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Abstract
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S) and remote sensing . , ters

. . : o-chemical parameter
Potentials of Shiroro Lake, by infegraLtd phdy Seftimating potential areas

into the GIS. This also involved identifying an tudy, five
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= table areas of

Sampling sites (stations) Wereé -
: s . ; d to detect sultab
Multispectral-band satellite imagind was useThe suitability ratings, based

& lake for a ure and fish PFOdUCﬁon' : obtained from the
quacult ico-chemlcal data the most suitable

on the ideal ranges of all the phys ;
- n) as .
Survey, identiﬁedg station IV (River Dinya JunCtI;)ui)table, station V (River
o or aquaculture, station | (2 Crles%jtsstations Il (River Kaduna
. ’ 3 e, !
Wunya junction) as moderately su}t::ction) a5 unsuitable.

lunction) ang |11 (River Sarkin Pawa
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1. Introduction

exirapolate spatial structure from the aquatic environment
f‘et}iee?p; t?/ery |inelited daF:a, based pr_iman'ly on catch information or
fishermen’s “word of mouth’. Its dynamic nature posed many challenges
to officials in charge of managing fisheries sustainably. The advent of
advanced technologies such as geographic information systems (GIS)
and remote sensing (RS) has given fisheries managers and commercial
operators alike access to information that will help them to achieve their
respective goals because data about inaccessible areas can now be
obtained from both low- and high-resolution satellite images. \We present

a case study on the application of GIS for evaluating aquaculture and
fisheries potentials of Shiroro Lake, Nigeria.

_ Several surveys have been conducted on Shiroro Lake, such as
those in December 1984 and April 1985 by Narescon (1993) to evaluate
the biological, physical, social and economic conditions for aquaculture
development. Kolo (1996) undertook a study on the limnology of the lake
‘;f‘d s major tributaries. Shekari (2001) carried out a study on the

lodiversity of fishes in the lake. However, most of these surveys did not

include systematic spatj : L
, patial data and plann would cover
the lake’s aquaculture and fi P Ing activities that

; ish-production potentials. Their combination
ina G : potentials. Their

investilgsat?:: Tsedap”i’:;'s'”g for exploring the potentials of the lake. OUr
department of Watgr R::;ueﬁort . the use of this techmology T o

F el rces, Aquacult i ies Technology.
ederal University of Technology, NTinna l\?irgeeﬁilgd risheries

Th iacti ,
Potentials o?thoebjgﬁ-“ves of the study are to identify the ecological
tool for the mar ;roro Lake area and to develop a GIS databas€ as 8
thSiCO-chemi gement of fisheries in the lake by integratind

Cal data wj i
areas of the |ake 0 with GIS and RIS to identify and estimate P°"entlﬂI
evelopment.

Faquaculture g

2. Materiale
als angd
eth
Shiroro |5 ods

S
&t Shirore” SNe selcj(;f.ia 41 2rea of 31.24a and mean depth of 224 i“a
1or0 Gorge (9°?:(.S%rzg"T\Tt man-made lake in Nigeria. Itis SItU[:iveer
» 6°3315"E) on the Kaduna
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R

approximately 55km downstream of its confly i : .

90 km southwest of the city of Kaduna and aboute6n6°imW;tvf\1/aS|frr\gfn I\Ijll'verl
gcap:]tf;bloef Cﬁ'ﬁ;‘;ioit:t% fl\llgeria), The lake is expected to prolvnirc}z
avo r large ] .

development. ge scale fish-production and aquaculture

The data used for this study were obtai :
. tained from primary and

secondary sources. The primary data were generated through feld

surveys or thE_phyS|_ca|, biological and socio-economic factors that

control the E:quatlc er;wronment, using a digital camera, global positioning

system, water samples, fish samples, vessels and Lovibond

test kit AF355(413550). nd raw water

The secondary data source, consisting of organised primary
data, was sourced from journals and seminars. The colour-composite
satellite image was geo-referenced using the Universal Transverse
Mercator (UTM) system. Under that system the study area is located in
sone 31. The specific area of interest (the Lake; see latitude and
longitude above) was sub-mapped out of the colour composite in order to
reduce the ambiguity caused by the wide spatial extent covered by the

satellite image.

