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Abstract: Phytoplankton community and limnochemistry of Lake Hashengie, a closed basin, lake situated at
about 2100 m a.s.l. in Southern zone of Tigray regional state (Ethiopia), were investigated from September
2010 to early June 2011 and the fish potential yield was calculated using different models and its production
potential was compared to small reservoirs constructed in two past two decades. The aim of this research was
to investigate morpho-edaphic parameters and from primary production for the small reservoirs under study
and the lake Hashengie. From our study we found that Family wise, Baciliariophycea, chrysophycea and
cyanophycea are dominant family in Lake Hashengie with 27, 32.40 and 21.6% of representation. However the
family cynaophyceae are not represented in water samples from the reservoirs. On the other hand family
chrysophyceae are the least represented family in Lake Hashengie. A Comparison of Chlorophyll a between
Lake Hashngie and two reservoirs (Mai-Gassa and Shelanat) indicates that there is high productivity in
MaiGassa (22.04 :g chl.a/L) followed by Hashengie (2.67 :g chl-a/L) and Shelanat (1.21e-3 :g chl-a/L). The
potential fish yield calculated form phytoplankton primary production (where PG is given in g O2/m

2/year using
the equation log10Y = 0.95+0.00034 PG has give a significantly different values with Primary production (0.02
g O2/m

2/year) Hashengie giving a Yield of kg/ha 60.80678 and Primary production (0.07 g O2/m
2/year)

Maigassa giving a Yield kg/ha 20.29589 Thus, it is concluded that there is a lot of potential for further fisheries
development in different water bodies of Tigray.
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INTRODUCTION

Ethiopia has three principal resources: land, water and
labor that need to be brought together and made
productive. The developments of these resources offer the
only feasible opportunity for effective development and
poverty reduction in Ethiopia. Thus, it would not be an
exaggeration to state unless water is properly managed for
agricultural food production including fisheries, food
security and protecting rural livelihoods in Ethiopia is
questionable (EFASA, 2009). Food insecurity is one
defining feature of rural poverty affecting millions of
people in Ethiopia. It can be stressed that the fisheries and
aquaculture sub-sector can play a significant role in the
fight against food insecurity of the regions in Ethiopia
where there is water resource. Besides, fish is a cheap
source of high quality protein; hence there is a need to
produce it as an alternative way of fulfilling animal

protein requirement for the poor rural communities
(Abebe and Stiassny, 1998). Therefore, government of
Ethiopia in general and policy makers in the regional
states has to take note of fisheries in their strategic plan as
an input towards poverty eradication in their 5 year
transformation strategic plan for accelerated and sustained
development to end poverty.

Research elsewhere indicated that ‘in order to
increase fish production in a sustained manner, the
activities to be undertaken should revolve around the
introduction of appropriate technology that provide for
proper care of existing lakes, reservoirs as well as
production of fish without risking the natural balance of
fish population in these ecosystems (Williamson and
Beveridge, 1994). Apart from this area of concern it is
universally agreed that aquaculture has an important role
in the development of many national economies and plays
a key role in rural development. It provides livelihood
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options in rural areas of the developing world as well as
income  and  employment  in  remote  regional, as well as
more developed economies (Ahmed et al., 1998).
Aquaculture production continues to grow at more than
10%/annum globally, outpacing terrestrial livestock and
capture fisheries. Excluding aquatic plants, 60% of
production comes from inland areas (Shearer et al., 1997
for example farmers in the Asia-Pacific Region contribute
over 80% of the world’s aquaculture production,
(Edwards and Demaine, 1997). In inland areas improved
aquatic resources management, including aquaculture
integrated into existing farming systems has the potential
to enhance livelihoods when there are windows of
opportunities like that of Ethiopia in general and Tigray
in particular. The government of Ethiopia has started
constructing large dams like Tekeze hydropower, Gibe II
and III projects for power generation purpose while small
dams are constructed with the main purpose of small scale
irrigation to fight drought and food insecurity in drought
prone areas. Therefore, we need to take advantage of such
a government initiated window of opportunity and
promote the production of fish for food. Perhaps the most
appropriate contribution of the academia would be
building of capacity in terms of manpower and institutions
towards achievement of food security goals.

