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Abstract: The impact of sawmill wood wastes on the distribution of fish at the  Sapele section of Benin River,
Niger Delta,  Nigeria  was investigated from March to August 2005. A total of 558 individuals were collected
by the fishing gear used, representing 23 taxa and 11 families. Three stations 1, 2 and 3 were selected from
upstream of the site receiving wood wastes discharge, the impacted site and it’s down stream respectively.
Among the water quality variables, conductivity, dissolved oxygen, BOD , Nitrate-nitrogen, Phosphate-5

phosphorus  and  Transparency were significantly different (P<0.05) among the stations. Orthogonal
comparison using Duncan’s multiple range test showed that station 2 (the impacted site) was the cause of the
difference. The abundance of fish was significantly higher (P<0.05) in the unimpacted stations. Species richness
and general diversity also followed similarly trend. These values were considerable higher in the unimpacted
stations. The families Clupedae, Schilbeidae, Characidae, Osteoglossidae, Mormyridae, Clariidae and Bagridae
which were all present in the unimpacted stations were completely missing in the saw mill wood wastes
impacted site. We conclude therefore that sawmill wood waste not only impact the water quality adversely but
also alters the distribution and abundance of fish species in the locality studied.
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INTRODUCTION Manufacturing  operations  that  produces  raw

Pollution of water ways by organic discharges in manufacturers are the major source of pollution in the
Nigeria is perhaps a serious threat posed to the Nigerian Nigeria water ways. Others include Agricultural and
inland  waters. Sources of pollution of the inland waters domestic  wastes which find their ways into the river
of Nigeria are well known. The most notable point source body (Vega et al., 1996).
arises from the dumping of untreated or partially treated The Sapele section of Benin River in Delta State,
sewage into the River (Ogbuogu and Akinya 2002; Nigeria  is  a  typical  example  of  a  stream receiving
Adakole and Anunne, 2003), brewery effluents into the wood wastes from sawmill industries. These wastes often
river (Ogbeibu and Ezenuera, 2002), discharge of bio- contain significant spectrum of organic substances
degradable  wood  wastes  from  sawmill  located along capable of producing adverse effects on the physical,
the lagoon (Nwankwo et al., 1994;  Nwankwo,1998). Victor chemical and biotic or indirectly affect human health
and Tetteh (1988) reported a reduction in fish diversity (FAO, 1991). There is clear scientific evidence that if
associated with discharge of municipal wastes and improperly  managed,  wood residue can negatively
industrial pollutants into the Ikpoba River. impact the environment, contaminate and destroy fish

Wood shavings and leachates are sources of inert habitat. Wood residue leachate is produced when water
solids  as  well as toxic pollutants that directly clog fish percolates, or flows, through wood residue; storing wood
sill (FAO, 1991) and indirectly reduce light penetration waste in pits where it has contact with groundwater
(Nwankwo and Akinsoji, 1989) which limits productivity creates another source of leachate (FAO, 1991).
contamination of the aquatic environment, makes aquatic Typically, pure wood residue leachate is a black
organism vulnerable (FAO, 1991), fish immune system in liquid with petroleum like odour that causes foaming
particular  are  weakened  leading to increased incidence water. Wood residue decomposition is a slow process
of parasites. that  can result in decades of leachate production. During

wood, such as sawmill, paper mills and furniture
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Fig. 1: The study area; (A) Nigeria showing the location of Sapele; (B) Benin river drainage basin, the rectangle shows
the study stretch and; (C) Study stretch showing the location the sampling station. Not drawn to scale

periods  of prolonged substances found naturally in zones could be recognized in this river, the upper
wood, such as resin acids, lignins, terpenes, fatty acids freshwater zone, the middle transitional  zone  with
and  tannins,  dissolved  from these concentrations. salinity fluctuations  and  the  lower coastal zone which
Wood wastes deposited into or near water course can is predominately saline.
alter, disrupt or destroy fish habitat. Infact, it can smother The present  study  was  conducted in its upper
spawning ground areas, decreasing fish variety and fresh water reaches in the commercial town of Sapele,
abundance (FAO, 1991). The importance of fish in the Nigeria. This stretch is approximately 22.5 km long and
society cannot be over emphasized, hence there is the here, the river flows through a mangrove swamp forest.
need  to know the influence of sawmill wood wastes on This has necessitated the existence of various sawmill
the  water quality and  distribution of fish in Benin River industries in the town that require forest timber products
of Sapele section where there is inadequate information for manufacturing purposes. These sawmills are located
concerning its effects. at the bank of most of the rivers. The river substratum is