The GIS used Arcview GIS for Windows (version 3.2a) software
and Idrisi was used to extract, process and integrate other geo-spatial
data. Topographic sheet 164 of 1967 at a scale 1:50 000 and 1:250 000,
acquired from Niger State Ministry of Lands and Survey, Minna, was used
as baseline information for the GIS. GPS coordinates were used 1o
identify areas on the Nigeria Sat 1 image of 2003 (satellite imagery
obtained from National Space Research Development Agency, Abuja).
Geo-referencing used Idrisi software to indicate the location on the earth
surface and to mask and export data to Arcview for dl_gmzahon (Map 1).
This was then built into geo-spatial data to enable queries and outputs.

3. Results
[ture and fisheries were
ater temperature, pH,

hiroro Lake for aquacu
CO,, total dissolved

Criteria for suitability of S . W
based on twelve physico-chemlcal parameters )
dissolved oxygen, turbidity, hardness, conduciv Suitable ranges and
solids, PO—P, NO5—N, alkalinity and tranSparenC)/);',lrameters using ideal
(aling for fish ;Jroduction Viers identiied th6516 pThe interpretations of
Standards reported by various authors (Table ')fied against the scale of
Suitability classes for each parameter Were class

the ideal range.

— 183 —

Scanned with CamScanner



-

GIS/Spatial Analyses in Fishery and Aquatic Sciepceg (Vol5)

A

VAP OF SHIRORO DAM
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Map. 1 Digitized map of Shiroro Lake

3.1 Water temperature

A logic query was carried out based on range values for water
temperature to ascertain the station suitability for fish yields. Based on the
ideal range of 20-25°C (Table 1), values greater than 35°C or less than
20°C were classified unsuitable for fish production. The result of the query
shows that water temperature at stations | and IV, with ranges ©

15.0°C-33.2°C and 16.3°C-32.8°C respectively, are most suitable.

" Station Il had the widest range and highest mean value (Table 2).
en station Ill; whereas station V had the narrowest range. The lowest

:f/mperatu,.e was recorded at station | and the highest at stations Il and

3.2 Negative log of Hydrogen ions (pH)

The , .
result of the logic query performed on pH adopted numeric values

less than 6 ag 4
_ : : at
stations 1,11 1 = Jitable for fish production (Table 1). This shoW ito

be highly suitaple (:\|\|/ were unsuitable whereas station IV was foUmC
(Table 2) fall witrrr, g c, 188N PH values obtained from the lake
in the ideal range of 6.5-9.0 Station | had the Wi%e™

narrowest range, Y station IIl, while stations IV and V had the
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Table 1- Classification-criteria ranges for suitability scoring

meter Range .
fv\%%'ém 20-249 hsnzgabllltyscoﬁng ]
25-29.9 erately suitable
30-34.9 Most suitable
<20:235 Suitable
Unsuitable
Dissolved oxygen g:;: dermaialiiiie
10-14.9 Mostsuitable
<2-215 Suitable
" Unsuitable
Akalinity 20-99.9 Moderately suitable
100-149.9 Most suitable
150-199.9 Suitable
=200 Unsuitable
Carbon dioxde (CO) 6-20 Moderately suitable
21-35 Most suitable
36-50 Suitable
>50 Unsuitable
PO~P 3242 Moderately suitable
43-52 Most suitable
5.3-6.3 Suitable
>6.3 Unsuitable
Transparency 11-43 Moderately suitable
44-76 Most suitable
77-109 Suitable
>109 Unsuitable
pH 6-6.9 Moderately suitable
7-79 Most suitable
8-89 Suitable
<6:>9 Unsuitable
Hardness 20-99.9 Moderately suitable
100-199.9 Most sultable
200-300 Suitable
>300 Unsuitable
Moderately suitable
i~ L Most suitable
20-398 Suitable
40-50 Unsuitable
>50
Moderately suitable
Total dissolved solids 5-16 Most suitable
17-28 Suitable
29-40 Unsuitable
>40
Moderateiysui!able
Turbldity 8-160 Most suitablé
161-240 suitable
241-320 Unsuitable
>320
Moderately suitable
COHUUCﬁ\My 42-560 Most suitable
561-1081 Suitable
1082-1600 Unsuitable
<42;>1600

SOUI'C 3
® Researchers compilation, 2004
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Table 2. The range and mean values for t!Ie physico-chemical Parameterg
. measured at different stations of Shiroro lake.

