhct The history of mlnlS

tnes' and authontles' JOint committees has been one of "agree

Ing not to agree An agreement has to be reached and a clear 

long-term policy has to be deVised If sustaInabt!lty of the 

lake's ecosystem IS to be achieved 
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ABSTRACT 

Some of the major biological, economic and social constraints on the fishery are outlined. A summary of a 
workshop discussion provides a consensus on the major issues.The participants recommended that the next 
stage in the project development was to compile a database on existing knowledge, identify information gaps 
and train those involved in the fishery. 

Introduction 
The factors whICh mfluence the fIshery of Lake Nasser are 

many and vaned To understand these factors wdl take an m
depth analYSIS of present knowledge about the lake and fur
ther fIeld and desk studies llkewlse, the constramts that do 
not allow the fIshery to reach Its full potentIal are vaned and 
complex, and cannot be understood WIthout detaded exarru
nation and dISCUSSIons WIth concerned partIes 

Some of the possIble constramts on the fIshery are pre
sented m FIg 1 These can be bIologICal, econorrucal and 
socIOlogICal The total mass of fish avallable to the consumer 
may be below maxImum because (a) msufflClent fIsh are 
landed (a declme m the catch), (b) the fIsh landed are unsUIt
able (for example, carps are not acceptable to most Egyptians 
although sardmes, 1f they were mtroduced mto the lake, prob
ably would be), (c) fish are captured Illegally Cpoachmg), 
and/or (d) the fIsh landed are spoded Some causes for these 
constramts are gIven m the fIgure The relative Importance of 
each wdl become apparent as the state of knowledge about 
the system IS elUCIdated 

Workshop discussion 
• The lake appears to be highly productIve so nutnents do 

not appear to be Iimttmg 
• The lake does not seem to be overftshed There have been 

no complamts from fishers ThIS does not mean that mea-

surements of potential YIeld from populatIon dynamIC studIes 
should be ignored 

• It IS Important to look at the fIshers' reactIon to change 
• There IS a lack of reltable and avaIlable data on the ecosys

tem 
• All previously obtamed data should be publtshed 10 refer

eed SCIentIfic Journals, to ensure theIr qualtty and to make 
them avaIlable to mterested partIes 

• Should we adapt the "no hypotheSIS role" and assume that 
condItIOns wIll not deterIorate, and the fIshery wIll con
tmue without any recommendatIons for better management' 
No. Although the lake IS conSIdered to be hIghly produc
tIve, It should not be left wtthout plans for effectIve man
agement The lake WIll be overftshed InteractIOn WIth other 
lake users should be conSIdered 10 developmg a strategIc 
management plan. 

Compilation of group reports 
on overcoming constraints 

The followmg are the workshop partICIpants' maJonty 
vIews on the malO Issues, whICh need to be conSIdered In the 
plannmg process 
• Has the potentIal productIon of the lake been estImated 

accurately? No. 
• Is there potentIal for fIsh other than tIlaplas? Yes 
• Could the tdapla catch be Increased? POSSIbly 
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Fig. I. Constraints on the Lake Nasser fishery. 

• Do nutrients limit productivity? No. 
• Do fluctuations in water level affect productivIty? Yes. 

• Should we support the mtroductlon of new fIsh to mcrease 
productIvItY' Yes, but with some dIsagreement 

• Are economic and social factors sigruficant constraints? Yes. 
• Is there an empty pelagic niche? Yes, there is potential for 

landings of at least 70 000 t of sardines or other suitable 
introductions. 
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• Can illegal fIshing be controlled? No 
• Can recreational flshmg mcrease wealth among the fIshing 

commUnItIes? POSSIbly 
• Could remote sensmg be a useful tool In research? Yes 



• Does stock enhancement improve the fishing in the lake? 
Most participants felt that there was no evidence for this 
Stocking with hatchery-reared tilapia should be evaluated. 

• Could aquaculture be Increased around the lake, and would 
you support the development of cage culture in the lake? 
Yes, but with reservatiOns in view of its possible impact on 
water quality 

• Is water quality a pnme concern for the management of 
the lake? Yes. 

• Could artificial reefs significantly increase fish productivity? 
Uncertain 

• Are there too many bodies administering the lake? Yes. 
• Is the present management system satisfactory? No 
• Are there any endangered fish speCies, and is their conser

vation important? Uncertain. 
• Is there a potential danger from water hyacinth? Possibly 
• Would potential benefits from the lake be increased by Im

proving the postharvest treatment of fish? Yes, upgrading 
would provide fish suitable for export. 

• Are parasites a problem? Unknown 
• Are fish kills a problem? No. 

Top priorities for the next stage 
in project development: 

I. Compilation of existing knowledge 

Raw data to be assembled onto CD-ROM, making them 
available to users 

The existing data reqUire analysis, and informatIOn gaps 
need to be Identified (see below). The workshop was unable 
to ascertain what data were accessible, although In some cases 
It was ObVlOUS that available data had not been analyzed cor
rectly. 

Preparation of a manuscript based on existing data 
The contents of the manuscript may be limited by lack of 

sUitable Information and will almost certainly not be suitable 
for a modern management plan. For example, ecosystem 
modelling requires current information on biomass and pro
ductIOn at each trophic level. The document will act as back
ground work for identifying the most Important areas for future 
research required to fulfill the objectives of the project. The 
contents would be' 

Section 1. Descriptive 
• Physical and chemical limnology 
• PrimalY production 
• Secondary production 

• Benthos 

• Fish biology 
• Fish-eating reptiles and birds 

Section 2 The fishery 
• Fishery assessment and management 

• EconomICs 
• SOCIal aspects 
• Ecosystem modelling 

Section 3. Critical Issues 
• Stock enhancement 

• Overflshlng 
• Water quality 
• Introductions 
• Artificial reefs 
• Protected areas 
• Endangered speCies 
• Other lake users 

2.Training needs 

• SCientists and techniCians 

• Fishers 
• Processing 

Possible information gaps 
identified by the workshop 

The partiCipants, With the limited amount of information 
at their disposal, conSidered the following to be lacking (the 
list will be modified after compilation and analYSIS of eXisting 
data; see top pnonties above). 

1 Data from Lake Nubia (Sudan) 
2. Data from remote sensing 
3. Wind forcing and currents 
4. Temperature profiles 
5. Surface area and habitat distnbutlOn 
6. Light regime 
7 OXic/anoxic boundary 
8. Total nitrogen, phosphorus and Silicon distnbutlon 
9 Chlorophyll a (planktonic and benthIC) 
10. Algal taxa 
11 BlOmass and productiOn rates (planktOniC and benthiC) 
12 Stock discreteness 
13. ConservatiOn of endangered speCies 
14 Stock potential and assessment by catch statistiCS, acous

tics and expenmental fishing 
15. Rehabilitation, including artificial reefs and sanctuanes 
16. The effect of parasites and the role of birds and other 

species as intermediate hosts 
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17 The threat from the introduction of floating macrophytes 
18 Human population, orgamzation, system structure, 

origin of the fishers and mcome distributIOn 
19 Legal and illegal marketing structure (can Illegal fishing 

be controlled?) 
20. Processing technology (postharvest treatment) 
21 National plan(s) for development 
22 Review of policy of interested government agencies and 

respective plans for the lake 

108 Sustainable fish production In Lake Nasser 

23. Cost of production and marketmg 
24 Pncmg policy 
25 Cost/benefit analysIs of management polICies such as 

enhancement 
26 Environmental and SOCial Impact assessment 
27 Infrastructure development plans such as roads and 

landing sites that Will have Impacts on the mdustry 
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ABSTRACT 

RAPFISH is a new rapid appraisal technique for evaluating the sustainability of fisheries. Fisheries may be 
defined flexibly. from a broad scope such as all the fisheries in a lake. down to a single jurisdiction. target 
species. gear type or vessel. A set of fisheries may be compared. or the time trajectories of individual fisheries 
may be plotted. Ordinations of sets of attributes are performed using multidimensional scaling followed by 
rotation. Ordinations are bounded by reference points that simulate the best and worst possible fisheries 
using extremes of the attribute scores. while random fisheries define the center of the plot. Separate RAPFISH 
ordinations are performed using sets of predefined attributes in ecological. economic. technological and social 
disciplines; more disciplines may be added as required. Attributes are chosen to reflect sustainability within 
each discipline. and although intended to remain fixed for all analyses. may be refined or substituted. as 
improved information becomes available. A combined ordination may also be performed. providing an 
unweighted conflation of the disciplines. Some validations of the method are presented. using simulated 
fishery data. Published work using RAPFISH is reviewed briefly along with prospects for further improve
ments of the technique. and an example for three major herring fisheries is described. 

Introduction 
In conventional stock assessment. much effort goes Into 

determining stock status relative to biological reference pOints, 
such as levels of fishing mortahty, spawning biomass or age 
structure (Smith 1993), where the objective is to obtain diag
nostICs that may give early warning of senous depletion or 
collapse Increasingly, stock assessment relies upon the esti
mation of many stock parameters and reqUires extensive cur
rent and historical data measured from the fishery and from 
Independent biomass surveys. There is a mismatch between 
the complexity of these stock assessment models and the 
high degree of meduClble uncertainty Inherent in flshenes 
research (Walters 1998) At the same time, extensive data 
reqUirements preclude the appiIcatlon of these models to many 
of the world's fishenes Moreover, conventIOnal stock assess
ment relates to the ecological, or occaSionally, the economic 
sphere, and yet fishenes are in reality a multidiSCiplinary 
human endeavor that has social, technologICal and ethICal 

implIcatIOns Ideally, an evaluation of sustalnabllIty of a fish
ery In all of these spheres should be reqUired for objective 
declslOfl making 

ThiS paper descnbes a recently developed novel tech
nique, RAPFISH, that employs simple. easily scored attnbutes 
and alms to provide a rapid, cost-effective and multidiSCiplinary 
appraisal of the status of a fishery, In terms of sustalnablhty 
(Pitcher et at. 1998, Pitcher, In press, Pitcher and Prelkshot, In 
press) The technique is still under development and only the 
most recent version is descnbed here. Multivariate ordina
tions of scored attnbutes evaluate fishery status separately 
Within ecological. technological, economIC and SOCial areas, 
further areas such as ethICS may eaSily be Included A com
bined, unwelghted interdiSCiplinary evaluation can be added 
We show how the method may be used to diagnose emerg
Ing problems In flshenes. In other words to evaluate the 
"health" of flshenes by making comparisons. 
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The RAPFISH technique 
While fisheries management is mcreasingly seen to be as 

much about managing human behavior as about fish ecology 
(e.g., Jentoft 1998), apart from economics, most analyses of 
the human aspects of fisheries have been nonquantitative 
With little predictive or diagnostic power. Nevertheless, this 
human dimension is so intertwined with the gear, vessels, 
markets, biological and economic sustainability, manage
ment, allocation and the rebuildmg of depleted and collapsed 
stocks, that the study of fisheries can be regarded as truly 
multidisciplinary. RAP FISH is a rapid appraisal technique 
deSigned to allow an objective multidisciplinary evaluation, 
but it is not mtended to replace conventional stock assess
ment for setting quotas, etc. 

Definition of fisheries to be evaluated 
The RAPFISH method is very flexible about the scope of 

fisheries included in the analYSIS. For example, the ordination 
can be of a set of fishenes or the trajectory in time of a single 
fishery, or both. Snapshots of a fishery in time may be taken 
at regular intervals such as every year or every five years or at 
points when major shifts are known to have occurred. Points, 
which plot very closely together, or even fall at identicalloca
tions on the ordination, Will not disrupt the analysis. 

Additionally, the actual scope of what is considered a fish
ery turns out not to affect the results, provided that roughly 
the same scope is chosen for items to be compared. For ex
ample, at one extreme, all of the ftshenes in a country or lake 
may be combined and compared en masse with those in other 
lakes or countries (e.g., for Afncan lakes, Preikshot et al. 1998). 
At the other extreme, the method can accommodate a fishery 
for two different species usmg the same gear type on the 
same vessel, or for the same species in the same locatIOn 
using two different gear types. An example of the former is 
fishery for sardines and anchovies on "volante" pair trawls in 
the northern Adriatic An example of the latter is the "volante" 
and "Iampara" fisheries for anchOVies in the AdriatIC (for both 
see Pitcher et al. 1999). Fisheries from individual fishmg com
munities may also be compared. 

Attributes and data required for disciplines covered 
Work using the RAP FISH technique so far has ordinated 

fisheries in four disclpltnary areas that are critical to 
long-term viability of a fishery. 
• Ecological (including fish population parameters and 

environment) 
• Technological (includmg gear and fishing charactenstics) 
• Economic (including both micro- and macroeconomIC 

factors) 
• Social (including SOCial and anthropological factors) 
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Within each ordination, a set of nine to 10 attnbutes IS 
defined. Attribute numbers are designed to maxlfnize dlscnml
nating power in the ordination techntque, where a rule of 
thumb is to have three times as many fishenes as attnbutes 
used to ordinate them (Stalans 1995) Criteria for chOOSing 
attributes are that they are eaSily and objectively scored, and 
that extreme values are eaSily ascribed to "good" and "bad" m 
relation to sustainabllity, and that scores are available for all 
the fisheries and time periods in the analYSIS. Table 1 lIsts the 
attributes for the four diSCiplines above that have been used 
in most analyses to date. Separate analyses will be compa
rable if the attnbutes are fixed 

Fixed reference points 
To provide the ordination With fIXed reference pomts, status 

is assessed relative to the best and worst pOSSible fishenes 
that may be constructed from the set of attnbutes for each 
diSCipline. Two hypothetical flshenes, "good" or "bad", are 
simulated by chOOSing extreme scores for each attnbute Note 
that "good" and "bad" are evaluated m terms of sustamabllity 
of the fishery within the discipline. If these scores cannot 
easily be assigned to an attnbute, then the attnbute Itself may 
not be useful for the RAPFISH analysis. The "good" and "bad" 
values are shown in the list of attributes m Table 1. The "good" 
and "bad" flshenes are generally plotted on the fmal ordma
tion, and their positions are used to rotate the plot and to 
calculate percentage changes m status. 

Random reference points 
In addition, 20 random sets of attribute scores ("random" 

fisheries) are Simulated for each dlsclplme. Values are chosen 
at random from the score ranges for each attnbute and en
tered as "fisheries" in the ordmatIon The objective here IS to 
show if status evaluations are meantngful, since any fishery 
locations that lie inSide the "random" area could have ansen 
by chance. More than 20 random pomts might be chosen to 
improve statistical ngor, but there are lImits because most 
ordmatIon methods allow only about 100 data points to be 
included. 

After pilot work, m whICh the random flshenes ordmatlon 
positions were shown to be normally distributed about zero 
CPitcher et a!. 1999), mdlvldual random ftshenes have been 
replaced by the mean and 95% C L These are usually repre
sented as crossed lines on the fmal ordmatlon plot Further
more, by convention, the ordmatlon plot IS recentered to the 
zero of the random points 

Combined interdisciplinary ordination 
Two ordinatIOn scores from each analYSIS, makmg eight 

scores in all when there are four disclplmary analyses. may 



Table I. List and definitions of attributes used in the analysis, divided into the four disciplinary areas, and showing the "good" and "bad" 
scores. 

Attribute Scoring Good Bad 

£CologlCal 
I Catchlfisher t Low High 
2 Exploitation status 0; 1;2;3 0 3 
3 Recruitment variability 0; 1;2 0 2 
4 TrophiC level Number High Low 
5 Migratory range 0; 1;2 0 2 
6 Catch < maturity 0; 1;2 0 2 
7 Discarded bycatch 0; 1;2 0 2 
8 Species caught 0; 1;2 0 2 
9 Primary production 0; 1;2;3 3 0 

EconomIC 
I Price US$1t High Low 
2 Fisheries In GNP 0; 1;2 2 0 
3 GNPlperson US$lcaplta High Low 
4 Limited entry 0; 1;2 2 0 
5 Marketable right 0; 1;2 2 0 
6 Other income 0; 1;2 0 2 
7 Sector employment 0; 1;2 0 2 
8 Ownership 0; 1;2 0 2 
9 Market 0; 1;2 0 2 

SOCIOlogICal 
I SOCialization of fishing 0; 1;2 2 0 
2 Fishing community growth 0; 1;2 0 2 
3 Fisher sector 0; 1;2 0 2 
4 Education level 0; 1;2 2 0 
5 Conflict status 0; 1;2 0 2 
6 Information sharing 0; 1;2 2 0 
7 Fisher Influence 0; 1;2 2 0 
8 Fishing income 0; 1;2 2 0 
9 Kin participation 0; I I 0 

TechnologICal 
I Trip length Days Low High 
2 Landing sites 0; 1;2 0 2 
3 Pre-sale processing 0; 1;2 2 0 
4 Use of Ice 0; 1;2 2 0 
5 Gear 0; I 0 I 
6 Selective gear 0; 1;2 2 0 
7 Power gear 0; I 0 I 
8 FADS 0; I 0 I 
9 Sonar 0; I 0 I 
10 Vessel size 0; 1;2 0 2 

Low - minimum from data. High - maximum from data. 

be used as mput data for a combmed mterdlsclplmary 
ordination ThiS effectively proVides an unwelghted evalua
tion of sustamabillty status across all the dlsClplmes Whether 
thiS evaluation IS useful for deCISion makmg depends on the 
view of the user For example, flshenes that score well m the 
ecological area. may score poorly m econorruc terms The com
bmed ordmatlon wdl tend to average out these dlfferences 

Ordination method 
After pilot work usmg PnnClple Components Analysis pro

duced arched, biased plots, we employed nonparametnc 
multidimensional scalmg (MDS) (Kruskal and Wish 1978; 

Notes 

tlfisherlyear 
FAO-like scale; under, fully, heavily; overexploited to collapse 
Low recruitment COY <40%; medium COY 40-100%; high COY > I 00% 
Average trophic level of species In catch 
1-2, 3-4, >4 jUrISdictions .encountered during migration 
None; some (>30%); lots (>60%) caught before maturity 
Low 0-10%; medium 10-40%; high >40% of target catch 
Low 1-10; medium 10-100; high> I 00 species 
gfm2Clyear; low=0-50; medium=50-90; hlgh=90-160; very high= 160+ 

US$lt of landed product for time of data pOint 
Importance of fisheries sector in country: low; medium; high 
In country of fishery 
Almost none; some; most (includes informal limitation) 
Marketable rightlquotafshare right none, some: fulllTQ 
Fishing mainly casual work; part-time; full-time 
< I 0%, 10-20%; >20% employment in formal fishery sector 
Profit from fishery mainly to locals; mixed; foreigners 
Principally localfnatlonal; nationalfregional; globalfinternational 

Fishers work as Individuals, families or community groups 
Growth over 10 years pre-data point < I 0%, 10%-20%, >20% 
Households In fishing in the community: < 113; 113-213; >213 
Below; same; above-population average 
Level of conflict with other sectors 
None; some; lots 
Strength of fisher direct Influence on actual fishery regulations 
Fishing Income % of total family income: <50%; 50-80%; >80% 
Do kin sell family catch andlor process fish: no (0) or yes (I) 

Average days at sea per fishing trip 
Landing sites dispersed; some centralization; heavily centralized 
None; some; lots (e.g., gutting, filleting) before sale 
None; some ice; sophisticated (flash freeze, champagne ice) 
Passive gear = 0; active gear = I 
Devlce(s) In gear to Increase selectivity: few; some; lots 
No power assistance to gear = 0; power-assisted gear = I 
Fish aggregation devices (= FADs) : not used = 0; used = I 
Sonar (acoustics) used to aid catch; no = 0; yes = I; 
Average length of vessels <8m (0);8-17m (1);>17m (2) 

Schiffman et al 1981; Stalans 1995), an ordmation technique 
that can produce unbiased distance "maps" of relative loca
tion (Clarke 1993). These maps may be rotated and shtfted 
linearly with mint mal disruption (Clarke and Warwick 1997) 

A squared Euchdean distance matrix with attnbute scores 
normalized usmg Z-values IS employed because pdot work 
showed this produced the least disruption to monotoniclty 
MDS for ratio data m two dimensions is carned out for all the 
fishery points mcluding the "good", "bad" and 20 "random" 
fisheries. We have used the SPSS statistical package (SPSS 
1996) and the PRIMER package (Carr 1997). Goodness-of-flt 
IS evaluated using stress values (values below 0.25 are 
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considered acceptable by Clarke and Warwick 1997) 

Rotation and display of results 

Conventionally, we often expect to see a fall m quahty or 
status to be represented graphically as a line fallmg from top 
left to bottom nght Accordmgly, after ordmatlon, we adopt a 
conventIOn to rotate plots (to a least squares cntenon) so that 
"good" appears at top left (azimuth 315°, relative to straight 
up as zero) and "bad" at the lower nght (azimuth 135°). The 
MDS ordmatlon techmque allows this rotatIOn because It does 
not biaS the relative map positIOn of the pomts 

In pllot work, m all cases the "good" and "bad" points fell 
very dose to a straight lme through the plot ongm, and so, 
given the monotomCity descnbed as a vahdatlon below, we 
are Justified m mterpretmg this as an aXIs of sustainablhty. 
Hence by rotatmg the plot usmg least squares until "good" 
and "bad" he at 90° and 270°, respectively, we can show 
status position along this aXIs Changes m status of a fishery 
with time, or compansons of status among ftshenes, can then 
be represented as the percentage of the extent of the aXIs 
from "good" to "bad" At the same time, changes normal to 
aXIs (and normal to the top left/bottom nght aXIs of the ongl
nal plot) represent changes m fishery status that are not re
flected m sustamabllity 

Estimating loadings of attributes on ordination axes 

To examme whICh attnbutes most mfluence an ordma
tlOn, the plots are rotated usmg least squares untll "good" and 
"bad" lie at 90° and 270°, respectively, as descnbed above 
The X-axIs is then taken as the dependent variable m 
multiple regressIOn with the normaltzed attnbutes as the 
mdependent vanables RegreSSIOn coefficients that are 
SignifICant show relatIOnships of the ongmal attnbutes to the 
sustainablltty aXIs Because of the nonparametnc nature 
of the MDS techmque, these relationships hold only for an 
mdlvldual ordmatlon and do not transfer to other analyses. 

An alternative method IS to use canomcal correlatIOn (e g , 
the canomcal correlation package of Statlstlca, Statsoft 1996). 
Such an analYSIS allows the mterpretatlon of the meaning of 
denved axes from the attnbutes most highly correlated with 
them (Stalans 1995). High pOSitIVe correlation ImplIes that 
when a particular attnbute score was high for any fishery, It 
was likely to score high on an ordmatlOn aXIs High negative 
correlatIOn Implied that low attnbute scores were assoCiated 
With high values on an ordmatlon aXIs 

Clustering the ordination 

Cluster analYSIS of the ordmated pomts can be used to 

group the ordmated flshenes m a mathematICally obJectlv~ 
fashion A useful techmque here is to promote "dumpmess' 
usmg the complete Eucltdean distance rule pOSSible (e g , usmg 
the CA package of the Statlstlca package, Statsoft 1996), which 
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creates groups by Identlfymg each member's furthest neigh
bors The first four or five readtly Identifiable groups may be 
chosen as convement, smce there are no dearly accepted 
rules for defmmg what constitutes a mathematical "group" m 
such investigations (Cooper and Weekes 1983) Tools such as 
the amalgamation schedules (m the CA package of the Statlstlca 
package, Statsoft 1996) may be used to Judge the amount of 
variation explained by creatmg more groups If such a plot 
shows httle new vanatlon, bemg explamed by addmg extra 
groups, then the ltnkage distance IS essentially the same 
CStatsoft 1995). 

Validation of the RAPFISH technique 
To check that the method would ordmate flshenes mono

tonically, we Simulated some flshenes whose status moved In 

smgle steps from "bad" to "good", scored on 10 ordinal at
tnbutes from 0 to 4 Fig 1 shows the results from a RAPFISH 
ordination of one such Simulated fishery (small open pomts) 
The trajectory is encouragmgly monotonic Fig 1 also show~ 
an ordmation of a fishery exhibiting periodIC large steps m 
status (three steps-large solid pomts), which are reasonably 
lmearly preserved relative to the reference fishery, although 
movement at the edges occupies more space than at the cen
ter, probably on account of the Z transformation of the data 

~GOOD 

~~ 
~~ 

o 
o 

o 

Fig. I. An ordination showing that the trajectory of a simulated 
fishery is monotonic using the RAPFISH method. Small open 
points (0) show a simulated fishery exhibiting sequential steps 
in status from "bad" to "good", scored on 10 ordinal attributes 
from 0 to 4. Large solid points (_) show a second simulated fish
ery that occasionally jumps three steps in status. 



