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Abstract

he study exanunes the Application ol Geographic Information System and Remole Sensing
o Aquacalture and Fisheries Potentials of Shiroro Lake. by integrating physico-chemical
paratneters ity Geographic [nformation System database. This also involved identilying and
aquaculture development. To provide focus for the study, five
clected within the lake basin. Multispectral band satelhites
wery productiorn.

estimating potential arcas tor
sampling sites (stations) were s
mage was used (o detect suitable arcas of the lake for aquaculture. and fisl
i ue suitability razing was cstablished based on physico-chemical data obtained from previous
suney. which identified station 1V (River Dinya entering point) as the most suitable site for

followed by station I (Dam Crest) as suitable. station V (River Munya entering
while station 11 (River Kaduna entering point) and station 1

aquaculture.
point) classified as unsuitable. based on the scale ol the ideal

poimt) moderately suitable.
(River Sarkin Pawa entering
ranges of all the phvsico-chemical parameters.

Intiroduction

Altlempts (o extrapolate spatial structure from aguatic
wily on catch information or fishermen
allenges to officials in charge ol sustainable fisheries management.
Geographic Information System (GIS)
access o

cnvironment relied on very limited data
hased  prim “word of mouth™ due to its dynamic
nature. posing many ch
But with the advent of such advanced technologies as
g, fisheries managers and commercial operators alike will have
eve (heir goals because data ol inaccessible
es. A case study of the

and Remote Sensin
areas can

information that will help them (o achi
d from both Tow and high resolution satellite imag

now be obtaine
aquaculture and fisheries potentials of Shiroro lake. Nigerta

z_:u:?_::: ol GIS for cvaluating

is hereby presented.
been conducted on Shiroro lake-Nigeria such as fishery survey

carried out in December 1984 and April 1985. To evaluate the hiological. physical, social
omic conditions for aquaculture development, Narescon. (1993). Kolo (1990)
andertook a study on the limnology of the lake and its major (ributaries. Shekari C. (2001)
carried out a study on the biodiversity ol fishes in Shiroro Lake. However, most ol these
qurveys did not include systematic spatial data and planning activities that would cover the
lakes aquaculture and fisheries potentials. A combination for these studies and GIS were
uselul for predicting aquaculture and fisheries potentials of the lake. This investigation i

cr effort in the use ol this technology in Nigeria.

Several survey studies have

and econ

pione
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I'he objectives of the study is 10 identily the ecological potentials of the lake wrea and (o
develop a GIS database as a0 ol for the management of fisheries in Shiroro luke by
mtegrating physico-chemical data with Geographic Information System (GIS) and Remote
Sensing s a ool for identifying and estimating potential arcas of the lake for aquaculture
development.,

Matcerials and Methods

Shitoro Lake with surface wrca of 31.200Ha and mean depth of 22.4m (Sado ef. e L5008
the second largest man-made lake in Nigeria and is expected 10 provide favourable
conditions for large scale fish production and aquaculture development (Fig. 2

Fig.1: A Map Showing Shirowo Reservoirand Sanmipling Stations

The data used for this study were obtained from two sources. primary and secondary data.
The primary data (directly sensed data) were gencrated through licld surveys on the
production functions which control the aquatic environment. using a digital camera, global
positioning system, the water itself, fish in it and fishing vessels,

The secondary data source which was an organised primary data were sourced from mult-
spectral band satellite image and topographic map. GIS soltware used was Arcview GIS for
Windows (version 3.2a) and Idrisi. The remote sensing image analysis was performed using
the co-ordinates on topographic sheet 164 of 1967 at a scale 1:50,000 and 1:250.000. This
was acquired from Niger State Ministry of Lands and Survey. Minna. Those from Global
Positioning system (GPS). and aid for identifying area on satellite image were obtained from
National Space Rescarch Development Agency (NASRDA) Abuja, which is Nigeria Sat |
image of 2003. Geo-referencing was carried out using Idrisi software, masked and exported
(0 Areview for digitisation. This was then built into geo-spatial data for query and result.
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Result

riteria Tor suitability of Shiroro lake for aquaculture an
. _ suitable
interpretations of suitability classes for cach paramct

physico-chemical — parameters with

idcal ranges (Table 1).

