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Because fishes live in less-accessible habitats, their remarkable diversity is rarely appreciated. (e fishery sector is growing rapidly
worldwide with the intention of improving the livelihood in developing nations. (erefore, conservation and management of
aquatic resources become eminent. Morphometric measurements of fishes are important tools in fish biology and fisheries
assessment and conservation. Ethiopia is one of the developing countries with rich water resources. Although there are plenty of
water bodies in the country, they are less explored for their ichthyofaunal documentation. (erefore, this study aimed to explore
the diversity and some biological aspects of fishes in Lake Maybahr. (e fish sample was collected from selected sampling sites
using gill nets with varying mesh sizes. Fish identification was done in the field using relevant taxonomic keys. After identification,
the total length (TL) and total weight (TW) of the specimens were measured to the nearest 0.1 cm and 0.1 g, respectively. After
measurement, the samples were labeled and preserved in a 10% formalin solution. Two fish species were documented in the study
area. (e length-weight relationships indicated that both species (C. carpio and O. niloticus) exhibited allometric growth during
the wet season. But C. carpio demonstrated an isometric growth in the dry season.(e diversity index (H’� 0.69) revealed that fish
diversity in the current study is far less than the result reported in the other studies.(e evenness index (J’� 0.99) showed that each
species is fairly represented by a number of individuals. (e correlation coefficient value of length and weight parameters is
statistically significant at a 1% significance level (s, R2 � 0.85). (e mean FCF revealed that both fish species are in good health.
Further study on local people’s perception, initiating fishing activities, and organizing and providing training to youth
is recommended.

1. Introduction

People hardly ever valued the extraordinary diversity of
fishes since they reside in less-accessible environments.
However, their remarkable diversity has accounted for an
estimated total of 32,600 living fish species, in 536 families
and 85 orders, exceeding all other species of vertebrates
combined [1]. (e reason for their diversity is because fishes
developed an adaptation strategy allowing them to colonize
almost every conducive aquatic habitat [2]. (ey are the
dominants of the world’s marine and freshwater ecosystem
than any other living creatures [2]. (e fishery sector is
growing rapidly worldwide with the intention of supplying
the cheap source of animal protein for improving the
livelihood and food security in the developing nations. For

this reason, conservation and management of aquatic re-
sources become eminent.

(ey are crucial not only for fishery management [3] but
also for fish biological and taxonomical studies [4, 5].
Morphometric studies are widely used as tools for fish
conservation in most parts of the world, thereby providing
information on the condition, growth pattern, ontogenic
changes, and fish population dynamics [6, 7]. (e length-
weight relationship sample is helpful in converting growth-
in-length to growth-in-weight equations, useful to estimate
stock biomass and stock assessment modeling [7, 8].

(e Ethiopian fishery is entirely from inland water
bodies consisting of river basins, major lakes, many swamps,
floodplains, andman-made reservoirs [9]. Ethiopia is named
as the water tower of northeast Africa, and its territory is
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endowed with about 7000 km2 wide lakes, 250 km2 wide
reservoirs and ponds, and 7400 km long rivers [10]. Al-
though there are plenty of water bodies in the country, they
are less explored for their ichthyofaunal documentation as
majority of them are less accessible. Most emphasis for
research was given to large lakes and rivers, leaving me-
dium- to small-sized water bodies of the country unex-
plored despite their untapped potential of fish diversity and
abundance. It is also important to bear in mind, however,
that the diversity and abundance of Ethiopian fish fauna are
not complete and further works are still underway.
(erefore, this study aimed to explore diversity, length-
weight relationship, and condition factors of fishes in Lake
Maybahr, Albuko Woreda.

2. Materials and Methods

2.1. Description of the Study Area. Ethiopia is a landlocked
country geographically located on 9° 0′ 19.4436″ N and 38°
45′ 48.9996″ E with an area of 1,127,127 km2 (of which
7,334 km2 is occupied by major lakes and reservoirs, 275 km2

by small water bodies, and 7,185 km by rivers). It is bordered
to the north by Eritrea, to the east by Djibouti and Somalia,
to the south by Kenya, and to the west by North Sudan and
South Sudan (Figure 1).

AlbukoWoreda is located in the northeastern part of the
central Ethiopian highlands specifically in the South Wollo
Zone, 37 km southeast of Dessie town (Figure 1). (e
Maybahr watershed is located at the Kori River, the main
river in the Kori catchment, which is the main inflow to Lake
Maybahr [12]. (e entire watershed of Maybahr flows to the
Borkena River, finally draining to the Awash River Basin.
(e area is characterized by highly rugged topography with
steep slopes ranging between 2530 and 2860m.