As mentioned above, m both cases the "random" fisheries (cross) 
he close to center of the plot, and this justifies our re-centering 
the fishery plots to the zero from the "random" fisheries. 

Fig. 2 Illustrates a RAP FISH ordination of three more simu
lated fishenes, together with the usual "good" and "bad" and 
"random" fisheries Fishery A was simulated with large changes 
m the scores of mdivldual attnbutes, but very little overall change 
m status' scores effectively were mmor Images across the at
tnbutes The resultmg RAP FISH ordmatlon reflects these large 
changes normal to the sustamablllty aXIs They are accompa
med by almost no change along the sustamablhty aXIs Simu
lated flshenes Band C each follow U-shaped curves on the 
plot Fishery B decreases m status, remams at about the same 
level with some neutral changes in attribute scores, and then 
Improves along a different trajectory towards the starting point. 
Fishery C was Simulated as the reverse of this trajectory In 
each case, the RAFFISH ordination in Fig 2 follows the mtended 
path qUite well. 

Fig. 3 shows the results of rotatmg the RAPFISH ordina
tions for fisheries Band C until the sustamability axis IS hon
zontal Locations on thiS axis have been plotted as a percentage 
of the distance from "bad" to "good". The changes in the two 
fishenes mmor each other, as designed in the simulation, and 

o 
GOOD 

BI 

AI 

CII 
""" 

• CI-

CI3'-. BAD 
0 

Fig. 2. Illustration of a RAP FISH ordination of three simulated 
fisheries, together with "good", "bad" and "random" fisheries. 
Fishery A (+) was simulated with large changes in the scores of 
individual attributes,but very little overall change in status: scores 
effectively were mirror images across the attributes. Simulated 
fishery B (e) decreases in status, remains at about the same level 
with some neutral changes in attribute scores,and then improves 
along a different trajectory towards the starting point. Fishery C 
(_) was simulated as the reverse of this trajectory. 

they achieve the same sustainability status halfway across the 
plot 

Interpretation of RAPFISH results 
This paper shows that RAPFISH can track changes m 

sustainablhty status, with the caveat that sustainability IS as 
defmed by the original choice of attributes. Differences nor
mal to the "good" to "bad" axis represent changes in fishery 
status that are not reflected m sustamability. Note that an 
excess of points to one Side or the other of the ordinatIOn 
zero does not represent analytical bias, but a greater or lesser 
number of fisheries above or below the median status score 
that lies in the middle of our fixed scale from "good" to "bad". 

The RAPFISH method has promise in that It is robust in 
several senses. First, users can learn not only from refinement 
of historical analyses, but also from more formal stock assess
ment science, about what are "good" and "bad" attributes 
that may be scored. Second, they can choose whICh dISCI
plme to concentrate on; the biological, social or economIC 
analyses can be used alone or in combination with the tech
nologICal area if required. It also prOVides a quantitative way 
of conflating interdisciplinary evaluatIOns, a process consid
ered essential in the management of many fisheries (Lane 
and Stephenson 1997). The present method aVOids arbitrary 
weighting of diSCiplines m that the final ordination Will reflect 
statistically the original choice of attribute values running from 
"bad" to "good" as the two fixed extremes. Third, the new 
method is robust in the sense that a response to critICisms of 
attributes from Within each of the disciplines serves to im
prove the power of the ordinations withm each field, rather 
than invalidate the method. 

To date, RAPFISH analyses have been published for 26 
world fishenes, from the commercial, subsistence, artIsanal 
and industrial sectors (Pitcher et aJ. 1998); 24 small-scale 
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Fig. 3. Results of rotating the RAPFISH ordinations for fisheries 
B (4t) and C (.) until the sustainability axis is horizontal.loca
tions on this axis have been plotted as a percentage of the dis
tance from "bad" to "good". 
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artisanal fisheries from the tropics (Preikshot and Pauly 1999), 

32 African lake fisheries (Prelkshot et al. 1998) and 29 fisher
ies for sardine, Atlantic herring, Pacific herring and anchovy, 
mcluding time senes for three major herring fishenes (Pitcher 
et al. 1999). Additional work had included a comparison of 
the status of distant water USSR fleets in Mauritama and Senegal 
(see Pitcher and Preikshot 1998) By way of example, Fig. 4 
illustrates results obtamed for three time series from herring 
fishenes: the Norwegian sprmg spawning herring, North Sea 
herring (both Atlantic herring) and British Columbia (BC) (Pa
cific) herring RAPFISH analyses are shown for ecological, 
social, economic and combmed ordmations. This material IS 

GOOD Ecological 

BAD 

GOOD L_-. __ --j--~. Nor70 Social 

A NSSO 
NS75 U D NS80 NS90 

NS64 Nor D NS97 

BC96 

BAD 

taken from Pitcher et al. (1999), where full details of data 

sources, the history of these fisheries and more deta!led inter
pretatIOns are given. 

In the ecological ordmation, the BC herring has aU-shaped 
trajectory, a reduction m status bemg assoCiated with a nar
rowly aVOIded collapse of the meal fishery, followed by Im
provement after closure and fe-opemng as a carefully regulated 
roe fishery. ThiS is like fishery B m the valIdation, wh!le the 
two AtlantiC hernng fisheries exhibit inverted U-shaped 
trajectories like fishery C in the validatIon. Both AtlantIC 
fisheries end up in as poor a pOSItion as their startmg pomts 
in the 1950s, as collapse and closure IS followed agam by 

GOOD 

NS80 D 

Nor50 

GOOD 

D, 
NSSO 

BC50 

Nor50 

Combined 

BAD 

Technological 

BC96 

Nor96 BC76 

NS Nor90 

BC~6 NS90D, 
BC62 

S80 Nor80 

/~r7 
D NS7S 

BAD 

Fig. 4. RAPFISH results for three time series from herring fisheries: the Norwegian spring spawning herring, North Sea herring 
(Atlantic herring) and British Columbia (Pacific) herring. RAPFISH analyses are shown for ecological, social, economic and combined 
ordinations. From Pitcher et al. 1999, where full details of the data sources, the history of these fisheries and more detailed interpre
tations are given. 
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overfishing and depletion. In the sOCIal ordInation, the pnn
clpal feature is the high status of the Norwegian fishery In the 
1950s, when small vessels were crewed by close kIn from 
small-integrated coastal communities. This status decreases 
to end up in almost the same pOSitIOn as the BC fishery in the 
most recent year. In the technological ordination, the BC and 
Norwegian fisheries SWIng across the plot as dnft nets give 
way to purse seines and trawls, both of these fisheries Im
proving their status towards the end on account of the use of 
by-catch reductIOn devices (A fourth ordination, in econom
ICS, is not shown here). 

This example shows that the RAPFISH ordinations for the 
three hernng fishenes mirror In general what we know of the 
ecology, economics and sociology associated with their his
tories of collapse and rebuilding, and their relative status and 
characteristics Here, the RAPFISH techmque appears to be 
gIVIng the nght signals about shifts in sustainability status, 
which might be loosely defined as fisheries "health" Note 
that the combined ordination averages the positions on the 
disciplInary ordinations 

Prospects for the RAPFISH technique 
In addition to providIng a rapid assessment of status, the 

RAPFISH method might be useful in a "tnage" of flshenes 
(Pauly, In press), to determine where lImited management 
resources might be focused to greatest effect It may also be 
used to track changes In a single fishery in an attempt to 
foresee problems before some combInation of biological, eco
nomic or SOCial effects leads to disaster. An Important ques
tIOn IS whether this techmque can be used to diagnose key 
problems (such as environmental change, overcapitalIzation 
or recruitment overfishing) early enough to give warning of 
impending trouble Attributes that more clearly define the 
penod immediately preceding a documented collapse would 
Increase the power of thiS method. 

A more formal analysis of the leverage of Individual 
attnbutes would also be valuable. Errors, or differences In 
opinion in the scoring of the attributes, can be taken Into 
account by Including the extreme scores as separate "fisher
Ies" Forecasts of fishery status in the coming year can be 
compared under different policy options. 

RAP FISH analyses that employ additional disciplines, such 
as ethICs, are In preparation. AdditIOnal fields that capture 
speCIal features of a fishIng gear that evolves with time, such 
as the cod traps used in Newfoundland since the 1750s, might 
be valuable for special analyses And an important aspect of 
fisheries that has long been ignored, the Impact of fishing on 
ecosystem structure (Pitcher and Pauly 1998), may also be an 
important field to add. 

References 
Carr, M C 1997 Plymouth routines In multivariate ecological re

search. PRIMER user manual UK Plymouth Manne Laboratory 
27 p 

Clarke, K R 1993. Multlvanate analyses of changes In community 
structure. Aust ] Ecol 19:117-143 

Clarke, K Rand R.M WarwICk. 1997 Change In manne communi
tIes. an approach to statistical analysis and interpretatIOn UK 
Plymouth Manne Laboratory 144 p 

Cooper, R A. and A] Weekes 1983 SectIOn 10 multIvanate analy
SIS, p 240-259. In R A Cooper and A] Weekes (eds) Data, 
models and statistical analYSIS Philip Allan, Oxford 

]entoft, S 1998 SOCIal science In flshenes management a nsk as
sessment, p 174-184 In T). Pitcher, P] B Hart and D Pauly 
Ceds ) Reinventing flshenes management Chapman and Hall, 
London 

Kruskal, ).B. and M Wish 1978 MultidimensIOnal scaling Sage 
Publications, Beverley Hills, CA 

Lane, DE and R.L Stephenson 1997 Flshenes management SCI
ence Integratmg the roles of science, economiCS, SOCIOlogy and 
politiCS Into effective fisheries management, p 177-182 In D A 
Hancock, D C Smith, A Grant and] P Beumer Ceds) Develop-
109 and sustammg world fisheries resources the state of SCI
ence and management CSIRO, Collingwood 

Pauly, D When IS fishenes management needed? In T] H Adams 
and P Dalzell (eds ) SPC/FFA Workshop on the Management of 
South PaCifiC Inshore Fishenes, Vol 3 Noumea, New CaledOnia 
(In press) 

Pitcher, T] RAPFISH, a rapid appraIsal technique for flshenes and 
ItS applicatIOns to the Code of Conduct for Responsible Fisher
Ies FAO Fish Clre. No FIRM/C (In press). 

Pitcher, T] and D B Prelkshot RAP FISH a rapid appraisal tech
nique to evaluate the sustainabllity status of fishenes Fish Res 
(In press) 

Pitcher, T J and D Pauly 1998 RebUilding ecosystems, not 
sustamability, as the proper goal of fishery management, p 
311-329 In T J Pitcher, P] B Hart and D Pauly (eds) Rem
ventmg flshenes management Chapman and Hall, London 

Pitcher, T J and D Prelkshot 1998 Rapflsh a rapid appraisal of the 
status of West Afncan distant water fleet flshenes relative to 
home fleets uSing the RAPFISH technique, p 90-93 In R Bonfll, 
G. Munro, U R Sumaila, H Valtysson, M Wnght, T J Pitcher, D 
Prelkshot, N Haggan and D Pauly (eds ) Distant water fleets 
an ecological, economIC and SOCIal assessment Fish Cent Res 
Rep. UniV B C 6(6) 

Pitcher, T J , A Bundy, D Prelkshot, T Hutton and D Pauly 1998 
Measunng the unmeasurable a multlvanate interdiSCiplinary 
method for rapid appraisal of health of flshenes, p 31-54 In 
TJ Pitcher, PJ B Hart and D Pauly Ceds) Reinventing flshenes 
management Chapman and Hall, London 

Pitcher, T)., S Macklnson, M Vasconcellos, L N0ttestad and 0 
Prelkshot 1999 Rapid appraIsal of the status of fIshenes for 
small pelaglcs uSing multlvanate, multidiSCiplinary ordmatlon 
p 759-782 In T J QUinn, F Funk J Helferz, J N Ianelli, J E 
Power, J F Schweigert, P J Sullivan and C -I Zhong Ceds ) Fish
ery stock assessment models Alaska Sea Grant, Fairbanks 

Prelkshot, D.B. and D Pauly 1999 A multIvanate interdiSCiplinary 
assessment of small-scale tropical flshenes, p 803-814 In T J 
Qumn, F Funk J Helferz, J N Ianelli, J E Power, J F Schweigert, 
P). Sullivan and C -I Zhong Ceds) Fishery stock assessment 
models Alaska Sea Grant, Fairbanks 

PITCHER and PRE I KSHOT/RAPFISH: a rapId appraisal technique.. 115 



Prelkshot, DB, E NSlku, T J Pitcher and D Pauly 1998 An mter
dlsclplmary evaluation of the status and health of Afncan lake 
flshenes usmg a rapid appraisal technique. J Fish BioI 53 (Suppl 
A) 382-393 

Schiffman, S S, M L Reynolds and FW Young 1981 IntroductIOn 
to multldlmenslonal scahng theory, methods and apphcatlons 
AcademiC Press, London 

Smith, S J 1993 Risk evaluatIOn and bIOlogical reference points for 
flshenes management a reView, p 339-353 In G Kruse, D M 
Eggers, RJ Marasco, C Pautzke and T J Qumn (eds) Manage
ment strategies for explOited fish populations Alaska Sea Grant, 
Anchorage 

SPSS Inc 1996 SPSS for Wmdow~, release 7 5 
Stalans, L J 1995 Multidimensional scahng In L G Gnmm and P R 

Yarnold (eds) Readmg and understandmg multIvanate statIs
tICo Amencan PsychologICal ASSOCIation, Washmgton 

Statsoft Inc 1995 Multidimensional ~cahng, p 3235-3258 In Statsoft 
StatlStlca Vol III Statistics 11 Statsoft Inc, Tuba 

116 Sustainable fish production In Lake Nasser 

Statsoft Inc 1996 StatistIC a for Wmdows, release 5 1 D 
Walters, CJ 1998 DeSigning fishenes management systems that GO 

not depend on accurate stock assessment, p 279-288 In T J 
Pitcher, P J B Hart and D Pauly (eds) Remventmg flshenes 
management Chapman and Hall, London 

DtSCU5S1'0N 
Q. who are your respondents? , 
A. 'People WilD ;know about their fisheries. 
Q. Did you seFl,d this information to more than one 

person? 
A. No) Ool']:!y to 0ne perSon per fishery, 
Q. Why drd yod not ask fishers themselves to do the 

, evaluation? 
-i\. r ::!fro going tq;d,o dlls- in the 'near fUture in Newfoul1d-
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ABSTRACT 

This paper reviews basic limnological studies on Lake Nasser and recommends that further work concen
trates on an understanding of seaspnal structure, principal habitats of the lake and primary production rates 
in these habitats.This will provide accurate estimates of the carbon flux of the lower trophic levels that can be 
used in fish production modelling for the lake (ECOPATH). Appropriate methods to be adopted are also 
discussed and constraints identified. 

Introduction 
This paper attempts to draw together the discussions which 

took place during the Workshop In partIcular, it considers 
basic ecological studies that provide relevant information for 
the management of the fishery In the lake. These Include 
chmate, hydrology, phYSico-chemical properties of the water 
column, and measurements of phytoplankton and zooplank
ton. The prime objective is to proVide information for quanti
tative modelling (e.g., ECOPATH, Pitcher, this vol) of the 
ecosystem. Studies of the "production baSIS" of the lake would 
also allow for short-term predictions of potential yield, which 
could be used In the management of the fishery on, for ex
ample, a seasonal baSIS. Ecological studies are also of value 
to allow an understanding of human-induced factors which 
may be haVing an Impact on the lake (pollution), allowing 
management priorities to be set 

Current knowledge of the ecology of Lake Nasser IS sum
manzed In detat! by Latif (1984). Papers presented at the 
Workshop and published as background papers In these pro
ceedings proVide additional and updated information. 

ThiS paper summarizes the author's view (denved from 
diSCUSSIOns generated during the Workshop) on how to di
rect hydrological and ecological studies (particularly at lower 
trophiC levels) to better understand the basis for fish produc
tion In Lake Nasser. This will include an understanding of (a) 
hydrological cycles, (b) light regimes, (c) nutnent regimes 
(including oxygen) and (d) habitat types. Further, the coHec-

tion of suitable data on (e) "biomass and taxa" and (f) carbon 
flux rates at lower trophic levels (primary and secondary pro
duction) will provide essential inputs into a larger ecosystem 
model (ECOPATH), giving inSights into the baSIS of YIeld and 
vanability in the fishery (see Pitcher, thiS vol.). The paper is 
broken Into these headings (although there are many cross
cutting issues) and conSiders the various methods which could 
be adopted to perform the proposed work. Constraints to 
carrying out this program are also discussed. The AppendiX 
specifically examines the value of remote sensmg to the pro
posed study. 

Hydrological cycles 
Lake Nasser is a warm monomictic lake (usmg the defml

tions of Wetzel 1983) with a penod of thermal stratifICation 
during the summer months, and complete mixing of the wa
ter column during the winter. Most published data on the 
thermal structure of Lake Nasser are from the central channel 
of the lake, and it may be that the mixing regime IS more 
complex in some of the shallower bays (khors) It IS also 
noteworthy that the hypolimnion rapidly becomes deoxygen
ated dunng the summer, and thiS IS discussed m the section 
on "Nutrients and oxygen". Seasonal and mterannual vana
tion in overall volume of Lake Nasser IS discussed m the sec
tion on "Habitat types" 
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The thermal structure of the lake is prinCIpally controlled 
by meteorological conditions (mainly air temperature and 
wind), and these factors are obviously not consistent year by 
year. Lake Nasser is further subject to interannual variation 
due to the variable volumes of water carried into the lake 
dependent on rainfall in the catchment It is emphasized here, 
therefore, that all the studies suggested below have to be part 
of a long-term mOOltoring program designed to examine this 
inter-annual vanation. A direct understanding of stratification 
IS fundamental, and a program designed to understand the 
three-dimensional structure of the lake is recommended. 

Studies on thermal structure generally require the use of a 
conductivity/temperature/depth probe (CTD) which allows 
for rapid plotting of water density/depth relationships. As stated 
above, there may be a complex stratification/mixing regime 
within the lake, and therefore the number of profiles recorded 
should be maximized. Profiles should be collected from shal
lower areas as well as from the mam channel Transects from 
shallow areas into the main channel during different periods 
of the annual cycle would usefully Illustrate the whole three
dimensional structure of the lake Since stratification is funda
mentally linked to deoxygenatIOn in the lake (see below), 
oxygen should be measured, mcorporating an electronic oxy
gen meter with the CTD may appropriately do thiS. 

Due to its reliance on ship deployment, the temporal m
tensity of measurements using a CTD is often Itmited One 
solutIOn is the installatIOn of thermistor chams anchored to 
the bottom of the lake, to continuously record temperature at 
selected depths. These devices are expensive and, unless there 
are multiple deployments, site selection and therefore degree 
of spatial coverage, are problematic It may be that a system 
of this kind close to the water outlet of the hydroelectric 
turbines could playa dual role in Lake Nasser, and the cost 
(and data) could be shared between researchers and the 
power-generatmg authorities. Additionally it IS suggested that 
monitonng of night-time lake surface temperature using sat
ellite imagery (with concurrent measurements of temperature 
profiles and surface temperatures to assist with calibration) 
may offer a synoptic view of lake structure (see Appendix). 

As previously mentioned, the stratIfICation/mixing regime 
is fundamentally driven by climatic factors. It is therefore im
portant that meteorological data from the lake are collected 
so they can be related to the stratlflcation/mlxmg regime by 
usmg various hydrological calculations on energy balance and 
stability of stratification. 

Light 
One of the characteristic features of the annual flood of 

the Nile in the lower Egypt Valley was the large amount of 
suspended sediments carned down by the river Since the 
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building of the Aswan High Dam, these sediments have tended 
to accumulate in Lake Nasser although they are carned a cer
tain distance along the lake from their input point in the south. 
An important consequence of thiS turbid water is that it rap
idly attenuates surface-arrivmg irradiance through the water 
column. This may be an Important factor Itmltmg pnmary 
production in the lake, and may be a more Important factor 
than nutrient limitation (see below). 

Light extinction IS measured by calculating the slope of 
light intensity· depth curve usmg a submerSible electroOic 
probe sensitive to PhotosynthetICally Active Radiation (PAR) 
These devices can be incorporated with CTDs. The less ex
pensive Secchi disc, though, is a useful indicator of lIght avail
ability for photosynthesizmg organisms, and It IS suggested 
that Secchi depth be incorporated in all pOSSible sample loca
tions. This method IS suffiCiently simple that, combmed With 
a Global Positioning System (GPS) reading, it can be carned 
out by nonspeCIalists (such as fishers) As many readmgs as 
possible in all parts of the lake and all seasons are recom
mended. 

It would be adVisable to relate Secchl depth With direct 
measurements of suspended materials, which mvolves filter
ing water, drymg and weighmg the ftltrate to measure 
suspended load directly The correlation Will never be per
fect due to variation 10 the nature of the suspended matenal 
(lOcluding plankton), but would probably suffICe so that Secchl 
depth can be used as a semi-quantitative measure 
of suspended load, as well as to estimate the depth of the 
euphotic zone. 

The possibility that remote senslOg may be able to 
proVide a more synoptic view of suspended load (and there
fore light penetration) IS discussed 10 the AppendiX Direct 
measurements using Itght meters and/or Secchl depth would 
then play an Important role in Improving the quantItative es
timate of sediment load from remote senslOg. 

Nutrients and oxygen 
Lake Nasser is clearly nch 10 nutnents, as large amounts 

are carned into the lake dunng annual floods from the 
catchments of the Blue and White Nile Figures for dissolved 
nutrients 10 the lake quoted by Goma (thiS vol) and by Latif 
(1984) indICate high levels of orthophosphate (>03 mgl- I P) 
and nitrate (>0.5 mgl- I N) m the open water of the lake 
Values in the enclosed khors are Itkely to be higher An 
approximation of the published N.P ratios suggests that N 
probably becomes deficient before P (I e , the lake is poten
tially N limited); and the high numbers of heterocystous N
fixing cyanophytes 10 the lake (pnnclpally Anabaena spp ) 
also indicate relative N defiCiency. However, the fact that there 
are easily detectable concentrations of available Nand P 10 



the water column suggests that nutrient deficiency is not a 
factor in the lake and that, possibly, the only limitation to 
production is light (see above) and the annual deoxygen
ation of a large proportion of lake water. 

From this POlOt of view, it is surprising that Lake Nasser 
has not suffered (as IS common with similar nutrient-nch 
waterbodies 10 the tropics) a major bloom of aquatic macro
phytes. Because many of these problematic exotic weeds exist 
10 the catchment of the lake, it seems unlikely (though not 
impossible) that this is due to a lack of inoculum. At present, 
a bloom of aquatic macrophytes must be considered as a 
potential problem and should be monitored diligently, as it 
could have a catastrophic effect on the fishery and an even 
worse impact on the operation of the hydroelectric output of 
Aswan High Dam. 

Umnological studies often include measurement of avail
able nutrients. There are, however, a great number of prob
lems 10 interpreting these data. Point measurements of nutrients 
take little account of their flux rates. For example, a number 
of highly productive waterbodies show levels of dissolved 
nutrients consistently below detection hmits (approximately 
3 JlgJ-i, 1.e., values < 1% of those found in Lake Nasser). This 
perceived anomaly between low nutnents and high produc
tion IS due to the rapid recycling of dissolved nutnents in 
nutrient-limited systems. Nutrient status can be somewhat 
better interpreted by measuring "total" values of Nand P by 
digesting unfiltered water samples. This still leads to prob
lems of interpretation since it is likely that values for "total" N 
may overestimate the N value available as a nutrient for the 
phytoplankton; "total" P is a better measure of available P. 
Studies on nutrients in Lake Nasser should be directed to
wards understanding the nutrient budget of the lake, and it is 
suggested that knowledge of major nutrient pathways would 
be of value. This would include water inputs at source, atmo
sphenc inputs, internal recycling of nutrients, as well as N
fixation by cyanophytes and denitrification by bacteria. It 
would require, however, a major study and It is suggested 
that some limited program of measunng total nutrient values 
(N, P and SO, as well as an understanding of the major sources 
and sinks of nutrients, would suffice where a greater level of 
detail regarding primary production rates (in different habi
tats) is part of the same program (see below). 

Increases in human population in the Lake Nasser region 
(particularly the major program to settle large numbers of 
people close to the lake as part of the Tushka Project) are 
likely to result in increased nutrient input to the lake. Whether 
this will have an impact on the already nutrient-rich water is 
doubtful. More likely is the increase of other pollutants (hy
drocarbons, pesticides and heavy metals) which may prove a 
problem. Environmental impact assessment (EIA) of resettle
ment programs in the region of Lake Nasser is recommended. 

