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POPULATION DYNAMICS OF MICROBIAL COMMUNITIES IN MESOTIDAL ESTUARINE
SEDIMENT IKO RIVER, EASTERN OBOLO, AKWA IBOM STATE, NIGERIA.

ABSTRACT

The population dynamics of microbial communities in mesotidal estuarine sediment of Iko River Estuary, Nigeria
were investigated using standard microbiological and analytical procedures. The results revealed that the abundance
of culturable microbes in the estuary varied between both tides as well as with the different microhabitats. Tidal
influence had little or no impact on the heterotrophic and pollution indicator bacterial communities of the estuarine
sediment but its influence on the activities of autotrophic bacterial communities was remarkable. The study revealed
that 22.64% and 22.28% abundance rates were obtained during the high and low tides respectively. The abundance
rates of 5.03% and 17.53% recorded for nitrogen-fixing bacteria and sulphate reducing bacteria respectively during
high tide were higher than 4.07% and 10.93% obtained during low tide. Bioaerosols concentrations were found to be
higher during high tide than low tide. Geographic Information System (GIS) models of microbial communities
revealed marked variation which ranged between tidal influences and locations. The model revealed high
concentrations of microorganisms in the north-west zone during both tides, while fungi were highly concentrated in
the north-east zone during high tide. High species richness was observed, but with little or no tidal influences and
isolates included known pathogenic species. The total organic carbon content of the sediments during both tides
were higher than an optimum value of 1.3 %, with a high linear correlation (r = 0.777) between heterotrophic
bacteria load and organic content level of the sediment during low tide indicating a relatively high content of organic
matter in the sediments can increase the bacterial load. The study therefore calls for effective environmental
monitoring.

Keywords: Mesotidal, Estuarine, Sediment, Pollution, Population Dynamics and Microbial

1.0 INTRODUCTIO

single location-at-a-single pointintime(1)-

Microbes inhabit a wide range of habitats from hot springs to the deep subsurface and it is highly
unprobable that we would observe. Similar bio-geographical patterns exist across the full range of possible
microbial habitats. It is also likely that all microbial taxa share similar bio-geographical pattern as the term
“microbe’’ encompasses a broad array of taxa e.g bacteria, fungi, archaea, viruses and protists. Those are
phylogenetically distinct and distinct with respect to their morphologies, physiologies, and life histories. Among
these, bacterial biogeography is the most studied microbial dispersal and colonization. The key process shaping
microbial biogeography and macro-ecological pattern is the dispersal of plants and animals (2). The extent of
microbial dispersal is currently under debate. According to Finlay (3) who argued that any organism less than 1mm
in size is likely to be ubiquitous due to an essentially unlimited capacity for long distance dispersal. This speculation
is primary based on the assumption that the high local abundance of microbes (the large member of individuals per
unit area) increase the probability that individual microbes may travel a long distance and successfully colonize a
remote location simply by chance (4). If we combined a high probability of dispersal with the ability to survive the
long distance transport, we would expect few geographic constraints on microbial distribution (5).

Microbes dominate the ocean in terms of abundance, diversity and metabolic activity (6). Marine bacteria
mediate fluxes of matter and energy and have a critical role in driving the major biogeochemical cycles (7).
Although microbes play functional role in the ecosystem, very little is known about the factors structuring marine
community distribution. Microbial communities have been described as stratified with depth (8), and depth has until
recently been considered as the main factors explaining differences in marine microbial community composition (9).
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Light availability (irradiance) is thought to be the main abiotic factor structuring communities in the euphotic zone
(10). Dark ocean communities, however, are not homogenous (11), suggesting that other key factors besides
irradiance influence vertical microbial community structure. Latitude has recently been proposed as an important
factor determining surface microbial diversity (12). But other factors may control bacterial communities in the deep
dark ocean. The dark ocean comprises the water below 500m, including the mesopelagic (200-1000 mm depth) and
bathypelagic (1000-4000m depth) zones and represents the largest biome on earth 70% of the global ocean’s
volume. Sun irradiance does not reach deeper waters but, nevertheless, accumulating data suggest that they harbour
diverse and active microbial communities (11). These communities contain potentially novel phylogenetic diversity
and metabolisms but their role in the oceans remains poorly understood.

