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Abstract. Goronyo Dam is the largest lentic waterbody in Sokoto, it was
constructed to serve as flood control and used for irrigation activities. The
study was conducted to evaluate productivity status and fish diversity of
Goronyo Dam in 2016. Water samples were collected monthly from the
Dam at two sampling sites (Upstream and Downstream). Water samples
were collected using sterilized sampling bottles and analyzed in the
Laboratory for physicochemical variables and the diversity of fish was
evaluated through the use of a structured questionnaire. Depth and
transparency were the only variables that did not show any statistically
significant difference between the months. Productivity status of the dam
was evaluated using Carlson’s Trophic State Index. The downstream has
high TSI value of 16.54 compared to upstream with 13.00. A diversity of
fishes from the shows that 3 species were more abundant in the dam,
these were; Mormyrops species, Alestes species and Clupeid species.
Factors contributed to the survival of fish species were an abundance of
water and plankton in the dam. While factors affecting the distribution of
fish species were pollution and predation.
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INTRODUCTION

Primary productivity is the rate, at which the
sun’s radiant energy stored by photosynthetic
and chemosynthetic activities of producers in the
form of organic substances. The Knowledge of
phytoplankton and nutrient concentration are
fundamental to the understanding of ecosystem
dynamics [3].

The productivity in terms of planktonic biomass
in freshwater bodies is regulated by various
physicochemical factors viz., temperature, trans-
parency, pH, total hardness, especially nitrogen
and phosphates etc. [1]. Primary production by
algae in the water and on the bottom of lakes sets
the level of food available for secondary produc-
ers, such as zooplankton and fish. Primary pro-
duction is controlled by a combination of tem-
perature, light and nutrients. When nutrient
availability is high, overall production varies with
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water temperature and nutrients [7, 15]. When
nutrient availability is low, the overall production
is set by the nutrient level and is relatively insen-
sitive to changes in temperature [6, 15]. It is
likely that rates of primary production will be
altered by climate change and may result in sig-
nificant consequences for aquatic ecosystems
and the human communities that use them. On
the one hand, decreases in primary production
will reduce food availability at the bottom of the
food web, ultimately causing reductions in pro-
ductivity of fish at the top of the food web. On the
other hand, excessive increases in primary pro-
duction will produce eutrophic (highly produc-
tive) conditions, exemplified by degraded water
quality and noxious blue-green algal blooms [17].

Trophic State Index refers to the level of produc-
tivity in a lake as measured by phosphorous, al-
gae abundance and depth of light penetration.
TSI rates individual lakes, ponds and reservoirs
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based on the amount of biological productivity
occurring in the water. Using the index, one can
get a quick idea about the extent of productivity
of alake [11].

The most commonly used method on the produc-
tivity of the water body is the biomass related
trophic state index developed [4]. Carlson’s Tro-
phic State Index (TSI) is a common method for
characterizing lake’s trophic status. This method
uses Secchi disc transparency, chlorophyll-a, and
phosphorus measurements [5].

MATERIALS AND METHOD

Study Area

Goronyo Dam is located in Goronyo LGA of
Sokoto State. The dam channels cut across the
entire 11 political wards (lowest administrative
unit). Its reservoir covers an area of about 20,000
hectares and irrigates a minimum of 50,000 hec-
tares. It has three major concrete-lined canals
with several secondary and tertiary unlined ca-
nals with an approximate total length of more
than 100 km [16]. Goronyo Dam impounds
(which separate Upstream and Downstream)
River Rima. It was completed in 1984 and com-
missioned in 1992. The dam is a sand-fill struc-
ture with a height of 21 m and a total length of
12.5 km. It has a storage capacity of 976 million
cubic meters (Figure 1).
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Figure 1 — Goronyo Dam through Google Eart

The dam is important for controlling floods and
releasing water through the downstream (Fig-
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ure 2) in the dry season for the planned Zauro
polder project downstream in Kebbi State.

Figure 2 - Goronyo Dam Showing Upstream (A-B)
and Downstream (C-D)

Sample Collection

Water sample was collected monthly from June
to August 2016, which were both collected from
upstream and downstream in a sterilized sam-
pling bottles. These were taken immediately to
the Laboratory, analysis, while temperature,
transparency and depth were determined in situ.

Determination of Physicochemical Parameters

Physicochemical variables were determined and
recorded according to standard methods; pH and
Electric conductivity were measured using their
respective meters, Winkler method was used for
determination of Dissolve oxygen and Biological
Oxygen Demand. Distillation with the Micro-
kjeldahl distillator was used for determination of
nitrate (NO3) and ammonia. Phosphate and chlo-
rophyll-a were determined with spectropho-
tometer at 660 wavelengths, standard methods
[2]. While determination of Trophic Status Index
(TSI) was evaluated according Carlson’s compu-
tation as follows:

a) TSI for Chlorophyll-a (CA)
TSI = 9.81 In X Chlorophyll-a +30.6

b) TSI for Secchi depth (SD)
TSI = 60-14.41 In X Secchi depth
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c) TSI for Total phosphorus (TP)
TSI = 14.42 In X Total phosphorous + 4.15.

where TSI is Carlson Trophic Status Index and In
is Natural logarithm.