The summer deoxygenatIon of the hypohmruon IS an Im
portant feature of Lake Nasser The depth of the OXic-anOXIC 
boundary varies III the mam channel of the lake from 10 to 
30 m accordlllg to LatIf (984) and Abd Ellah et al (thiS vol) 
The depth of the oXic-anoxIC boundary III shallower parts of 
the lake IS not reported, but the extent of deoxygenation may 
be an Important factor 10 ImutIng fish production Fish cannot 
SUrvIve in deoxygenated water and therefore parts of the lake 
they can occupy dunng summer are reduced Truly pelagiC 
fish (of whICh there are few 10 Lake Nasser due to the onglOal 
nvenne fauna) Will Simply be compressed IOtO the upper parts 
of the water column Large areas of benthos, however, Will 
be IOhabltable for the stratified penods, and thiS ImlltatIon of 
feedlllg areas may be a notable constralOt on fish productIon 
ThiS may be exaggerated due to the fact that populatIOns of 
less-mobile benthiC Illvertebrates Will be fewer 1ll areas sub
Ject to repeated deoxygenation FlShar (thiS vol) showed there 
was very Imllted benthIC fauna 10 deeper waters) It IS recom
mended that greater attention be paid to plottlllg the OXIC
anoxic boundary 1ll all parts of the lake 1ll order to understand 
the vanatlOn 1ll habitat condltons (see secton below on habitat 
types) 

ConditIOns of deoxygenation at the sediment/water Illter
face of large portions of the lake Will also allow trapped nu
tnents to be released from the sediment as they become more 
soluble at lower redox potentials. This factor may be impor
tant in malOtaining the high nutrient status of the lake. 

Habitat types 
Similar to most tropICal lakes subject to wet and dry sea

sons in the catchment, there is a seasonal variatIOn III lake 
level. As large quantities of water are drawn off to malOtain 
power generation and acceptable volume of flow 10 the lower 
Nile, this is even more exaggerated 10 Lake Nasser. There is a 
seasonal difference in water level of 10-20 m, With lowest 
values around August and highest values around December. 
In additIon, the mean annual level of the lake has vaned 
since the closure of Aswan High Dam, with a penod of fIllIng 
from 1964 until the early 1980s, followed by a decline due to 
a period of exceptionally low rainfall in the catchment. SlOce 
the late 1980s, the volume of the lake has risen close to Its 
highest acceptable level, which equates to a water volume of 
168 km3. 

These water level variations have enormous consequences 
on lake habitats With, for example, productive benthiC areas 
drying out dunng periods of low water level, or becoming 
too deep to support active photosynthesizing orgamsms 
(i.e, below the euphotiC depth) during periods of high water 
level. Similarly, inundation of benthic areas with deoxygen
ated hypolimnetlc water may also have a dramatIC effect on 
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primary and secondary production (see section on nutrients 
and oxygen above). Benthic production may be a major, if not 
the dominant, input of carbon into the food web of the lake. 
This may be exaggerated in Lake Nasser where the fish fauna 
is of predominantly benthic feeding fish and lacks true pelagic 
species. 

The bathymetry of Lake Nasser is well known, being basi
cally that of the well-mapped topography of Nile Valley prior 
to closure by the Aswan High Dam. It would seem appropriate 
that a simple geographical Information system (GIS) could be 
developed which considered depth (at various filling levels), 
oxic-anoxic boundary depth and light regime (with knowl
edge of water turbidity), to define those areas dominated by 
benthic and pelagic production for any given time. Values ob
tained for biomass (both pnmary and secondary producers) 
and production rates could be applied to this habitat mosaic to 
give overalliakewide production eStimates. This would inevi
tably be a fairly crude estimate oflakewide production (though 
improving with greater knowledge of lirnnological processes 
and primary production rates - see below), though far prefer
able to previous estimates. It would generate more realistic 
figures of benthic and pelagic production for entering into the 
ECOPATH model. A GIS of this kind would also allow greater 
understanding of interannual variation in fish catch, as it would 
provide a lakewide estimate of carbon input. 

It may be useful to calculate the variation of lake surface 
area from satellite imagery (see Appendix) for comparison with 
that calculated from knowledge of lake bathymetry. 

Biomass and taxa 
The simplest way to estimate biomass of primary produc

ers is to measure chlorophyll a concentration; and methods for 
assessing both planktomc, floating macrophyte and benthic 
chlorophyll a are straightforward. Converting chlorophyll a 
concentrations to total dry mass (needed for the ECOPATH 
model) leads to inaccuracy In the estimation of dry weight, 
despite the fact that published conversion rates eXIst. This is, 
however, likely to prove more straightforward than other di
rect or indirect measurements of plant biomass. Dry mass of 
macrophytes is relatively simple to measure directly, but for 
microscopic algae it is particularly difficult. Biomass for plank
tonic algae often estimated from biovolume, which depends 
on a calculation of size and shape of all planktonic taxa and a 
reasonable quantitative method of estimating the populations 
of these taxa-this is done by counting (usually With an in
verted microscope). To count samples to the level of accuracy 
required for biomass estimates requires skill and is time-con
suming. It is probably not necessary to count to this level of 
accuracy if chlorophyll a measurements are also being made 
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Examination of identified taxa present In both planktomc 
and benthiC populatIOns should, however, be carned out at 
least to a semi-quantitative level, as seasonal or spatial vana
tlons in dominant taxa proVide important clues for lake pro
cesses. Particularly, the relative proportion of the main algal 
divisions should be recorded where, for example, a high pro
portion of cyanophytes may Indicate the possibility of fish 
poisoning, N-fixation (where heterocysts are present), and 
also are generally regarded as poorer food Items for fish com
pared to other groups (such as diatoms). 

The only accurate way to measure zooplankton bIOmass 
is by counting the organisms (usually sampled uSing a vanety 
of nets) and working out a relationship between size of indi
viduals and their biomass (Simply counting indIViduals will 
not suffice as an input to the ECOPATH model). Since the 
zooplankton community tends to be dominated by a few spe
cies only, it is possible to make reasonable estimates of zoo
plankton biomass in thiS way 

Similarly for benthic Invertebrates, methods for bIOmass 
estimation Involve counting and Size estimation. ThiS is a more 
difficult exerCise than for plankton since the benthos is much 
more heterogeneous than the pelagiC environment and the 
range of organisms found IS greater. For Lake Nasser relating 
distribution of benthic populations to the depths of light pen
etration and the extent of deoxygenated sediment boundary 
water, will reveal a great deal about the principal secondary 
producers As stated above, it IS felt that benthic production 
may dominate over pelagiC production, and therefore is wor
thy of increased study. Since the distnbution of benthiC or
ganisms is highly depth dependent, an appropnate sampling 
strategy would be to assess benthic populations on a transect 
from the lakeshore to deeper water It would be appropnate 
to carry this out at low and high levels of water to investigate 
the ability of these organisms to recolOnize substrate exposed 
dunng periods of low water level, as well as their ability to 
recolOnize deoxygenated zones after reoxygenation dunng 
the autumn turnover Fishar (thiS vol) has made good pre
liminary studies of the benthiC fauna 

It is hkely that efforts to estimate bactenal biomass would 
prove of little value unless major resources are dediCated to 
them. ThiS IS not likely to be reqUired for the satisfactory 
production of the ECOPATH model of the lake, though the 
amount of carbon recycled Via detntal breakdown of bactena 
could be high. 

Carbon flux rates 
Obviously a critical value reqUired by the ECOPATH model, 

and one of the well-accepted limiting factors on fish produc
tIOn, is the rate of pnmary production In Lake N8sser There 
are some published rates for pnmary production of plankton 



(HabIb, this vol ), though no published rates for the benthos 
primary production (to this author's knowledge) As stated 
earlier, benthIc productIon may be a larger proportion of to
tal lake primary production than previously envisaged. 

The choice of methods for measunng primary production 
is prinCIpally between radioactive 14C (measures carbon up
take) or oxygen light/dark methods (measures oxygen evolu
tion by photosynthesis). The 14C method has advantages where 
photosynthetIc rates are low and greater sensitivIty is needed; 
the oxygen method IS less sensitive but requires lower tech
nology and is a better measure of both gross and net photo
synthesis than the former (whIch measures some value 
between gross and net photosynthesis) At lower rates of pho
tosynthesis, the oxygen method suffers m comparison where 
longer incubation periods may be reqUIred to show an oxy
gen difference between the light and dark incubatIon vessels. 
Smce production rates for Lake Nasser are generally high, 
thIS is probably not a problem, and therefore it IS recom
mended that the oxygen method be used exclusively. 

The oxygen method for measunng planktonic photosyn
thesis is already well established in Lake Nasser. Techniques 
for measuring benthic production are a little more complex, 
and require hght/dark incubation chambers which can be 
placed over areas of rock or sand and water samples drawn 
off to measure oxygen concentratIon. It is easier to deal with 
these chambers by sending down divers to sample the water 
pnor to their being dIsturbed by the removal of benthos for 
measurement of biomass (as chlorophyll a) The use of dIvers 
IS probably inappropriate due to the presence of crocod!les. 
The alternative to in situ mcubatlOns may be to develop a 
shipboard method on benthic core samples. 

Though aquatIC macrophytes would be included m benthIC 
samples, it would be useful to measure productIon rates on 
portions of macrophytes by labellmg mdivldual plants to ex
amine growth. 

Though techniques to estImate biomass of secondary pro
ducers are straightforward (though tIme-consuming), estImat
ing production rates of both zooplankton and benthIC fauna 
IS difficult It may be that thIS value could be satisfactonly 
entered as "unknown" 10 the ECOPATH model The cohort 
method, often used for measuring secondary production of 
zooplankton, is unhkely to be of value in Lake Nasser since 
invertebrate populations will probably not be easily 
separable into dlstmct cohorts LIfe-cycle studies on common 
zooplankters would answer thIS. A sim!lar but more highly 
developed method than cohort analYSIS is the "growth 
mcrement summation method" (for dIscussion, see Rigler and 
Downmg 1984) which takes mto account the development 
rates of each dIstinct !tfe stage. ThiS may be appropnate for 
estlmatmg zooplankton production rates for the few domi
nant specIes m the lake Measurement of production rates for 

benthic fauna is also notoriously difficult and probably 
beyond the scope of the program proposed for Lake Nasser. 

As stated above, bacterial production may form an impor
tant link in the carbon pathways of Lake Nasser - partICu
larly in deoxygenated benthic environments. The dommant 
processes are likely to be methanogenesis and sulphur re
duction (hydrogen metabolism); measurement of methane and 
hydrogen sulphide concentrations 10 deoxygenated 
hypolimnetic water may give an approximate value of the 
rate of these processes during the stratified season 

There IS a recently developed method using stable iso
tope ratIo analysis to indicate both the sources of energy (car
bon) of biological tissue. This can assist With an understanding 
of the relative contribution of benthic production versus pe
lagic production m fish tissue smce the different carbon sources 
are hkely to have different isotopIC signatures (l2C- 13C) Addi
tIOnally, the ratios of nitrogen isotopes (I4N·15N) 10 ftsh tissue 
are a good mdicator of their trophic positIOn. Nitrogen ratios 
could be used to test the ECOPATH model and the relative 
trophic level at whIch vanous species and ages of fish could 
be assigned Further informatIon on this method IS ava!lable 
in Lajtha and Michener (1994) It is felt that inttlally tissues 
should be sampled and stored for pOSSible analYSIS of stable 
Isotope ratios, and a study of this kmd be costed. 

Constraints 
A hst of constramts were identified at the Workshop (see 

also Craig, thiS vol.) whIch outhned the dIfficulties of per
formmg the studies described above. It IS in these areas that 
efforts should be made towards inttiatmg improvements and 
to which resources should be directed. Estabhshmg the bal
ance of effort 10 deal 109 WIth these different constraint areas 
IS one of the major challenges in upgradmg the ecologICal 
research capacity on Lake Nasser. Constraints identified were 
as follows: 
• SCIentists responsible for sampling and processmg data may 

not be sufficiently tramed 
• Lack of scientific eqUipment (both major items and 

consumables) 
• Lack of computing facilities 
• Lack of literature 
• Lack of communicatIOn and techntcal support from sCien

tists outside the region (Isolation) 
• Lack of well-tramed techmcians (particularly in equipment 

mamtenance) 
• Lack of shIp time to carry out sampling programs 
• Lack of time (this alludes to those scientists charged WIth 

insuffiCIent data collection and being too busy With other 
duties) 
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All these constraints need to be addressed by future 
projects. They can be summed up as "adequately training 
and resourcmg staff of the national institutions responsible 
for carrying out these studies". Improving communIcations IS 
a Vital part of this process 

There also appears to be a lack of clarity of institutIOnal 
responsibility and need for a coordInated approach to thiS 
work. The workshop discussions reported in these proceed
ings can be regarded as an Important first step In developing 
an integrated approach. Data from a wide range of national 
institutions should be collated, for example, the High Dam 
Lake (Nasser) Development Authonty collects hydrological 
and meteorologICal data, which should be archived and made 
available to all SCientists in the region A number of other 
simIlar examples eXist These data may already be available, 
and It is possible that scientists are Simply not aware of them 
In partICular, a greater level of cooperation is encouraged 
between the two pnnclpal aquatic research organizations, 
the Fishery Management Centre and the NatIonal Institute of 
Oceanography and Flshenes They should demarcate theIr 
areas of responSibility In order to aVOid duplication or, worse, 
gaps In data collection. 

Although there IS no evidence of research and momtorIng 
takIng place In the Sudanese part of Lake Nasser/Nubia, It IS 
clearly deSirable that Egyptian and Sudanese scientists coop
erate in the momtonng of thiS shared resource. Knowledge 
on the quality and volume of Input waters from the Nile can 
be proVided only from Sudan, and it IS likely that at least 
these basIC values are collected in Khartoum below the 
confluence of the White and Blue Nile 

Conclusions 
Future efforts to understand the productive baSIS of Lake 

Nasser should concentrate on estimates of pnmary producer 
biomass (as chlorophyll a) and productIOn, and their spatial 
and temporal vanatlon ThiS Will require knowledge of vana
t10n In the pnnClpal factors that dictate distnbutlOn of pri
mary producers, such as stratificatIOn (mducmg oxygen 
depletIOn), light penetration and habitat types Nutrient stud
Ies should be carefully planned to ensure that results can be 
related to bIOlogICal functions and therefore be mterpreted 
Measurement of populations of secondary producers (pnnCi
pally the mvertebrates) should also be earned out with the 
oblectlve of understanding the biomass of each major group 
on a lakewlde baSIS Values denved from these studIes Will 
then be used In modellmg to determme whole-lake processes, 
particularly the productIOn of Important commercial fish 
species 
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A. This is a difficult question to answer, as it is not 
always easy to link limnological factors to the actual 
practice of fishenes management. 

Q. Primary production is very important m generatmg 
material through carbon fixation, and therefore needs 
to be understood. However, increasing primary pro
ductivity may dnve material into a microbial loop 
What needs to be known to understand the conse
quences of increased primary productIOn in Lake 
Nasser? 

A. This phenomenon IS most common in disturbed 
systems and may be a consequence of overfishing. 
Estimating biomass in ecological models may help to 
determme if material is going into microbial loops, 
but we need to understand the carbon pathways. 

Q. Water management of Lake Nasser indicates major 
losses of water, the quantity of which depends on 
changes in lake leveL When the lake is this 

Nasser means that nutnents from this source will have 
been lost by now. Nutrient losses should by this time 
be balanced by the inflows. It is relatively simple to 
estimate a nutrient budget. especially in Lake Nasser, 
which has only one in-flowing river. 

Q. In many parts of the world, attempts have been made 
to increase fish productivity by adding nutrients or 
creating artiflctal upwelling. Is there a scope for this 
in Lak(; Nasser? 

A. Not really. The scale of Lake Nasser is too great for 
engineenng solutions like this. Anoxic water may cre
ate problems in the turbmes or downstream, and could 
also increase sedimentatIOn. 

Q. What is the effect of water level fluctuations on the 
pelagic fishery of Lake Nasser? 

A. Probably very h.ttle. 'It is the benthic system that is 
most likely to be affected by the fluctuatIons. 

APPENDIX 

Use of the National Oceanic and Atmospheric Adminis
tration (NOAA) satellite imagery to interpret suspended 
loads and thermal structure of Lake Nasser 

Lakes and reservOirs are dynamiC systems. and SignIficant 
changes can occur over a penod of a few days Satellites can 
be used to survey whole waterbodles over thiS time span 
NOAA satellttes can measure lake surface temperature, dls
tmgUlsh between water and land, and measure concentra
tions of suspended matter m the water column I The orbIt of 
the NOAA satellrte passes each POInt on the earth's surface 
tWice a day at approxImately the same time each day (gIVIng 
one day and one mght Images) DaytIme Images are used for 
measunng suspended matter In water, mght-ome Images are 
used for measuring lake surface temperature and water 
extent The resolutIOn of NOAA satellrtes IS approxImately 
1 km2, and therefore for Lake Nasser there WIll be approxI
mately 6 000 pixels (data pomts) makIng up the Image 

Most archIved raw ;-..rOAA Imagery IS downloadable from 
the World Wide Web at no cost The NOAA data archive site 
on the Web for the Lake Nasser region shows that from Au
gust 1997 to August 1998, there were 64 Images avaIlable, 

I Assuming cloud-free conditIons-not lIkely to be a malor problem 
In the regIOn of Lake Na~~er 
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spaced approximately evenly throughout the year (approxi
mately five images per month). Almost all are day images, 
however, which can be used for sediment measurements but 
not for thermal studies and water extent. For the penod Au
gust 1996 to August 1997, there was a greater number of 
images (total 236), and these are a mix of day and night. 

The NOAA website is being added to all the lime. It will 
certainly be operational in the foreseeable future (funded under 
NASA's Mission to Planet Earth-a 15-year program). There 
are also other alternative sources of NOAA data for the area 
This may be required since it appears that the number of 
images archived for the area can change from year to year. 
One possibility is to specifically request from NOAA that the 
1 km resolution data be captured routinely over the area and 
archived on the web (this may be a free service). Since 
the area of our interest (Lake Nasser) IS relatively small, it 
may be that some users requesting data from the same orbit 
(for example US Government sources) would have priority. 
Occasionally, therefore, the Lake Nasser data would not be 
archived. A further alternative to web-derived data is to have 
a local NOAA receiver with processing software. This guaran
tees regular "real-time" data, but is costly (approximately 
US$50 000). It may be an option if the system can be proven 
to be of value. Ground-truthing of NOAA Imagery for Lake 
Nasser is seen as an important next step before the purchase 
of a receiver is considered. An important advantage of a local 
receiver is that imagery arrives in real-time, and therefore 
allows immediate response with respect to management 
actions or directing sampling programs. 

The NOAA images of Lake Nasser shown here are of sur
face temperature (Fig 1) and suspended matter (Fig. 2). 
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The algorithms used to derive these values are not tested for 
Lake Nasser and are therefore not completely relIable Fig. 1 
shows temperature variation of the surface water, and these 
values seem close to the expected (Latif 1984) The Image 
was captured In April when the thermocline was begInnIng 
to form. Warmer water in the south compared to the north 
suggests that the thermocline develops earlier In the south of 
the lake. The narrower parts of the channel also show higher 
surface temperatures, suggesting earlier formatIOn of the ther
mocline in these relatively sheltered parts of the lake 

In Fig. 2 the estimate of suspended matter IS semi-quanti
tative and could only be further Improved by companng sat
ellite-derived data directly With in sttu measurements of 
suspended matter (or some proxy value of suspended matter 
such as Secchi depth). Fig. 2 does, however, clearly show the 
change in concentration of suspended matter between the 
source of sediment input in the south of the lake to the Aswan 
High Dam in the north where water clanty is much higher 

A project to assess the value of NOAA Imagery would be 
an ideal research topic for an Egyptian postgraduate student 
spending approximately 50% of his/her time In a center of 
excellence for remote sensing, and 50% In the field workIng 
with a regional Institution, collectIng in situ data. This would 
be a suitable MS. or a Ph.D For further Information on re
mote sensing of mland waters see Patterson, G ,M Wooster 
and C Sear. 1995. Real-time momtonng of Afncan lakes, 
reservoirs and wetlands using remote sensmg with speCIal 
reference to Lake MalawilNlassa NRI SpeCIal PublicatIOns 
(copies obtainable from the author). 



Fig. I. Satellite image of surface temperature variation on Lake Nasser. 

Fig. 2. Satellite image of suspended matter in Lake Nasser. 
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ABSTRACT 

Construction of the Fishery Management Center (FMC),Aswan, was completed under Japanese aid in 1981. 
Cooperative studies between the Japanese and Egyptian Governments on seed production and aquaculture 
continued until 1993. Techniques for artificial seed production of tilapia (Oreochromis niloticus) were devel
oped at FMC, and a large-scale hatchery was completed in f 998. Experiments on breeding and stocking the 
lake with silver carp (Hypophthalmichthys molitrix) fry were carried out. Fry production technology for benni 
(Barbus bynni) and Nile perch (Lates niloticus) have been investigated. Relevant legislative and management 
measures must be implemented for successful fish propagation. Investigations to determine the cause of 
species decline must be made before selecting suitable species for enhancement.The possibility of introducing 
new fish species into the openwater pelagic area is being considered. 

Introduction 
In May 1978, the author came to Aswan for the first time 

to formulate an integrated regional development plan for the 
Lake Nasser area in southern Egypt From the results of thIS 
research, the Egyptian Government judged that fishenes 
showed the most promIse. Fishing was already practiced in 
the lake and there was a high potential for production. The 
FMC, constructed under japanese grant aid, was completed 
III December 1981 Cooperation between the Center and ja
pan continued for 12 years until December 1993. Expert help 
was supplied by the Tokyo University Fisheries Department 

Main results obtained in seed production 
and aquaculture 

Mass production technology 
for tilapia (Oreochromis niloticus) 

The techmques of artificial seed production, which con
SISt of egg taking and fertilization from cultured and/or cap
tured wild fish, hatching out and rearing of fry up to release 
SIze, were developed at FMC. It has been possible to produce 
about 500 000-600000 fry (average body mass 2-7 g) per 300 
female broodfish which were kept in 400 m2 ponds A new 

large-scale hatchery was completed in 1998. judging from the 
tentative productIOn performance undertaken by FMC, it is 
considered that 5-6 million fry can be produced in the new 
hatchery per annum. 

Culture of silver carp, Hypophthalmichthys molitrix 
Since 1984, FMC has conducted induced spawning of SIl

ver carp by hormone (pitUItary) injection. FMC can produce 
one million eggs and 100000 fry each year. Experiments were 
earned out on the potential of stocking the lake with sIlver 
carp fry. FMC installed three net cages in separate areas of 
the lake, and fry of 28 g were stocked In one area, fish grew 
to about 2 kg in 15 months and production was 7.8 kg m-2 In 
the other two areas, they hardly grew and survIVal was low 
(See Shenoda and Naguib, this vol.) 

Artificial propagation technology 
for fish conservation 

Several fish speCIes in Lake Nasser and the RIver Nile 
have declined. Fry production technology has been investi
gated for benni (Barbus bynni) and Nile perch (Lates ni!ottcus). 
Induced spawning of Nile perch was attempted by hormone 
(HCG) injection. The female released some eggs, but these 
eggs did not fertilize. Benni were caught by bottom gill nets 
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from January to December 1987 in Lake Nasser. Two penods 
of maturity (based on gonad development, "GSI") were noted 
m March-June and September-October. Eggs from these fish 
were stripped and artificially fertilized and reared from July 
to December. They grew to 52 cm and 80% survIved. Growth 
decreased at 23.0°C and stopped at 160°C. At the end of 
December, all fish died when the temperature dropped to 
15.0°C. 

Techniques and measures for the successful 
propagation of fish resources 

When fisheries resources are decreasmg in natural 
waters, efforts should be made for recovery by using tech
niques such as propagation. Three areas of study are 
involved: 
• Legislation: restrictIOn and prohibition on catchmg speci

fied species, establishment of closed seasons and areas; 
restriction on the use of specified fishing gears; and meth
ods and sIze limits. 

• Management of the natural environment: the increase and 
improvement of spawning grounds; establIshment of con
servation areas; and removal of predators. 