MATERIALS AND METHODS macrophytes  and  algae  along  the banks and coarse

Description  of  the  study area: The Benin River (Fig. 1) Three sampling stations were used, each
is located in the coastal belt of Southern Nigeria at the approximately 1.2 km long were chosen along the
Western boundary of the upper Delta and the lowlands southern bank of Sapele section of Benin River. 
(05° 45' - 06° 00'N, 05° 04' - 05° 42'E). This River drains the Station 1, known as control station. There are no
major rivers Ethiope, Ossiamo, Osse and Siluko into the sawmills industries located at this section. It is about 20
Atlantic Ocean. It is approximately 93 km long with km  from the source of the river. It is a clear water zone
average width of 3.0 and 1.4 km in its downstream and that can promote algal growth, floating grass mat
upstream section, respectively. Three distinct longitudinal vegetation is common along the river margin. Apart from

soft mud mixed with the organic remains of dead

sand in the mid channel.
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occasional fishing activities human disturbance at this solutions (APHA, 1985). Water depth was measured with
site is minimal. It also contains macrophytes such as the use of a graduated wooden rod fixed on the river bed
Salvinia nymphellula (Desv.) Nymphaea lotus (Linn) and recorded in metres (m).
Echinochloa pyramidalis (Lam) and Pistia stratioles
(Desv.). Sampling technique: Fish samples were collected

Station 2, the second station is a sawmill zone. It has fortnightly from the three sampling stations between
a lot of sawmill industries discharging sawmill wood Marchl and August 2005. A dug out canoe with paddles
wastes  into  the river. These sawmill industries are was used for sampling at the various stations. Gill net,
located at the bank of the river. It is characterized by baited hooks and lines were used along the shore; large
macrophytes such as Vossia cuspidata (Roub.) Gulf, as well as small species of fish were caught by this
Echinochloa pyramidalis (Ham), Pistia stratioties Linn; method. The fishing effort was the same in each station
Ceratophylliun demersum Linn; and Azolla africana sampled. Upon landing, all the fish were immediately
Desv., The substratum  is covered with coarse sand. It preserved in 10% formalin solution in labeled plastic
has an average depth and width of 0.2 m and 1.9 m, containers. In the laboratory, fish were identified using
respectively. Mean current velocity rate was 0.2 m sec . keys  and  descriptions  of  Boulenger (1909-1916), Reed1

the vegetation cover here includes Dryopteris spp., et al. (1967), Holden and Reed (1972), Lowe- McConnel
Bambusa vulgaris. Human activities are reduced here (1972) and Trewavas (1983).
owing to the foul smell emanating from the decomposition All  statistical  methods  used  in  analyzing  the
of the woood wastes and saw dust. water quality parameters and fish communities were

Station 3, the third sampling station is the second adapted  from  Magurran  (1988).  Taxa  richness,
control  station. It is neutral zone, in the sense that it is diversity  and  evenness  indices  were  calculated  using
not  impacted  adversely.  It  is  4 km away from station 2 the  computer  BASIC  programme  SP  DIVERS (Ludwig
in  Sapele.  It  is  subjected  to  occasional fishing and and Reynolds, 1988). 
river transportation activities. The distribution of floating
grass - mat vegetation is sparse and patchy. The River RESULTS
substratum is soft mud mixed with the organic remains of
dead macrophytes and algae along the banks and coarse Water  conditions  of  the  river:  Rainfall  data and
soil in  the mid channel. Examples of macrophytes found relative humidity of the study area are shown on Fig. 2.
in this station includes; Pistia stratiotes (Linn.) Salvinia (obtained  from the meteorological section of Warri
nymphellula Desv, Nymphaea lotus (Linn) and Vossia Airport  at  Osubi).  Rainfall  increased steadily from
cuspidats (Roub) Griff. March to July and decreased a little in August. The same