Pollution of the aquatic ecosystem is a difficult problem because it is produced as a product of goods and
services that are valuable to us. All the pollutants found in surface water may invariable be present in aquatic
sediment. Because (i) sediment can smother bottom — dwelling plants and animals such as oyster and clams, (ii)
suspended sediments make the water cloudy so less light is available for underwater grasses. (iii) sediment can carry
high concentrations of certain toxic materials that can contaminate water systems, (iv) sediments also carry nutrients
particularly phosphorus, which increase nutrient pollution and eutrophication development in aquatic ecosystems
and (v) accumulation of sediments can fill parts and waterways, its pollution has always been of serious concern
(13).

This may seem strange, but sediment is sometimes considered a pollutant too. Sediment is considered a
form of pollution when there is too much of it. Excess sediment damages river environment by smothering the
organisms that live on the bottom. Sediment blocks sunlight, which means that algae cannot grow (by
photosynthesis). Remember, the main sources of food in aquatic systems are algae and detritus. When these are
covered with sediment, they are no longer accessible to the organisms that eat them. This affects the other animals in
the food web, some directly and some indirectly (13).

Erosion causes excess sediment. Erosion is the loss of soil and gravel from the surface of land. It occurs
when soil sediments are exposed and swept away by wind or water. Soil is most likely to erode where there is no
vegetation covering it, securing it to the ground. Erosion result in excess sediment that gets carried into our
waterways by rain, water or wind. Excess sediment reduces the productivity of aquatic plant and animal
communities. Sedimentary pollution is a major cause of the decreased quality of fisheries throughout the world.
When excess sediment harms detritus, algae, oysters and fish, all other organisms in the ecosystem are affected too.
(14).

Most of the transported sediments will be deposited in the joint of river mouths in lakes and in coastal
areas, and in wetland of floodplain type, where the decrease in flow velocity and the presence of vegetation
promotes sedimentation. The effect of salt water in estuarine mixing is to further enhance sediment removed by
flocculation of clay particles. Transfer of the sediment from the water column to the water bottom has important
consequences both for the quality of the water and the properties of the bottom deposits. Many contaminants are
transported in storm-water runoff, which can enter and pollute streams, lakes, wetlands and ground water; and
subsequently the sediments. The transport of trace metals and other contaminants associated with solid matter, in
surface waters of small watershed, is dependent on the ability of the water to transport the carrier phrases. Thus the
size distribution of the sediment matter has been suggested to determine the transport properties of sediment-bound
contaminants (14) such as coliform bacteria (sewage), metals, hydrocarbons and organochlorines. Precisely, polluted
sediment has health, industrial and environmental impact on humans (16).

Though earlier in (17), Baas-Becking posited that historical factors such as isolation and environment could
not be the forces determining microbial distributions, but rather that “everything is everywhere that the environment
select”. The small size, short generation time and abundance of many microbial species have allowed them to be
easily dispersed in air, water, sediment and on bodies of animals and thus spreading them all over. Many microbes
lie dormant for long time until conditions improve, or until the environment selects them, thus creating what has
been termed “seed bank” of microbes where all microbes are in all environments at the same time, only lying in wait
for environmental conditions to favour their proliferation. Therefore, microbes dominate all conservable
environments in terms of abundance, diversity and metabolic activity and mediate fluxes of matter and energy and
have critical roles in driving the major biogeochemical cycles.

Microbes have an essential community distribution in aquatic systems but scientific understanding of
microbial biogeography is particularly low even though the diversity and composition of microbial communities is
thought to have direct influence on a wide range of ecosystem processes. This research work is therefore focused on
providing information on the population dynamics of microbial communities in mesotidal estuarine sediment Iko
River, Eastern Obolo, Nigeria. The data generated will provide information and update knowledge on Changes in
the microbial loads of the tidal ecosystem during low and high tides.
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MATERIALS AND METHOD
2.0 Study Area

The Iko River Estuary is a brackish ecosystem located in Eastern Obolo Local Government Area of Akwa
Ibom State. Akwa Ibom State is located within the petroleum belt of the Niger Delta region of Nigeria. Iko River is
located in the Eastern part of the Niger Delta. The river has a shadow depth ranging from 4.0 meters to 7.0 meters at
flood and ebb tides and an average width of 16 meters. Iko River takes its rise from the Qua Iboe River Catchment
and drains directly into the Atlantic Ocean at the Bight of Bonny. The Bight of Bonny has many adjoining
tributaries and creeks, and part estuary, which opens into the Atlantic Ocean. The shore line of Iko River is
characterized by soft-dark mud flats, usually exposed during low tide, mangrove swamps with mangrove trees,
shoals and sand beaches. The river has a semi-diurnal tide and has a length of more than 30km.