STATIONS
PARAMETERS l m m v v
= T 16108 16534 3&033 163-32
Mean 26 27 266 % 257
ARTENP () 20,4-30.7 208228 203-319 18,07 180-32,0
Mean 6.5 76 278 22,7 26,5
™ 5682 5.67.5 5727 6.0-7.5 5994
Nean &8 6.8 6.8 67 6.7
00 (ma) 17183 2.6-20.5 1.7-19.1 2.6-183 26201
Mean 79 a1 82 91 93
BOD (mg/l) 1317 0218 0887 09-7.0 0.00-10
Mean 3.04.0 4080 33 37 a8
COND (umohs/cm)  48.0-08.0 4502350  330-114.0 Q.02.0 48.0-88.0
Nean 8.6 67 711 66.7 689
HARD (mg/1) 12000 8.070.0 13.0-96.0 14.0-75.0 13.0-72.0
Mean 86 37 3 288 306
AW (mg/l) 40500 4.0-60.0 4.0-5.0 4.0-50.0 6.0-50.0
Mean 3 33 211 2.5 207
TURS (jtu) 80140 80320 8.0-258 80134 80212
Mean % sas 781 619 62.9
€O, (mg/1) 16650 0.5-48.0 12-44.0 08320 0.832,0
Mean 192 131 121 12 1.4
TRANS (m) Q10098 0.10-0.85 0.10-0.50 0.10-86.0 0.10-580
Mean aa 035 0.37 042 0.43
DS (mg/l) 7110 6.9-363 5.817.5 6.5-142 7.413.5
Mean B 107 1.8 109 103 106
PHOS (mg/l) Q10200  01s2.40 0.12-1.88 0.151-88 0.15-1.88
Mean a8 077 0.69 068 1
NITR (mg/1) Q0192 oR1R 0.09-1.28 0.07-1.48 0.06-1.92
Mean _Gas o 0.49 0.47 0.49
SOURCE: KOLO (15%%)

3.3 Dissolved oxygen

For dissolved OXygen, areas with concentration greater than 15mgl™" were
defined as poor for fish to thrive. The query showed that stations | and Ill
with range values of 1.7-8.3 ang 2.6-18.3 respectively were ideally
Suitable, while station Il, IV and V were unsuitable; even so, all ranges
more or less €ncompassed the recommended range of 2-15mgll
réported by Beadle (1981) and Ovie anq Adeniji (1993). Station Il had the

. d ’
narrowest, by station Ill, whereas station [V had the
3.4 Turbidity

A logi .
tha?wgéczgudeeryigfsted'on turbidity-range valyes of less than 8.0 and greater
PicCt station || ag Unsuitable for fish production, whereas others

are suitable. Al m . \
Station || haq the agg;h:::gf:" within the idea| range of 8-320 (Table 3)-

. ian |l
Whereas stat and highest mean followed by station !Il
Station 1 had the Narrowest range ang the lowest mean value.
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Table 3. Ideal parameter ranges and standards reported by various authors.

Parameter

Water temperature
Hydrogen ion concentration (pH)
Dissolved oxygen

Turbidity

Hardness

Conductivity

Total dissolve solids (TDS)

Phosphate—phosphorous (PO4-P)

Nitrate—nitrogen (NO3—N)

Transparency

Biochemical oxygen demand (BOD).

Alkalinity

Ideal range Source
20-25°C Dupree and Hunner, 1984
6.5-9.0 Eliis, 1939

2-15mg " Beadle, 1981

8.0-320 Hem, 1970

20-300mg I Chakroff, 1978
20-1600uhos cm Boyd and Frobish, 1990
5-40 mg I"! APHA, 1992

3.2-630 mg I Beadle, 1981

9.6-49 mg I’ Beadle, 1981
11.0-108.5 cm® APHA, 1992

60-120 mg 1’ APHA, 1992

20-200 mg ' Baird, et al. 1995

3.5 Hardness

Analysis shows that values equal to or greater than 75 mg I represent
areas of moderately hard water. Based on this, stations |, Ill, IV and V are
classified as softer water, while station Il is classified as moderately hard
water. In respect of the suitability of the water for fish growth, values less
than 20 mg I" or greater than 300 mg I'" are considered unsuitable for fish
(Table 3); on this basis station Il is suitable while others are unsuitable.
Hardness values (Table 4) showed that station Ill had the highest value,
then station 11, while station | had the lowest followed by station V.