Water quality analysis: Sampling for water quality March to August in the study area.
parameters and fish were carried out in the three study Table 1 summarizes the mean values of the various
stations at monthly intervals between March 2005 and parameters  monitored  at  the  three  selected stations
August 2005, covering the dry and rainy seasons. The over a 6-month time span (March 2005-August 2005)
rainfall  and Relative humidity data during the study along the river. Air, Water temperatures and Total
period  were  collected  from  the meteorological  station alkalinity were the only parameters that were not
of the Warri airport at Osubi, Nigeria. Air and water statistically significant in the three stations sampled.
temperature  were  recorded  with  a  thermometer, pH, Water depth, Transparency, Flow velocity, Conductivity,
were measured using a portable meter. Conductivity was pH, Dissolved oxygen, BOD Phosphate and Nitrate
measured by using a HACH conductivity/TDS meter. showed  variations  in  the three stations sampled and
Dissolved Oxygen, biochemical oxygen demand (BOD) was statistically significant (P<0.05). 
and total alkalinity were measured titrametrically after The  monthly  variations  in each of the parameters
fixing with the necessary reagents according to methods are as shown in Fig. 3. Air and water temperatures were in
earlier described by APHA (1985). Other parameters the range of 24-31°C in the three stations sampled and
measured included water velocity, determined using the were not significantly different from each other. Mean
Pin-pong floatation technique. Nitrate-nitrogen (N0 -N) water depth was also similar in all the stations, except that3

and Phosphate-phosphorus (P0 -P) were measured orthogonal comparison using Duncan’s multiple range4

spectrophotometrically after reduction with appropriate test revealed that station 1 (upstream) of the impacted site

applied to relative humidity. It increased gradually from

5,
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Table 1: Physicochemical parameters of the study stations of Benin River at sapele from March-August 20005 (Minimum and maximum values in parentheses)
values are; Mean±SE

Parameter Station 1 Station 2 Station 3 F value ANOVA P
Air temperature (°C) 26.93±1.09 26.67±0.99 26.80±1.33 0.09 (p>0.05)

(25.60-28.6) (2.53-28.1) (25.00-28.4)
Water temperature (°C) 25.70±2.12 25.70±1.26 25.50±2.39 0.07 (p>0.05)

(24.20-28.0) (24.40-27.4) (24.00-27.2)
Water depth (m) 1.57±0.006) 1.20±0.03 1.40±0.03 5.11* (p<0.05)

(1.20-1.80) (1.00-1.40) (1.20-1.60)
Transparency (m) 0.94±0.11 0.33±0.004 0.92±0.06 11.76* (p<0.05)

(0.60-1.30) (0.25-0.42) (0.64-1.20)
Flow velocity (m s ) 0.47±0.006 0.24±0.006 0.38±0.012 10.09* (p<0.05)1

(0.33-0.54) (0.11-0.33) (0.22-0.04)
Conductivity(µs m ) 28.18±10.6 210.00±21.82 20.67±2.36 89.91* (p<0.05)1

(20.30-43.8) (162.00-274.1) (14.80-28.6)
pH 7.32±0.18 6.63±0.15 7.27±0.23 4.67 * (p<0.05)

(7.20-7.9) (6.00-7.0) (6.40-7.8)
Dissolved oxygen (mg l ) 6.75±0.18 3.78±0.44 8.06±0.53 74..55* (p<0.05)1

(6.00-7.10) (3.20-4.48) (7.49-9.36)
BOD  (mg l ) 2.85±1.16 13.67±8.67 2.85±0.50 67.99* (p<0.05)5

1

(1.45-4.5) (12.00-18.0) (2.00-4.00)
Alkalinity (mg l ) 2.67±0.024 2.82±.015 2.88±0.016 3.62 (p>0.05)1

(2.48-2.86) (2.67-3.00) (6.67-3.00)
Phosphate (mg l ) 0.065±0.0011 0.83±0.017 0.058±0.0014 180.5* (p<0.05)1