Sediments in Iko River Estuary become well sorted composed of mainly coarse quartz sand, shell debris,
faucal pellets, silts and clay (18). This assortment of sediments when trapped within the luxuriant mangrove prop
roots are impregnated with decaying mangrove leaves and branches constitutes mud flats, with characteristic feature
of Iko River shore-lines.

2.1 Sample Collection

Sediment samples were collected from four (4) strategic positions during the low and high tides level. This
was carried out using Van-veen grab Sampler (19) and stored in clean containers. The samples which were properly
labelled stored in ice-packed coolers were immediately transferred to the laboratory for microbiological and
physicochemical analysis.

2.2 Microbiological Studies
2.2.1  Serial Dilution of Sediment Samples

Serial dilution of sediment samples was done according to the method of Cheesbrough (20). Precisely 10g
of sediment samples were measured and introduced into conical flasks containing 90ml of sterile distilled water.
These were shaken for even distribution and thereafter 1ml of the aliquot was aseptically transferred into sterile test
tubes containing 9ml of diluents to give a dilution of 10", This was repeated until a seventh dilution factor was
attained.

2.2.2 Estimation of Loads, characterization and identification of Microbial Communities in Sediment

Samples

Standard microbiological techniques described by Harrigan and McCance (21) were employed for the
microbiological analysis sediment samples.

The total heterotrophic bacterial and fungal counts in sediment samples were estimated by the pour plate
method using Nutrient agar (NA) and Sabouraud Dextrose Agar as the analytical media respectively. The density of
actinomycetes in sediment samples collected from the estuary were also enumerated after 7 days of incubation at
28°C + 2°C using acidified Nutrient agar /Starch nitrate agar (22).

The numbers of sulphate reducers in the sediment samples were determined by the pour plate technique at
28°C + 2°C after 7 days of incubation using compounded media as the analytical medium. On the other hand, the
densities of nitrate reducers were enumerated using Nitrate agar after incubation at 28°C + 2°C for 48 hours while
the population of phosphates solubilizing bacteria (PSB) in the samples were estimated by the method of Lu and
Huang (23). In this case, the diluted samples were introduced into compounded medium and incubated for 3 days at
28°C. Strains that produced clear zones around colonies were considered as phosphate solubilizing bacteria.

Using the same method, the coliform count, fecal coliform (Escherichia coli), Salmonella and Shigella,
Vibrio, Staphylococcus aureus, Pseudomonas, Clostridium and fungi were estimated using McConkey agar (MA),
Eosine Methylene Blue agar (EMB), Salmonella- Shigella agar (oxide), Thiosulphate — Citrate — Bile salts —
Sucrose agar (TCBS), Staphylococcus medium (No. 110), Pseudomonas isolation agar, Re-enforced Clostridial agar
and Sabouraud Dextrose Agar (SDA) as analytical media respectively (APHA, 24). The media were fortified with
50ug/ml of streptomycin and 100ug/ml cycloheximide/50ug/ml benomyl respectively, for the selective enumeration
and isolation of fungi and bacteria.

The bacterial plates were incubated for 24 hours at 28°C in a Gallenkamp incubator and fungal plates at
room temperature (28°C + 2°C) for four days. Microbial colonies that emerged on the incubated plates after 24 hours
were enumerated with the aid of a Quebec Colony counter and recorded as colony forming units (cfu) per gram of
the sediment sample.
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The colonies obtained from the samples were characterized using standard procedure as described by
Bergey’s Manual of Determinative Bacteriology (25). The colonies were subjected to Gram’s stain and various
biochemical tests such as motility test, catalase test, urease test, coagulase test, citrate test, hydrogen sulphide test,
sugars utilization test and MR-VP test. Fungal isolates were identified according to the method Barnett and Hunter
(1987).

23 Determination of Spatial Variations in the Bio-aerosol Loads of the Estuarine Environment

Geographic information system (GIS) was adopted to perform dynamic modeling of the bio-aerosols
distribution pattern. This involves establishing the spatial variations through a period of time. To achieve the goal,
the GIS-based pollution mapping which uses interpolation techniques such as distance weighting and kriging was
employed (26).