• Stocking: release of large quantIties of eggs and fry into 
natural waters 

Selection of fish species for propagation 
Fish species that are suitable for propagation and that 

tend to decrease in the lake must be chosen. According to 
fishery statistIcs of 1966-1992, catches of Labeo spp. and Bagrus 
spp. have decreased remarkably Tilapia also decreased at 
certain fishing sites. In the choice of fish species for propaga
tion, it is necessary to determine whether the decrease is due 
to overfishing, change in environmental conditIons, or Inter
relationships among fish species. The followmg information 
are required' 
• Environmental information. water temperature, pH, trans

parency, dissolved oxygen, TDS, chlorophyll a, phyto- and 
zooplankton (species and number), and total nitrogen and 
phosphorus. 
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• Biological information' habItat and food preferences dur
ing ontogenetic development, 1Oterrelatlonshlps among spe
cies, age and sIze at maturation, preferred spawning grounds 
and spawmng seasons 

• Fishery 1Oformatlon monthly catch statistICs classIfIed by 
the fishing grounds and by species, fishing gears employed, 
fishing effort and landed fish surveys (dlstnbutton of fish 
length and age, GSI, etc.) 

A number of Important factors have to be consIdered be
fore releaSIng large numbers of artificial seed In partIcular, 
follow1Og the Rio de Janeiro Convention (992), care must be 
taken With the 1OtroductlOn of exotIC species whICh may have 
a detrimental effect on the ecosystem Stocked fish should 
normally be endemic. 

Benm is one of the Important species of Lake Nasser and 
common in the southern part Techmques for the artIficIal 
seed production of this species should be Improved, and large 
numbers of fry stocked In the lake. 

Labeo and Bagrns specIes may have decreased due to 
low oxygen in the bottom layers of the lake In summer and/ 
or overfishing by bottom gill nets 10 the southern part of the 
lake. These factors need to be 10vestlgated 

The Egyptian Government hopes to 1Otroduce new fish 
specIes into the openwater area of Lake Nasser, whICh makes 
up as much as 80% of the total lake area but only 6% of the 
total catch. 

Conclusions 
The fundamental task of FMC is to conduct research that 

will be useful in mamtaining the natural hv10g resources of 
Lake Nasser. Aquaculture should continue to release a large 
quantity of tilapia fry, and study the effect of release by tag
ging methods. Experiments on seed production of useful na
tive species should continue The selectIOn and introduction 
of fish species, which can utlhze the openwater area m Lake 
Nasser, should be undertaken to increase total Yield of the 
lake. 



DISCUSSION 
Q. What is the contribution of cage culture for fish such 

as silver carp? How do you control escapes from these 
cages? 

A. The cages can be placed in inshore rocky areas or in 
deep parts of the lake where there is no fishmg. The 
culture of these fish can increase the Income of fish
ers. Fish do escape from the cages, but they do not 
appear to reproduce m Lake Nasser. The fishers have 
caught a few escaped fish from the experiment in 
1990 

Q. What aquaculture systems should be used to aVOId 
water quality problems' 

A. Stlver carp cultured In cages are not given artifiCIal 
food and therefore there are no problems. In the net 
cage culture tnals, no pollution was found in the sur
rounding area. 

Q. Why not use tilapla for cage culture instead of stiver 
carp since the former IS preferred by EgyptIans? 

A. This may be done on a small scale, relying on the 
fish to feed on natural foods. However, on a large 
scale, artificial feeding would be required and thiS 
could lead to water quality problems. 
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ABSTRACT 

Enhancement of fish stocks through repeated stocking with material raised within aquaculture installations is 
one of the most widespread measures for management of inland fisheries today. Stocking programs have often 
been implemented without properly examining the causes for the decline in the fishery or the reasons for 
suboptimal production. This has resulted in failures of stocking programs in the past because factors, such as 
overfishing, poor fisheries management and degradation of the aquatic environment were not simultaneously 
addressed. Few stocking programs have been evaluated in terms of their returns, cost-benefits and associated 
environmental impacts. 

Introduction 
Enhancement of fish stocks through repeated stocking With 

matenal raised wlthm aquaculture installatIOns IS one of the 
most Widespread measures for management of Inland flsher
les today CWelcomrne and Bartley 1998) Stockmg of open 
waterbodles refers to a repeated release over a prolonged 
penod to supplement or sustain a population of a species 
that generally already eXIsts or that was Introduced before 
(Cowx 1998) In contrast, introductIons are usually carned 
out In a hrruted tIme frame With the aim to establish self
reprodUCing populatIons The alms of stocking programs are 
to supplement or sustain the recruitment of one or more 
aquatIc orgamsms and thus to raise the total productIOn or 
the productIon of selected elements of a fishery beyond a 
level whICh IS sustainable by natural processes (FAO 1997a) 
The definitIon of the term "stocking", and whether the out
puts of stockmg programs should belong to aquaculture or 
capture flshenes productIon StatiStICS, IS still a topIC of de
bate Because stock enhancement IS often not mcluded as a 
separate Item m productIon records, future prospects of stock
mg as a tool to Increase food secunty are difficult to predict 
InconSistent reporting makes global assessment of stock en
hancement complIcated, so formulation of a clear defmltlon 
of stockmg and gUldelmes for Its reporting need to be devel
oped both globally and nationally 

In the literature, stocking or stock enhancement IS also 
referred to as hatchery enhancement, culture-based flshenes, 
artifIcial stocking and extensive aquaculture. For the purpose 
of this paper the term "stocking" is used. 

Stocking should be considered if the natural reproduction 
rate of the target specIes IS not sufficient to sustain a certain 
level of production or biomass in a populatIOn. However, 
stocking programs have often been implemented without 
properly addreSSing the causes for the decline In the fishery 
or the reasons for suboptimal productIon. ThIS has resulted 
in fadures of stocking programs in the past because factors, 
such as overflshlng, poor fishenes management and degrada
tion of the aquatic enVIronment, were not sImultaneously 
addressed. It IS of utmost Importance that stockmg programs 
are undertaken concurrently with appropnate monitonng and 
management measures, e.g, restriction of fishmg effort, closed 
seasons, closed areas and protection of Vital habItat, to make 
them sustainable and more effective. 

Stocking is practiced for vanous reasons of which the most 
important ones are (Cowx 1994, Welcomme and Bartley 1998) 
• Compensation: to mitigate a disturbance to the environ

ment caused by human actiVIties. The quality of the altered 
or alternate habitat should be sufficient to ensure survival 
of the stocked fish. Native species should be stocked and 
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care should be taken to stock similar numbers of a genetic 
structure resembl10g the 'old' situation. 

• Enhancement: to maintain the fisheries productivity of a 
waterbody at the highest possible level or to re-establish 
fish populations in seasonal waterbodies. Avoidance of 
negative Impacts of the stocked species on the wild stocks 
must be ensured. The habitat must be able to sustam the 
extra production. 

• Maintenance: to compensate for recruitment overfishing 
It IS critical to avoid chang10g the gene pool, which may 
reduce the fitness of the native stock. 

• Conservation: to retain stocks of a species threatened With 
extinctIOn. It must be ensured that the quality of the environ
ment IS sufficient to ensure reasonable survival rates. The 
genetic diversity of the stocked fish should be as variable as 
possible because the population size is likely to be small. 

• Restoration: to restore fish stocks after a limiting factor has 
been removed or reduced (e g , water quality improvement, 
habitat restoration). 

Generally, stock1Og programs 10 develop1Og countnes 
focus on maxlfruz10g ftshenes production for human con
sumptlOn CWelcomme and Bartley 1998) An extensive Ittera
ture search m FAO's Aquattc SCiences and Flshenes Abstracts 
(ASFA) database on stockmg Itterature m the ASian, Afncan 
and Lattn-Amencan regions showed that 72% of the refer
ences, those that 10cluded a reason for the stockmg opera
tton, were for productton of food and 1Ocome CTable 1) 
Stock1Og for enhancement IS often the fIrst apparent reason 
m developmg countnes, but other reasons can be Important 
such as the release of masheers. Tor spp , m India for conser
vatton COgale 1994) However, stockmg for compensatIOn, 
conservatIOn and restoration IS generally more Important In 

developed countnes because It IS related to Improvmg the 
qualtty of ltfe 

Two different management approaches can be dist1O
guished in stocking programs First is the intention to support 
a fishery without benefltlOg an exclUSIve user group. This 
klOd of stocking program is generally orgaruzed by govern
ments and often has a political basis to subSIdize fishers' com
murutles and convlOce them that governments are looking 
after them. The need for critical evaluation of cost-benefit 
ratlos of such programs is generally not pressing and thIS is 
the main reason for the scant attention that has been paid to 
properly evaluate thiS type of stocking exercise. The second 
approach relates to release of organisms, which are subse
quently harvested by the releaslOg agency. Because costs of 
stocking are generally high, the responsible agency or 
management group will aIm to maximize the benefits and to 
increase the efficiency of the operation. Stocking operatIOns 
are generally more effectIve and sustamable when the 

134 Sustainable fish production In Lake Nasser 

Table I. Purposes of stocking in Asia, Africa and Latin America. 

Stocking purpose No. of references % 

Food and income 77 73 
Recreation 14 13 
Plant and animal control 7 7 
Conservation 5 5 
Compensation 2 2 
Restoration I 0 

Total 106 100 

resource users assume the responsibilIties and costs of man
agement (FAO 1997b). Unfortunately, it is often very difficult, 
usually impossible, to assign an exclusive user group to the 
resource because the maJonty of lOland fishenes lo the world 
have open-access. The establtshment of restricted access fish
eries may disadvantage people, often the poor, who rely most 
on the common property resources It IS therefore Important 
to identify the benefIciaries or target groups before deCldlOg 
whether a stocking program IS the best solutIOn to enhance 
the fishery. There may be better options, for example, modi
fications to the environment, such as the creatIon of dry sea
son reserves and slUice gate management, which have been 
used to enhance fish populations in flood control schemes lo 

Bangladesh (Hoggarth and Halls 1997). It IS therefore Impor
tant to explore not only stocking but also a whole range of 
possibilities to enhance a fishery. 

Global information on stocking 
In an extensive lIterature search of FAO's ASFA database 

for relevant information on various kinds of lOland fishery 
enhancements lo Afnca, ASia (1OcludlOg Middle East), Oceania 
and Latm Amenca (South and Central Amenca, excludmg North 
Amenca), 215 relevant artIcles on stocklOg were extracted, 
whIch is a modest amount of ltterature The global dlstnbu
tion of this mformation is shown in Fig 1. Most of the lOfor
mation comes from the ASia-PaCIfic region. ChlOa, India, Sri 
Lanka, Bangladesh, Australia, Papua New Guinea, Japan, 
ThaIland and IndoneSia Latm Amenca and Afnca contnb
uted 33% of the mformatlon base Stockmg IS Widely applted 
10 China. Stiver carp (Hypophthalmichthys molztnx) and big
head carp (Anstichthys nobllts) normally account for 60-80% 
of the fish used The reservOIr Yield increased from 180 (1957) 
to 650 kg.ha- I (1996) The contnbutlon of stocklOg to thiS 
lOcreased production IS however diffICult to estimate because 
it IS not separated from other statistICS Yields lo some reser
voirs 10 India increased xl0 as a result of extensive stockmg 
(Sugunan 1995). In Sri Lanka, the mtroductlOn of OreochromlS 
mossamblcus was successful lo terms of the establtshment of 
self-reproduclOg populations However, the repeated stock-
109 of carps 10 perennial reservOIrs did not have a positive 
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impact on fish production in these reservoirs (De Silva 1988). 
The stocking of smaller seasonal reservoirs did produce some 
good results (Amarasinghe 1998). In Thailand, stocking pro
grams have been carried out since 1950. Regular stockmg of 
5.6 million ha of waterbodies between 1978 and 1987 was 
performed. In large reservoirs, the recovery rate of carps has 
been estimated to be <1% (Pawaputanon 1991). In 1990 the 
need to stock With indigenous species was emphasized 
(Verapat 1995). The effects of these programs remain unclear. 

In Japan, Oncorhynchus tschawytscha was released in riv
ers for compensation stocking and Ctenopharyngodon idella 
was experimentally stocked for control of aquatic weeds. In 
Latin AmerIca, Argentina, Brazil, Chile, Cuba and Mexico have 
carned out stocking Though many waterbodies in thiS region 
have been stocked for years, a proper assessment of stockmg 
effectiveness has never been conducted (Quiros 1998) In Cuba, 
Introductions and supplemental stockmg of large and medium
sIzed reservoirs (>100 ha) with ChInese carps and with 
Oreochromls aureus has been practised since 1970 with con
SIderable success. However, natural reproduction of the Intro
duced speCies explains part of the success. In Brazil, where 
stockIng is a statutory reqUirement for the mitigation of dams, 
less success has been registered (Welcomme and Bartley 1998). 
In MeXIco, stocking of O. aureus and carps in reservoirs has 
led to a significant increase in production Quarez-PalaCios and 
Olmos-Tomassini 1991). In Africa, the countries appearing in 
the ASFA database are Ghana, Botswana, Zimbabwe, Zambia, 
Tanzania, Uganda, Nigeria and Egypt However, actual stock
Ing effort and experIence In this region are relatively limited 
and most references refer to planning Restocking of small 
waterbodles In ZImbabwe In response to a severe drought was 
successful, though thiS was only one occasion (no repeated 

stocking) (van der Mheen 1994). In Burkina Faso, annual stock
ing of some small seasonal waterbodies «50 ha) With 
Oreochromis niloticus and additional feed supply increased 
the Yield considerably (Ballot et al. 1994). 

FAO is assemblmg world hatchery production data on a 
regular basis. Fig. 2 shows the main countries reporting hatch
ery production for release into the Wild between 1984 and 
1995. The term "release into the wild" also Includes hatchery
supported introductions, e.g, tilapias. It can however be con
cluded that most countrIes practice hatchery production for 
stocking and introductions. 

Table 2 lists freshwater fishes reported to be stocked in 
ASia, Oceania, AfrIca and Latin America, as found from the 
ASFA searches The mam groups are carps (Chinese, Indian, 
common carp), tilapias and salmonids Local species Include 
Labeo dussumieri native to SrI Lanka and artIfICially stocked 
into seasonal tanks (De Silva 1988), and Maccullochella spp. 
native to AustralIa (Petr 1998). ArtifICial reproduction techniques 
have been developed for many other Australian native species 

The maIn 25 freshwater species and species groups re
ported to FAO for release into the Wild in ASia, Oceania, Africa 
and LatIn America, are presented In Table 3 ThiS list only In
cludes the hatchery production reported to FAO and may there
fore not give a complete ovefV1ew of the real global production. 

Stocking success 

Yield is related to stocking rate 
It has been shown for several waterbodies that stockIng 

increases Yield Linear relatIOnships were found for the 
Nansahe Reservoir in Chma (R2 = 0.70) for Chinese carps (Li 
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Table 2. Stocked species in Asia, Oceania, Africa and Latin America. 

Genus Species Main countries 

HypophthalmlChthys molitrlx Chma, Brazil, India, Israel 
Anstlchthys nobilis China, Sri Lanka 
Labeo rohlta Sri Lanka, India 
Oreochromls spp. Brazil, Cuba, MexIco, Tanzama 
Oncorhynchus myklss Australia, Papua New GUinea, Argentina 
Oreochrom/s aureus Israel 
Cyprmus carpio India, Brazil 
Ctenopharyngodon Idella India, Japan, Thailand 
Oreochromls mloticus Thailand 
Salmo trutta Australia 
Oncorhynchus masou masou Japan 
Tor putltora India 
Mugll cephalus Israel 
Cat/a cat/a India 
ClfrhlnUS mngala Sri Lanka, India 
Sarotherodon gailiaeus Israel 
ErlOchelf smensis China 
Cherax tenwmanus Chile 
MacrobrachlUm rosenberg" Brunei Darussalam 
Gambusla affims Austraha 
Colossoma macropomum Brazil 
BICfyanus bldyanus Austraha 
Labeo dussumlen Sri Lanka 
Tnchogaster pectoralis Papua New Guinea 
Tor spp. India 
Tor khudree India 
Tilaplas Israel 
Tllapla rendalll Papua New GUinea 
Maccullochella peelll pee/II Australia 
Labeo (imbnatus Sri Lanka 
PangaslUs sutchl Thailand 
Osph ranemus goramy Papua New Guinea 
Oncorhynchus spp. Argentina 
Macquana amblgua Austraha 
Maccullochella macquanensls Austraha 
Maccullochella Ikel Austraha 
Lza ramada Israel 
Perea tluvlatllis Argentma 
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and Wu 1995), for a series of lakes m Sf! Lanka (R2 = 070) 
and Mexico (R2 = 0 66) and for 172 waterbodles m tropICal 
Latin America (R2 = 0.61) (QUlr6s 1998) which were stocked 
with tilapia but have self-reproducing populatIons The pre
cise role of self-reproducing popUlations of mtroduced spe
cies in the above relatIOnshIps for Sri Lanka and Latm America 
however is not fully understood Curvilinear relatIOnships 
between stocking densities and yields are described by 
Amarasinghe (998) for Sri Lankan reservoirs stocked with 
carps. 

Yield per unit area is inversely related 
to the area of the stocked system 

The larger the waterbody, the more difficult it is to m
crease YIeld per unit of area through stockmg (LI and Wu 
1995; Amarasmghe 1998; QUlr6s 1998). Larger waterbodies 
are more difficult to manage and less easy to fish They are 
generally deeper and the littoral zone is relatively small. Com
petition and predation are difficult to control in larger water
bodies. 

Planning 
Important factors to consider m the plannmg of a stock

ing operation are presented in Fig. 3 The formulatIon of a 
stocking program should be based on well-defmed obJec
tives, a step often neglected or mIsinterpreted by managers 
and evaluators (Bartley 1996). In thiS context, It IS also Impor
tant to define who is going to benefit and who Will bear the 
costs. The objectives WIll be partly based on the knowledge 
of the system, the status of the stock and waterbody, and on 
how conservation, biodiversIty and food secunty are perceived 
If the actual fisheries yield IS lower than the predICted poten-



Table 3. Main species produced in hatcheries for release into the wild in Asia, Oceania,Africa and Latin America. 

Species name Summed production 
1984-1995 (No x 108) 

Main countries 

Cyprtnus carpio 
Oreochromls aureus 
Mugd cephalusluza ramada 
Oreochrom/s spp. (mainly hybrids) 
Tllapla spp. 
Hypophthalm/Chthys mohtnx 
Ctenophoryngodon Idella 
Rut/Ius frtsil kutum 
O. myklsslO. masoulO. rhodorusl 
o klsutchlSalvelmus pluv/Us 
Lates calcartfer 

2 161 
951 
498 
447 
403 
373 
358 
315 
296 

Oreochromls mlotlcus 
Oncorhynchus myklss 
Macrobrachlum rosenbergll 
Lobeo roh,ta 

Anst/chthys noMs 
Oreochromls mlotlcus x Oreochromls aurea (hybrids) 
Oncorhynchus keta 
Oreochrom/s spp. 
Cyprmus carplOle. specularts 
H. mohtrtxlArtstichthys noMsl 

Ctenopharyngolon Idella 
H mohtrtxle. IdellalA. nobd/s/L roMal 

C. cadale. mrtgala 
Oreochromls mossamblcus 
Labeo rohltalCada cadale. mrtgala 
Puntlus Javamcus 
Punt/us gomonotus 

tial Yield, the reasons need to be mvestigated. Based on the 
outcome, efforts should be made to remove the constramts, 
whlCh may be related to fisheries management and/or the 
environment In conjunction with these measures, a stocking 
strategy can be developed which may reqUIre additional ad
Justments m flshenes regulations and/or habitat modlflCatlons. 
(Bartley 1996). 

Development of a stocking strategy 

Stocking density 
Vanous models are in use to calculate mitlal stockmg den

sities They are all based on assumptions about the potential 
production or carrymg capacity of a waterbody. This poten
tial can, for example, be estimated through relations between 
yield and the size of waterbodies, the morphoedaphlC mdex, 
MEl (Ryder 1965; Ryder and Henderson 1975), biomass of 
food orgamsms and primary productivity (Li and Wu 1995) 
and empirical relations between water quality parameters and 
Yield (Amarasinghe 1998). After havmg obtained an estimate 
of the potential yield, stocking densIties can be calculated in 

several ways. 

282 
280 
243 
207 
187 

138 
138 
122 
113 
III 
98 

90 

77 
64 
60 
59 

Cuba, Iran, MalaYSia, Egypt, Brazil (+50) 
Cuba, Nicaragua, Cote d'ivolre, Dommlcan Republic 
Egypt 
Taiwan ROC 
Egypt, SYria, Malaysia, Ghana 
Iran, Cuba, Egypt,lsrael 
Egypt,lran,Talwan ROC, Cuba 
Iran 
Japan 

Smgapore,Australia, Malaysia, French PolyneSia 
Saudi Arabla,lndonesla, Brazil, Colombia (+35) 
Colombla,Australia, Republic of Korea,Argentina 
French PolyneSia, Fill, Mauritiuis, Martinique (+22) 
Myanmar, Pakistan, Malaysia, Sri lanka, 

(India, Bangladesh) 
Cuba, Iran, MalaYSia, Egypt 
Israel 
Republic of Korea, Chile 
Mexico, Israel, Bahamas, Guatemala 
Republic of Korea 
Nepal 

Nepal 

Japan, MalaYSia, Dominican Republic, Indonesia 
Nepal 
Indonesia 
Malaysia, FIJi 

Based on the inverted standard mortality formula derived 
by Welcomme (1976): 

S = (qp/W) exp (-z(tc-1o)) 

where S IS the number to be stocked, p the natural annual 
potential Yield of the water body (MEl or alternative estima
tor), q the proportion of the Yield denved from the speCIes m 
question, W the mean mass at capture, z the total mortaltty, 

tc = age at capture, 10 = age at stockmg 

The above formula was modified by Amarasinghe (998) 
for perennial reservoirs in Sri Lanka' 

S = (1000 p/O.5 MW) exp (M (tc-to)) 

where S is the number to be stocked (no. ha-1), p the poten
tial yield mcrease of stocked species (kg ha-1), W the mean 
mass at capture (g), M the natural mortahty, tc = age at cap
ture, to = age at stockmg 

BORN/Stock enhancement 137 



Li and Wu (1995) used the follow1Og formula for Chinese 
reservoirs: 

d=F/WS 

where: d is the number to be stocked (no. ha-I year-I), 
F = annual fish yield (kg ha-1) estimated from blOmass of 
food organisms, W the mean mass at capture (kg), S = return 
rate (%). 

Lorenzen (995) used mathematical modelling to evalu
ate a culture-based fishery for carps. The dynamics of stock-
109 were related to stocking density, stocking size, fishing 
effort, competition, predation and the carrying capacity of 
the system. Information is also required on growth, natural 
mortality, density-dependent factors, fishing mortality, effort 
and gear selectivity. This is often difficult to obtain. 

After calculation of the initial stocking rate, the density 
can be adjusted according to growth rates and size at harvest. 
This kind of adjustment is practiced in China. Basically, fast 
growth of a stocked species 10dicates an abundance of food 
and the stocking density can thus be increased. Depending 
on the desired size at harvest, an optimal stocking rate is 
derived after several years of experience. It has been shown 
in the Dongfeng Reservoir, China, that these empirical stock
ing rates indeed maximized the yield after evaluation of the 
stocking densities with a modified cohort analysis technique 
(Lorenzen et al. 1997). 

Size of the stocked fish 
The size at stocking is determined by the survival rate 

(the larger the fingerling, the lower the mortahty rate) and the 
production costs (the larger the fingerling, the higher the costs). 
The optimal stocking size is often determined empirically. A 
priori knowledge on the biology of the native fish fauna may 
help to determine a minimum stocking size. In Chinese reser
voirs, 90% of the bighead and silver carp fingerlings <13 cm 
were preyed on by an endemic piscivorous fish, whereas 
those exceeding 13 cm were rarely attacked by predators (Li 
and Wu 1995). 

Time of release 
According to Cowx (994), fish should be stocked when 

flow rates and water temperatures are generally low to mini
mize displacement and stress. Fish should be released when 
food is available (Cowx 1994; Sugunan 1995) but not during 
the spawning season, as the stocked species may interfere 
with natural reproduction processes (Cowx 1994). Such "out 
of phase" releases may offer an excellent opportunity to dis
tinguish cohorts of released and naturally produced offspring 
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thereby improving the evaluatlOn of stocking (Davenport and 
Ekaratne 1997). 

Site and mechanism of release 
Fish can be released. (a) at one site (spot planting), (b) at 

several sites (scatter plant1Og), or (c) 1Oto the same reglOn 
over a period of time (trickle plant1Og) (Cowx 1994). Spot 
planting can lead to competition among stocked fish or with 
indigenous fish. Though this way of stock1Og is probably less 
effective than scatter or trickle plant1Og, It IS generally easier 
and less expensive. Trickle planting in particular reqUIres extra 
labor and costs, and fish have to be available for a longer 
period. 