(0.030-0.12) (0.60-0.98) (0.01-0.11)
Nitrate (mg l ) 0.058±0.003 0.49±0.008 0.085±0.014 114.26* (p<0.05)1

(0.020-0.15) (0.40-0.61) (0.0050-0.03)
Note: *Indicates significant difference at a probability level of 5%

Fig. 2: Monthly variations in rainfall and relative humidity observed differences in these parameters.
in the study area (Mar-August 2005). (Source:
Meteorological station, Warri Airport, Osubi, Fish abundance and distribution: A total of 558 fishes,
Nigeria) made   up  of  23  species  in  11  families  were  collected

showed considerable high depth 1.57±0.05 m as compared
with other the stations. Generally water depth was
considerably higher in the rainy season than the dry
season months.

Station 1 recorded low values of current velocity
especially in the dry months as a result of the saw dust
deposit that reduced the flow rate drastically.

Conductivity values were significantly different
among the stations sampled (P<0.05) the impacted station
(station 2) recorded high conductivity values throughout
the study period. Similarly Transparency measured in
metres was significantly different in the different stations
(P<0.05). Again the sawmill deposit reduced drastically
the rate of penetration of light to the bottom. Most of the
chemical  variables,  that  is dissolved oxygen, BOD ,5

Total  alkalinity, Hydrogen ion concentration (pH),
Nitrate-nitrogen (N0 -N), Phosphate-phosphorus (Po -p)3 4

all measured  in  mg l , were significantly different among1

the various stations sampled (P<0.05). Orthogonal
comparison using Duncan’s multiple range test showed
that station 2 (impacted site) was the cause of the
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Table 2: Species composition, distribution and number of individuals caught in the three sampling stations of Benin River, Nigeria (April 2005-September
2005)

Fish species Station 1 Station 2 Station 3 

Malapteruridae
Malapterurus electricus (Gamelin, 1789) 4 12 6
Cichlidae
Chromodotilapia guentheri (Sauvage, 1882) 4 8 2
Oreochromis niloticus (Linnaeus, 1757) 12 6 10
Hemichromis fasciatus (Peters) 16 6 10
Hemichromis bimaculatus (Peters) 8 4 12
Tilapia guineensis (Blaker, 1862) 10 24 14
Tilapia mariae (Boulenger, 1889) 12 22 16
Clupeidae
Pellonula afzeluisi (Johnels) 14 - 6
Schilbeidae
Eutropius niloticus (Rippel) 8 - 10
Characidae
Brycinus longipinnis (Gunther) 14 - 12
Notopteridae
Xenomystus nigri (Gunther, 1868) 24 4 10
Papyrocranus afer (Gunther 1868) 12 12 16
Osteoglossidae
Heterotis niloticus (Cuvier) 10 - -
Cyprinodontidae
Epiplatys senegalensis - 12 20
Mormyridae - - -
Gnathonemus petersii (Gunther 1868) 14 - -
Hyperopisus bebe 4 - 8
Isicthys henry (Gill, 1863) 10 - -
Clariidae
Clarias anguillaris 14 - 8
Clarias pachynema 16 - -
Bagridae
Auchenoglanis biscutalus (Geoffry St. Hilaire) 8 - 10
Auchenoglanis occidentalis (Valenciennes) 12 - 10
Chrysichthys furcatus (Gunther,1861) 10 - 14
Chrysichthys nigrodigitatus (Lacepede,1803) 8 - 10

244 110 204

Table 3: Fish diversity indices in the different sampling stations of the
Benin River, Nigeria

Station 1 Station 2 Station 3

Number of species 22.00 10.00 19.00
Number of individuals 244.00 110.00 204.00
Margalef’s index (Species richness) 3.82 1.91 3.38
Shannon-wiener index 1.306 0.924 1.246
Eveness index (E) 0.973 0.924 0.975
Simpson’s index 0.053 0.137 0.059

Table 4: Jaccard’s index of similarity of the fish fauna in the different
sampling station of the Benin River