Carlson’s Trophic Status Index (TSI) =
TCI(TP)+TSI(CA)+TCI(SD)
3 :

Any value obtained was used following Carlson
TSI lakes classification [4].

Survey of Fish Diversity

The diversity of fishes was evaluated with the
use of structured questionnaire; this was distrib-
uted to fishermen randomly at the landing sites
around the Dam. The responses were collated
and analyzed.

Statistical Analysis

Data collected were subjected to Analysis of
Variance (ANOVA) using the SPSS version 20.0
(Special Packages for Social Sciences) and Paired
T-test was carried out to determine the variation
between the two sites (Upstream and Down-
stream), according to [8].

RESULTS AND DISCUSSION

Physicochemical characteristics of water are im-
portant determinant for the status any aquatic
system, these important characteristics are
greatly influenced by climatic vegetation and
general composition of water. The present study
was carried out during the months of June to Au-
gust, 2016.

Results from the present study, reveals that the
physical factors such as Temperature fluctuated
from 26 °C to 28 °C to 29 °C in Upstream and
from 28 °C to 29 °C to 31 °C in Downstream re-
spectively from June to August. Temperature
values were recorded during the study period,
though 27.7 °C and 29.3 °C were obtained at up-
stream and downstream respectively.

The results also reveal that there wasn’t a signifi-
cant difference between upstream and down-
stream for temperature measurement. Depth
fluctuated from 9.5 m to 11.5 m to 14 m in Up-
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stream and from 3 m to 4 m to 5.5 m in Down-
stream; Transparency fluctuated from 21 cm to
23 cm to 30 cm in Upstream and from 12 cm to
13 cm to 15 cm in Downstream. Meanwhile, the
present study indicated that upstream was not
disturbed which gave clear water than the down-
stream.

The depth measurement was statistically signifi-
cant which was usually due to the fact that it’s the
part which holds water, while the downstream
only releases the water when needed. The rainy
season affects transparency due to flooding, sur-
face runoffs and suspended materials that fol-
lowed the rainfall [9].

Dissolved Oxygen fluctuated from 4.1 mg/I to 5.2
mg/l to 6.1 mg/l1 in upstream and from 4.9 mg/1
to 5.0 mg/1 to 6.9 mg/l in Downstream, though
the standard for dinking recommends 6 mg/],
whereas for sustaining fish and aquatic life is 4.5
mg/l is required [10].

BOD fluctuated from 13.7 mg/l to 15.8 mg/l to
16.4 mg/l in Upstream and from 13.8 mg/l to
14.9 mg/l to 17.9 mg/1 in Downstream.

The conductivity of the water fluctuated from
30.4 pus/cm to 30.9 ps/cm to 31.6 ps/cm in Up-
stream and from 30.3 ps/cm to 31.5 ps/cm in
Downstream the conductivity value was higher
in Upstream than in Downstream.

pH fluctuated from 6.9 to 7.1 to 7.7 in Upstream
and from 7.0 to 7.2 to 7.8. The pH value was
higher in Downstream than in Upstream. Nutri-
ents concentration of Goronyo Dam includes Ni-
trate, Ammonia and Phosphate concentrations
respectively. For Nitrate it fluctuated from 0.4
mg/1 to 0.9 mg/] in Upstream and from 0.4 mg/1
to 0.6 mg/l to 0.9 mg/l in Downstream. Unpol-
luted natural waters usually contain minute
amounts of nitrate. Phosphate fluctuated from
0.2 mg/1 to 0.3 mg/l in Upstream and was the
same as in Downstream from 0.2 mg/l to 0.3
mg/l. Ammonia fluctuated from 0.6 mg/l to 2.8
mg/l in Upstream and from 0.5 mg/1 to 2.5 mg/1
to 2.8 mg/l in Downstream; here Ammonia was
higher in Upstream than in Downstream. All
other physicochemical variables couldn’t indicate
any statistical significance apart from depth and
transparency (Table 1 and 2).

Based on the results obtained from the Fisher-
men (Respondents) in Goronyo Dam, shows that
majority of the respondents working in the area
were within the age group of 16-25 and their
main occupation was fishing.
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Table 1 - Variation of Physicochemical Properties at Upstream and Downstream of Goronyo Dam, Sokoto

Nigeria 2016

Parameters Upstream Downstream Sig difference
Temperature (°C) 27.7 29.3 N.S.
Depth (m) 11.7 4.2 x
Ammonia (mg/1)) 2.07 1.93 N.S.
Transparency (cm) 24.7 13.3 o
Phosphate (mg/1) 0.23 0.23 N.S.
Nitrate (mg/1) 0.73 0.63 N.S.
DO (mg/1) 513 5.6 N.S.
BOD (mg/1) 15.3 15.5 N. S.
Conductivity (us /cm) 31.0 30.7 N.S.
pH 7.2 7.3 N.S.
Notes: N. S. - No Significance difference; ** - There is Significance difference.
Table 2 - Status of Physicochemical Properties of Goronyo Dam, Sokoto Nigeria, 2016