Environmental assessment 
Several international organizations stress the Importance 

of a precautionary approach to resource management to aVOid 
irreversible or slowly reversible changes (withm two to three 
decades), and that priority should be given to conserve the 
productive capacity of the resource in cases where the hkely 
impact of resource use is uncertam (FAO 1996). These as
pects should be addressed dunng the formulatIOn of any stock
ing program. More specifically these melude: assessment of 
risks to the environment, native fish stocks, genetic composI
tion of the resident and stocked fish; and assessments related 
to transfer of diseases. An overview of possible impacts and 
the associated measures for prevention, mItigation and reha
bilitation is presented in Table 4 

Collection of information on the biology and ecology of 
the concerned species is an important first step. Because fish 
for stocking are mainly produced through induced spawnmg 
in aquaculture operations (Welcomme and Bartley 1998), the 
genetic characteristIcs of the hatchery fIsh are Important for 
the assessment of the risks mvolved. The genetIC charactens
tics can have an indirect effect on the mdlgenous species 
through predation, competition and new diseases Directly, 
they can initiate changes 10 gene flow (hybndlzatlOn and 10-

trogression) (Carvalho and Cross 1998) A fIrst step should 
assess the genetic resources Protem and isozyme analysis 
provides a quick and relativly inexpensive means to examme 
genetic variability. DNA analYSIS IS also becommg available 
(Bartley 1996). The use of a large base of healthy, nonrelated, 
brood stock to maximize genetic vanablhty and prevent the 
stock from inbreeding is espeCially Important If a repeated 
release over a prolonged penod IS practiced AlternatIvely. 
seed could be raised from natural resources In the hatchery, 
though this may be detrimental to natural populations and 
therefore not sustainable (Bartley 1996). 
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Table 4. Effects of stocking: environmental impacts, prevention, mitigation and rehabilitation measures. 

Environmental impacts 

Genetic changes 
• Direct effects through hybridization and mtrogression: disruption 

of adaptive gene complexes of native species; reduction m 
fitness; reduction of the genetic variability 

• Indirect effects through altered selection regimes and reductions 
in population size; reduction of the genetic adaptability; reduced 
fitness 

Overstocking 
• Reduced growth rate 
• Increased mortality rates 
• Inhibition of natural production 

Predation 
• Direct impact: direct consumption of adults, fry or eggs 

of other species 
• Indirect impact: changes in distributional patterns and 

behavioral effects 

Competition 
Competition for food or space which may lead to: 
• oppression or extinction of populations 
• niche shifts 

Diseases 
• Transmission with the transfer of stocks 

Reduction in natural population of source: 
• through extracting large numbers of young fish from lakes, 

rivers and marine coastal areas for stocking 

Environmental impacts associated with aquaculture production: 
• when using seed from aquaculture for stockmg 

Cost-benefit analysis 

Prevention (P)/mitlgation (M)/rehabilitatlon (R) measures 

• Limit possible effects of selection wlthm the hatchery (adaptation to domestication) 
by aVOiding stocked fish reared In captivity for more than one generation (P) 

• Minimize genetic Impact on wild stocks by stocking fish from breedmg programs that 
deliberately generate genetic diversity (P) 

• Use of sterile or nonbreeding organisms to reduce the chance of mterbreedlng with 
natural fish stocks (P) 

• Develop stocks specifically adapted to the local environment (P) 
• Use of stock from a waterbody with a similar environment (P) 
• Use sufficient fish for brood stock to avoid reducing the genetic variability (P) 
• Obtain stock from a number of sources to maximize the range of genetic material (P) 
• BUild-up of stock by hatchery production based entirely on local stock (If available) 

and return brood stock to home system (P) 
• Redistribution of adults from elsewhere In the catchment (R) 

• Population control of stocked species (R) 
• PrOVide extra resources (M) 
• Avoid stockmg dUring natural spawning period (P) 

• PrOVide shelter for prey (P) 

• Release by scatter or trickle plantmg Instead of spot planting (P) 

• Health certification from exporter (P) 
• Use of hatcheries and quarantme stations (P) 
• Disease diagnostics (P) 

• Regular monitoring of denSities; develop quota when necessary (P) 

• EnVironmentally sound management of aquaculture production system (P) 

Monitoring and evaluation 
The main costs involved in stocking programs are for the 

stocking material (40-70% of total costs) and for harvesting. 
The costs of seed production include capital for the hatchery 
and equipment, feed, brood stock (capture or housing and 
maintenance), transportation and labor Harvestmg costs in
volve salaries and fishing gears The benefits can be vanous. 
The price of the fish determines the total output value and this 
is the most apparent benefit. However, other benefits, such as 
keeping fishers employed, and supportmg indIgenous com
munities and tourism may be strong incentives for govern
ments. It is difficult to put a value on these social benefIts, but 
ideally they should be included in the cost-benefit analysis. 

One of the main problems of a stockmg program evalua
tion IS the difficulty in dIstingUlshmg the hatchery fIsh from 
the wild population. Taggmg of hatchery fish IS one of the 
options available, but It is often expensive and Involves han
dling of large numbers of fish with its aSSOCIated problems 
Mass markmg techniques are available. Allozyme and DNA 
markers provide a means for evaluatIon mcluding the POSSI
bIlIty to assess hybridIZatIon and introgression (Bartley 1996) 

In culture-based fishenes that are completely based on 
the stocking of artifIcially produced fingerlings, the evalua
tIOn is mainly based on recaptures (numbers or mass) at har
vest. Recaptured numbers of carps m 15 small seasonal 
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reservoirs (2-9 ha) m Sri Lanka varied between 12 and 64% 
(Amarasmghe 1998). Recovery of stocked Labeo rohita in two 
medium-sized reservOlrs in Sri Lanka (690 and 3 362 ha) was 
around 23% (De Silva 1988). Recovery rates of 20% and above 
can be considered as excellent, although lower recovery rates 
can still be profitable 

Stock enhancement in Lake Nasser 
Stockmg of Nile tdapla (0 nt!otreus) has been carned out 

on a regular basIs by the Fishery Management Center (FMC) 
at Aswan smce 1988 Tilapia fry are aruflC1ally reproduced m 
a hatchery and reared m earthen ponds, close to the Aswan 
High Dam Fmgerhngs With a body mass of 2 5-7 4 g (Agaypl 
1995) were released m two khors of the lake. EI-Ramla and 
Kalabsha (see El Shahat, thiS vol, p 4) CAgaypl 1996) De
tails of this stockmg effort and total catch of the area are 
given m Table 5 

After the start of the stocking program, catches in Kalabsha 
mcreased gradually to a maximum in 1991. However, catches 
declmed m the following years, reflected in both catch esti
mates. A comparable trend was observed in EI-Ramla. De
spite the higher numbers released in Kalabsha in 1993 and 
1994, the total catch did not show any response to the stock
ing effort and declined in thiS period, although catch per umt 
effort (CPUE) data suggest an increase between 1988 and 
1990 (Table 6). The CPUE data were collected in August and 
December and may therefore not be representative for the 
whole year. Increased spawnmg success of the wild tilapla 
population due to increasing water levels in the lake is a 
possible explanation for this initial increase as suggested by 
Agaypi (995) The declining catches after 1991 could be a 
result of vanous factors, such as reduction of flshmg effort, 
overflshmg, the use of small mesh sizes, no care for fry re
leased, and substantial unofficial (unreported) fish landings 
(Agaypi 1996). In EI-Ramla, catches increased in the absence 
of any stocking effort and later even declined after tilaplas 
had been released. This suggests that factors other than stock
mg were responsible for the fish population dynamiCs. On 
the baSIS of these figures it is doubtful whether the stocking 
program had any positive effect on the catches. 

A more precise evaluation of the stocking program should 
be carned out It is important to start monitoring fishing effort 
and CPUE, assess the portion of the catch that IS not officially 
reported (poached), and determine the contribution of the 
stocking program relative to natural recruitment for the tila
pia population. This should be done by tagging experiments. 
The experiments should indicate whether the tilapia migrate 
outside their release area. 

As mentioned in the general overview, stocking programs 
have often been implemented without properly addressmg 

Table 5. Stocking effort and catch of Nile tilapia in Lake Nasser 
(after Agaypi 1995, 1996). 

EI-Ramla Kalabsha 

Year Numbers Annual Numbers Size Annual 
stocked catch (t) stocked (g) catch (t) 

1988 895 522000 704 663 
1989 I 189 425000 404 652 
1990 1825 557000 2.0 949 
1991 164000 2016 417000 SA 2741 
1992 928000 1429 556000 2.5 I 963 
1993 I 035000 I 197 977 000 3.2 1078 
1994 I 175000 1871 1070000 

Table 6. Annual average CPUE in the Kalabsha area based on data 
for fishing grounds No. 11-18 in August and December, 1988-1990. 
From Mohamed (1993). 

CPUE 1988 CPUE 1989 CPUE 1990 

FiShin~ Aug Dec Aug Dec Aug Dec 
groun 

" 0.83 0.75 1.06 1.50 1.60 2.28 
12 0.91 0.92 1.20 1.16 0.90 0.70 
13 0.82 0.59 0.92 1.14 1.13 1041 
14 0.76 0.77 0.86 1.10 2.09 1.64 
IS 0.65 0.54 1.07 0.72 1.15 0.57 
16 0.51 0.51 0.96 0.86 0.96 0.21 
17 0.72 0.83 0.98 1.31 0.86 025 
18 0.81 0.77 0.90 0.96 1.15 1.03 

Average 0.73 1.04 1.12 
Standard deviation 0.13 0.19 0.58 

the causes for the decline in the fishery. Evaluation of the 
stockmg program in Lake Nasser would therefore not only 
open the way for improvement of current practices there, but 
the results would be useful for other parts of the world 

Attention should be paid to possible environmental Im
pacts. Reduction of genetic variability and loss of adaptive 
gene complexes in the natural O. niloticus population may 
result from mixing with the released hatchery fish. Studies to 
characterize the genetic features of the natural and stocked 
populations are relatively sophisticated and expensive. How
ever, preventive measures could be taken to minimize any 
possible impacts on the wild populations such as the use of a 
large base of healthy, nonrelated, brood stock in the hatchery 
to maximize genetIC vanablhty and prevent the stock from 
inbreeding. Other ecologICal impacts such as compebtlOn may 
also be important in Lake Nasser, especially during times of 
low water levels. 

BeSides regular stocking of O. ni!otrcus, studies were con
ducted on the induced breeding and rearing of fry of Barbus 
bynni, Labeo ni!oticus and L. coubie, native to the Nile eco
system and Lake Nasser (El Shaheed 1993; 1996) and for 
Silver carp (Shenoda and Naguib 1993) The arbficlal repro-
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duction of B bynni and Labeo spp is interesting from the 
viewpoint of restoration of these populations that have de
clined 10 the past decade. Silver carp has been used in cage 
culture trials but has not been released to the open water. 
There is concern that introduced silver carp may establish 
Itself in Lake Nasser. In fact there is some indication that sil
ver carp may be able to breed in the wild in southern Africa 
(Imp acto 1997) 

Conclusions 
Stocking is one of the most widespread practices 10 in

land fisheries management, but unfortUnately it has often been 
practised without adequate planmng, monitoring or evalua
tion. Because of concerns about the negative effects that stock-
10g can have on the environment and the native fish 
populations, careful planning of these programs is very im
portant The impact of regular stocking of Nile tilapia into 
Lake Nasser on the catches of this species and on the lake's 
environment and ecosystem is not well understood. The avail
able data do not permit any deciSIVe conclusIOns in this re
spect, and it is therefore suggested that the stock1Og program 
be evaluated. The results of such an evaluatIOn may be 10-
strumental in Improving the efficiency and effectiveness of 
the program. 
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DISCUSSION 
Q. What i& meant by "nat~ral stdl::ktng»? . 
A. In Lake Nass€r,:1t is, notknO'wtl.' whi'Ch part .of the 

catch originates from tht5 n'lltc:hery a,nd which from 
the lake. R~leased t~~ can add to' tl'ie'i,ecroitment but 
these fish sh'Ould ,he bred' efQtI!~rQod stock taken 
from the lake. The,{,opula(ion int~J;l:at@keryshould 
be as large as possible 'to, pre\\erit' inbreeding, Tila
pias have eVOlved to redoc.e recru:itment variatI.on. 
Large numbers of hatdle& pr'Oduced 'try will over
whelm the genetic variance' of the, nalural popula
ti'On. There is no evidence a'n}!:whereof lack: of 
recruitment in cilaplas' under ftormal,c.onditiofl:&. In 
other lakes, tiIapias have a-€laptt:d to the ~6nditionil 'Of 
the lake. This genetic change should be allowedt'O 
take place. There ~lri,:~'sevet,il potential genetk disad.
vantages of stOcking which shov1d be assessed, There 
is more P'Otential danger from inbreeding 10 hatcher
ies than from the hybddizati'On, 

Q. 'Does st'Ocking io take N'3;sser r'~a:Uy affect' yield? 'the 
natural tl1apla 'populati'dtFwiU produCec apptoximately 
25 0'00 miilFon eggs, WiU t~t:'fi'Vfrmj:1H!;l:dfry frQm the 
hatchery have any acided effect on d:riSf, We need to 
determine if the cCUJ,1rent program' ..I1as any practical 
value. This would inv'Olve a 'Cost'-beJJl.'ef,ftan'aiys!s; There 
does not appeaq<> be an app¥enr:F~cruftmentprop. 
lern from 'Observing tlie catches ia~de~r at the port 

A. There is a small possibility that stocking clan be nega
tive or pOsitive, and a rnuch,gr®are.p0h1l.1'!.ct1: that it has 
no effect at all: Theue sllH)!,fMhe'l'flct€!ased monitor
ing 'Of the fish th~t are st~ef4eiririt6 r~.e; laRe, Released 
rry shO'uld be t1gged or h<l~e ~ genetic marker. Hatch
ery stacks can be fe~ wi:l1hi.oaO is'Otope , This is iJJl.c'Or
P.orat~d in the,ovades and. can be detected using <I 

test costing about US$5 per fish; ;Anollh,er techrtl.gue is 
to use micrQl-'ta~, whien <:an,be'detected"easl1yat the 
processing plant ,In an ~xpe'r~met:lt<:an:!eduUt by FMC, 
1~~ljtQ offry were taggecr, N'6ne have oeen'recovered. 
Fishels do not want to retl,lrn tagged .fish, An educa~ 
tl9n prggram is neecied to Il;I1pr'O'Ve results. A nigher 
priee£.aF~gged fi$ir'~I'Be" tVa1'~6;'re~overthe 
\1Lgg¢tfis,h,' , 

, It 
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Q. What evidence is there that the changing water levels 
in the lake actually reduce fry production in the lake? 

A. The marked tilapl<1.S from the hatchery should be re
leased during the time of maximum spawning. Water 
level changes have a pronounced effect on aquatic 
weeds and thus influence the production area. 

Q. If there was overfishing, could stocking be an an
swer? 

A. Stock enhancement is not always able to mitigate over
fishing. It is actually a subSidy to fishers. 
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Q. What other measures can be taken to help natural 
propagatlon? 

A. FMC has applied dosed seasons and dosed areas to 
help natural reproduction. There are problems with 
enforcement of these. Mesh size is designated but it 
is not enforced. When Karipsa Bay became overftshed, 
It was restocked for seven years. Production Increased 
but the impact of stocking was not dear because of 
other factors. 
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ABSTRACT 
The introduction of alien fish species is an important tool in fishery management that has increased fish yields 
in many places.They impose an ecological cost, however, and this paper reviews two successful introductions 
in Africa with strikingly different ecological consequences. The introduction of Lates niloticus caused major 
changes in Lake Victoria, which included the virtual extinction of most of its endemic cichlid species. In 
contrast, Umnothrissa miodon had little impact in Lake Kariba apart from changes to the zooplankton commu
nity.These cases emphasize that the riverine fish fauna in human-made lakes is much less vulnerable to change 
than the lacustrine cichlids of the African Great Lakes. The fish populations in Lake Nasser would not, there
fore, be adversely affected by the introduction of a planktivorous fish species, since there is clearly a vacant 
niche for such a species. Some possibilities are discussed, with c1upeids being preferred, and it is suggested 
that they could increase the fish yield of the lake by at least 30 000 t year l at relatively little cost. 

Introduction 
Most human societies rely on alien animal and plant spe

Cies for the bulk of their food supplies. It is difficult for people 
living in the Old World today to visualize life without maize, 
potatoes or tomatoes, what the Americas would be like with
out wheat and cattle, or for people in Egypt to imagine a time 
when there were no date palms in the country. Humankind 
has used these alien species to transform the ecology of huge 
areas, e.g., natural forests have been replaced by plantations, 
grasslands by monocultures of cereal crops and herds of an
telope by cattle. Given these tendencies, it is surprising that 
most fisheries differ from terrestrial production systems by 
still depending on the natural populations of fish that occur 
in the oceans, lakes and rivers of the world. 

This situation may change of course, especially in inland 
waters where numerous fish introductions have taken place 
during the last century, involving something like 291 species 
in 148 countries (Welcomme 1988). 

These introductions have been responsible for a number 
of problems, including predation, competition and hybridiza
tion with native species, the introduction of new parasites or 
diseases, crowding, stunting and degradation of water quality 

(Pitcher 1995). Nevertheless, introduced fish species have been 
responsible for major IOcr eases in productivity in many areas, 
and there may be compellmg reasons for further introduc
tions, especially where there is a pressmg need for Increasing 
protein supplies, as there is in many developing countries. 
Fish introductions are an especially important management 
tool 10 large artificial reservoirs that are relatively Immature, 
with rapidly changing systems Their fish populatIOns consist 
of nverine species, many of which are unable to adapt to the 
new ecological Olches that become available followmg the 
creation of an artificial lake. 

A successful fish introduction will, of course, bnng about 
irreversible ecological changes. In some cases, these changes 
are relatively slight and affect only some components of the 
ecosystem, but in others they are widespread with major Im
pacts on all communities It is therefore cntically Important 
that the probable extent of these changes (the "cost") IS un
derstood and balanced against the outcome (the "benefit") 
before any introduction is considered. What constitutes an 
acceptable costlbenefit ratio will obViously vary according to 
different viewpoints e g., something acceptable to national 
governments as a foreign currency earner may adversely 
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affect smaller fishers, while increased fish production may 
come at a high cost in terms of biodiversity or ecologlCal 
change. 

Lake Nasser is one of the world's great artifiClallakes and 
a major source of fish but, because it IS human-made, It seems 
to have vacant ecological niches that could be exploited by 
introduced fish species There seem to be good reasons to 
mtroduce suitable fish species mto the lake but, because of 
its crucial Importance to all aspects of 11fe in Egypt, thiS is a 
decisIOn that will not be taken lightly This paper examines 
the impacts of two important fish introductions elsewhere in 
Africa and their relevance to the situation in Lake Nasser. 

Lake Victoria 
The ecology of Lake VlCtoria, the largest lake in Africa, 

has changed dramatically for various reasons, not the least of 
which is the mtroduction of alien fish species. It was until 
recently a typical cichhd lake, like TanganYika and Malawi, 
with more than 300 haplochromme speCies, of which 99% 
were endemic. These species accounted for 85% of the dem
ersal ichthyomass in the lake, and explOited almost every 
available food source, as each had Its own unique combina
tIOn of food and habitat preferences (Greenwood 1974; 
Goldschmidt et al. 1990; Witte and van Oljen 1990) The 
haplochromines were of only local importance 10 the fishery, 
however, and made up < 25% of the total catch. The most 
abundant and valuable species were Oreochromis esculentus, 
O. variabilis, Bagrus docmac and Labeo victorianus, which 
together made up 62 7% of total catch CTable 1) 

These fish were already under severe pressure and the 
catches of L. victonanus fell from 10.5% of the catch in 1958 
to only 10% in 1970. Overfishing for this species also af
fected 13 other anadromous species living in the lake (White
head 1959). The catches of O. esculentus had already fallen 
precipitously by 1958, and four exotic tllapiine species were 
introduced in the early 1950s (Kudhongania and Chitamwebwa 
1995). Competition and hybridizatIOn between them served 
to deplete the mdigenous species even further and only one 
species, Oreochromis niloticus, is now abundant 10 the lake 

The Nile perch, Lates niloticus, was introduced in the 1960s 
but only started to appear in the catches during the 1970s. 
The impact of Nile perch was dramatic and led to the almost 
complete destruction of the haplochromine stocks in the lake 
(Table 2). Other species declmed as well, although, at least in 
some cases, factors other than predation by N!le perch may 
have contributed to their decline. The food web of Lake 
Victoria has been greatly simplified by the loss of the 
haplochromines. Before the Nile perch introduction, the ma
jor food chains, starting with phytoplankton and bottom de
posits were: (a) through haplochrommes to piscivorous 

146 Sustamable fish production in Lake Nasser 

Table I.The composition ofthe fish catch (% by mass) from Lake 
Victoria in 1958. 

T~on % 

Oreochromls esculentus 23 2 
Bagrus docmac 21 0 
Haplochrommes 18.0 
Labeo vlctOrJanus 10.5 
Oreochromls varJaMs 8.0 
Protopterus aethloplCus 6.0 
C1anas garJepmus 3.5 
Synodonus sp. 2.9 
Schdbe intermedIUS 2.7 
Mormyrids 2.3 
Barbus sp. I .1 
A/estes sp. 0.6 
Other species 0.2 
Total 100.0 

From Kudhongama and Chltamwebwa (1995), With some names changed to 
reflect current ~onomlc views 

Table 2. The abundance of important fish species (kg ha") in bottom 
trawl catches from Lake Victoria before and after the introduction 
of Nile perch. 

Haplochromls spp. 
Oreochromls mlotlcus 
Lates mloucus 
Other species 

From Ochumba (1995). 

1969-1970 

35.80 
0.01 
000 

20.96 

1989-1990 

0.54 
0.83 

3270 
0.42 

haplochromines and catfishes, (b) through zooplankton and 
insect larvae to zooplanktlvorous species (mostly haplo
chromines) and PlSClvores, (c) through msect larvae to van
ous zoophagous fishes (haplochrommes, mormynds, Barbus, 
A/estes, Synodontis) and then to Plsclvores, Cd) through mol
luscs to various mollusClvores (Protopterus, haplochromines, 
Barbus a/tianalis); and (e) ut!lized directly by vanous t!lapllnes 
(principally O. esculentus) , some of which were taken by 
piscivores. The food web now has Nile perch as the sole 
predatory species, mcluding cannlbahsm with large N!le perch 
feeding extensively on smaller ones Phytoplankton and bot
tom deposits are processed. (a) by the prevIOusly scarce 
shnmp, Caradina mlotica (now very abundant), which is 
preyed upon by large and small Nile perch; (b) by zooplank
ton, which are utilized by the cyprinid Rastnneobola argentea 
(now very abundant), which IS preyed upon by large and 
small Nile perch, (c) by insect larvae, whlCh are eaten by 
small Nile perch; and (d) directly by the sole abundant tllapllne, 
o mloticus, presumably taken by Nile perch from time to 
time. 

The ecology of the lake changed at the same tlme, with 
the appearance of conditions usually assoCIated with eutrophl-



catIOn. A persistent, de-oxygenated layer has developed 
In deep water, and movements of this layer have led to 
massive fish kills In some areas COchumba 1990). Blooms of 
blue-green algae and the extensive IOvaslOn of water 
hyacinth, Eichhornta crassipes, are further indications that 
nutnent cycllOg 10 the lake has changed and that it has 
become more eutrophic COchumba and Kibaara 1989; 
Ochumba 1995). How far Nile perch has contributed to this 
situation is stili debated. One view takes the "top-down" ap
proach, suggesting that Nile perch altered the food web by Its 
destruction of the haplochromines that fed on zooplankton, 
benthIC IOsects and detrItus ThiS prevented recycling from 
the benthos to the water column (Witte et al 1992) and the 
accumulatIOn of organiC matter in the bottom waters led to 
their deoxygenation. The other view takes the "bottom-up" 
hypothesIs, which is that nutnent Inputs have mcreased, lead
ing to algal blooms and a cycle of deoxygenation that is char
acteristic of eutrophic systems COchumba 1990). There is 
eVidence that the lake was becommg eutrophic in the early 
1960s, pnor to the mtroduction of Nile perch CHecky 1993), 
and so these problems may have developed Without it What
ever the case, it is diffICult to argue that the drastic change m 
the fish community brought about by the Nile perch had no 
effect on nutnent cycling, and the Nile perch probably accel
erated the rate at which eutrophICation took place 

ThiS account has so far dealt With the costs of the Nile 
perch introduction which mclude, clearly, the destructIOn of 
the endemIC Clchlid community and, more eqUivocally, the 
ecologICal changes that occurred afterwards The benefits 
of the introduction were ObVIOUS, a major mcrease in fish
ery productivity from about 100 000 t year'] m 1970 to about 
500000 t year'] in 1990 (Table 3) The fishery now produces 
mostly L ntlotlCus, 0 ntlottcus and R argentea that are all 
preferred by local commUnities around the lake, and there
fore more valuable, while the haplochrommes were Widely 
disliked The Increase in fishery production has also had a 
major economIC Impact on the countnes around the lake, 
smce the gain in productiVity brought about by Nile perch 
was estimated to be around US$280 million m 1975-1989 
(Reynolds et al. 1995) The most Immediate consequence was 
an mcrease m earnings and employment m the fishing mdustry 
(Table 4), but the growth of the mdustry has had a Wide re
glonallmpact by mcreasing the availability of fish over a lar8er 
area, mcreasing export earmngs, and stimulating improvements 
in the mfrastructure around the lake (Reynolds et al 1995) 

Lake Kariba 
The first of the giant Afncan reservOirs, Lake Kanba was 

created when the Zambezl River was dammed m 1958 It has 
an area of around 5 400 km2 when full (although It has been 

Table 3. The total catch, and the catch of Lates niloticus (t) from 
Lake Victoria, 1970·1990. 