Stations 1 3

2 0.39 0.53*
3 0.78* -

*Significant relationship at CL of 0.50

throughout the study. All species encountered were
entirely  freshwater species (Table 2). Station 1 recorded
22 species  comprising  of  244 individuals, while station
2 and 3 had 10 species comprising of 110 individuals and
19 species comprising of 204 individuals, respectively.
Statistical  analysis  using ANOVA indicate that there was
significant difference in the abundance of fish collected in
the various stations. (P<0.05). Orthogonal comparison
using  Duncan  multiple  range  test showed that station
2 was the caused of the observed difference. Stations 1
and 3 were not statistically different from each other.
Clupeidae, Schilbeidae, Characidae, Osteoglossidae,
Mormyridae, Clariidae and Bagridae families were
completely missing at the impacted station. These families
had representative forms in the unimpacted sites.
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Fig. 3: Continued
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Fig. 3: Monthly variations in physical and chemical parameters of water in Benin River from Mar-August, 2005

Fig. 4: Relative abundance of major families of fish in the study stations
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Relative abundance of the major families of fish in the indicative of an ecologically unfavourable environment.
study stations (Fig. 4) revealed that Cichlidae was the Similarly, Rueda et al. (2002) stated that a stressed
dominant family contributing 35.5% of the total fish biological population is characterized by reductions in
caught. Bagridae and Nopteridae contributed 14% each of diversity and population size. The low species richness
the total fish caught. and low diversity recorded at the sawmill wood waste site

Taxa richness calculated as Margalef index and may be due largely to the sawdust emanating from the
Shannon-Wiener index for diversity was generally lower sawmill industries which leads to low transparency
in station 2, the impacted station (Table 3). Stations 1 and occasioned by coloured turbid effluence of the wood
3 had similar values of taxa richness and Shannon-Wiener waste as well as the high suspended material load. Low
diversity indices. Again, Simpson’s Dominance index transparency implies low photosynthetic depth and
indicates that station 2 had more dominant species therefore low productivity.
whereas it was evenly distributed in stations 1 and 3. The Other effects of the wood wastes on fish is that,
values of Jaccard’s index of similarity of the fish fauna of wood waste deposited into water bodies smother
the different sampling stations of the river is presented in spawning ground areas, decreasing fish variety and
Table 4. Stations 1 and 3 were significantly similar with abundance. Thus, largely explains the reduction of fish in
each other whereas station 1 and 2 were dissimilar. number and variety in the impacted site of the study

DISCUSSION in the polluted site (sawmill impacted zone) were low. This

The findings of the present investigation revealed organic pollution from decomposed wood wastes.
that the prominent features of the sawmill wood wastes According to Ogbeibu and Ezeunara (2002), environment
had a negative effect on fish distribution and their affected by organic pollutants has a low diversity and low
communities. These features may have resulted from the species. The greater evenness in the distribution of fish
high allochtonous materials emanating from the wood fauna was due largely to low dominance by few species
wastes which provided suitable loci for high bacterial and and low biomass indicative of low pH induced by
fungal biodegradation activities. For instance, Akpata and microbial decomposition of wood wastes. Wood shavings
Ekundayo, (1983) isolated several fungal species from the and leachates are source of inert solid as well as toxic
wood wastes polluted sites while Akpata, (1987) provided pollutants that directly clog fish gills and lethal to lower
evidence to show that wood waste extracts enhanced the aquatic forms (FAO, 1991) and indirectly reduced light
germination of fungal spores. penetration (Nwankwo and Akinsoji, 1989) which limits