Table 1: The ldeal Ranges and Standards of physico-chemical
fisheries producti

| PARAMETERS
Temperature
Hydrogen ions concentration
Dissolve oxygen (Do)
Alkalinity
Hardness
Phosphate-phosphorous (PO4-P)
Nitrate-nitrogen (NOy-N)
Turbidity
Transparency
Total Dissolve Solid (TDS)
Conduclivity

pH

on by various

e T e ——

BOD

d fisheries were hascd on thirteen
ranges and rating jor  fish  yield. The
er were classified on @& ceale of thew
parameters for aquaculture and
Authors

DEAL RANGES | SOURCES
20-25"'C Duprce and Huner 0%
6.5-9.0 Ettis 1939

Beadle 1981
Baird et al 1998
Chakrof 1978
Beadle 1981
Beadlc 1981

2-15mg/L
20-200mg/L
20-300mg/L
3.2-630mg/L
9.6-49mg/L

8.0-320 1.T.U Henri 1992
[1.0-108.5¢cm APHA 1992
5-40mg/L APHA 1992
20-1600uhos/cm Boyd and frobish 1990
60-120mg/L APHA 1992
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s of the

Classification Criteria for Suitability Ranges for Fishery Potentials Analy

Reservoir
For analyses ol the result cwitability ranges were . paramelers:

pH
6-0.9 Suitable
7-7.9 Highly cuitahle
%-8.9 Suitable
6>Y Unsuitable

Femperature

20-24.0 Suitable
25.20.0 ighly suitable
30-34.9 Sutable

20 Upsuitable

Hardness

20-99.9 Suitable
100-199.9 Highly suitable
200-299.9 Suitable

20)-- 300 Unsuitable

DO

210 Suitable
SO0 thehly antable
10-14.9 Switable

S Unaantable

NO;-N

10-19.9 Suitable
2()-39.9 Highly suitable
40-30 Suitable
10-250 Unsuitable

AlKalinily

10-90.9  Sutable

100- 149 9 Highly suitahle
1501999 Suitable

S0k 200 Unsuitable

DS
5-16 Suitable

1 7-28 Highly suitable
29-40 Suitable

5>40 Unsuitable

CO

(-20 Sunable

1-35 Highly suitable
3650 Suttable
3026 Unsuitable

Turbidity

-160 Suitable
161-240 Highly suitable
241-320 Suitable
320<% Unsuitable

324 2 suttable
Highly saitable
3303 Soitable
3200 U nsuitable

Conductivity

42-560 Suitable
561-1081 Highly suitable
1082-1600 Suitable
160042 Unsuitable

I ransparency

[ 1-43 Suitable
41-76 Highly suitable
77-109 Suitable
1109

Lon, 2004

Source. Rescarcher’s Cony

wWater Temperature
qed out based v range values for the water (emperature

|ocic query (e GIS result) was car

ain the suitability for possible lish yicld. Based on ideal range. value greater than
330 or less than A0'C were classitied ansuitable for fish production. The result of the query
qler temperature i station 1 and 4 with range ol 15'C-33.2"C and 16,3

{0 ascert

Jrows that w
R respectively.

¢ most suitable (Fig.1).
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WATER TEM PERATURE SUITABILITY MAP \
|

[Legend

Fig.1: The Water Temperature suitability map

Hydrogen lon Concentrations (pH)

The result of the logic query pcrformcd on Hydrogen jon (pH) based on numeric valucs less
than 6 is classified as unsuitable for fish production. This shows that station 1. 110111 and V
were unsuitable while station IV was found to be highly suitable, henee all the ranges
obtained from the data on the lake fall within the ideal range of 6.5-9.5. (Fig. 2).

PH SUITABILITY MAP
w1111 |

|Legendl

Fig. 2: The pH suitability map showing station IV as suitable

Dissolved Oxygen (DO)

For Dissolve Oxygen (DO). logic query was performed and areas greater than 15 werc
defined as poor ared for fish to thrive very well. The result had showed that stations and 111
were ideally quitable with range values of 1.7-8.3mg/l and 2.6-18.3mg/l respectively. while
ctation 111V, and V were not quitable; although all the ranges agreed with the recommended
rangc of 7.1 5mg/las classificd by Beadle (1984).
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THE DISSOLVED OXYGEN (DO) SUITABILITY MAP
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IFig.3: The DO «uitahility map showing station L and H1as suitable

Turbidity

Logic query performed based on turbidity range of value less than 8.0mg/l and greater than
0me/l depict station 11-as unsuitable for fish production (Fig.4). Whilc others stations are
uriable. Though. all the values full within idcal range values of 8-320mg/l.

