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Composition, A study was undertaken from January 2019 to June 2020 to

Abundance and examine the impact of human activities on the variety of fish in

Ecological Health. Lake Alau. Despite initially selecting five sampling points, only
three (Stations 1, 2, and 3) were utilized due to security concerns.
The assessment of the fish population involved the use of different
fishing equipment, such as hooks and lines, gillnets, cast nets, and
traps. Standard procedures were employed to estimate species
diversity indices. The findings indicated a total of 3399 fish
samples, encompassing 10 families and 22 species. The Cichlidae
family was the most abundant, with 1276 samples from 4 species,
predominantly Sarotherodon galilaeus, while the Cyprinidae
family was the least abundant, with just 88 fish specimens
represented by Labeo senegalensis. The Shannon Weiner and
Simpson's Diversity index suggested a stable and mature fish
community in the lake, with minor variations attributed to
agricultural activities and the discharge of wastewater, among
other factors. The comprehensive results emphasize the
significance of monitoring and managing water quality in Lake
Alau to uphold its diverse fish species. Future research is
recommended to focus on prolonged monitoring and strategies for
minimizing negative environmental impacts to preserve and
improve the ecological wellbeing of the lake ecosystem.

Introduction

The growth in human population and the requirement for
products and services have caused a range of negative
consequences for freshwater ecosystems (Ganassin et al., 2019). As
a result of extensive human activities and involvement, most
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freshwater ecosystems have experienced deterioration and the loss of habitats, thus
endangering the survival of many fish species (Negi and Mamgain, 2013). It's important to note
that aquatic environments are strongly influenced by a variety of conditions, including salinity,
water flow, substrate type, aquatic plant life, exposure to sunlight, water turbidity, and
temperature. These factors have a significant impact on the diversity of fish species present in
these environments (Dudgeon et al., 2006; Isroni et al., 2023). Fish diversity encompasses
species richness, species abundance, and phylogenetic diversity. It's worth mentioning that fish
constitute the largest and most diverse class of vertebrates, with many species holding
considerable ecological and economic significance (Nelson et al., 2016). Aquatic organisms
known as fish are among the most well-known species, and they are extensively harvested from
natural populations as a significant food source. Moreover, fish occupy the top or near-top levels
of the food chain, making them a reliable indicator of a well-balanced aquatic ecosystem.
Additionally, fish play a crucial role in ensuring food security for millions of people (Sala et al.,
2021).

It's interesting to note that fisheries catching a wide range of species can provide nutrients to
our society and are essential for food security, especially in less developed regions. According
to Mcclanahan et al. (2015), fish offer approximately 20% of animal protein for 3.3 billion people
(Bartley, 2022).

Monitoring fish communities accurately is crucial for understanding species composition,
abundance, and population structure, which are essential for conserving fish resources and
diversity. Climate change, habitat loss, overfishing, environmental pollution, and invasive
species pose significant threats to global fish diversity, highlighting the importance of
addressing these challenges for the sustainable management and conservation of fish
populations. (Rees et al., 2014).

The activities of humans have caused permanent changes in the structure of the landscape,
which have had significant effects on freshwater ecosystems. Lake Alau has been impacted by
human activities such as inputs from the main feeders and runoff from catchments. Local
communities have also contributed to the disturbance by engaging in dredging for commercial
sand and gravel. Additionally, unregulated or poorly regulated commercial fishing has led to a
decrease in the populations of many common fish species in the lake (Ohaturuonye et al., 2018).
The study aimed to evaluate how these human activities have influenced the distribution,
composition, and abundance of fish species in Lake Alau.