24 Determination of the Physiochemical Properties of Sediments Sample
Physicochemical parameters of the sediment samples were determined using standard analytical procedures
recommended in “1998 by APHA.

2.5 Data Analysis

The data collected were subjected to correlation matrix analysis to establish relationships between the
microbial groups. Simple percentage was also used to express the frequency of occurrence of microbial isolates
where necessary

RESULTS
3.1 Microbiological Properties of Sediment during Low and High Tides

The densities of heterotrophic and autotrophic bacteria in the pelagic sediment of the estuarine ecosystem
during high and low tides are presented in Figure 1. The result revealed heterotrophic bacteria as dominant bacterial
group during both tides; 2.15 x 10°+0.043 cfu/g during low tide and 2.13 x 10°+0.045 cfu/g during high tide. The
densities of hydrocarbon utilizing bacteria in the sediment were remarkable. During low tide, the density recorded
was 1.98 x 10° + 0.320 cfu/g while 1.70 x 10” + 0.118 cfu/g was obtained during high tide. The density of sulphur
reducing bacteria in the sediment was also remarkable during both tides with low tide having higher count (1.48 x
10°+0.083 cfu/g) than 1.48 x 10°+0.110 cfu/g during high tide. The densities of nitrate reducing bacteria and
phosphate solubilizing bacteria during low and high tides were also recorded. Fungal densities in the sediment were
higher during high tide (1.24 x 10°+0.139 cfu/g) than low tide (8.20 x 10°+0.246 cfu/g). The densities of
Pseudomonas and Actinomycetes were relatively high during low tide than high tide. The distribution pattern of the
microbial communities in the sediment during the low and high tides are shown in Figures 2 and 3 respectively.

On the other hand, the densities of pollution indicator bacteria in the sediment samples of the estuarine
ecosystem during the low and high tides are respectively presented in Figure 4. The results show that the estuarine
sediment haboured higher numbers of coliform during low tide (1.63 x 10*£0.046 cfu/g) than high tide (1.58 x
10°+0.054 cfu/g). The density of faecal coliform was higher in sediment during low tide (1.30 x 10*+0.061 cfu/g)
than high tide (1.00 x 10°+1.784 cfu/g). Few viable cells of Clostridium were observed and the loads were lower
during the low (1.35 x 10'+0.061 cfu/g) than high (1.01 x 10°+0.046 cfu/g) tides. The result also showed that the
sediment was also heavily polluted with Salmonella and Shigella species. The densities of Vibrio sp and
Staphylococcus sp encountered were also remarkable. The distribution pattern of the pollution indicator bacteria in
sediment during the low and high tides are represented in Figures 5 and 6 respectively.
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Figure 1: Heterotrophic, autotrophic bacteria and fungal load in sediment during low and high tide
Key:THB = Total heterotrophic bacteria, PC = Pseudomonas count, AC = Actinomycetes count, HUB =
Hydrocarbon utilizing bacteria, FC = Fungal count, SRB = Sulphate reducing bacteria, NRB = Nitrate reducing
bacteria, PSB = Phosphate solubilizing bacteria.
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Figure 2: Abundance (%) of heterotrophic and autotrophic bacteria communities in the sediment during low tide
Key:THB = Total heteotrophic bacteria, PC = Pseudomonas count, AC = Actinomycetes count, HUB =
Hydrocarbon utilizing bacteria, FC = Fungal count, SRB = Sulphate reducing bacteria, NRB = Nitrate reducing
bacteria, PSB = Phosphate solubilizing bacteria.
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Figure 3: Abundance (%) of heterotrophic and autotrophic bacteria communities in the sediment samples during
high tide

Key: THB = Total heteotrophic bacteria, PC = Pseudomonas count, AC = Actinomycetes count, HUB =
Hydrocarbon utilizing bacteria, FC = Fungal count, SRB = Sulphate reducing bacteria, NRB = Nitrate reducing
bacteria, PSB = Phosphate solubilizing bacteria.
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233 Figure 4: Pollutant indicator bacteria load of sediment during low and high tide
234
235 Key:TCC = Total coliform count, FCC = Faecal coliform count, SSC = Salmonella shigella count, VC =
236 Vibrio count, SC = Staphylococcus count, CC = Clostridium count
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240 Figure 5: Abundance (%) of pollution indicator bacteria in the sediment sample during low tide
241 Key:TCC = Total coliform count, FCC = Faecal coliform count, SSC = Salmonella shigella count,
242 VC = Vibrio count, SC = Staphylococcus count, CC = Clostridium count
243
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247 Figure 6: Abundance (%) of pollution indicator bacteria in the sediment samples during high tide
248 Key:TCC = Total coliform count, FCC = Faecal coliform count, SSC = Salmonella shigella count,
249 VC = Vibrio count, SC = Staphylococcus count, CC = Clostridium count
250
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3.2 Microbial Diversity of Iko River Estuarine Environment