To this end this research was initiated aimed at
investigating the potential of fish yield and production in
the small reservoirs and Lake Hashengie of Tigray. In
Lake Hashengie there is already fishery activity taking
place, however scientific assessment of potential fish
yield is missing for the lake. Therefore there is a dire need
assessment of the potential fish yield for the lake.
Furthermore, determining ecological carrying capacity of

the  lake  is  essential  for  fisheries  management. In  this
research we used two Limnological models (i.e.,
morphoedaphic index and phytoplankton parameters) to
achieve the two principal objectives: 

C To calculate potential fish yield and production from
morphoedaphic parameters for the small reservoirs
under study and the lake Hashengie 

C To asses potential fish yield and production from
primary production (phytoplankton) and standing
crop biomass of standing crop in the small reservoirs
and Lake Hashengie.

METHODOLOGY

Description of the study area: For a Comparative study
we have used Lake Hashengie a natural closed Basin Lake
and Small reservoirs from Southeastern zone of Tigray.
Lake Hashengie (13º86!-13º99! latitude and 5º51!-5º59!
longitude) is located in Ofla Woreda Southern Tigray
Administrative Zone about 628 km North of Addis Ababa
and about 152 km South of Mekelle and 8 km North of
Korem town. Ofla woreda has 19 Peasant associations
(locally known as Tabias) and 72 Sub Peasant
associations (known as Kushets). Around Mekelle
Vicinity (Fig. 1) there are over 70 reservoirs constructed
for irrigation and household water consumption. These
reservoirs vary in their watershed characteristics, water
quality, water volume, depth and surface area. And
Among these we have used Shelanat IV for comparison
which is a good model for comparison due to the small
scale tilapia farm in the reserviour.

Fig. 1: Map of the study site tigray: Tigray by zones and southern zone of tigray (where lake hahshengie is located and south eastern
zone where small reservoirs Shekanat IV and MaiGassa II are located
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Sampling design and data collection: Selected small
reservoirs' in Mekelle Vicinity and Lake Hashengie were
used for this study. The main criterion for selection of
these reservoirs and Lake Hashengie is the existence of
zooplankton data, some of which has been published by
Tadesse et al. (2009), from the small reservoirs.
Furthermore, Zooplankton data from an ongoing project
in Lake Hashengie is available for this purpose. Besides,
In Lake Hashengie there is already fishery activity taking
place, however scientific assessment of potential fish
yield is missing for the lake. 

Potential fish yield and production for each of the
reservoirs under study and Lake Hashengie is estimated
using two Limnological models namely. 

C Primary production and phytoplankton biomass 
C Morphoedaphic Index (MEI)

Prediction of potential fish yield from phytoplankton:
For this purpose phytoplankton samples were taken from
euphotic depth of the near shore and center of water body
by using a phytoplankton net (mesh size of 25 :m) and
drops of Lugol’s iodine was used to preserve
phytoplankton samples. Then the phytoplankton taxa were
identified to the species level using standard references
available. Furthermore, phytoplankton abundance is
determined from cell counts of algal units using Sedgwick
rafter cell under an inverted microscope (appendex-2).
Thus, Cells per 1 mL of sub sample are computed using
the following formula:

C(cell/mL) = N*1000 mm3/A*D*F

where,
N = Number of cells or units counted
A = Area of field (mm2)
D = Depth of a field (Sedgwick-Rafter chamber depth)

(mm)
F = Number of field counted

Besides, Chl-a is determined using flurometric
method from a composite water sample taken from each
water body (i.e Lake Hashengie and reserviours Shelanat
and MaiGassa). Then the trophic state of each water body
is estimated using Carlson's trophic state index based on
measured Chlorophyll a values. 

Prediction of potential fish yield from Morphoedaphic
Index (MEI): The Morphoedaphic Index (MEI) has been
used globally as a fish-yield estimator with widely
divergent results and morphology per se is a major factor
of fundamental importance in the determination of
potential fish yields (Rawsond, 1960). To determine the
potentials fish yield in each of the reservoirs under study

Fig. 2: Lake hashengie viewed from miriam menkere
sitemorpho-edaphic index models

standard morphometric dimensions of major importance
to fish production like Area (A), Volume (V) and mean
Depth (Z) were taken from litrature. A secondary data is
used for area of each reservoir (data collected during
construction of these reservoirs) and their mean depth is
measured using scaled ropes and volume will be
calculated from area and mean depth for Lake Hashengie
(Fig. 2). Once susch variables are made available MEI
was calculated using Eq. (1) and (2):

MEI = Total dissolved solids (ppm)/
            Mean depth (feet) (1)

or

MEI = Conductivity(: mhos/cm)/Mea depth (metres)(2)

Data analysis: All data collected are subjected to
statistical analysis. Analysis of Variance (ANOVA) was
used to test if there exists a significant difference in the
potential fish yield and production predicted by the two
Limnological models (at significance level " = 0.05) and
furthermore, if there exists a statistically significant
difference in the potential fish yield from the different
water bodies was used too. 