(e soil types in the Maybahr watershed are sandy clay
loam covering 80% of the watershed, and the remaining 20%
is clay loam [13]. (e minimum air and water temperatures
are 3–4°C, and the maximum is 28–35°C, respectively [14].
(e rainfall of the study area is mainly influenced, both by
the Intertropical Convergence Zone (ITCZ) and the sub-
tropical pressure cells. As a result, the annual rainfall of the
area is highly variable with the main rainy season occurring
normally from June to October, with its peak in August, and
then declining markedly in September and October [14].
According to monthly rainfall distributions, AlbukoWoreda
has a bimodal rainfall pattern, having a short rainy season
between February and May and the main rainy season
between July and September [14]. (e rainfall distribution
during this short rainy season is between 69.5mm and
112.7mm with peak rainfall in April. (e rainfall distri-
bution during the main rainy season is between 140.9mm
and 287.8mm with peak rainfall in August [14].

2.2. Sample Site Selection. A preliminary study was carried
out to identify the sampling sites (Figure 1). After the survey,
sampling sites were located and fixed in the lake using a
Gamin 78 GPS model taking into account accessibility,
anthropogenic activities, and safety of sampling. (ree

sampling sites (Site 1 (S1), Site 2 (S2), and Site 3 (S3)) were
selected and fixed to be surveyed for actual sampling.

2.3. Fish Sample Collection and Identification. Fish were
collected from each sampling site using gill nets of varying
mesh sizes from 6 cm to 20 cm. (e gill nets were set late in
the afternoon at 17 : 00 local time and remained overnight in
the water until 6 : 00 morning the next day [15, 16]. Tra-
ditional fishing vessels were used to collect fish samples. Two
rounds of data collection were made in each season (Feb-
ruary andMarch for the dry season; July and August 2019 for
the wet season).

Fish specimen identification was done in the field using
relevant taxonomic keys [17–19]. After identification, total
length (TL) and total weight (TW) of collected fish species
were measured to the nearest 0.1 cm and 0.1 g, respectively.
After measurement, the samples were labeled and preserved
in 10% formalin solution. For further verification, the
specimens were taken to the lab.

2.4. Diversity Indices. (e fish species diversity was calcu-
lated using the Shannon–Wiener diversity index (H′) [20]
using the following formula:

H′ � − 􏽘
s

i�1
Pi∗ ln Pi, (1)

where Pi� the proportion of species “i”, ln� natural loga-
rithm, and S� species richness.

(e fair distribution of individuals of each species in the
study area was computed using Pielou’s evenness index (J′)
by using the following formula:

J′ �
H′

H′max
, (2)

where, H′� Shannon–Wiener diversity index and
Hmax′ � natural logarithm of the absolute number of species
in the community (ln(S)).

2.5. Length-Weight Relationship. (e association between
total length (TL) and total weight (TW) parameters of fish
species in the study area was calculated using power function
as recommended by Bagenal and Tesch [21] as follows:

TW � aTLb
. (3)

(e correlation between the total weight and the total
length parameters was also tested using the linear regression
equation as follows:

logTW � loga + blogTL, (4)

where TW� total weight (gm), TL� total length (cm),
a� intercept of the regression line, and b� slope of the
regression line.

(e slope of the regression line indicates the strength of
association between the outcome (weight in g) and the
predictor of interest (length in cm).(at is, b is the estimated
change in the average value of weight as a result of a one-unit
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change in length. Log a is the estimated average value of
weight when the value of length is zero (if length� 0 is in the
range of the observed length values). (e significance of
association between the length and the weight parameters
was tested using the ANOVA test.

2.6. Condition Factor. (e condition factor is a tool used for
judging the well-being of fish, by assuming that heavier fish
of a given length is in good health. Condition factors include
biological, environmental, geographical, and temporal as-
pects when samples are collected [22]. A higher condition
factor is associated with higher energy content, adequate
food availability and reproductive potential, and favorable
environmental conditions [23]. (e condition factor of fish
species was determined using the Fulton Condition Factor
(FCF) and computed using the formula recommended by
Bagenal and Tesch [21]:

%FCF �
TW
TL3

× 100, (5)

where TW� total weight (g) and TL� total length (cm).

