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ABSTRACT

The dynamics of some physicochemical parameters of Bodo creek on the upper reaches of the Andoni-

Bonny river system were studied between December 2005 and July 2006. There were significant differences
(P<0.05) in Secchi Disc Transparency and salinity, while temperature, pH, Dissolved Oxygen (DO), Biological

Oxygen Demand (BOD), phosphate and nitrate concentrations were similar (P>0.05) between the spatial grids.
The values recorded ranged from 26.7 to 30.1 C (Temperature); 73-157 cm (Secchi Disc Transparency); 6.5-8.60

0(pH); 6.2-22.7%   (Salinity); 4.6-11.8 mg/l (DO); 0.7-8.2 mg/l (BOD); 0.047-2.300 mg/l (Phosphate) and 0.013
to 0.873 mg/l nitrate. There were obvious seasonal fluxes in the ecological variables (P<0.05), except nitrate

concentrations that were not statistically significant (P>0.05). The usefulness of the results in future monitoring
and possible reasons for the observed environmental gradients are discussed.
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Introduction

Traditionally, Bodo creek has been a strong

livelihood support base for the people of the area and
beyond. The creek serves for fishing and small-scale

aquaculture, transportation, cassava fermentation, fuel
wood production and domestic waste disposal. In

addition, the tranquility of the mangrove-sheltered
waterfronts provides the needed haven for solitude

and relaxation. Besides, mangrove canopy and
moveable spaces underneath the shade offer the poor

locals  a  benign  environment  for defecation.
Powell et al.[18] reported that the bulk of periwinkle,

Tympanotonus fuscatus traded in the markets of
Bodo, Bori and Onne communities originate from

Bodo creek. The creek had also supported some
forms of industrial development, namely, an

uncompleted 500 hectares fish farm owned by the
Niger Delta Basin Development Authority (NDBDA)

and Bodo West Oilfield. 

Since then Bodo creek had been precluded from

chronic anthropogenic disturbances apart from fishing
activities and logging pressure. However, the ongoing

Bodo-Bonny road and bridges project awarded by the
Federal Government of Nigeria (FGN) will traverse

Bodo creek complex to link Bonny Island. Intensive
suction sand dredging has begun at the Dor Nwezor

sector of the creek to provide the quantum of sharp
sand required for the road embankments. This intense

dredging activity has resulted in serious ecological
imbalance in the adjoining creek waters as evident

from the high water turbidity due to sediment
resuspension[10], which is indicative of water quality

alteration.
Previous studies have shown that water quality

affects species composition, assemblages and

distribution of plankton[4], benthos[7,11,9] and

fish[4,13]. No reliable data exist in published form

on the ecology of Bodo creek. Snowden and

Ekweozor[20] raised concerns as to the dependency
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on post impact studies data when baseline data for

comparison are lacking. Information on Bodo creek,

especially on the relatively “near-pristine” Kpador

channel would aid in future monitoring programmes.

Thus, the present study was aimed at providing

preliminary information on the physicochemical

characteristics of the Kpador sector of Bodo creek in

the lower Niger Delta basin of Rivers State, Nigeria.

Materials and methods

Study Area 

The study was carried out on the Kpador sector

of Bodo creek and lies between latitudes 6 75¢, 7o o

15¢ N, and longitudes 5 31¢ E and 5  35¢E with ano o

annual rainfall of between 2000-3000 mm in the

Niger Delta. Rainfall decreases sharply as one moves

inland. The rainy season spans from April to

November (eight months) whereas the short dry

season lasts for four months from December to

March with occasional rainfal[25]. Bodo creek is a

nexus of creeks and creeklets adjoining Bodo

Community on the upper reaches of the Andoni-

Bonny river system. Based on the pattern of

hydrology, Bodo creek complex could be described

as a “mixing sponge” for the waters from the Andoni

and Bonny river estuaries. Two major channels: Dor

Nwezor and Kpador link Bodo Creek to Opobo

channel - an adjunct between Andoni and Bonny

rivers - and Bonny River, respectively . Inlet, both

channels ramify to form numerous creeklets, some of

which end blindly in mangrove swamps while others

interconnect causing the mixing of the flood and ebb

tidal waters from the dual sources. 

Sampling Stations

A total of four sampling stations were

established at approximately one km apart to

accommodate different biotopes. 