Year 

1970 
1975 
1980 
1985 
1990 

Total catch 

100000 
80000 

100000 
245000 
500000 

From Bundy and Pitcher (1995). 

Lotes ntlotJcus 

o 
o 

<10000 
125000 
300000 

Table 4. Employment in the fisheries sector around Lake Victoria 
before (c. I 978) and after (c. 1 989) the expansion of the Nile perch 
fishery. 

Number of canoes 
Crew SIZe 
Catch per canoe (t year' I) 
Direct employment 
Secondary employment 
Secondary: pnmary employment ratio 
Total fishers + dependents 

From Reynolds et al (1995). 

c.1978 c.1989 

II 100 
4.4 
7.91 

52800 
105600 

2 
475200 

21987 
4.8 

2306 
105500 
316500 

3 
I 266000 

smaller than thiS dunng the last decade because of persistent 
droughts m southern Afnca) and a mean depth of about 30 
m. Most of its catchment area consIsts of nutrient-poor Kalahan 
sands CCoche 1974), and the lake IS oligotrophiC With a rela
tively low pnmary productivity It was qUickly recogmzed 
that none of the native fish speCies would colOnIze the open 
waters of the lake and the clupeld Ltmnothnssa miodon 
(kapenta) was mtroduced from Lake TanganYika (Bell-Cross 
and Bell-Cross 1971) The mtroductlOn was successful and 
the fish was present m all parts of the lake by 1970, and also 
m the Zambezl River below the dam (Junor and Begg 1971) 

The ecologICal Impact of kapenta seems to have been 
very slight, With only the zooplankton havmg changed slg
mflcantly (Marshall 1991) Pnor to the mtroductIon of kapenta, 
the zooplankton was dommated by large cladocerans, of whICh 
Cenodaphnta was the most abundant, while small cladocer
ans like Bosmma were relatively scarce, as were rotlfers and 
nauplius larvae (Table 5) After the mtroductlon, the larger 
species decreased and the zooplankton now consists almost 
entIrely of Bosmtna. rotlfers and nauplius larvae, the ratio of 
cladocerans to copepods, which may be a good mdlcator of 
the extent to whICh the plankton IS bemg utilized by fish 
(Duncan and Schlemer 1988), decreased from 42 m 1967-

1968 to 0.8 m 1976 
Other ecologICal Impacts are less obvious. There may have 

been some cascadmg effects on the phytoplankton, which 
consists pnmanly of small speCies (Ramberg 1987), but no 
defmlte conclUSIOns are pOSSible because there are few data 
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Table S. Changes in the composition (% by numbers) of the 
zooplankton in Lake Kariba. before and after the introduction of 
Limnothrissa miodon in 1967-1968. 

1967-1968 1970 1972 1975-1976 

Dlaptomlds 14.2 0.2 0 + 
CyciopOids 4.6 12.5 10.1 13.8 
Nauplh 1.1 16.4 17.1 3.1 
Bosmma 7.3 15.9 17.1 10.5 
Cenodaphma 69 I 14.3 0 03 
Dlaphanosoma 21 0.2 0 + 
Daphnllds 0.8 0.2 0 + 
Roofers + 403 55.7 72.3 
Cladocera:copepod ratio 4.2 2.4 1.7 0.8 

The symbol + indicates values of less than 0.0 I %. From various authors cited 
in Marshall (1991). 

on phytoplankton before the kapenta introduction Soon 
after Lake Kariba was created, the exotic fern Salvtnia molesta 
spread rapidly, covering as much as 22% of the lake's surface 
in 1962, but its population collapsed at about the same time 
as the kapenta population was expanding The factors that 
caused this decline are unclear, although It has been argued 
that kapenta brought about a change III the way nutrients 
were cycled m the pelagic waters of the lake (Marshall and 
Junor 1981). Whatever the case, the pelagiC communities of 
Lake Kariba are now very different from those of the pre
kapenta period (Table 6). 

Finally, a number of species benefited from the introduc
tion, the most Important of which was the tigerfish, Hydrocynus 
mttatus, a species that is valuable in both the commercial and 
sport fisheries. Between 1970 and 1971, their diet shifted from 
small inshore fish to kapenta, which became their most impor
tant food Item, and tigerflsh rose from about 5% to 10% of the 
gill net catch (Junor and Marshall 1979) The abundance and 
mortality of tigerflsh closely follows that of kapenta, which 
have become crucial in maintalllmg the populattons of this preda
tor (Marshall 1985) Other nattve species have probably ben
efited as well, sillce many of them prey on small fish to some 
extent (Marshall 1995). Some bird speCies, notably gulls, terns 
and kmgfishers, also feed on the kapenta and have increased In 

numbers as a result of their introduction (Marshall 1991). 
The ecological costs of the kapenta introduction into Lake 

Kariba have therefore been small, but the economic benefits 
have been considerable Lake Kariba is intrinsICally unproduc
tive because (a) nutrient concentrations are low and (b) the 
inshore fish species are restricted to the edge of the lake, in 
water 10-15 m deep (Coke 1968). The kapenta transformed 
this situation, increaSing the commercial catches by about 10 
times (Table 7). This has created new economIC actiVIties and 
employment in an area that was formerly remote and undevel

oped. 
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Table 6.The community structllre ofthe open waters of Lake Kariba 
before and after the introduction of Limnothrissa miodon. 

Community 1967-1968 1980-1983 

SalVlma molesta 1.27 x 106 0 
Phytoplankton* 193 310 
Zooplankton 2280 28 
umnothnssa mJOdon 0 196 

From various sources Cited In Marshall (1991) With SalVlma data from Mitchell 
(1973).The value for SalVlma IS In mg m 2 and IS based on the assumption that the 
plant covered 15% of the lake's surface, while all others are In mg m J (*Only 
large forms like Volvox and MlCrocys!Js; smaller ones were not determined). 

Table 7.The mean catch offish (t) from Lake Kariba for 1991-1996. 

Zambia Zimbabwe Total (t) Yield 
(t km·2) 

Inshore I 596 I 171 2767 0.59 
Open water 7187 18022 25209 536 
Total 8783 19 193 27976 5.95 

The inshore fishery IS based on the fish species native to the Zambezi River, 
while the open water fishery takes the Introduced clupeid umnothnssa mJOdon. 
The Yield (t km·2) IS based on an average lake area of 4 700 km2• From data In 

Chltembure et al. (1997). 

The success of the Lake Kanba llltroduction was greater 
than anyone could have antiCIpated because the kapenta were 
able to invade Lake Cahora Bassa, a second reservOIr on the 
Zambezi (constructed m 1975), downstream from Kanba The 
ecological impacts, especially on the zooplankton, were very 
similar to those m Lake Kariba (Ghwlcz 1984), and a major 
new fishery has developed on that lake since the end of the 
civil war in Mozambique. Catch statistICS are not readtly avail
able, and may not be rellable, but there IS no doubt that the 
catch has risen rapidly (Table 8). Lake Cahora Bassa IS lo
cated in an extremely poor area With low agncultural poten
tial, and the kapenta fishery IS particularly Important as one 
of the few opportuOltJes for employment avatlable to the lo
cal people. 

The significance of the riverine fauna 
These mtroductlons have taught us a great deal about the 

fauna in African lakes and their response to changlllg envI
ronments. The specialized endemiC cichllds m Lake VlCtona 
were very susceptible to change The haplochrommes tend 
to have narrow trophic specialtzations, as well as complex 
reproductive patterns and low fecundity, whIch left them 
poorly equipped to survive m the face of intenSIve predation 
The response to predatIOn was the same whether it was In 

the form of intenSIve fishmg by humans, or llltensive hunting 



by NIle perch; m both cases the stocks declined markedly 
(Kudhongarua and Chitamwebwa 1995), although predatIon 
by Nile perch is probably more drastic in the long term. The 
same probably applies to the endemIc tilapiines (0. variabilis 
and 0 esculentus) since they collapsed under fishing pres
sure before Nile perch was introduced. 

While the Afncan Great Lakes differ from each other in 
many respects, and might respond differently to mtroduc
tlons, it IS best to assume that they are all as vulnerable to 
change The even more diverse cichhd fauna of Lake Malawi 
may be more at risk than the one m Lake Tanganyika, 
because m the latter, four endemic Lates species co-eXIst On 

Table B.The catch (t) of"dagaa" in Mozambique. 

Year Catch 

1993 689 
1994 925 
1995 3 093 
1996 6 000 
1997 10000 

Dagaa IS a term used by FAO to describe small clupelds or clupeid-like fish from 
African lakes Cahora Bassa IS the only source of dagaa, I.e .. Limnotiwssa mlodon 
(kapenta), in Mozambique. Data for 1993-1995 from FAO (I 996); data for 1996 
from unpublished sources; 1997 values are speculative but based on personal 
knowledge of the fishery. 

the other hand, these Lates speCIes may be more speCIalIzed 
than L niloticus m theIr feedmg habits, havmg evolved In a 
lacustnne rather than a rivenne environment, and therefore 
have a smaller impact on the haplochromines. It would there
fore be irresponsible to introduce anything into these lakes 
since we have no way of predIcting the consequences. 

The SItuatIOn in the human-made lakes is very dIfferent 
Three of the fIVe great reservoirs, Volta, Kamjl and Nasser, are 
located in the northern Nilo-Sudan IChthyological region whIle 
the other two, Kanba and Cahora Bassa, are in the southern 
Zambezian regIon (Roberts 1975). Their fish faunas are simI
lar in many respects, WIth 10 famIlies m common, accountmg 
for 73-76% of the specIes in Volta, Kamji and Nasser, and 95% 
of the species in Kariba and Cahora Bassa (Table 9) Charac
tenstic specIes of the northern faunal regIon are L mlotlcuS, 
Heterotls nilotlcus and Gymnarchus niloticus. The southern 
faunal region IS charactenzed by some distmctive cichhds, 
principally serranochromlds in the genera Serranochromisand 
Sargochromis The tllapimes are rather more dIverse, WIth 
several species of Oreochromis m the regIOn. Many of the 
species in the two zones are ecologically simIlar, whICh gives 
flse to some dIstinctive speCIes-pairs hke Hydrocynus 
forskahll1lH vittatus, Mormyrus kannumel, M longlrostnsand 
Tzlapia zl11iiIT rendallt. 

Table 9.The number of species in each family found in Lake Nasser/Nubia and in Lake Kariba. 

Family Volta Kainji Nasser/Nubia Kanba and Genera (or species) common to all lakes 
Cahora Bassa 

Protoptendae I Protopterus* 
Polypterldae 4 
Anguillidae 
Osteoglossldae I I I 
Mormyridae 8 19 7 4 Mormyrus, Mormyrops angUllloldes, Marcusemus 
Gymnarchidae I I I 
Clupeidae 2 2 
Hepsetidae I I 
Characldae 6 10 6 4 Hydrocynus, Brycmus (Afestes) 
Distlchodontidae 2 3 3 2 DlstJchodus 
Citharinidae I 3 2 
Cyprmidae 4 6 13 12 Barbus, Labeo 
Bagridae 5 9 7 
Schilbeldae 4 5 3 I SchIlbe mtermedlus 
Clarlldae 3 3 3 2 Cfanas garIepmus, Heterobranchus 
Malapteruridae I I I I Mafapterurus efectrIcus 
Mochokidae 5 17 6 4 SynodontJs 
Cyprinodontidae I 
Clchlidae 7 7 2 II Oreochromls, Tllapla 
Centropomldae I I I 
Anabantidae I I 
Channidae I I 
Gobiidae I 
Tetraodontidae I I I 
Total 56 97 59 45 

Data from All (1984), Ita (1984), Latif (1984) and Marshall (1984) With some modifications. 
(*Extlnct in Kariba, and probably In the other lakes as well). 
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The ichthyological zones in which these reservoirs have 
been constructed lie in the savannah belts north and south of 
the Equator. The rivers are charactenzed by a highly seasonal 
ramfall and the flow in the nvers follows the seasonal pat
tern Both zones are affected by droughts of varying severity 
and the flow in the rivers can vary substantially from one 
year to another. Floodplains are important 10 some sectIOns 
of the larger rivers and the btOlogy of many fish species IS 
adapted to the regime imposed by the seasonal cycle of flood 
and drought (Welcomme 1988). In particular, they are adapted 
to withstand high mortality by having a flexible breeding bi
ology, which is determined by flver flow coupled with high 
fecundity. ThiS IS especially true of the tilapime and 
serranochromine cichlids, whose breeding biology IS directed 
towards the production and survival of numerous fry, In con
trast to the specialized haplochromines of the Great Lakes 
They also tend to be generalist and opportunist feeders, 
although within broad niches for each species, which also 
sets them apart from fish in the Great Lakes that tend to be 
specialists. 

The rivenne fish faunas are therefore very resistant to 
change and it IS difficult for introduced species to compete 
against the native fauna. The Nilo-Sudan region has not been 
much affected by fish introductlons, but the Zambezian has 
been subjected to a number of them. In Zimbabwe, for ex
ample, at least 20 exotic fish speCIes have been imported mto 
the country but few have become established or widespread 
(Bell-Cross and Minshu111988; unpublished data). Significantly, 
all of those that have done so occur in reservoirs and they 
seem to require these artificial habitats to be successful since 
they lack the adaptations needed for survIVal In the harsh 
riverine environments in the region. A notable exceptIOn to 
this generalization is the most recent arnval, 0 niloticus, which 
is spreading rapidly throughout the country ConditIOns in 
the rivers are little different from those 10 its native range and 
it is well adapted to survive in them 

The smaller reservOIrs, in which exotic species can estab
lish themselves, tend to have only a few fish species, some
times no more than four to five, which probably makes it 
easier for exotic fish to take hold. In contrast, the very large 
reservoirs have a much more diverse fish fauna, derived from 
the original stocks in the river Of course, their relative abun
dance has changed, as species that were unable to adapt to the 
lacustrine conditions declined, whIle others flourished. In Lake 
Kariba, for example, species that decreased Include the lung
fish Protopterus annectens (now extinct in the lake basin), cyp
rinids (Labeo sp , Barbus sp.) and others (e.g., Distichodus); 
while cichlids increased in abundance New species have ap
peared from elsewhere in the catchment but, so far, these do 
not include exotics like largemouth bass, Micropterus salmoides, 
or common carp, Cyprinus CalPto, that are present in some of 
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the tnbutary streams. Only highly speCialIzed exotIC speCIes. 
like L miodon, with ItS specifIC feedmg nIche are lIkely to be 
successful 

Should anything be introduced into Lake Nasser? 

Is there a vacant niche1 
Before consldenng the introductIOn of any fish species to 

the lake, the vacant nIche that It might occupy should be Iden
tified In the case of Lake Nasser, there is almost certamly a 
vacant niche for a zooplanktlvore SInce, like Lake Kanba, It 
lacks a speClahst plankton feeder Of course, many of the na
tive fish specIes feed on zooplankton to some degree, espe
CIally some of the smaller characids !Ike Brycmus and Alestes 
(Paugy 1986) The fact that Brycmus nurse IS more abundant 
In Lake Nasser than it is m Lake NubIa, where Alestes dentex 
and A baremose were more numerous, suggests that It might 
feed on plankton more than they do (Table 10) Nevertheless, 
theIr impact is probably small since large cladocerans are still 
abundant in the zooplankton of Lake Nasser (Mohamed 1993), 
and they normally decline follOWing the mtroductlon of a 
planktivorous fish (Table 5) ThiS vIew IS supported by the fact 
that the cladocera. copepod ratIo in Lake Nasser (1 5) IS much 
higher than that in Lakes Kariba (0.2) and Cahora Bassa (01) 
whICh both have L. miodon as a speClahzed planktlvorous spe
cies. 

Other vacant nIches are less obVIOUS There may be a large 
population of oligochaetes In the deeper waters, at least m 
winter when the lake is isothermal, and It is not clear If any fish 
utilize them. One problem IS that ohgochaetes probably frag
ment quickly once they have been eaten and are therefore not 
obvious in the stomach contents of fish Another problem IS 
that they tend to be in deeper water and are inaccessible to 
most fish especially if those in Lake Nasser, like those In Kanba 
(Coke 1968), do not penetrate >10-12 m depth. 

Would filling this niche have any impact1 
The most obvious unfilled nIche in Lake Nasser IS that of 

an open water zooplanktlvore, and the remaining diSCUSSion 
will center on these fish. The Impacts of these animals on the 
zooplankton are well-known and usually entail a reductIOn of 
the larger species, especially the cladocerans, and their replace
ment by smaller ones, which essentially represents a transition 
from a rivenne plankton to a more typically lacustnne one 
There might also be some cascading effects on the phytoplank
ton, including the replacement of large species lIke Volvox or 
M1CroCystlS by smaller speCIes that can compete more effec
tively after being freed from grazing by larger cladocerans. ThiS 
in turn mIght alter the nutnent cyc!Ing m the lake, but It IS 
unlikely that water quality would be altered significantly 



Table IO.The proportions (% of catch) of Brycinus nurse, A/estes 
dentex and A. baremose in gill nets set in Lakes Nasser and Nubia. 

Brycmus nurse 
A/estes (dentex + baremoze) 

From Latif (1984). 

Lake Nasser 

40 
5 

Lake Nubia 

7 
45 

There are no other fish species that would be adversely 
affected It is possible that Brycinus nurse might decline to 
some extent, but as it is essentially omnivorous it would use 
other food sources and maintam its numbers, at least in shal
low waters. This is comparable to the situation in Lake Kanba, 
where it was thought that Brycinus lateralIS would have be
come an openwater planktivore prior to the introduction of 
kapenta (Balon 1974). In fact, the sardine appears to have 
had no impact on B latera lis, which is still abundant in the 
shallow waters of the lake (Marshall 1991). Other species, 
especially predators like Lates and Hydrocynus, would ben
efit from the introduction of a planktivore and their impor
tance in the fishery would increase. This would be especially 
Important to the development of sport fisheries on the lake, 
which can mcrease the value of certain fish species far be
yond that given to them in the market place 

Would the new species improve the fishery? 
The ultimate objective would be to increase fishery pro

duction from the lake and there is little doubt that a major 
mcrease in productivity would be possible with a planktivorous 
species. The fishenes of Lakes Kariba and Cahora Bassa, and 
also Lake Kivu (which is similar in many ways to a reservoir 
m its lack of a planktivorous species) have been transformed 
by the introduction of L mlOdon and it is likely that the 
same would happen in Lake Nasser. If an openwater fish
ery, with a productivity similar to that of Lake Kariba (5.36 t 
km·2), then Lake Nasser/Nubia, with an area of 6 216 km2, 

would produce around 33 000 t year·l. The productivity of 
Lake Nasser/Nubia would probably be considerably higher 
than that of Kariba which is oligotrophic, and 6-8 t km·2 

might be possible, in which case yield would increase by 
anythmg from 37 000 t to 50 000 t year-I. Pitcher (1995) 
estimates an even higher yield, 57 000-79 000 1. The eco
nomic sigmficance of this extra catch would be dramatic. 

Which species might be suitable? 
This paper has referred extensively to the clupeid 

L. miodon and the successes that have been achieved with It. 
Indeed, the introduction of this species into Lake Kariba has 
been described as the most cost-effective fishery manage
ment project ever carried out in Africa (Eccles 1985) Kapenta 
has been particularly effective because of certam features of 

Its life history, such as early maturity and a short life cycle 
that allow it to withstand high mortality rates. While thiS may 
be an adaptation to high levels of predation, it also enables it 
to sustain a very intensive fishery (Marshall 1993). The char
acteristics of L. miodon m Lake Kariba are quite different from 
those it displays in Lake Tanganyika; the Kariba fish, in fact, 
closely resemble the other clupeid m that lake, Stolothrtssa 
tanganicae. The Importance of this is that African clupelds 
may, as a rule, be able to vary their life history accordmg to 
the environmental conditions in which they live. Thus, hypo
thetically at least, any species could be translocated to Lake 
Nasser and perhaps be as successful as L miodon, so conSid
eration could be given to other species like Pellonula aJzeliusi, 
which is native to Lakes Volta and Kainji In Lake Kamjl, at 
least, It supports a valuable fishery which now yields around 
10 000 t year-] or 7 8 t km-2 (Turner, pers. comm.). 

While clupeids are likely to be the most productive 
planktlvores, some other speCies could be conSidered They 
mclude pelagic cypnnids like R argentea or Engraulicyprts 
sardella which are beginning to support productive fisher
ies in Lakes Victoria and Malawi, respectively. The so-called 
nver sardine, Mesobola brevianalis, has adapted well to small 
reservoirs in Zimbabwe, and other mesoboline cypnmds 
might do so as well. The numerous pelagic cichlids species 
that occur In Lake Malawi, especially the hernng-hke 
Diplotaxodon speCies, deserve some consideration, but their 
biology IS still poorly known and their productive potential 
has not yet been determined. An important tilapline cichlid 
from Lake Malawi, Oreochromis lidole, has been proposed 
as a candidate for mtroductions since it feeds on phytoplank
ton, and there are few riverine speCies that do so (Pitcher 
1995). It might have difficulty establishing Itself In most reser
voirs, however, as It would have to compete for nesting sites 
with native tilapias like 0 ni/otxcus. 

Conclusions 
Introduced fish species have been responsible for major 

increases in the fishery productivity of several large Afncan 
lakes and reservoirs, although Lake VICtoria has paid a high 
price in the loss of biodiversity and ecological changes 
The reservoirs are much more reSistant, and there IS a good 
case for introdUcing a planktivorous species Into Lake Nasser 
A suitable species could probably double the lake's 
production, at a small ecological cost, and the time may have 
come to give senous conSideration to the idea. Indeed, 11 IS 
probably the Simplest and most effective way of mcreasmg 
fishery production and would cost a fraction of what would 
be needed to improve productivity through stock enhance
ment or aquaculture. 
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DISCUSSION 
Q. In Lake Victoria, what was the impact of introduc

tIOns compared to overfishing? 
A. Overflshing was only on native Oreocbromis species. 

Successful introductions were made in Lakes Kanba 
and Victoria. rates niloticus, a top predator, destroyed 
over 100 species in Lake Victona. The pelagic 
Limnotbrissa miodon made a large, positive contri
bution to the Lake Kariba fishery without harming 
local species 

Q. What species would you suggest for introduction lOto 
Lake Nasser? 

A. Freshwater dupeids. There may be other candidates 
for introduction, e g., Oreocbromis rendalli(chambo) 
from Lake Malawi, although It may hybndize in Lake 
Nasser. 

Q. What is the sustainable yield for an introduced fish-
ery using Lake Kariba a~ an example? 

A. Sustainable yield of 70000 t yea(l IS possible 
Q. Will introductions affect water quality? 
A. In Lake Victona, deterioratIOn of water quality was 

accelerated by the mtroduction of Nile perch. How
ever, most danger comes from lOdustnal, human and 
other toxic discharges. An introductIOn of pelagic fish 
wIll probably not change the water quality. 
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ABSTRACT 

Despite being less important in Egypt's overall economy, the fishery in Lake Nasser has expanded to a re
markable extent over the years. Two aspects of fisheries management in the lake, namely fishing rights alloca
tion and fish marketing, have been analyzed in this paper. Both of these have strong implications for optimal 
fishery production and sustainable management of the lake fishery. Major issues such as governance and 
participation, economic and social welfare of labor fishers, settlement and population growth around the lake, 
and factor share and resource rents are discussed in the context of a management policy for sustainable fish 
production. Based on a review of the experiences from some other lakes in and outside of the region, this 
paper concludes that a competitive and more realistic price and marketing structure is needed to replace 
current marketing and price control. Similarly, government-sponsored programs, such as cage culture, re
stocking, recreational fisheries and tourism, to improve income as well as to attract new investment in the 
industry, will require participation by a wider group, not just boat owners. 