Meanwhile, a regression model is used to test a
correlation between 

C The Log transformed total zooplankton biomass and
lake trophic state. 

C Fish production and zooplankton biomass, fish and
phytoplankton biomass 

C Fish production and Morphoedaphic Index (MEI) and
Morphoedaphic Index (MEI) and phytoplankton
biomass and production.

 
All calculations and statistical analyses will be

performed using R-software and JMP 8 of the SAS
statistical packages.

RESULTS AND DISCUSSION

The potential fish yield calculated form Morpho-
edaphic Idex (MEI): An aim of one widely-used type of
empirical model in hydrobiology is to make possible the
prediction of complex biological effects from simple
environmental parameters. Some of the most important 
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Table 1: Geographical, morphometric and physicochemical characteristics of the water bodies under study
Geographical characteristics
Parameters Lake hashengie Reservoir**
Position Korem town, SZ of tigray Adigudom area, SEZ of tigray
Latitude: 13º86! -13º99! N 39º 29! 25"
Longitude: 5º51! - 5º59!3! E 13º 17! 10"
Altitude:  2,400 m a.s.l.
Catchment area: 10.6 km²
Morphometric characteristics

Lake hashengie Reservoir
Lake area: 23.2 km2 5.7 km² (22.6 ha)
Maximum length: 6 km 5100 m 
Maximum width: 4 km 605 m 
Lake shore development: 21.7 km
Maximum depth: 25 m 5 m 3.9 m
Mean depth: 8 m 3 m
Volume: 0.867 km3
Physico-chemical characteristics
Parameter Hashengie Reservoir**
Conductivity*:  ca 52 :S cm-1 465/ 445 :S/cm
pH*: 8 7.5 (8.61)
Maximum water temperature 25 24 (20.8/)
Minimum water temperature up to 20°C in July 20 (19.1ºC)
Present trophic status: (using chl-a values) Oligomesotrophic Meso trophic
*: Mean value calculated from 14 measurements; **: The values are for Mai Gassa

Table 2: Site specific physicochemical properties
Oxygen
-----------------------------------
mg/L % Temp(ºC) ph (0) CEC (:m/L) TDS (mg/L)_ chl-a ( :g/L)

Adigolo (pelagic)
0 7.58 114 21.2 8.96 10.130 6.23 11.7466670
2 7.62 115 20.8 8.95 10.470 6.28 11.4266670
4 7.64 114.7 20.9 8.98 10.560 4.70 8.67330000
6 7.63 114 20.7 8.93 10.466 6.31 7.00233330
8 7.26 108.1 20.5 8.96 10.633 6.41 5.05100000
10 7.17 106.1 20.1 8.92 10.720 6.47 5.64133330
12 7.04 104.3 20.3 8.90 10.400 6.30 27.0500000
14 7.69 117 20.8 8.97 10.690 6.45 10.7566670
Menkere (pellagic)
0 7.51 111 20 9 10.85 6.52 11.2700000
2 7.48 110.3 20 8.99 10.80 6.47 7.87466670
4 7.08 105.4 20.2 9.01 10.73 6.41 9.11933330
6 4.64 68.4 20.3 8.98 10.60 6.43 9.72866670
12 4.26 21.8 19.2 8.98 10.47 6.37 10.4666670

Table 3: Site specific physicochemical properties of lake hashengie at
littoral site

Oxygen
---------------------------Temp EC TDS

Depth mg/L % (ºC) (:m/L) (mg/L)
Adigolo site
Surface 10.9 164 20.5 39.4 23.8
Middle 7.6 117.6 21.5 44.7 26.8
Bottom 7.5 114.6 21.5 24.5 18.8
Menkere site
Surface 6.76 100.1 19.4 28.1 12.34
Middle 6.71 98.5 18.7 58 35.5
Bottom 6.71 94.7 18.4 46.4 28
Hashengie site
Surface 7.08 103.3 19.4 55.4 34.5
Middle 6.77 101.6 19.5 48.4 30.4
Bottom 6.78 101.6 20.3 52.8 24.5

variables also need geographical characteristics of the
area (Table 1) as well as physicochemical parameters
mentioned in Table 1 below. Depending on these
variables or formulas derived from them, the potential fish
yield of water body can be easily calculated. 