3. Results

3.1. Fish Diversity. In the present study, a total of 491
specimens were collected from Lake Maybahr in the whole
study period. (ese specimens were identified into 2 species
belonging to 2 genera, 2 families, and 2 orders (Table 1). (e
fish species recorded in the current study are Oreochromis
niloticus and Cyprinus carpio.

(e Shannon–Wiener diversity (H’) and Pielou’s
evenness (J′) indices of fish species in the current study are
summarized in Table 2.

3.2. Length-Weight Relationship. (e length-weight rela-
tionships of the two species recorded in the present study in
each season (dry and wet seasons) are graphically presented
in Figure 2. (e important parameters of the length-weight
relationships are summarized in Table 3.

(e length-weight relationship results indicated that
species C. carpio and O. niloticus exhibited positive allo-
metric growth (TW� 0.001 TL3.753 and TW� 0.006 TL3.326,
respectively) in the wet season. However, O. niloticus

Figure 1: A map of the study area (adapted from Addis et al. [11]).
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Table 1: Taxonomy of fish species in Lake Maybahr in dry and wet seasons.

Class Order Family Genus Species Dry season Wet season

Pisces (fishes) Cypriniformes Cyprinidae Cyprinus C. carpio ✓ ✓
Perciformes Cichlidae Oreochromis O. niloticus ✓ ✓

‘✓’� present and ‘-‘� absent.

Table 2: Summary of diversity indices (H′ and J′) of fish species in Lake Maybahr.

Indices
Seasons

Overall
Dry Wet

Diversity (H′) 0.69 0.68 0.69
Evenness (J′) 0.99 0.99 0.99

O. niloticus (Dry season)
TW = 0.183TL2.508

R2 = 0.701
n = 142
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Figure 2: Length-weight relationships of two fish species recorded in the present study.

Table 3: Descriptive statistics and species-wise seasonal changes in parameters of the growth curves based on W � aLb plotting of the current
study.

Species Seasons
Total length (cm) Total weight (g) Parameters of the

relation P value Growth type
Range Mean± SE Range Mean± SE a b R2

O. niloticus Dry 15.00–72.00 34.03± 0.64 200.00–7700.00 1449.15± 75.66 0.183 2.508 0.701 P< 0.01 Allometric (A−)
Wet 12.00–56.00 26.35± 0.61 40.00–2350.00 490.69± 41.93 0.006 3.326 0.569 Allometric (A+)

C. carpio Dry 26.00–56.00 37.19± 0.54 200.00–3800.00 1726.56± 76.92 0.000 3 1 P< 0.01 Isometric
Wet 29.00–57.00 41.21± 0.64 100.00–3900.00 1675.26± 93.99 0.001 3.753 0.689 Allometric (A+)
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showed negative allometric growth (TW� 0.183 TL2.508) in
the dry season. In contrast, C. carpio demonstrated an
isometric growth (TW� 0.000 TL3) in the dry season. (e
correlation coefficient value of length and weight parameters
for both species in the whole study period indicated that the
relationship is statistically significant at 1% significance level
(P< 0.01, R2 � 0.852).

3.3. Fulton Condition Factor. (e mean values and associ-
ated parameters of Fulton Condition Factors (FCFs) for the
two fish species sampled in the present study are summa-
rized in Table 4.

4. Discussion

(e collected 491 fish samples were identified into 2 species
belonging to 2 genera, 2 families, and 2 orders. (e fish
species diversity (H’� 0.69) in the current study is far less
than eighteen fish species reported by Abebe et al. [10] in
Ribb River; eight fish species by Tesfaye [16] in Awata
(H’� 1.47) and Genale (H’� 1.59) rivers, and twenty-seven
fish species by Gatriay et al. [24] in Gilo River (H’� 2.28) and
its nearby wetlands (H’� 1.85). (e low fish diversity in the
present study could relate to the nature of the water body
and the less niche diversity. Flowing water with deeper and
wider surfaces is believed to have diverse niche, thereby
increasing fish diversity [25]. Moreover, people in the
proximity to the lake are not practicing fishing activities
according to their tradition where they could possibly in-
troduce other species to the lake to increase its productivity.
For such reason, only natural stocks exist in the lake. (e
Shannon index of evenness (J’� 0.99) result is higher con-
trasting to the other studies, indicating that the species in the
lake are represented by a fair number of individuals.