Table 4. Showing stations scores

Stations scores

Parameter
' [ o vy
Temperature 5 0 0 3 0
: 0 5 0
Hydrogen ion concentration (pH) g e 0 0
DiSSOlVed oxygen 5 0 5
Turbidity 5 0 5 5 5
Hardness 0 3 0 . s
5
Conductivlty 3 5 . 5 5
0
Carbon iy oxige 0 4
10s, p 0 0 0 0 L
w\l, BOD and transparency T > e
Total 15 10 _
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AQUAPOTENTIAL MAP OF SHIRORO LAKE
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Map 2.  Aquaculture potential map of Lake Shiroro showing the range of station
suitability

3.9 Bathymetry of the lake

The bathymetry of the reservoir varies with the_station. These depth
differences were used as a basis for the reviewing the suntaplllty and
potential for cage culture. Based on the bathymetry (Map 3), stations (1, n
and IV were classified most suitable (11m, 16m and _33m resgectwely),
whereas stations V and | (35m and 39m) were classified unsuitable for

cage culture.
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Map 3. The GIS pathymet
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3.10 Degradation of the ecological setting of the lake

Shiroro Lake is surrounded by many farmlands (Plate 1) belonging to
local farmers who mostly use fertilisers and chemicals. The principa
concern is that pollutants arising from allochthonous material, from
decomposed organic wastes and from discarded polythene bags (Plate 2)
associated with market activities, will take their toll around the lake shore.
The marketers move along the bank as the lake recedes. Phosphates
and nitrates from fertilisers, together with an array of chemicals from
pesticides, herbicides and insecticides, generate inputs from farmland. All
the pollutants eventually find their way into the lake, perhaps creating
excess fertility that could lead to eutrophication and ruin the value of the
lake. Additionally, even the noise from market activities (buying and
selling) is a source of pollution that may scare fishes away from the lake
bank, making it unsuitable for fishing in the middle of the day.

Plate1. Farmlands at station 1V

Plate 2. Allochthonous material at low water level
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Wood abstraction for fuel wood (Plate 3), construction of fishing
vessels and transportation, are other human activities that would have a
marked effect on primary productivity (i.e. phytoplankton and

zooplankton) of the lake.

Plate 3. Wood abstraction.

4. Discussion

The logic query result for water temperature indicates that station | and IV
are most suitable for fish to thrive, could result from dynamic changes at
station | because of constant power generation, less weathering and
decay process, less water movement and hence lower temperature. The
greater depth at stations | and IV could also account for the lower

temperature.

Dupree and Hunner (1984) found that warm-water fish such as
Cchannel catfish grow best at temperatures between 25°C and 32°C and
that this is the recommended range for fishery activities. This agrees with
the ideal range obtained from Shiroro Lake. Madera et al. (1982) state
that increase in temperature is associated with a consequent increase in
Conductivity, varying by 2% per 1°C. This implies that the warmer the

Water, the higher the conductivity and hence an increase in fish yield.

The alkalinity or acidity (pH) of substaqces, ranked on a scale
from 1 to 14, affects many chemical and biological processes in water.
Different organisms flourish within different pH br,anfgesf._ T,;he re_sill,t gf ths
0gic query indicati tion IV to be suitable for fish survival base
on p|~(|] fxlg‘dézatg;%:ﬂ)é Sttr?e site is character(zed by flat terrain and
Shallow water that concentrates the effect of ions. The pH range of
6-8.2 obtained from the range values agreed in all stations with the
"ANge of 6.5-9.0 recommended as most suitable for fish production (Ellis,

1939
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_ ions except station | indicate
all stat | This is in line with Khan

alinity s In 9

The Iolzl; ﬁ':sl wproduc“"'tyaﬁ:;t;:itty with a consequent low
jated 1oW Z5 1 et al. 1995 indicate that the

ic ecosyster [!. The rangeé of 4.0-90.0 mg I

with the range of 75-200 mg I"" given
r. The total alkalinity for natural
than 500 mg I"'. Mairs (1966)
ot result directly from higher

hosphate and other essential
uld mean that an
rtional increase in

valué

by Hem (1970) for p ;
may range from L
\r/;:t:rrtfed thyat greater prodyctnvn}y cekl)serr;)
alkalinity but rather her lev O, This co
elements that increase along with alka dl y. This oo
increase in alkalinity imply @ corresponding or prop
other essential nutrients.
lants and aerobic bacteria all require
ured as dissolved oxygen, comes

lving at the lake surface.