Station 1: located upstream where the Kpador main

channel tapers to have a link with Goi creek, locally

called Dor Vibor.  

Station 2: (code named Kpador 1): central to the

other three stations. Between stations 1 and 2, a gulf-

like area exists to the left downstream. At low tide,

the gulf area is exposed as mudflats dissected by

minor channels, all of which unite progressively into

a common sub-channel that debouches into station 2.

Station 3: (Tekpokuru): sited on a minor channel

that radiates from the main channel at station 2.

Station 3 channel extends westward to join a first

order stream that drains a tropical rainforest.

Station 4: (Kpador 11): located downstream on the

main channel to other stations. The station was sited

close to the mouth of a minor channel that branches

to the right, leading to the Bodo West flowstation.

Generally, the marginal vegetation of the

sampling stations are mangroves, usually a

characteristic of such a brackish water environment

in a tropical setting. Red mangroves (Rhizophora

spp) predominated the mangal flora of the area.

Other macrophytes are the white mangrove (Avicenia

africana), mangrove fern (Acrosticum  aureum) and a

few pockets of nypa palm (Nypa fructicans). The

latter   was observed only along the vicinity of

station 4.

Field and laboratory procedures 

Sampling lasted from December 2005 to July

2006. Dry season samples were collected in the core

dry months (December, January, February) while wet

season samplings were done from May to July. The

monthly sampling was done during high water slacks

at midstream of each station. Subsurface water

temperature was measured in-situ to the nearest 0.1 Co

using a Mercury-inglass thermometer. Transparency

was determined with a 30 cm diameter Secchi disc.

Samples for other water quality parameters were

collected, preserved and transported in an ice-chest

according to standard procedures[2].

The pH was determined using a pH meter

(Mettler Delta 340). Dissolved Oxygen (DO) and

BOD were measured using the modified Winkler

method and the 5-day BOD test respectively[2].

Nitrate and Phosphate were measured with brucine

and Ascorbic acid methods respectively. Salinity was

determined using hand held refractometer (S/mill-E

0-100%0). 

Data were analysed in a randomised complete

block design with four stations (blocks) and six

months (treatments). The monthly data were later

pooled and analysed as dry and wet seasons to

estimate the effects of season on the parameters.

Analysis of variance (ANOVA) was done at P=0.05

and where significant differences were observed,

mean separation was done using the least significant

difference (LSD) option[23].

Results and discussion

Results

The physicochemical results of the study area are

presented in Tables 1, 2 and 3. Temperature had a

range of 26.7 to 30.1 C among the four stationso

(Table 1). A maximum mean temperature of 28.7 Co

was recorded at station 2, whereas, station 3 had

least mean temperature (28.2 C). Significanto

variations (P<0.05) in temperature occurred across 
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the sampled months, having a peak of 30.0 C ino

February (Table 2). Secchi disc transparency

fluctuated between 73 and 157 cm. Transparency

showed decreasing mean values amongst the spatial

grids in the sequence: Station 3 < 1 < 2 < 4.

Variations in transparency between months (Table 2)

and stations (Table 3) were significant (P<0.05). The

parameter (transparency) had a time-series peak in

December (mean=142 cm) and spatial peak for

station 4. 

Hydrogen ion concentration (pH) varied from 6.5

to 8.6 (Table 1), while spatial pH (Table 3)

variations were not statistically significant (P>0.05).

By season, pH values recorded were higher in the

wet months (7.8) than in the dry months (7.1) as

presented in Table 2. Salinity (%o) differed

significantly (P<0.05) between sampled stations and

months. Overall, station 1 had the least mean salinity

(11.6%0), while a mean salinity maxima (16.1%0)

was recorded at station 4 (Table 1). Seasonally,

salinity peaked in February with the following trend:

February > January > December > June > May =

July. 

The DO variations between months and stations

were significant (P<0.05) and ranged from 4.6 to

11.8 mg/L (Table 1), 5.7 to 11.7 mg/L among

months (Table 2) and 7.7 to 8.7 mg/L among stations

(Table 3). The BOD had a range of 0.3 to 8.2 mg/L

(Table 1) with significant differences (P<0.05)

between months (Table 2), while the variations

between the spatial grids (Table 3) were insignificant

(P>0.05). The mean BOD peaked in July (8.2 mg/L),

whereas least mean BOD (1.0 mg/L) was recorded in

December. 