Introduction 
Fisheries are an important component of all African lakes, 

whether human-made or natural. They provide an important 
source of high-quality animal protem and make significant 
contributions to the local and national economy in terms of 
mcome, employment and food supply 

UnlIke natural lakes, the significance of fisheries in hu
man-made lakes has nearly always had secondary significance, 
often a potential to be exploited in the future. The propo
nents of Lake Nasser did not have fisheries in mmd as an 
optIOn for development when it was fIrst created. The main 
objectIve of its creatIon was water supply security for all of 
Egypt Barrania and Saad (this vol.) emphasized that the di
rect use of water for agricultural, household, industrial and 
other commercial purposes IS the pnnClpal priority of the 
Egyptian Government 10 the use of Lake Nasser. Hence, un
lIke some of the major human-made lakes where generation 
of hydro-electricity was the main objective of construction, 
electricity production was considered to be of secondary 
Importance m Lake Nasser, as was fish propagation and fish
ery development. 

Nevertheless, the lake has become an important source of 
fish protein for Egyptians. The fishing industry in the lake 
has expanded significantly Manshard (1975) observed that 
within four years (1965-1969), the number of fishers m the 
lake increased from 200 to 3 200. By offICial accounts, about 
4 000 fishers are currently engaged in fishing, and they catch 
about 22 000 t An unofficial estImate puts the potential Yield 
from the lake as >50 000 t. The total inland fishery production 
10 Egypt is currently about 220 000 1. The annual domestIC 
consumption of fish in Egypt is quite substantIal, 7 2 kg per 
person (FAO 1997) which is quite high by African standards. 

Socioeconomic characteristics 
of the Lake Nasser fishery 

Fishmg operations take place from as many as 500 fishing 
camps located along the shores or on small islands in the 
lake. A more detailed description of the fishing operatIOn can 
be found in Barrania (this vol) However, in the context of 
development and sustamable management of the fishenes, 
two aspects of fisheries management of the lake have strong 
SOCIOeconomic and policy significance that need some 

AHMED/SOCioeconomic poliCY Issues ... 155 



analysis. These are (a) fishing nghts allocation and fishing 
labor, and (b) marketing management. 

Fishing rights allocation and fishing labor 
Unlike other African lakes (such as Lakes Volta and Kariba) 

where fishing villages sprang up spontaneously, Lake Nasser 
dId not attract any permanent settlement. Instead, the fishing 
mdustry was developed along commercial lines, utilizing the 
surplus labor force from other parts of Egypt. Fishing rights 
were allocated to owners of boats and gear through licences 
issued by the lake authority The boat and gear owners, who 
are usually wealthy and powerful people, recruit fishers from 
various parts of the country to work as fishing laborers. 

The labor force comes from as far as 300 km from the 
lakeshore. Usually, the boat owners employ thIS mIgrant la
bor on a periodic basis. Fishers stay m the fishmg camps for 
a certam period of time as contractual employees of the boat 
and gear owners. The boat owner supplies food and other 
essential Items reqUIred dunng fishmg At the end of the con
tract penod, fishers are paid and go home. Hence, the com
mon fishers have no ownership over theIr catch The entire 
revenue from fish sales belongs to the owner. The net amount 
after payment of labor, fishmg inputs and other related ex
penses is profit. According to Barrania (this vol.) these ("semi
feudalistIc") boat owners control most fishing areas in the 
lake. 

There is, however, httle mformation on the structure and 
conduct of the labor market, and on the socioeconomic back
ground of the fishmg labor force. It IS suggested that boat 
owners dictate employment conditions, and laborers get an 
inequitable share of the total fishing income 

Marketing management 
Government-owned agencIes control fish marketing in 

Lake Nasser Accordmg to Barrama (thIS vo!.), two state-owned 
companies collect the catch of fresh fish from indIvIdual fish
ing units and process them into frozen fish fIllets before sell
Ing to natIOnal and international markets Fishers are offered 
a fIxed pnce for their catch, which IS currently 2.2 EgyptIan 
pounds per kg. It is alleged that the price for this type of fish 
in the open market could be three to four tImes higher ThIS 
has resulted In illegal sales to pflvate buyers and under-re
porting of the fIsh catch by licensed fishers. 

State control of fish marketing from human-made lakes is 
not uncommon Fishers in many such lakes are reqUIred to 
land their catch at deSIgnated landing centers managed by 
government agencies. There are instances where a portion of 
the catch IS taken by the management authority as rent once 
the boat brings the catch to the landing site, for example in 
Kaptai Lake In Bangladesh (Khan 1998). Authonties may pay 
a fIxed pflce for the catch and include some charges as user 
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fees, for example in Nam Ngun Reservoir In the Lao People's 
Democratic Republic (Burapha Development Consultants 
1992). However, such practices by government authoflties 
have led to serious conflicts with respect to management of 
the stock and recording of catch Fishers often resort to sale 
through illegal channels to avoid paying taxes or selling at a 
lower price. In Kaptai Lake, it was observed that hIgh-value 
species were under-reported In the catch compOSItion In offI
cial records. 

The fishery of Lake Cahora Bassa In MozambIque IS an
other example of monopolistic control on fish marketmg by 
government agencies The government fishenes agency 
(PESCOM) operates a contracting system that proVIdes the 
fishers with gill nets in exchange for exclusive rights to pur
chase the catch at fixed prices The fishers' negotiating power 
for a better price was confiscated by thIS arrangement. ThiS 
caused severe conflICts between PESCOM and pnvate pur
chasers, as well as between PESCOM and fIshers in the early 
1980s (Bernaesek and Lopes 1983). 

As for Lake Nasser, it has been observed that fIshers re
sort to selling fish outside the offiCIal channel In order to get 
a higher pnce for theIr catch. As a consequence, the use of 
data on landings as the basis of catch statIstics became more 
and more unreliable In recent times, the system of state con
trol in marketing has been abandoned by most governments 
around the world In line with their policies for redUCing inef
ficiency and waste in public resources management 

Major issues for an efficient and equitable 
management of the fisheries in the lake 

Governance and participation 
Expenences throughout the world have shown that regu

latory management by state authontles has not only faded, It 
has also become more and more counterproductive It has 
failed to enforce the rules and save the resources from over
explOItatIOn It has not ensured an eqUitable and just dlstnbu
tion of bC'nefits to those who provide their labor and who are 
engaged in the actual harvesting of the fish Lake Nasser IS 
not any different in these respects For Instance, monttonng 
and surveillance of fishing actiVities along the several thou
sand kilometers of shore of the lake IS an Impossible under
taking on the part of the lake authonty At the same time, 
given the existing control of the government over the landing 
and marketing of the catch, estimatIOn of total catch IS virtu
ally impOSSIble. 

To optimIze the fish harvest on a sustainable baSIS, It IS 
important to achieve a higher degree of compliance of fish
Ing regulations, as well as to collect a reliable estimate of the 
catch. Management optIOns, such as a property fights system, 



common property management, and decentralization and 
power sharing between government and resource users, have 
become popular m recent years m small-scale fishenes in 
developing countries (Pinkerton 1989; Ahmed et al. 1996). 
However, experiences suggest that a clearly defmed and ho
mogeneous stakeholder group and strong motivation to par
tiCipate in the management of resources, linked With other 
rural sectors, largely determine the success of decentralized 
and local level management efforts (often known as partici
patory management) 

The strength of both civil society and government also 
playa crucial role m the success of decentralized manage
ment, such as co-management and community-based man
agement. Many people argue that the eXistence of a strong 
civil society is a pre-condition for success of the above Un
fortunately, m many developing countries, espeCially those 
in the African continent includmg Egypt, the strength of the 
CIVtl society is gradually eroding. In many cases the govern
ments are equally weak, although Egypt has a relatively stron
ger government compared to many Afncan neighbors. 
However, attempts are being made in some countries, par
tICularly in ASia, to improve the strength of civtl society through 
capacity building and empowerment strategies by national 
and internatIOnal NGOs. 

Other pre-conditions for a higher success of participatory 
management mclude the eXistence of scope for honzontal 
integration with other sectors such as agriculture and tour
ism, and the abihty to produce a higher benefit from such 
mtegration 

Price and marketing 
Throughout the world, state intervention in fish market

ing has contnbuted little to rational management and maxi
mization of the benefits from the fishery Perhaps, at the 
begmning of the development of a fishery when a well
organized marketing system was yet to be estabhshed, gov
ernment-owned agencies provided a form of economic secu
nty such as a guaranteed price for the catch. But as the industry 
matured and private sector marketing and infrastructure (e.g., 
roads and preservation or processing establishments) devel
oped, the role of most government marketing agenCies 
diminished. The Egyptian Government should review its cur
rent regulation on fish marketing, including the price-fixing 
in the Lake Nasser fishenes. Price-fixing as practiced m Lake 
Nasser forms a negative economic incentive. The impact of 
such a negative incentive on the fishing effort, and conse
quently on the state of fish stocks should also be investi

gated. 

Economic and social welfare of the labor fishers 
Fishmg in most Afncan lakes began with the spontaneous 

establishment of flshmg villages withm a short penod after 
the creation of the lakes Initially, when dams were bUIlt, 
people moved out. As the fishery developed, people moved 
back. Soon With the introduction of speCies, restockmg, aqua
culture and vertical economic activities, and the development 
of roads, mfrastructure and markets, the fisheries produced a 
Significant source of food and income For mstance, m Lake 
Volta, numerous fishery development programs were Initi
ated by the government over the years, mcludmg vertically 
integrated actiVities such as landing centers, mput supplIes 
and postharvest actiVIties in order to maximize fishery ben
efits and improve the welfare of the fishers (Kapetsky and 
Petr 1984). These certainly attracted more people, often dif
ferent from those displaced It also led to uneven competi
tion and conflicts over access to lake resources. In Lake Nasser, 
the situatIOn was different. Although fishmg started to de
velop within a few years of the lake formation, no attempt 
was made to establish permanent settlements or any form of 
welfare program for the fishers. The welfare of the fIshmg 
labor force and Its role m management of the lake IS an Im
portant issue. There is at present very lIttle information avaIl
able on the condition of the fishers AnalYSIS of the labor 
market and productivity, together with the socioeconomic con
ditIOns of the labor fishers and their families, should be an 
important research focus in this regard. 

Factor shares and resource rent 
A particular aspect to be conSidered With respect to mar

keting of fish is that the current low price offered by govern
ment affects the boat owners' share of the fishmg income 
The government can see it as a means of collectmg resource 
rent on and above the fee paid by boat owners as lIcence fee, 
which the government might see as a nominal entry fee While 
it IS true that the current low pnce offered by the government 
deters boat owners from puttmg all their catch for sale to the 
government marketing agency, It IS hard to argue agamst tt 

on the ground that the government IS taking the fishers' share 
away. 

The majority of the fishers, who m thiS case are labor 
fishers, are not part of thiS transaction. One can even argue 
that the wage rates paid to labor fishers are independent of 
the unit price of fish received by the boat owners Despite 
the above, It is important to review the role and performance 
of the state-owned marketing agency, mcludmg its own eco
nomic efficiency. If the collection of resource rent IS one JUS
tification for low fixed pnces, there may be other means of 
collecting rent. Rather than indirectly charging an arbitrary 
rent in the form of lower price for their catch, a more direct 
and transparent approach would be more approprIate 
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Research is needed to determine the factor productivity, so 
that efforts can be made to correct discrepancies, if there are 
any, in the current allocation of factor shares, including re
source rent. 

Settlement and population growth around the lake 
When the Aswan High Dam was built, it displaced several 

thousand people. Over 100 000 from the Nubian provinces of 
Egypt and Sudan were resettled (Manshard 1975). However, 
after the lake was formed, no new settlements were estab
lished Around many other African lakes, new settlements 
were developed within a few years. For instance, in Lake 
Volta, Ghana, fishers from the Lower Volta area moved up
stream and established their own villages without any out
side assistance (Kapetsky and Petr 1984). In Asia, settlements 
around lakes were equally quick to be established, especially 
where fishing and agriculture could be combined. The areas 
around Lake Nasser are sparsely populated. People live mostly 
in fishing camps separated from their permanent home base 
and famll1es. There are no permanent communities around 
the lake. People who work as fishers and in fishing-related 
trading live in about 500 camps scattered around the lake or 
on islands. Infrastructure and facilities are minimal, and there 
have been no efforts in the past to develop other means of 
livelihood to support a permanent settlement. This issue is 
very complex for Lake Nasser from the point of view of maIn
taining the qualIty of the lake water vis-a-VIS optimal man
agement of fisheries and the need to provide security to those 
involved in the fisheries. From the perspective of developing 
partnerships for a sustainable fishery management, the estab
lishment of a more settled community around the lake may 
be useful. Development, such as a culture-based fishery and 
restocking, will need much closer links with beneficiaries and 
resource users. Furthermore, research is required to deter
mine whether or not the establishment of human settlements 
is socially and economically feasible. The effects of human 
settlement and other land-bound actiVities around the lake 
on the quality of lake water should also be carefully investI
gated. 

Conclusions 
The creation of artificial lakes by dam construction has 

negative as well as positive impacts. In this case, it displaced 
people who were culturally distInct, destroyed habitats and 
biodiversity, and altered the ecology and environment both 
upstream and downstream. The formation of Lake Nasser was 
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no different from many other lakes in these regards although 
the scale of the impacts may have been outweighed by the 
benefits it provided to Egypt's national economy Including 
the fishery However, much of the potential benefit from the 
fishery has been either lost or remained untapped due to the 
absence of a sustainable management strategy, whICh includes 
sound policies and institutIOns that link people or beneficia
ries closer to the resource. State InterventIOn through control 
over access, exploitation and marketIng lead to IneffectIVe 
regulation, costly and inefficient management, Illegal prac
tices and inequity, and inaccurate statIstics. 

A competitive and more realistic price and marketIng struc
ture is needed for improving the economic benefits from the 
fisheries in Lake Nasser. Also, any government-sponsored pro
gram to improve income as well as to attract new Investment 
In the industry, such as restocking, cage culture, develop
ment of a pelagic fishery, recreational fishenes and tounsm, 
will require participatIOn by a wide group, not just the boat 
owners. Appropnate institutional and policy environments are 
needed. 
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DISCUSSION 
Q. How do changes in the natural environment affect 

the behavior of fishers, i.e., their socioeconomIcs? 
Environmental variations create uncertainty for them 
about theIr catch and thus income. The role of the 
fishery III the household economy should be 
addressed. 

A. The natural ecological variations and their relation
ship to the fishery and fishers are not weB under
stood. The household is tradltionally used as a sample 
unit but the community level can also be used as a 
unit. 

Q. Do you thmk we will lose time WIth community man
agement as the fishers have little education:> 

A. Co-management was only mentioned as an optIOn. 
There are, however, examples where fishers are edu
cated and empowered More focus is required, for 
example, on why people fjsh lliegally. 

Q. Who benefits from poaching and by how much? 
A. There are only a few people involved in the Lake 

Nasser fishery so it should be possible to find this 
out. 

Q. How do we appraise the positive and negative 
effects of the reservoir formation? 

A. There have been many benefits from the impound
ment For example, the effects of the severe drought 
that ended m 1988 were mitigated in Egypt by the 
reservOlr. However, displacement of people in gen
eral had negative consequences. Although new 
villages were built and there was compensation for 
the Sudanese, population density was low, there was 
resistance among people, and they are thought to be 
unhappy with their displacement. Nubians did not 
want to live in the new villages so these were con
verted into military Villages. A social study is reqUlred 
on the number of people involved and a history of 
the events and their impact on the population 
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ABSTRACT 

Data requirements and the design of a frame survey for monitoring resources are discussed. Single-species 
stock assessments are outlined using either production or dynamic pool models. Quantitative management 
targets need to be identified for each commercial species. Multispecies assessment can include the impacts of 
harvest on a range of alternative ecosystems. A detailed fisheries management plan should be drawn up for 
the lake, including systematic documentation of the quantitative assessments of the principal commercial 
species.There is a need to design appropriate and enforceable instruments to implement management targets 
aimed at maximizing the benefit to society of the lake's fisheries. Because of the remoteness of the lakeshore, 
co-management between government and the local community is advised to maximize compliance with 
regulations. 

Introduction 
This paper is a bnef outline of the present state of knowl

edge about research that could be used to estimate the ex
ploitation status and management of Lake Nasser's fish 
resources from the workshop m Aswan held m June 1998 
Statements here are based only on research material presented 
and discussed at the workshop; other work and informatIOn 
may be available, and so thIS paper may serve to identify 
matenal not presented there 

Catch data 
Fishery assessment needs accurate catch data by speCIes, 

place and time. Time series of catch data were presented for 
tIlapia (Oreochromis niloticus) and Nile perch (lates niloticus). 
For many Lake Nasser stocks, it will be important to obtain 
estimates of catches m Lake Nubia, since the fIsh populations 
extend across the mternational border. At present, Lake Nubia 
catch figures do not seem to be avaIlable. 

Landings of each fIsh specIes should be estimated usmg a 
frame survey, which has to be planned WIth statistical rigor. 
In the workshop, it was not made clear how catch data had 
been gathered, whether statistical confidence limIts had been 
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estimated, and where m the lake fish had been caught. More
over, it seems likely that much of the catch data comes from 
the offiCIal government landing SIte m Aswan, but the VISIt to 
this site suggested that more careful records need to be taken, 
partICularly of the less abundant species, such as large catfIsh 
and cyprinIds It was not clear whether catch data were as
sembled only at Aswan, or whether attempts had been made 
to estimate catch at the pomt of ongin Illegal catch was re
ported at the workshop as being at least equal to the legal 
catch, estimated from informal interviews WIth fIshers. Clearly, 
some effort should be made to obtam Improved estimates of 
the true catch from the lake Two methods of domg thIS mIght 
be: (a) to ask "what must catch have been to reduce bIOmass 
to the present leve!?" ThIS reqUIres estimates of Bo and Bnow, 

and (b) to employ confidential mtefVIew technIques, usmg 
survey statistics methods WIth internal cross valIdatIOn and 
methods to detect lIes Market records of pnces at the gov
ernment-Iandmg SIte at Aswan miss the obviously extensIve 
trade m fish that occurs outsIde the government system ThIS 
IS Important because underestimates of catch may provIde 
false signals that resources are m good shape and encourage 
depletion and overfishmg 
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Effort data 
Many forms of fish stock assessment require estimates of 

fishing effort Data required are the number of vessels by 
gear type, vessel size, place and time Unfortunately, very 
little material on the composition, gear types and catching 
power of the fishing fleet was presented at the workshop 
This information would be provided and monitored In the 
future by a frame survey program, although this would not 
improve the historical record of catches needed for assess
ment. Fish landed by carrier boats are transported down the 
lake to Aswan, and carner boat loads and trip numbers would 
provide a good crosscheck on landings data 

Stock assessment-parameter estimates 
Critical parameters for stock assessment are growth and 

mortality by species, location and season. In addition, data 
are required on bIOmass, reproductive status and diet. 

Growth 
At the workshop it was clear that both age-based and 

length-based methods have been used quite effectively to 
estimate growth parameters such as Loa, Woo, and K for many 
Lake Nasser fish. It would be valuable to compIle a compre
hensive database of this work so that any gaps can be Identi
fied. The auximetric growth parameter, Phi-prime, generally 
has not been estimated. This should be done, as It can assist 
the validation of other estimates. In most cases, various pre
programmed software packages had been used to fit growth 
parameters, but simple techniques of fitting using spreadsheet 
methods might be encouraged because of the ease of obtain
ing confidence limits by Monte Carlo methods (see Pitcher 
1999). 

Mortality 
Very few estimates of total mortahty, Z, were presented at 

the workshop, which is surprising because of the simplicity 
of obtaining approximate estimates of Z from aged catch curves 
or from length-based catch curves Most presenters had used 
Pauly's (980) empirical equation to obtain natural mortality, 
M, but estimates of current F were very few. 

Reproductive cycle 
It is important to estimate fecundity and the timing and 

frequency of spawning, or brood production In 11lapla, but 
httle of this material was presented at the workshop The 
location and relative abundance of juveniles of species with 
high conservation status such as the cypriOids might be moOl
tored with specially designed surveys 
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Biomass 
Biomass estimates are reqUIred, not only as a part of con

ventIOnal stock assessment, but also for ecosystem modelling 
Estimates that are Independent of stock assessment proce
dures and of fishery-based data are espeCIally valuable In 
the Aswan workshop, almost no biomass estimates for fish 
stocks were presented Regular surveys of relattve bIOmass 
using speCially deSigned sampling gear or adaptations of gear 
used by commefClal fishers should be deSigned and carned 
out. Tagging can help as part of a mark and recapture survey 
Regular acoustic surveys can also be valuable and may be 
carned out reasonably cheaply us 109 modern portable eqUip
ment. 

Diet 
For ecosystem modell1Og, quantitative 1Oformatlon on the 

diet of the fish, includ10g noncommefClal species has to be 
assembled. These data should preferably be gathered by sea
son and at several locations In the lake As there are several 
different methods for scoring fish stomach contents, a diet 
survey needs to be carefully deSigned In relation to resources 
and humanpower. 

Stock assessment-single-species assessment 
Single-species assessments may be carried out US10g a 

vanety of approximate and standard methods. It IS often best 
to employ the Widest range of methods pOSSible, to allow for 
cross validation Many methods these days may be performed 
US10g spreadsheets, and uncertainties estimated uSing Monte 
Carlo simulation 

Approximate methods for potential yield 
Approximate methods of estimating potential Yield have 

been applied to Lake Nasser, such as the MorphoedaphlC 10-
dex (MEl - Ryder 1982) and Pitcher's target lake method 
(Pitcher and Bundy 1998) Beddington and Cooke's (983) 
method and the approximate catch/effort "Walter" plot (Walters 
1986) technique have not been used on the lake's fisheries 

Production models 
Nonequilibrium methods for production (= surplus yield) 

models can be employed only when time senes of catch and 
effort are available, although some short cuts are pOSSible 
The surplus production, or a semi-age-structured form, 
such as the delay-difference model (HIlborn and Walters 
1992) With environmental dnvers may be used to estimate 
current biomass and unexploited biomass. The latter concept 
in a human-made lake such as Lake Nasser IS of Interest 



(It represents a kind of virtual population size that was prob
ably never achieved in the past). 

Dynamic pool models 
EqUilibrium age structured models of yield-per-recruit, blo

mass-per-recruit and mean mass of fish 10 the catch are simple 
to draw up, and some analyses for tilapld were presented at 
the workshop (see Khalifa et al., this vol) When implemented 
on a spreadsheet, many model parameters can have uncer
tambes attached usmg Monte Carlo simulation methods (Pitcher 
1999). Nonequilibrium dynamIc pool models require a sub
model descnbmg stock and recruitment whICh may be diffi
cult to obtain, but nevertheless may be employed to evaluate 
a range of management scenanos (see Beverton 1998, Pitcher 
1998) To set quotas, they may be used wIth a senes of age 
structured catch data that may be analyzed wIth virtual popu
labon analysIs (VPA) (see Pitcher and Hart 1982) or more 
modern catch-at-age analyses 

Management targets 
When used carefully, smgle-species dynamic pool assess

ments can provide relative estimates of current biomass 10 

relatlOn to target biomass, how catches (quotas) of different 
size wlil Impact stock dynamICs and recruitment volatility, 
and the status of current values of F 10 relation to a target F, 
such as Fa I or Fa 2 Although care has to be taken in their 
mterpretatlon, these analyses should be completed for all the 
malO species of fish caught in the lake. More sophisticated 
management targets, such as Fmed, are in use 10 ICES and 
elsewhere (Sissenwine and Shepherd 1987), but these could 
be estimated later. 

Stock assessment-multispecies and 
ecosystem-based assessment 

Multispecies yield per recruit (YPR) analysis 
MultlspeCles Yield per recrUit (YPR) analysIs sets up a SI

multaneous set of YPR surfaces weighted by relative biomass 
per recruIt (BPR) (see Murawski 1984) By including fish prices, 
value per recrUit IS obtained. ('Beam' software can be ob
tamed from FAO [Sparre and WIllman 1993]), or it IS pOSSible 
to Implement on a large spreadsheet). The indivIdual-species 
YPR analysIs uses the length-based Thompson and Bell equa
tIOns (see Sparre and Venema 1992), and the management 
axes are mesh size and F The optimal mesh size for a 
multispeCles trawl fishery can be estimated with thIS tech
nique. The analysis is therefore suitable only for net or trawl 

fisheries. 