(e association of length and weight parameters in fishes
is influenced by a range of factors such as habitat, available
food quality and quantity, growth phase, time, stomach
contents, gonad maturity, sex, and general fish condition
[26]. (e growth patterns of the recorded fish species as
revealed by the length-weight data indicated that C. carpio
and O. niloticus exhibited positive allometric growth in the
wet season. However, O. niloticus showed negative allo-
metric growth in the dry season. In contrast, C. carpio
demonstrated an isometric growth in the dry season, a
condition where ‘b’ value is equal to three.

(e b value of both species in the wet season is greater
than 3 which, according to the cube law [27], indicates that
large specimens in the sample showed increase in height or
width more than in length, either as the result of a notable
ontogenetic change in body shape with size, or because most
large specimens in the sample were thicker than small
specimens resulting in a most robust and rotund growth
[28]. However, the b value forO. niloticus in the dry season is
less than 3, telling that large specimens of this species have
changed their body shape to become more elongated or
small specimens were in better nutritional condition at the
time of sampling. In contrast to the allometric growth de-
scribed above, C. carpio showed an isometric (b� 3) growth

in the dry season indicating that small specimens in the
sample under consideration have the same body form and
condition as large specimens resulting in the balanced
growth. (ese variations in fish condition, specifically, ‘b’
values between different species and within the same species,
were probably because of the variation in habitat, age,
sampling time, food availability, and spawning period [21].

Condition factors of fish are directly linked to the general
fish health. Generally, better condition is associated with
higher fat content, increased food availability, reproductive
potential, and more favorable environmental conditions
[23]. (e results of mean FCF in the present study revealed
that both fish species are in good health in the dry season
compared to the wet season.(is could be because of the fact
that, in the wet season, water becomes more turbid as much
sediment could be transported to the water system by the
incoming runoff. (is could result in clogging of gills in fish,
thereby exposing them to various diseases and deterioration
in their health. Gatriay et al. [24] reported the results in
agreement with this study that O. niloticus is in a good
condition in the dry season (1.64) compared to the wet
season (0.95) in the two wetlands in Akobo district of the
similar aquatic ecosystem. In comparison with other studies,
the mean condition factor of fish species (2.89 for
O. niloticus and 2.67 for C. carpio) in the present study is far
greater than that of V. juba (1.25), L. degeni (1.89), and
L. cylindricus (1.46) in Awata River [16]; V. juba (1.32) and
L. cylindricus (1.28) in Genale River [16]; and L. forskalii
(1.18), L. intermedius (1.89) and L. nedgia (1.48) reported by
Genanaw [29] in Angereb and Sanja rivers. (e variation in
mean FCF value reflects the difference in fish habitat and
physiological aspects of different species. Condition factor
parameters depend on factors such as biological and envi-
ronmental, as well as geographical, age, and season aspects
[22].

5. Conclusion

(e present study documented 2 fish species belonging to 2
genera, 2 families, and 2 orders, the first study of its type in
the area. (e fish Shannon–Wiener diversity index
(H’� 0.69) revealed that fish diversity in the current study
area is far less than the result reported in the other studies.
(e Shannon index of evenness (J’� 0.99) indicated that
each species in the lake is fairly represented by an equal
number of individuals. (e correlation coefficient value of
length and weight parameters for both species in the whole
study period indicated that the relationship is statistically
significant at 1% significance level (P< 0.01, r2 � 0.85). (e
estimates of the parameter b ranged from 2.50 to 3.75 with a
mean b value of 3.12. (e b value revealed that the fish

Table 4: Summary of the Fulton Condition Factor for the two fish
species recorded in Lake Maybahr.

Species
FCF (mean± SE)

Dry season Wet season
O. niloticus 3.54± 0.13 2.24± 0.15
C. carpio 3.16± 0.09 2.19± 0.07
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species recorded in the present study mostly exhibited an
allometric growth pattern with the exception of C. carpio
which demonstrated an isometric growth in the dry season.
Based on the results of mean FCF in the present study, it is
discovered that both fish species are in a good condition in
the dry season compared to the wet season. (e result of this
study presented the baseline data for the study area as no
similar study on the same topic had been done so far.
(erefore, the data of the current study will be use as a
reference by other researchers.

6. Recommendations

(i) Detailed study on the perception of local people
toward why they are not involving in fishing ac-
tivities in the lake needs to be undertaken

(ii) Fishing activities need to be initiated in the study
area in order to provide an alternative source of
livelihood to the nearby local communities

(iii) Mobilizing and providing training to youth and
local fishermen in the study area is highly recom-
mended to enhance benefits from fish resources
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