The concentration of phosphate varied from

0.075 to 2.300 mg/L (Table 1). Phosphate peaked at

station 4 (0.624 mg/L) but the lowest concentration

(0.520 mg/L) was recorded in station 3. Phosphate

values show significant variation over time. Wet

season Phosphate contents were generally higher

relative to the dry months (Table 2). Nitrate ranged

between 0.013 mg/L and 0.462 mg/L (Table 1). The

nutritive salt did not vary (P>0.05) between the

sampled stations. Nitrate varied (P<0.05) between

months with a peak mean value of 0.284 mg/L in

May and the least value of 0.057 mg/L in December.

Discussion

In aquatic ecosystems, variations exist between

the different environmental compartments with regard

to physical, chemical and biological characteristics.

However, ecological conditions are mutually

reinforcing and to a large extent determine the biotic

component and structural patterns. Surface

tem p era ture  range  (2 6 .7 -3 0 .1 C). Althougho

insignificant variations were recorded between the

spatial grids, the least mean value (28.2 C) reportedo

for station 3 is normal considering the nature of the

biotope. Fresh water from a first order stream

draining a tropical rainforest debouches into station

3 channel headwaters. Mixing between the plunging

freshwater and inflowing brackishwater leads to a

drop in temperature. King and Nkanta[12] attributed

low temperature recorded in their studies of

Mfangmfang pond to floating leaves of macrophytes

which precluded the effects of sun’s radiation.

Similarly, Elakhame[20] attributed low temperature

recorded in Epie creek floodplain to shade made by

overhanging fronds of raffia palms surrounding the

location.

Transparency values recorded in this study are

comparatively higher than those reported on the main

Bonny River[24]. No major inland river drains into

Bodo creek complex. Thus, it is plausible that finely

divided particles in the creek environment leading to

cloudiness originate within the creek basin due to the

abrasive effects of tidal currents or from inflowing

tidal or storm waters. It has been observed that

heavier particles settle out of suspension along

gradients[14] such as when floodwater from Bonny

River ingresses into Bodo creek. Moreover, reduced

water currents which characterized the high water

slacks at which time sampling was done enhances

mud deposition within the upper reaches of

estuaries[14].

Seasonally, pH of the area straddles between

mild acidity and alkalinity. The pH range (6.5-8.6)

recorded agrees with the pH of brackish water bodies

reported by Imevbore. The pH values fall within the

optimum range of most aquatic organisms and will

support rich primary productivity, Shrimp and fish

production[13,17,3]. Following theVenice system of

salinity classification (Venice, 1959), the studied area

remained mesohaline [6.2-13.1%o] throughout the

wet months. On the contrary, in the dry season,

station 1 was consistently mesohaline, whereas

stations 2, 3 and 4 oscillated between meso and

polyhaline (13-22.7%0) salinities. 

Fluctuations in DO and BOD between seemingly

physiologically stressful concentrations and relatively

high mean DO content than BOD suggests a

cleansing effect by the tidal fluxes. These resilient

properties of DO and BOD prevent the variables

from reaching critical levels.  Besides silica,

phosphate and nitrogen are regarded as nutrient

elements because they must be present as soluble

salts for plants to grow[19].

In this study, phosphate was more concentrated

than nitrate. A plausible reason underlying the

concentration differential is the unique behavior of

phosphorus in shallow waters. Phosphorus in its

soluble state (phosphate) quickly adsorbs at the

surface of mud and re-enters the water column

through processes that are not well known[19].
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Table 1: Physicochemical Parameters in the Different Sampling Stations (Bodo Creek)

Parameters ( C) Stationso

------------------------------------------------------------------------------------------------------------------- 