THE DTURBIDITY SUITABILITY MAP

.}Lu;cun‘l

oo
o -
Fuees b
el bbb
P ) el o) e

Fig. 4: The Turbidity suitability map <howing station 11 as Unsuitable

Hardness

In respect of the suitability of the water for fish growth value less than 20mg/l or greater than
300me/l s considerced unsuitable for fish (Fig. 5). The analysis showed that station 1o
highly .uitable while others unsuitable.
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e S Water o . :
L5 Water hardness map showing station Il as the arca suilable tor 1ishe-

4.1.7 Conductivity

}ikl wdeal range of value for potential fish yield based on water conductivity is value less: than
N b S - . . ,
ot "“-\/L.m ~h.m on-this ideal range. the result shows that stations I. 1L IV and V arc all

suitable for fish while 11 was found (o be less suitable (Fig. 6).

CONDUCTIVITY SUITABILITY MAP
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Fig. 6: The Conductivity suitability map showing station 11 as Unsuitable

Carbon dioxide (CO»)

['he result of the _""é"f query _PC"l(H'lncd based on Carbondiooxide (CO-) ranee values of less
”"«}” 4“'“1—'(' LETHACY }'3 ansuitable for figh production revealed that stations 1V and V were
suitable while stations LIFand 1 were unsuaitable for fish production (Fig. 7).
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Fie 7 Carbon dhoxade sotabilty map showing station IV and Vas Sutable

FDS. PO -1 NOG-N, BOD, and Transparency

e lome queny pertormed of the followmg: physico-chemical parameters THOS. PO, PONO
NROD and Transpareney based on these adeal vanges: 540, 3.2 63010730, 50120 and
1109 respectively show that the entire Take 18 unsutable for Tish- production. Below i 4
map ol the query performed on Nitrate-Nitrogen showing this assertion (Fie %)

NITRATE - NITROGEN SUITABILITY MAP
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Frg 80 NOGN switability map showing all station as Unsuitable

Potential Site for Aquaculture

Puttmg all together, the result of the logic query on database of cach physico -chemical
patameter was rankedas five 65) seores for suitability and a zero (0) score for unsuitable li‘)r
cach station (able 5 theher score values indicate more suitable stations for Ii.s'h srowth
Faase on thisc the finabvesult-deprets that station 1V s the most suitable s‘l;ni;m lor :;qll‘jcullun;

purpose: Thisas follosed by tation 1 as suitable, moderately suitable cover station V. and not
spalile coversstanon Thand T Gsee Fie 9 gables Yand 4 ) B
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NO:-N. PO:-P. DS, BOD and
§ from 1un olt. from road
Site 1 and elfluent

Lig. 9 i an ndex of the logic query result which indicates
putable 10 thewr source

cgctation ol
¢ Stations [V oand V.

transparency ids unsuitable and could be aurl
and larmland at Staton IV oand V qubmerged woody v
Qi liree hom sie 1L ol erosion and animal manual from th

Conclusion And Rommnwn(lmion

Conclusion
ISIng Geographic [aformation
analysc complex spatial data

p derived lor aquaculiure and
oo of satellite

Ihe study provides an index lor establishing [isherics database t
Syatem and Remote Sensing. The high efliciency of G.1.S 10
was albso demonstrated by (he study. The stations cuitability ma
fisheries potential ol the Shiroro lake was partly verificd by ficld surveys analys

The prcdiclcd Cations of the lake suitable tor aquaculire and

versification 1o aquaculture aetivities M the

images and published data.
fsheries potential would provide room for di
study area.

Recommendation

Sinee Shiroro lake has high potentials for fisheries pmduclinn. proper planning and
management should not be neglected 1o ensure sustainable development. The secondary U
ol the lake should he initiated in conjunction with the primary use to promete and IMprove
the capacity ol the lake. ,/\L|uucuhul‘nl pructicc.\ such as cage culture could be mtroduce as this
will not hie pevative Impact on the power gcncr;\lion activitics of (he like as onee prachce

in the Kamj.
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