Parameters Mean and SE Min Max SD

Temperature (°C) 28.3+1.45 27.0 29.5 2.52
Depth (m) 7.92+2.02 6.25 9.75 3.51
Ammonia (mg/1) 2.0£1.45 0.55 2.80 2.52
Transparency (cm) 19.0£3.61 16.5 22.5 6.25
Phosphate (mg/1) 0.23+0.67 0.20 0.30 0.12
Nitrate (mg/1) 0.68+0.30 0.40 0.90 0.51
DO (mg/1) 5.35+1.19 4.00 4.50 6.50
BOD (mg/]) 15.42+1.96 6.80 13.75 17.15
Conductivity (us /cm) 30.83+0.73 2.40 30.35 31.55
pH 7.27+0.45 1.50 6.92 7.70

It also shows that most of the fishermen caught
dead fish and those infected with diseases. Their
main purpose of fishing in the area was to sell
and feed their families and most of the fishermen
work daily. The fishing gears used was fishnet,
hook, and gill net which were used by most of the
respondents. The mobility device that was
mostly used by the respondents was calabash
and wooden boat. Many of the fishermen in the
area prefer catching of table size of fishes. Peak
rainy season was recorded to be the one with the
highest availability of fish species and rainy sea-
son was preferred season for fishing among the
respondents. The main contribution in the dead
of fishes according to respondents were preda-
tion and water pollution [13]. Abundant fish spe-
cies from the survey were Mormyrops spp. fol-
lowed by Alestes spp. and Clupeid spp. Contribu-
tion to healthy survival of fish was reported by
the respondents to be an abundance of water and
plankton. Distribution and availability of fish
were noted to be affected by predators, fish dis-
eases and poor water quality (Table 3).
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Table 3 - Fish Diversity and Status of Goronyo Dam
2016, Sokoto Nigeria

Rainy
Season | Season

No Species Dry

Hyperopisus bebe accidentalis | Present | Present

0 0

Clarias anguillaris

Clarias gariepinus

Clarias lazera

Alestes baremose

Schibe mystus -

Melapterurus senegalus -

(| (U (W (N |-

Polypteprus annectens -

9 | Oreochromis niloticus -

10 | Micalestes acutidens -

11 | Mormyrops rume

12 | Synodontis cambiensis

13 | Tetraodoooon fahaka -

14 | Hydrocynus forskalii -

15 | Gymmarchus niloticus

16 | Bagrus docma niger -

17 | Heterotis niloticus

18 | Clupsisudis niloticus -

19 | Citharinus citharus -

Notes: Early Rainy Season - 1(3.00), Peak Rainy Season -
10(33.00), Early Dry Season - 0(0.00), Peak dry Season -
19(63.00)
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While the main factors that affect the survival of
fishes in lentic water bodies are a shortage of wa-
ter, pollution and predation [12].

The Trophic State Index of Goronyo Dam based
on the results for the present study reveals that
in June it was from 10.23 in Upstream and 13.5 in
Downstream, while July it recorded 12.1 in Up-
stream and 16.54 in Downstream. In August the
TSI was 13.0 at Upstream and 15.03 in Down-
stream, which shows that the Upstream has
lower TSI than Downstream. From the result, it
shows also that the dam is oligotrophic because it
was less than 30, which means the water has
clear transparency and oxygen was available
throughout the year at the hypolimnion [14]. The
results of the TSI also indicated that downstream
is likely to approach mesotrophic class (Table 4
and Table 5) from the TSI values obtained, this is
due to the low transparency measurement which
reflects its significance in the computation of TSI
index.

Table 4 - Monthly Carlson’s TSI at Upstream and
Downstream of Goronyo Dam (June - August 2016)

Table 5 - Summary Statistics of Carlson’s TSI of
Goronyo Dam (June - August 2016)

Months | Upstream | Downstream| Carlson’s
(1977) TSI
Classification

June 10.23 13.50 10-30 =

July 12.10 16.54 Oligotrophic

31-50=
Mesotrophic
51-70=
Eutrophic
71-90> =
Hypereutophic

August

13.00 15.03

Notes: <30-40 = Oligotrophic, 40-50 = Mesotrophic,
50-70 = Eutrophic, 70-100+= Hypereutrophic
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Statistical Variable | Upstream | Downstream
Mean 11.78 15.02
Standard Error 0.81 0.88
Median 12.10 15.03
Minimum 10.23 13.49
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CONCLUSION
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tion, abundance and density of fish species. The
survey reveals fish species to be more available
in the dam during the rainy season than dry sea-
son. Excess of fishing activities may also lead the
depletion of some species. The physicochemical
parameters and productivity status observed
shows that the dam was at oligotrophic class,
though upstream is backward in terms of TSI
status, but both upstream and downstream were
at oligotrophic state during the study.
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