Ecosystem-based assessment 
using ECOPATH and ECOSIM 

Methods of usmg mass-balance models to mvestlgate the 
dynamics of fished ecosystems are described by the author 
elsewhere in thiS volume. Although this IS new departure, 
these models can also be employed to assess the status (eco
nomic as well as bIOlogICal) of fIsheries in relation to their 
ecosystem Impacts Alternatives that might be compared are 
the present lake fisheries, pOSSible lake fisheries where some 
resources might be overftshed or not fished, and different 
lake ecosystems with introduced species 

Instruments 
At the workshop there were almost no details about the 

instruments that might be used to achieve fishery manage
ment policies. There appears to be a hmit on the number of 
fishmg vessels and some minimum size regulations Quotas, 
closed seasons or closed areas have been implemented (EI 
Shahat, this vol.). 

Gear restriction 
It was not made clear if there are any place, time, type or 

gear restrictions, and whether by-catch reduction deVices have 
been considered for targeted fisheries; however, see EI Shahat 
(this vol.). 

Catch restriction 
It IS evident that annual catch quotas have not been esti

mated or Implemented 

Effort restriction 
There appears to be a hmlt on the number of flshmg 

vessel licences, but it is not clear how this figure was arnved 
at 10 relation to the catchmg power of vessels and the lake 
stocks of fish Moreover, the relationship between the hcensed 
number and the actual number of vessels fishing was not 
descnbed at the workshop. 

Closed season 
No information was prOVided on closed seasons Although 

this IS not a concern for tilapla and Nile perch, cyprimds and 
catfIsh stocks mIght benefit from closure of the breeding 
grounds during the spawning seasons Once quantitative 
assessments are in place, investigations of the effect of closed 
seasons might be made. 
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Closed areas 
The area adjacent to the Aswan High Dam is closed to 

flshmg vessels for secunty reasons, although it IS not clear 
how well enforced this regulatIOn is Closed areas can act as 
a valuable hedge against uncertainty 10 fisheries management 
and should be considered seriously for several areas of the 
lake Spatial information on catches, effort and biomass would 
make spatially partitioned stock assessment easier 

Community management 
Because of the remoteness of the lakeshore, co-manage

ment between government and the local community IS ad
Vised to maximize compilance with regulations As shown 10 

Fig. 1, the efficacy of regulations drawn up by central govern
ment mstitutlOns IS generally high, but compitance by local 
fishers IS low Compitance with regulations drawn up by lo
cal fishing communities is often high, but generally not very 
efficacious. A balance between the two, represented by co
management, maximizes the benefit to the resource. 
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DlstU$'SlON 
Q. Is it,Itrl;po:rta;nt to know that the yaJues derived from 

. fishery models should not be assumed to be correct, 
just useful ~01S? 

A~ Agreed. TMs is why confidence limits should be 
caiculated. 

Q. By7catthes~te probably very [ow in Lake Nasser, 
so should they be considered? 

A. Long lines and glU nets are not the most efficient 
at catching emiy the target species. Observations are 
requ.ired at fishing sites as these data are required in 
modclling. 

Q. Would fish aUractlOn devices (FADs) be of value? 
A. FADs would.be very useful and desirable particularly 

If not fished but left as sheltering areas (dosed areas) 
and sanctua~ies, Sanctuaries should be at least 10% of 
the tQtal f±$hed area and possibly permanently 
enfomed. 

Q. What is the 'best method for estimating biomass? 
A. Several methods should be trIed on a species by 

species basis if possible. 
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ABSTRACT 

Suggestions arising from the workshop discussions for Implementing the project are listed, Including tasks and 
requirements for identified subproJects. 

Summary of the discussions following the reports 
of the working groups on development of the 
Lake Nasser Project 

Several common features emerged from the presentations 
made by the vanous working groups In relatIOn to the 
sustalnablltty and enhancement of the fishery In Lake Nasser 
These Included the follOWing 
• The base for the project should be In Aswan 
• There IS a need to set pnontles ThiS process IS complex 

However, trammg, the establtshment of a database, and deal
mg With eXisting knowledge should come first (see Craig, 
thiS vol, p 107) Further, essential activIties may emerge 
after the Workshop proceedmgs have been mculated 

• InformatIOn gaps should be clearly Identified (see Craig, thiS 
vol, p 105) 

• Contact should be made at an early stage with poltcymakers, 
Sudanese authonttes (Important to conSider the lake as a 
whole) and local fishers (make them feel part of the project) 

• Training IS essential In new methods and techniques ThiS 
would be achieved by short courses, pOSSibly In Aswan or 
elsewhere (e g . ICLARM) There IS also a need to Improve 
staff quahficatlons Master's or doctorate degrees for the staff 
could be obtained overseas or, If cost IS a problem, In Egypt 
with short penods outSide 

• A Lake Nasser Fishery Management Research Group should 
be formed The Itnkages between trophIC groups were, With 
a few exceptions, seldom stressed at the workshop Since 
thiS project takes a multldlsclpltnary approach, It IS Impor-

tant that the workers Involved develop thm research With a 
view to strengthening these linkages The multidiSCiplinary 
approach becomes particularly Important where there IS an 
Interface between human and bIOlogical aspects of the fish
ery, and there may be a need for training In multtdlsclpllnary 
projects ICLARM has expenence In thiS field Tasks and re
qUirements for research are Itsted below 

• Several groups gave what amounted to a "wlsh-ltst" of eqUip
ment needs, whICh IS probably unrealtstlC at present All the 
institutions Involved In research on Lake Nasser should there
fore assess what equipment they already have and deter
mine the extent to which It can be shared 

• Access to the Itterature was Identified as a major constraint 
Everyone working on Lake Nasser IS finding It very difficult 
to keep up-to-date. but there may be ways In which thiS 
project could meet that need 

• There IS a need for Improved commUnicattons, which in
cludes access to the Internet There IS a general need for 
more outSide consultatIOn, including adVICe from experts. 
and It was suggested that an adVISOry group be set up to 
review reports and proposals before submiSSion 

• The establtshment of a newsletter would Improve communi
cations ThIS would be distributed locally and internation
ally. 

• It was accepted that It IS diffICult for local workers to travel to 
international meetings. but some funds should be used for 
thiS purpose It IS also pOSSIble that overseas students might 
be able to work on Lake Nasser, while e~tabhshlng links 
With local SCientists 
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• Most of the samplmg m the lake seems to have been done 
in the central channel It is necessary to sample m all areas, 
mcludIng the khors, on a multidisciplinary baSIS The N!le 
valley was well-mapped before It was flooded. 

• Postharvest techmques were well below acceptable stan
dards, resulting In unnecessary spo!lage and a product un
sUItable for export Training and Improvement of the faClittJes 
are reqUIred 

Tasks and requirements for each discipline 
as identified in the workshop 

Fishery management research group 

Tasks 
• Oversee the actlVltles of all subprojects 
• Provide gUidelines to ensure an ecosystem approach to the 

study and Integration of tOpiCS 
• Comp!le and synthesize all eXisting and new research data 
• Develop management tools for the lake. taking into ac

count ecological, economic and social factors 

Physical and chemical limnology 

Tasks 
Collect and analyze: 

• Available data from remote sensing 
• Meteorological data from at least two representative weather 

statIOns, Includmg temperature. wmd, evaporation, relatIVe 
humidity and precipitatIOn. 

• HydrologICal data (calculate water balance) 
• Water temperature and dissolved oxygen data (calculate 

prof!les Includmg stratification patterns) 
• Light data Includmg the effect of suspended matter 
• Nutnent, pH, total dissolved soitds (TDS), etc, data 

Requirements 
• Conductivity/temperature/depth probe (CTD) with addi

tional faClltty for measunng Itght (photosynthetIC active 
radiatIOn, PAR) and 02 concentratIOn 

• Van Dorn-type sampling bottles and suitable winch for 
deployment 

• Laboratory eqUipped with basic glassware, chemICals and 
analytical Instruments for nutrient analYSIS 

• Research vessel time 
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Bacteria 

Tasks 
• Momtor sanitary qualtty of the lake water for dnnkmg. 

Irngation, agnculture and fl~h production 
• Determme the role of bactena In nutnent cycle~ 

Requirements 
• A well-eqUipped microbiology laboratory 

Phytoplankton 

Tasks 
• Determine spatial (vertICal and honzontaD dlstnbutlon and 

standing crop of chlorophyll a 
• Determme pnmary production for planktomc and benthiC 

algae 
• Measure sunshine and PAR 
• Collect satelltte data on lake surface temperature and 

suspended sediment values (With pOSSible addition of 
chlorophyll a measurements) 

Requirements 
• Researcher, field assistants and techntClans 
• Fluorometer 
• Inverted microscope and counting chamber 
• Hand-held oxygen meter and incubation vessels 
• Data from phYSical and chemical limnology studle~ 

Including meteorological data 
• Research vessel time 

Macrophytes 

Tasks 
• Determine spatial and temporal dlstnbutlon and standmg 

crop (chlorophyll a and dry weight) 
• Determme pnmary productIOn partICularly m the shallow 

water zone <down to one meter) and of the charaphyte~ 

Requirements 
• Researcher. field assistants and techniCIans 
• Drymg oven, oxygen meter. conductiVity meter. spectro

photometer and balance 

Zooplankton 

Tasks 
• Perform qualitative and quantitative studies. mcludmg tax

onomy and eStimates of biomass and production 
• Estimate zooplankton consumption of phytoplankton 
• Estimate fish consumption of zooplankton 



Requirements 
• References and expert advICe for IdentIfIcatIon 
• Plankton nets 
• Research and stereoscopIc mIcroscopes 

• Aquana 

Benthic invertebrates 

Tasks 
• EstImate bIOmass and productIon 
• DetermIne seasonal cycles In abundance 
• Apply data to ecosystem models 

Requirements 
• SCIentIst, assIstant and technICIan 
• EqUIpment (unspeCIfIed) 
• TraInIng In taxonomy 

Fish-eating reptiles and birds 

Tasks 
• EstImate abundance of predators 
• DetermIne the fIsh specIes eaten and theIr sIze range by 

examInatIon of the predator's stomach content 
• QuantIfy the bIOmass of fIsh eaten 

Requirements 
• Two bIologIsts for bIrd surveys 
• One bIologIst and one hunter for crocodile and other rep-

tIle surveys 
• Research vessel tIme 
• External expert on reptIles to traIn local staff 
• TraInIng In gut content analysIs and relatIng bony struc-

tures remaInIng In the gut to the sIze of fIsh consumed 
• Cameras wIth zoom telephoto lenses 
• TaggIng eqUIpment 
• LIfe Insurance for the crocodIles bIologIst' 
• Laboratory space wIth dIssectIOn eqUIpment, etc 
• TraInIng In statIstIcs 

Fishery biology and aquaculture 

Tasks 
• ExamIne the potentIal benefIts and hazards of IntroduCIng 

a new fIsh speCIes to utIlIze the openwater area 
• DetermIne the genetIC composItIon of NIle tIlapla used in 

stock enhancement and the natural, wIld fIsh and deter
mIne the cost/benefIt of the enhancement program 

• Culture threatened endemIC h~h for re-Introductlon 

Requirements 
• Access to d genetIcs lahOlatory 
• Boat WIth facIlItIes tor lIve fIsh transportatIon 
• Truck for lIve fIsh transportatIon 
• TraInIng, e~peClally In genetIcs 

Fishery assessment 

Tasks 
• EstImate sustaInable harve~t (YIeld) by specle~ 
• Improvement of fIshery statIstIcs through camp (fIshers, 

gears, boats, etc) and landed and salted fIsh (compmItlon 
length, frequency, etc) surveys 

• EstImate bIOmass by hydroacoustlcs 
• Gather bIOlogICal data on age and growth, reproductIon, 

food and feedIng, demographIC structure, etc 
• Develop a database 
• Apply analytICal and ecosystem models 

Requirements 
• Researchers, assIstants and fIeld technICIans 
• Database manager 
• Stereo mIcroscope for ageIng by otolIths, scales, opercula, 

fIn rays, etc 
• Research mIcroscope 
• Research vessel tIme 
• Echo-sounder (Integrated system) 
• TraInIng In hydroacoustlcs 

Sociology 

Tasks 
• ReVIew hterature concernIng SOCIal aspects of human ac

tIvItIes in the lake to IdentIfy knowledge gaps In partICular, 
the relationshIp between human behaVIOr and the natural 
ecosystem and how human behaVIor IS affected by change 
In the fIsh resources base 

• Collect qualItatIve data (IntervIews, group meetIngs, etc) 
on Issues such as markets and marketIng 

• Collect quantItatIve data (stratIfIed samplIng) on how the 
process of productIon IS organIzed, the relatIve Importance 
of flshenes to the fIshers' household economy, allocatIon 
of the catch value, catch dlstnbutlOn to the consumers, the 
condItIons of workers In the processIng plant, organIzatIon 
of the fIshIng cooperatIves, theIr success and legal status, 
hVIng condItIons In the campsItes, the potentIal role of sport 
fIshIng, formulatIon of polICIes and enforcement regula
tIons, and quota settIng 
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Requirements 
• ProJect leader and two research assIstants 

Economics 

Tasks 
• Collect and analyze data on 

- Pohcy and mstitutlOnal aspects meluding national plans 
for lake development and legal and mstltutlOnal aspects 

- EconomICs of productIon meludmg flshmg technology 
and Impacts, labor force partICIpatIon and flshmg opera
tions and fIsh processing. 

170 Sustainable fish production In Lake Nasser 

- Fish marketing meludmg demand and supply of fish, 
patterns m human consumptIon of fish, fish markets, chan
nels and margms; fish pnces and pncmg pohCles 

- Income and Its dlstnbutlOn meluding scarceness of m
come of fIshers' famllles and shanng of flshmg mcome 
and distnbution 

• Estabhsh pollcy recommendations 

Requirements 
• One seDlor economist, two research assIstants and SIX field 

data collectors 
• Tape recorders and calculators 
• Trainmg m research methods, research deSIgn. field data 

collection, computers and databases 



-

Indices and appendices 

< ;11 -



Species Index 

A 
Afncan darter 81 
Afncan fISh eagle 81 
Afncan skimmer 81 
Alcedo althis althis 81 
Alestes (spp) 3, 5, 87, 95-96, 146, 

149-150 
baremose 150-151 
dentex 5, 150-151 

Alisma grammeum 62, 64 
Almaspp 78 
Anabaena spp 120 
Anabaenopsis spp 45-46 
Anabantidae 149 
Anas querquedala 81 
anchovIes 11 0, 114 
Anguillidae 149 
Anhinga rufa rufa 81 
Amsoptera 78 
Ankistrodesmus spp 47-48 
annehds 75-78 
Ardea garzetta 81 

goliath 81 
purpurea 81 

Anstzchthys nobzlzs 134, 136-137 
arthropods 75-78 
Asplanchma spp 72-73 
Athyafenna 81 

B 
bactena 18,39-41,122-123,168 
Bagndae 149 
Bagrus (spp) 3, 5, 95, 130 

bayad 5,87 
docmae 5, 87, 146 

Barbus Cspp) 5, 87, 146, 149-150 
altianahs 146 
bynnz 5,129,141-142 

benm 129-130 
Bidyanus bzdyanus 136 
bighead carp 134, 138 
billfiSh 17 
bittern 81 
bIvalves 75 
black kite 81 
bluegreen algae 43,45-47, 125. 147 
Bosminaspp 71-73,147-148 
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Botaurns stellaris 81 
Brachionus spp 72-73 
Branchiora sowerbyz 76-78 
Brycinus (spp) 149-150 

lateralis 151 
nurse 150-151 

Bubo bubo asealaphus 81 
Bulinus truneatus 77 -78 

C 
Caenis spp 77 
Caradina nilotica 78, 146 
carps 105, 134-135, 138 
catfIshCes) 18,146,161,163 
Catla eatla 136-137 

mrigala 137 
Centropormdae 149 
Ceratium spp 47,49 
Ceratophyllum demersum 62, 64 
Cenodaphnia spp 71-73, 147-148 
chambo 153 
Chanmdae 149 
Charasp 62 
CharaCldae 149 
charaClds 150 
charaphytes 168 
Cherax tenuimanus 136 
chironormds 75-76, 78 
Chtronomous spp 77 -78 
chlorophytes 45 
Chodatella spp 46-48 
CIchhdae 149 
Clchhd(s) 145-151 
Cirrhinus mngala 136 
CIthanmdae 149 
Cladocera 67, 148. 150 
cladocerans 67-69,71.73,147,150 
Clanas ganepmus 146. 149 
Clamdae 149 
Cleopatra bulzmotdes 78 
clupeId(s) 147-149, 151 
Clupeidae 149 
cod 15, 115 
Coleoptera 78 
Colossoma macropomum 136 
common black-headed gull 81 
common carp 135, 150 
common kIngfIsher 81 
Copepoda 67 
copepodCs) 67-70,73,147-148.150 
Corbzcula jlummalts 78 

cormorant(s) 81 
crab 78 
crocodIle(s) 18, 123, 169 
crustacean(s) 73, 75 
Ctenopharyngodon idella 135-137 
Cyanophyta 47-48 
cyanophytes 43,45,120-122 
cycl0poids 148 
Cyclops spp 70, 73 
Cyclotella spp 46-47 
Cypnmdae 149 
cypnmd(s) 18, 146, 150-151, 161-163 
Cypnnodontidae 149 
Cypnnus earpzo 136-137,150 

speculans 137 

D 
dagaa 149 
Damosonzum altsma var compactum 

62, 64 
Daphnza spp 71.73 
daphnuds 148 
Dtaphanosoma spp 71, 73, 148 
Diaptomus spp 70, 73 
dlatom(s) 43, 45-47 
dlatorruds 148 

dmoflagellates 43. 45, 47, 49 
Dtplotaxodon spp 151 
Distichodontrdae 149 
Distichodus spp 149-150 
duck(s) 81 

E 
eagle owl 81 
egret 81 
Eichhornza erasstpes 147 

Enallagma i7 
Engrauleypns sardella 151 
Ephemeroptera 78 
Enochetr smenszs 136 
Eutropius nzlOtlCUS 96 

F 
fern 148 
Ferrzssza clessmlana 77-78 

G 
gadoid 16 
Gallmula ehloropus chloropus 81 
Gambusla affinzs 136 
garganey 81 



gastropods 75 
Glenodinium spp 47-49 
Gobudae 149 
Goltath heron 81 
great cormorant 81 
green algae 43, 45-48 
guIles) 81, 148 
Gymnarchldae 149 
Gymnarchus niloticus 149 
Gyralus ehrenbergi 77-78 

H 
Haliaetus vocifer 81 
hahbut (PaCIfIC) 16 
Haplochromme(s) 146, 148-150 
Haplochromzs spp 146 
Helobdella conifera 78 
Heffilptera 78 
HepsetJdae 149 
heron(s) 81 
hernngs 109,114-115,151 
Heterobranchus spp 149 
Heterotzs ntloticus 149 
Hydra vulgans 78 
Hydrocynusspp 5,87,95-96,149,151 

jorskalii 3,5,149 
vtttatus 148-149 

Hydrozoa 78 
Hypophthalmzchthys molitnx 91, 129, 

134, 136-137 

msects 75,77,146 

K 
kapenta 147-148,151 
Keratella spp 72-73 
kmgflsher(s) 81, 148 

L 
Labeo spp 3. 5, 96, 130. 142, 149-150 

cauble 141 
dussumieri 135-136 
fimbnatus 136 
ntloUcus 5, 141. 147 
rohlta 136, 137. 141 
vlctonanus 146 

largemouth bass 150 
Larus ndzbundus 81 
Latesspp 5.149,151 

calcarifer 137 

niloticuS 3, 5, 87-88, 95-96, 129, 
145-147, 149, 153, 161 

Limnodrtllus hoffmeistert 76, 78 
udekemianus 76-78 

Limnothrtssamiodon 145,147-151,153 
httle egret 81 
Liza ramada 136-137 
lung fIsh 150 

M 
Maccullochella spp 135 

ikei 136 
macquartensis 136 
peelii peelii 136 

Macquarta ambigua 136 
Macrobrachium rosenbergzi 136-137 
Malapterundae 149 
Malapterus electncus 149 
Marcusentus spp 149 
masheers 134 
Melanozdes tuberculata 77-78 
Melosira spp 46-47 
Mensmopedia spp 46 
Mesobola brevianalzs 151 
Microcystis spp 148, 150 

aeruginosa 59 
MlCronecta sp 77 
Mzcropterus salmoides 150 
Milvus mzgrans mzgrans 81 
Mochokldae 149 
mollusc(s) 75-77, 146 
moorhen 81 
Mormyndae 149 
mormynds 146 
Mormyrops anguillozdes 149 
Mormyrus spp 87 -88, 149 

kannumel 149 
longirostris 149 

Mugil cephalus 136-137 
Myctena zbls 81 
Myrophyllum spicatum 62, 64 

N 
Najas homda 62-63 

manna subsp armata 62-64 
pectinalis 62 

nauplu 70, 73, 147-148 
Navtcula spp 46-47 
NIle perch 18, 87, 129, 146-147, 149, 

153, 161, 163 
NJle tIiapJa 84-85, 141-142, 169 

Nttella hyalina 62-63 

o 
Odonata 78 
oligochaetes 75-78, 150 
Oncorhynchusspp 136 

keta 137 
kisutch 137 
masou masou 136-137 
mykiss 136-137 
rhodorus 137 
tschawytscha 135 

Oreochromisspp 136-137,149,153 
aureus 87-88, 135-137 
esculentus 146, 149 
Mole 151 
mossambicus 134, 137 
ntlotzcus 3, 5, 83-85, 87-90, 93. 
95-96.129, 135-137,141,146-
147,150-151,161 
rendallz 153 
vartabilzs 146, 149 

Oscillatorta spp 46 
tenuis 59 

Osphronemus goramy 136 
osprey(s) 81 
Osteoglassldae 149 
ostracods 76-78 

p 

Pandian halzaetus halzaetus 81 
Pangaslus sutchl 136 
Pediastrum spp 46-48 
pe!Jcan(s) 81 
Pellonula ajzelzusz 151 
Perca fluviatzlis 136 
Pertdmum spp 47 -49 
Penthemzs spp 77 
Phalacrocorax carbo sinensIs 81 
Physa acuta 77-78 
pmk-backed pehcan 81 
pzsczdium pirothz 78 
Playtias spp 72-73 
Plecanus onocrotalus 81 

rujescens 81 
poe-hard 81 

Polyptendae 149 
Potamogeton cnspus 62, 64 

nodosus 62 
pectinalzs 62, 64 
perjolzatus 62, 64 
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schweirifurthii 62-64 
trichoides 62 

Potamonatus nioticus 78 
prawn 78 
Pristina spp 76, 78 
Protoptendae 149 
Protopterus spp 146, 149 

aethiopicus 146 
annectens 150 

Puntius gonionotus 137 
javanzcus 137 

Purple heron 81 

R 
Rastrtneobola argenta 146-147, 151 
rottfers 67-69,72-73,147-148 
ruddy shelduck 81 
RutilusjriSii kutum 137 
Rynchops jlavirostrts 81 

S 
Salmontds 135 
Salmo trutta 136 
Salvelinus pluvius 137 
Salvmta molesta 148 
sardines 105, 110. 114, 151 
Sargochromi spp 149 
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Sarotherodon galilaeus 5, 83-84, 
87-90,136 

scissor-billed tern 81 
Schilbe intermedius 146, 149 
Sdulbeidae 149 
seals 17 
serranochroffilds 149-150 
Serranochromis spp. 149 
shrimps 146 
sliver carp 91, 129, 131, 134, 138, 

141-142 
snails 78 
Sphartum simile 78 
Staurastrum spp 47-48 
Stolothrtssa tanganicae 151 
Synedra spp 46-47 
Synodontis spp 87-88, 146, 149 

serratus 5 
schall 5 

T 
Tadorna jerruginea 81 
tern(s) 81, 148 
Tetraodonudae 149 
uger fIsh 18, 148 
Tilaptaspp 137,149 

rendalli 136,149 
zillii 87-88, 149 

ulapla(s) 3, 5, 18, 83, 85-87, 93, 96, 
105, 107, 129-131, 135-136, 141, 
143-144,161-163 

Wappme(s) 146,149-151 
Tor spp 134, 136 

khudree 136 
putftora 136 

Trtchogaster pectoralis 136 
tncopterans 76, 78 
Tubtjex spp 78 

V 
Vallisnerta spiralis 62-64 
Valvata nilotica 76-78 
Volvox spp 148, 150 

W 
water hyacmth 107, 147 
whales 17 
whIte pelIcan 81 

y 

yellow-bIlled stork 81 

Z 
Zannzchellia palustns 62-64 
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