Materials and Method

Study Area

Lake Alau, located in Borno State, Nigeria, is the second-largest lake in the area. Its formation
dates back to 1985 when the Ngadda River was dammed, sourcing water from the Mandara
Plateau. The lake spans an area between Latitude 12°N and 13°N, and Longitudes 11°E and 13°E,
covering a total of 56 square kilometers. Originally, it was intended to supply water to Maiduguri
Metropolis and irrigate over 8,000 hectares of farmland, and its creation was overseen by the
Chad Basin Development Authority. The area experiences a Sahelian climate, with three distinct
seasons: a rainy season from June to September, a harmattan season from October to February,
and a dry, hot season from March to May. The months of March and April see the lowest water
levels, resulting in exposed lakebeds of sand and rocks. The dam, standing at a height of 9 meters
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and with a reservoir area of 50 square kilometers, can store up to n2 million cubic meters of
water.
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Figure 1: Map of Lake Alau showing the Sampling Station

Sampling of Fish Species
A survey called the Catch Assessment Survey was utilized to gather data, where species were
identified and recorded from the catch of fishermen at various landing sites. These sites were
visited monthly for a period of eighteen months, from January 2019 to June 2020, to collect data.
The different types of fish species found at the landing site were identified and grouped into
families using a fish manual by Idodo (2003). The fishing equipment used for sampling included
hooks and lines of different sizes and grades, gillnets, cast nets, and traps.
The SPSS software package was utilized for conducting data analyses. Diversity indices were
calculated for the collected data on fish composition and diversity. The diversity indices were
determined based on the approaches outlined by Dodge (2008) and Levine (2014).

Simpson’s Index (D) = ¥ (n/ N)2

Where n = the total number of organisms of a particular species N =

the total number of organisms of all species.

Simpson’s Index of Diversity = (1 - D).

Simpson’s Reciprocal Index = (1/ D).
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Result and Discussion
Table 1: Spatial Diversity of fish Species composition in Lake Alau

Family Species Site 1 (% Site2 Site 3 Total
Org.) (% Org.) (% Org.) (% Org.)
| Cichlidee ~ [WEZZRT 43(582)  BB(44B)  53(323D) 1G4 (4B2)
DOreochromis niloticus 76 (25.17) 152 (50.33) 74 (24.50) 302
(8.88)
Hemichromis fesaetus 94 (23.74) 160 (40.40) 142 (35.85) 396
(11.65)
Serathredon galilaeus I 123(29.7) 18O (43.48) 414
(26.81) (12.18)
Llarias garigpinus 71 (26.89) 91 (34.47) 107 (38.64) 264
(7.77)
I s onpuiris 42(3387)  SI(4I3)  31(25.00) 124 (3.65)
_ Hetrobranchus bidorsalis 15 (19.23) 37(4744)  26(33.33) 78 (2.29)
Hyperapisus bebe 71 (28.38) 75(3243)  28(37.84) T4 (218)
_ Marcusenius psittacus 12(17.39) 3 (4493) 26 (37.68) B9 (2.03)
I oyrus rume [7/(22.08) 24 (3117) 3R (46.79) 77 (2.27)
Mormyrus 8 (11.27) 2(2958)  42(58.5) 71(2.09)
delicious
Mochonkidae Synodontis nigrita 21 (24.14) 24 (28.74) 4 (47.13) 87 (2.36)
- Synadontis eupterus (4 (24.14) 21 (36.21) 23 (39.66) 58 (1.71)
Synodontis 7(21.88) II'(34.38) 14 (43.75) 32 (0.94)
filamentus
Alestes nurse 34 (26.36) 52(403)  43(33.33) 129 (3.80)
_ Alestes dentex 73 (26.74) 38 (4419)  25(29.07) 86 (2.53)
Cyprinidae Laben 27 (30.68) 32(36.36)  289(32.39) 88 (2.09)
senegalensis
Hetrasis nilaticus 49 (15.41) 98 (3082)  I1M(53.77) 318 (9.36)
Lates niloticus 30 (23.08) 36(27B9) B4 (49.23) 130 (3.82)
Bagrus bayad 47 (28.38) 70 (4797) 35 (20.23) 148 (4.35)
Schilbeidae S, intermidius 56 (32.37) 35(20.23) B2 (474D0) 73 (5.09)
| R 32 (27.35) 28 (3248)  47(4017) 117 (3.44)
Total 845 (24.86) 1240 1314 3399