Fish, invertebrates, p
ration. Oxygen, meas

oxygen for respi _
tmosphere after disso

largely from the a

The result of query indicates that stations | and Il were ideally
suitable based on dissolved oxygen. This could be due to the sites’
locations and other factors. Station | is characterised by wood-free
\_/egetgtion and greater depth, resulting in lower temperature. This is in
line with Huet (1972) who indicates that depending on the specific nature
of the lake/stream, temperature tends to determine the amount of
dissolved gases such as oxygen. Thus the higher the temperature of
water body, the lower the dissolved oxygen and vice versa.

Station Ill, while also classified sui '

, ’ _ suitable, might have been

gheopliﬁ:fa;lgshuiltﬁbvlve tdue to its submerged woody vegetation, shallower

Walsr movemgent aagﬁgtt;r;g:;a;uz?. Its suitability could result from swifter
i ntire water ¢ '

water and sending more 03yg6n fitfo, Salufion olumn, thereby aerating the

All obse

2115 mg 1" (Seade, Tapy, Soreoa i the recommended range of
inconsistent with Brimley’s ’19” Ovie and Adeniji,1993), but were
Itilssolved OXygen known to s(ust“) finding that the minimum level of

| "—a lower leve| m; @ & viable population i '
Ionxc;:cated that an avtgra]tg;esstﬂletam mass deaths o? orglglfl]islrr]rl\;va!tiﬁll;slS(1493m7g)J

'9en should be re M condition of 3 mq | of di
\r:fg ed fish fauna the dgi]:;gﬁ,d da S hazardous for fisghl ag;h?;:toffoflsasolggg
€. In general g minime ©Xygen concentration should be 5 %’1 or
UM constant vajye of 5 mg I'" of dirzsgolved

OXygen is sati
(EIFACT/T19 wractory for mogy i
, 1973) Species -
and stages of aquatic life
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Turbidity is a measure of muddi
» J . Iness or clarity in water. It
indicated that only Station Il is unsuitable for fish prtgduction ;r(l)b\;v;;
because run-off from catchment areas there brings in water overloaded
with allochthonous  materials. For fish culture turbidity due to
phytoplankton is more appropriate. ’

Hard water is said to be more productive bi i

water. Baird (1985) points out that total h:rdness contgg:z?:t:izlystr?:tz‘ldsgz
similar to the total alkalinity in most waters. Chakroff (1978)
reco_mmer)ded a range of 50-300 mg I"" for water for aquatic production in
tro;_)lcal climates. And the range value obtained is within the range. The
logic query result based on hardness revealed that station Il is suitable for
fish, perhaps because of the closeness of the site to mountainous terrain
that could enhance bedrock weathering and run-off, bringing in
allochtho.nous material. This is in line with the observation of Rand and
Petrocelli (1985) as cited by Abari (2004) that mineralisation of the parent
rock of the lake basin and lower temperature are known to enhance water
hardness. According to Thurston et al. (1979), water of 0-75 mg I
(CaCO3) are softer whereas those of 75-150 mg I”" are moderately hard.
The logic query revealed that except for Station Il which is moderately
hard, the water at stations I, Ill, IV and V were all soft, hence, the water of
Shiroro Lake and its tributaries are generally soft and such waters have
been designated less-productive and poor for fish production.