Table 4: Prediction of potential fish yield from morphoedaphic index
(MEI)

Hashengie Maigasaa II
Lake surface area (Km2) 25.0 5.7
Conductivity of the lake (:mho/cm) 10.8 38.0
Mean depth (m) 8.03.0
Morpho edaphic index 0.34.4
Potential fish yield calculated using different models
Fish yield (Y) (kg /ha year)* 8.5 28.5
Fish yield (Y) (kg /ha year)** 16.8 44.0
Fish yield (Y) (kg /ha year)*** 9.3 26.6
*: Y: 14.3136*MEI^0.4681; **: log10Y: 1.4071+0.3697 log10MEI-
0.00005465 A; ***: log10Y: 0.044 T+0.482 log10MEI+0.236 

We found a variation in the physicochemical
parameters of the Lake sampling stations: Adigola and
Menkere sites  (Table   2)   we   further   looked   at   the
difference in physicochemical parameters at three depth
(surface,  middle  and  bottom  of  the   water body) in the
Littoral  sites  of  the  Lake  (Table 3)  and  we  found  a
variation in the Oxygen content (mg/L) to be highest in
adigolo and Lowest in Mekere (Table 3).
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Fig. 3: Distribution percentage of different phytoplankton in the
different water bodies hashengie (left) and shelanat IV
(right)

The potential fish yield of the Lake Hashengie was
compared to the potential fish yield of Maigasaa II, a
small reservoir, based on the MEI model developed
(Table 4) and we found a different fish yield depending on
different models for the two water bodies.

Morpho-edaphic index is one of the simplest and
most widely-used empirical models for  estimating  fish
yields.  It  may  be  calculated  as  either Total Dissolved
Solids (TDS) or conductivity divided by mean depth (z);
the latter is more widely-used in Africa because
conductivity estimates are usually readily available. Here
we have used conductivity and mean depth to calculate
potential fish yield. However, the different empirical
models give  rise  to  the  different  potential  fish  yield
(Table 4).

List of phytoplankton species/taxa identified in
samples collected from different water bodies: Several
species of phytoplankton were identified but the most
common area Bacillariophyceae (diatoms) (like Cyclotella
planctonica, Cymbella cistula, Fragilaria capucina) which
occupied about 27% In Lake Hashengie; Chlorophyceae
(Green algae) (like Pediastrum duplex, Scenedesmus
arcuatus) which occupied about 47% in shelanat IV;
Cryptophyceae (Cryptomonads) which occupied 32.4% in
Lake Hashengie and 30% in Shelanat IV (Fig. 3).
However there is a significant difference in the
phytoplankton species composition in the different water
bodies (Fig. 3) and Family wise, Baciliariophycea,
chrysophycea and cyanophycea are dominant family in
Lake Hashengie with 27, 32.40 and 21.6% of
representation. However the family cynaophyceae are not
represented in water samples from the reservoirs. On the

Fig. 4: A comparison of Chl-a as surrogate for primary
productivity

Fig. 5: A comparison of primary productivity of lake hashengie
and mai-gassa 
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other hand family chrysophyceae are the least represented
family in Lake Hashengie (Fig. 3).

A Comparison of Chlorophyll a between Lake
Hashengie and two reservoirs (Mai-Gassa II and
ShelanatIV) indicates that there is high productivity in
MaiGassa (with 22.04 :g chl.a/L) followed by Hashengie
(with 2.67 :g chl-a/L) and Shelanat (with 1.21e-3 :g chl-
a/L) (Fig. 4)

The potential fish yield calculated form
phytoplankton primary production (where PG is given in
g O2/m

2year using the equation log10Y = 0.95+0.00034
PG has give a significantly different values with Primary
production (0.02 g O2/m

2/year) Hashengie giving a Yield
of kg/ha 60.80678 and Primary production (0.07 g
O2/m

2/year) Maigassa giving a Yield kg/ha 20.29589 
In Lake Hashengie Oxygen production is higher than

Respiration (Fig. 5) this means more area for
photosynthesis and many producers/area are available in
Lake Hashengie. In contrast Less Productivity, compared
to Respiration (i.e., Small area illuminated) area is
available in Mai Gassa

CONCLUSION 

There is a lot of potential for further fisheries
development with up to potential fish yield of more than
20 kg/ha. However, in the small sized water bodies
sedimentation of small reservoirs should be taken into
consideration. Meanwhile Lake Hashengie is with great
potential fish yield with 60.80678 kg/ha It is hoped that
this research findings tried to show many predictions of
potential fish yield and how predictions can be made with
relatively little data, in a condition where long term data
on physicochemical and biological features is missing like
our situation. It also indicated that there is obviously a
great need for further chemical sampling and the
chemistry-based predictions are weak. However, those
based on physical parameters seem to be more realistic
and could be used to plan fisheries development in the
studied water bodies and other water bodies that are to be
constructed in the coming future years. 
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