(36.48) (38.56)
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Cont. of Table: Shannon Weiner and Simpson Diversity Index of Fish Composition in Lake Alau

Shannon-Weiner Index H iLnpi 2.85644 2.85249 2.83714

Evenness E=H'/LnHmax 0.924102 0.922825

0.917859
Simpson Index D=1-(£n(n-1))/(N(N-1)) 0.932373 0.930329 0.927367

Table 2: Diversity of Fish Species about Month in Lake Alau

Cichlidae Claridae Mormyridae Mochonkidae Characidae Cyprinidae Destoglocidae Centrpomidae Bagridae Schilbidae Total

82(12) 3EES)  26BI)  NE2) 638) | 5(G88)  IEGEOD) 648D 0676 G5 22867
B3(434) BE%) 1680 15(8.47) BGT)  3@4)  IBSER) 56.92) 2035 13448)  I6E488)
[ March  [Wl0) 3268) 8609 8(452) nES) 0 268 1638) BE%®) 202 680
B4(6.58) 3130 I4A8) 12(878) BE3)  B@0Y 1969 B(315) 5(338) 4483 216635
BI(478) /OB 202D I6@04) 182 | 465 2G50 B48D 9E0B) | GSS)  200688)
58(455) 2(45) 120412 8(5.08) WES) 364 IBG03) 56.92) BGA) BG5S (B8
£2(486) 5322 1566 13(1.34) 15638) | 1) (629 BEIS) PEI B0 184G
[ st (GRS B408) 1580 B(339) 5419) BBS)  l4(44D) B45) BGA) 12414 178(5.24)
T0(549) 3268) 1561 10(5.69) 103 0 163D 9(697) 5(338) | BG4 1B0G3D)
53(415) 2BE0)  1G78) 13(7.34) B4) 568 18566 10(789) 13878)  4(483)  IBI539)
07839 33008) 48D 15(8.47) 0ES) @A) 5@ 118.46) S000) | 20G8D) 245020
98(158) 3050 2089 8(5.08) WES) 7085 2268 7538) BI08) 1214 24((1.08)
56(439) 768 86 1395 503 M0 1639 43108) S35 WASD) BT
73(5.72) EES)  BGSD)  42%) WES)  BGSY  I5472) 56.92) T473) 19855 180(5.30)
[ March  [RREIRAE) BE0) 13647 (2(678) BE0S) 465D 2302)) 43108) B40S) | 1B6Z) | 04T
BO470) 28484 2090  6E39 0485 8023 IB(GEE) B45) 5(338) 25882 1851685
82(643) 5322 | I448) 3069 1512 568 15T 7638) 003 10345 165(6.85)
BB(5.7) 2w I561) 8(452) 15638)  BGS) 1B 43.08) BADS) 120414 186(4.88)
126(3754) | 4BG(7) | Z(BSE) | (7NGZ) | 25635 | BR(258) | 31B(336) | 130(382) | 14B(435) | 290(B53) | 3389

Table 3: Fish Species Composition According to Sites by Percentage

Comp by Comp by Comp by Comp by Comp by Comp by
number percentage number percentage number percentage
43 5.08 B8 548 53 4,03
T8 8.99 152 12.26 T4 5.63
34 1112 160 1290 142 08|
i 13.14 123 9.2 18D 1370
I B4 gl 7.34 102 778
47 487 Al 4 3l 236
Hetrobranchus 1 178 Kl 2.98 26 1.98
2 248 2 202 28 213
12 142 3l 250 i 18
| Mormyrusrume (R 201 24 1.94 36 274
B 0.95 2 163 2 3.20
2 248 2 202 4 312
14 Il 2 163 3 175
T 083 I 0.89 14 107
34 4,02 52 41 43 3.21
23 271 38 3.08 2 190
77 3.20 32 258 2 22
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Heterosis niloticus 49 a.80 98 740 1l 13.01
Lates niloticus 30 3.00 36 240 B4 487
Bagrus bayad 47 497 Tl a.73 da 266
Schilbe intermedius ab B.63 da 182 82 6.24
Schilbe mystus 37 379 38 3.06 47 3.8
TOTAL 844 1240 1314