The high ionic-conductivity values recorded for all stations are
indicative of enhanced electric current generation. This confirms the logic
query result that stations [ I, IV and V are highly suitable for fish
production and is consistent with Abohweyere (1990) that the correlation
between conductivity and estimated potential fish yield is positive and
significant. Ryder (1965) also stated that conductivity and mean depth of
reservoir could be used to calculate the potential fish yield of a lake:

1) Ryder morpho edaphic index (MEI)
W R g =conductivity (uhos/cm3)/mean depth (m)

Fresh waters normally have conductivities of 20-1500 uhos cm”,
while for inland waters the proportions of different ions in water vary
greatly with climatic and edaphic factors (Boyd and Frobish, 1990).

i [ iffer in their requirement for osmotic pressure
Fihermore, fish speCes Boyd and Lichtkoppler, 1979).

and consequently optimum conductivity (Boy¢ _
This is in I?ne WiX(h /R\PHA (1992) studies of mIand_fres? vr;/atfars,hwhécg
indicate that stream/lake waters supporting good mlx_ed Ir?‘ eries ea\émd
range of 150-1500 uhos cm-conductivity; values outside this range ¢

indicate that the water is not suitable for certain species of fish or
Micro-invertebrates.
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Station I1l, which was classified unsuitable based on conductivity,
might be due to its proximity to mountainous terrain, which could ha!ve
enhanced more weathering process of bec!rc?ck and ionic dissolution
process hence, accounting for higher conductivity.

Considering carbon dioxide (CO), the logic query result
indicates stations IV and V as suitable for fish productivity. This could be
because the sites are calm-water locations associated with their gentle
terrain. Stations |, Il and Il were classified unsuitable. For station | this
might be due to lower temperature, which is said to increase the solubility
of carbon dioxide. Hadrian (1985) and Stirling and Philip (1990) indicate
that depth reduces dissolves oxygen, which Rouse (1979) and Hadrian
(1985) said increases carbon dioxide in water. Station Il unsuitability
could be due to the shallow and submerged woody vegetation of the site,
with decaying organic matter using up dissolved oxygen and releasing
carbon dioxide. Station Il unsuitability could be due to waters overloaded
with allochthonous material from the catchment area.

The index of the logic query result which indicates TDS, PO4-P,
NO3-N, BOD and transparency as unsuitable. It is possibly attributable to
their sources: from run off from road and farmland (stations IV and V);
from submerged woody vegetation (Station 1ll); from effluent discharge
(Site 1); and from soil erosion and animal manure (stations IV and V).

The range of 60-1920 mg I'! of NO3—N obtained from the data
suggests that the lake has greater primary productivity potential in terms
or NO; concentration when compared to ranges of other lakes: 0-200 mg
' for Kariba Lake, Uganda; 50~160 mg I'' for Volta Lake, Ghana: and
40-200 mg I"" for Asejire Lake, Nigeria [Talling and Talling (1965); Biswa
(1978); and Egborge and Sagaye (1979) respectively; and cited by Kolo
(1996))]. A range of 9.6-49 mg " was recommended by Beadle (1981) for
some African productive waters, which is consistent with the logic query

classification as unsuitable for fish due to Shiroro Lake’s high
concentration of 60-1920 mg [,

The range of PO
compared with the standar
(1981). This also explains
logic query result,

+—P obtained as 0.10—2.40 was low when
d of 3.2-630 mg I'" recommended by Beadle
why the reservoir was found not suitable by the

The inverse relati i _
in this lake, as observed It?;Shlp observed between NOs~N and PO+~

their mineralization process el 886), attested to S e by

. ~©8S and the rate at which they are used up by
organisms or lost to sediment.or reflected the 10:1 N:pP r};tio phenomenon
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observed by Beadle (1981) in his study of “Tropical African inland
waters .

5. Conclusion

The study provides an index for establishing a fisheries database using a
geOQraPhic information system and remote sensing It demonstrated tghe
capacity for GIS to analyze complex spatial data. The statior;-quitability
map derived for Shiroro Lake's aquaculture and fishery bote;t:al was
partly verified by field surveys, analysis of satellite images and publishad
data.

6. Recommendation

Shiroro Lake has high potential for fishery production. However, proper
planning and management should not be neglected if sustainable fish
production is to be ensured. Secondary use of the lake should be initiatad
in conjunction with the primary use, promoting and improving utilization of
the lake's capacity. Aquaculture practices such as cage culture could be
introduced, as this would not have a negative impact on the
power-generation activities of the lake as once practised in the Kainji.
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