Furthermore, in these discharge areas, microbial productivity, contamination of the aquatic environment,
decomposition of these wastes exerts high biochemical makes aquatic organisms vulnerable. All these are the
oxygen demand and creates anaerobic conditions. consequence of sawmill discharging its wastes into the
Bacteria and pathogens are introduced into the river and water bodies.
eutrophication stimulating nutrients like nitrates and Nigerian Rivers as elsewhere in the developing
phosphates are introduced (Tripathi and Shukla, 1991; nations of the world are often used for the disposal of
Ademoroti 1996; Jonnalagadda and Mhere, 2001). Under domestic and industrial wastes but the impact of pollution
these conditions, aquatic life suffers, resulting in a loss of on their biota are inadequately known. The Aquatic
productivity of the natural waters and a deterioration of environment,  makes  aquatic  organism  vulnerable
water quality. Although Wood residue comes from a (FAO, 1991), fish immune system in particular are
natural resource, it is not found in the natural environment weakened leading to increased incidence of parasites.
in this state. The high BOD and the low DO may be due to According to  Villegas  and  Deginer (1973), the addition
the metabolic activities of bacteria. According to of pollutants in water either limits the number of species
Waldichuk, (1974), organic materials such as wood waste or produce dense population of microorganisms. 
fibres could form sludge which decomposes through Nwankwo and Akinsoji, (1989) observed that the
activities of micro-organisms, depleting oxygen from the benthic algal community of the sawdust pollution zone
bottom waters and forming noxious gases. This may was comprised of species that could be of high pollution
explain the fowl odour associated with the sawmill wood index values. Wood residue leachate contains high
waste deposition site. concentrations of natural organic material which can

It is generally believed that low species biomass and mobilize metals such as Iron from soils. Leachate impacted
low dominance in an aquatic environment could be ground water is generally brownish in colour has an

station. Shannon Wiener index  and Taxa Richness values

was due to the effects of wood waste exudates and
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unpleasant and offensive taste. Nwankwo, (1998) reported APHA (American Public Health Association), 1985.
the effects of floating timber logs as a substrate for Standard methods for examination of water and
periphyton algae in the Lagos lagoon. His finding was waste water,15th Edn. American Public Health
that the floating timber logs increased the growth of algae Association, Washington DC, pp: 1134.
in the Lagos lagoon. Wood shavings and leachates are FAO, 1991. African fisheries and the Environment FAO
source of inert solid as well as toxic pollutants that Regional Office, Accra, RAFR/91/02, Accra, Ghana,
directly clog fish gills (FAO, 1991) and indirectly reduced pp: 26.
light penetration (Nwankwo and Akinsoji, 1989) which Jonnalagadda, S.B. and G. Mhere, 2001. Water quality of
limits productivity, contamination of the aquatic the Odzi River in the Eastern Highlands of
environment, makes aquatic organisms vulnerable (FAO, Zimbabwe. Water Res., 35: 2371-2376.
1991) fish immune system in particular are weakened Ludwig, J.A. and J.F. Reynolds, 1988. Statistical Ecology.
(FAO, 1991) leading to increase incidence of parasites. A primer on methods and computing. New York:

In developed countries, there is a lot of wood waste Wiley/interscience, Wiley, pp: 337.
management practices aimed at reducing the impacts of Magurran, A., 1988. Ecological diversity and its
these sawmill wood wastes on aquatic biota. One of which measurements London, Crown Helm, pp: 176.
is to reduce the volume of wood waste requiring on site Nwankwo, D.I., 1998. The influence of sawmill wood
storage or disposals. Others include recycling of wood wastes on diatom population at Okobaba, Lagos,
wastes which could be used as fiberboard, compositing. Nigeria. Nig. J. Bot., 11: 15-24.
These measures should be carried out in Benin river Nwankwo, D.I., A.O. Abosede and Y. Abdulrazaq, 1994.
section where this research work was carried out. This will Floating timber logs as asubstrate for periphyton
reduce the declining population of macrobenthic fauna in algae in the Lagos lagoon, Nigeria. Pol. Arch.
sawmill industries zone. Industrial activities and Hydobiol., 41: 419-430.
urbanization in developing countries including Nigeria Rueda, J., A. Camacho, F. Mezquita, R. Hernanadez and
has gradually led to the deterioration and contamination J.R. Roca, 2002. Structure in Some Southern English
of the natural environment in recent years.  However, it is Streams: The Influence of Physicochemical Factors.
now fully recognized that no country can afford to ignore Freshwater Biol., 13: 521-544.
the sound management and protection of her environment Tripathi, B.D. and S.C. Shukla, 1991. Biological Treatment
and resources, which forms the basis for development. of Wastewater by selected aquatic plants. Environ.
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