Species Composition and Diversity of Fish in Lake Alau

The investigation into the species composition and diversity of fish in Lake Alau unequivocally
demonstrated the presence of 3,399 fish, classified into 10 families and twenty-two species
(Table 1). Notably, Cichlidae emerged as the preeminent family, accounting for 1,276 fish
(37-54%), while Cyprinidae exhibited the lowest representation with 88 fish (2.59%).

In Table 2, you can find a detailed breakdown of the species makeup. It includes interesting
information such as the high presence of Serotherodon galilaeus in the Cichlidae family. It also
highlights the prevalence of Clarias gariepinus in the Claridae family and Mormyrus rume in the
Mormyridae family. The examination of distribution in different locations revealed varying
compositions, with Site 3 showing the greatest diversity and richness compared to Sites 1 and 2.
The highest number of sampled fish, 245 (7.21%), was recorded in November 2019, while the
lowest, 160 fish (4.71%), was observed in March 2020 out of the total of 3,399 sampled during
the study period.

The diversity of animals and their dominance, represented by the Shannon-Weiner Index (H),
had values of 2.856, 2.852, and 2.837 for Sites 1, 2, and 3, respectively. The evenness of species
(E) varied from 0.918 to 0.924, and the Simpson Index (D) varied from 0.927 to 0.932 across the
sites. These values point to a well-established and balanced fish community in the lake.

The investigation of the makeup and variety of species is essential for comparing communities
impacted by living disturbances and comprehending the development and stability of these
communities (Olawusi-Peters and Ajibare, 2014). In Lake Alau, the diversity of species observed
is remarkably high, with a total of 3,399 fish identified, representing ten families and twenty-
two species. However, this count is lower than the 27 families reported in the Asejire dam study
by Ipinmoroti (2013), the 25 families in the Oramiri-Ukwa river study by Adaka (2014), the 12
families in the Gbedikere Lake, Bassa, Kogi state study by Adeyemi et al. (2010), and the 18
families in the Geriyo lake study by Adedeji et al. (2017).

The analysis of the relative abundance revealed that Cichlids, specifically Serotherodon
galilaeus, are the predominant species in Lake Alau, making up 37.54% of the observed fish. This
discovery is consistent with previous research by Abubakar (2006) who noted cichlids (O.
niloticus) as the most prevalent species in Lake Geriyo, underscoring their ability to adapt to
diverse environmental conditions and their high reproductive capacity (Yongo et al., 2018). This
adaptability likely contributes to the wide distribution of cichlids across all sampled sites and
their abundance in Lake Alau.

The disparities in both the types and quantities of species present at different sites can be
attributed to the unique environmental conditions of each location. Among the three sites, Site
3 stands out for its notably high diversity and abundance of species in comparison to Sites 1 and
2. This disparity is believed to be a result of human-induced factors, particularly the discharge
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of wastewater, which has the potential to deteriorate the quality of water and consequently exert
negative effects on the diversity of fish species (Mwamburi et al., 2020).

The measurement of biodiversity using the Shannon-Weiner diversity index yielded a value of
2.849, indicating a fair level of diversity among fish species in the study areas.

Additionally, the Simpson’s index of diversity returned a value of 0.930, signifying a high level
of diversity within the studied area. This index typically ranges from o to 1, with a higher value
indicating a greater diversity of species. Furthermore, the index suggests the likelihood that any
two randomly selected individual fish samples from the studied area will belong to different
species.

Conclusion and Recommendation

The results highlight the importance of monitoring and managing water quality in Lake Alau to
support its diverse fish population. Future research should prioritize long-term monitoring and
strategies for reducing harmful impacts to preserve and improve the overall ecological health of
the lake ecosystem.
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