1 2 3 4

Temperature ( C) 27.0 – 30.0 26.7 – 30.0 27.0 – 30.0 26.8 – 30.1o

28.4±0.9 28.7±1.2 28.2±1.0 28.6±1.2

Transparency (cm) 73 – 140 80 – 150 77 – 120 92 – 157

107±21.6 113±25.5 104±15.7 128±26.1

PH 6.5 – 8.2 6.8 – 8.2 6.5 – 8.6 6.9 – 8.3

7.5±0.7 7.5±0.8 7.4±0.9 7.6±0.6

Salinity (%0) 6.2 -  16.0 8.0 – 21.6 9.1 – 20.8 10.6 -22.7 

11.6±3.1 14.7±5.1 13.5±4.1 16.1±4.8

DO (mg/L) 7.0 – 11.6 4.6 – 11.7 5.4 – 11.5 5.6 – 11.8

8.7±4.5 7.7±2.7 8.2±2.2 7.9±2.2

BOD (mg/L) 1.1 – 8.2 1.8 – 8.2 0.3 – 8.0 0.7 – 8.2  

4.6±2.6 4.5±2.2 4.2±2.4 4.2±2.4

4PO  (mg/L) 0.200 – 1.980 0.094 – 1.650 0.094 – 1.650 0.075 – 23003-

0.593±0.65 0.522±0.61 0.520±0.59 0.624±0.81

3NO (mg/L) 0.027 – 0.400 0.013 – 0.462 0.013 – 0.265 0.013 – 0.168- 

0.199±0.16 0.181±0.14 0.097±0.09 0.099±0.05

Table 2: Variations in M onthly M ean Physicochemical Parameters of Bodo Creek

4 3M onth Tempt ( C) Transparency(cm) pH DO(mg/L) BOD(mg/L) Salinity (%0) PO (mg/L) NO (mg/L)o 3- -

5.7 1.0 14.7 0.920 0.057December 29.2 142 6.8 d d b b b
b a c

6.9 3.5 19.0 0.211 0.106January 29.0 127 c 7.2 c a c b
b b c

3.4 20.1 0.078 0.109February 30.0 124 7.8 5.7 c a c b
a b b d

3.4 9.3 0.163 0.284M ay 28.0 120 8.2 9.8 c c c a
c b a b

6.8 11.6 0.122 0.218June 27.8 87 8.3 8.9 b c c a
c c a b

8.2 9.3 1.895 0.090July 26.9 81 6.8 11.7 a c a b
d c c a

M ean 28.5 113 7.5 6.1 4.4 14.0 0.565 0.144

SEM (df =15) 0.34 4.9 0.12 0.54 0.30 1.06 0.094 0.0791

M eans with similar superscript in the same column are not significantly different (P>0.05).a-d

Table 3: Variations in Spatial M ean Physicochemical Parameters of Bodo Creek

4 3Station  Tempt ( C) Transparency(cm) pH DO(mg/L) BOD(mg/L) Salinity (%) PO (mg/L) NO (mg/L)o 3- -

7.4 4.6 0.5931 28.4 107 8.7 11.6 0.199b c

7.5 4.5 0.5222 26.7 113 7.7 14.7 0.181b ab

7.4 4.2 0.5203 28.2 104 8.2 13.5 0.097c b

7.6 4.2 0.6244 28.6 129 7.9 16.1 0.099a a

M ean 2 8.0 113.3 7.5 8.1 4.4 14.0 0.565 0.576

SEM (df =15) 0.58 8.5 0.22 0.44 0.25 0.87 0.87 0.0646

M ean with similar superscript in the same column are not significantly different  (P>0.05).a-c

Generally, phosphate and nitrate concentrations

recorded in this study hover around natural contents

reported for surface waters[21]. The nutrient quality

observed tended to be superior to some results on the

Niger Delta[25,6,16]. Even though mangrove

wetlands are rated high nutrient environments[15],

input of nitrate and phosphate into Bodo creek

through runoffs from adjoining agrarian lands cannot

be overemphasized. This exogenous claim for the

rich nitrate-phosphate status is further strengthened

by the fact that the bedrock of the Niger delta is

essentially poor in these nutrients[16].

Virtually every island forest within the Bodo

creek complex had been converted to functional

farmlands. It is not unlikely that fertilizers applied

during farming cycles, often times, may be washed

by rains and carried in runoff into the creek, thus

contributing to the annual nutrient budget. The low

concentration of the nutritive ions in the dry season,

which ideally, is the period of peak nutrient

mineralization, is not unconnected to the fact that

phytoplankton proliferation peaks in the dry season. 

Increases in the micro floral population corresponds

with maximum nutrient concentration in surface

waters. The general trend of insignificant variations

recorded for most of the parameters between spatial

grids suggests similarity in the hydro-climatic

conditions of the area. 

Finally, the need to carry out comprehensive

Environmental Impact Assessment Studies before the

commencement of any major developmental project

is stressed. This becomes more pertinent when such

projects are planned to interfere with sensitive and

already over-stretched ecosystems.
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