The sediment samples had 28 bacterial (Table 1) and 11 fungal (Table 2) isolates. The most predominant
bacteria were Bacillus cereus and Actinomyces sp with percentage prevalence of 100%. Among the fungi isolated
from the estuarine environment, Penicillium expansum (50%), Aspergillus terrus (37.5%) and Aspergillus fumigatus
(62.5%) were the most predominant.
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Table 1: Occurrence and distribution of the diverse species of bacteria in sediment samples from Iko River estuarine environment during

low and high tides
Low tide High tide
Organisms 1IES-1 1ES-2 1IES-3 1ES-4 IES-1 1ES-2 1ES-3 1IES-4 Prevalence rate (%)
Micrococcus sp + + + + + + + - 87.5
Bacillus megaterium - - + + - + - - 37.5
Bacillus subtilis + + + + + - - - 62.5
Bacillus cereus + + + + + + + 100.0
Streptococcus sp - - - - + - - - 12.5
Chromatium sp - + - - + - - + 37.5
Staphylococcus aureus - - - - + - - - 12.5
Klebsiella sp + + + + + - 87.5
Citrobacter sp + + + - + - + - 62.5
Enterobacter sp + - - - - + - - 25.0
Salmonella sp + - - - - - - - 12.5
Shigella sp - + + - - - - - 25.0
Vibrio sp + - - - - + - - 25.0
Vibro haemolyticus - + + + - - + + 62.5
Staphylococcus albus + + + + - - + + 75.0
Actinomycetes sp + + + + + + + + 100.0
Escherichia coli + + + - + - - - 50.0
Pseudomonas aeruginosa + + + - + + + + 50
Pseudomonas putida + + - - - + - + 87.5
Pseudomonas fluorescens - + - - + - - - 25.0
Clostridium perfringens + + + - - + + 75.0
Desulfovibrio sp - - - + - - - - 12.5
Nitrobacter sp - - - + - + + - 37.5
Nitrosomonas sp - - - - + - - + 25.0
Proteus sp - - + - - + - 37.5
Serratia sp + + + - - + - - 50.0
Lactobaccillus sp - - - - - + - 12.5
Species Richness (27) 15 16 15 12 13 13 11 10
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Tables 2: Occurrence and distribution of the diverse of the diverse species of fungi in sediment samples from Iko River estuarine environment
during low and high tides

Low tide High tide

Organisms IES-1 1IES-2 IES-3 1ES-4 IES-1 1IES-2 1IES-3 IES-4 Prevalence rate (%)
Aspergillus niger - - - + - - - + 25.0
Aspergillus fumigates - - - - - + - 12.5
Aspergillus terrus - - + - + + - - 37.5
Aspergillus glaucus + - - - - - - - 12.5
Rhizopus stolonifera - + - - - - - 12.5
Penicillium expansum - + - - - - - - 12.5
Penicillium frequentant + - - - - - - 12.5
Eurotium sp - - - - - - - + 12.5
Absidia sp - - - - - - - + 12.5
Alternaria sp - - - - + - - - 12.5
Geotrichum candidum - - - - - - + - 12.5
Species Richness (11) 2 2 1 1 2 1 2

Key: IES - Iko Estuary Station
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33 Spatial Variations in the Microbial Loads of the Estuarine Sediment

GIS model of spatial distribution of heterotrophic bacteria in sediment during the low and high tides is
presented in Figure 7. The pattern of distribution of bacteria in sediment was not definite. During low tide, the
brown band shows high heterotrophic bacteria concentrations in the North-East of the estuarine environment. An
evenly moderate is indicated by the green and blue bands towards North West. During high tide, there were high
bacteria loads in sediment (blue band) in the North West, while low to moderate and high concentrations (green to
yellowish brown bands) were noticed in North East zone. The pattern of distribution of fecal coliform bacteria in
sediment was not definite. During low tide, the blue band shows high fecal coliform concentrations in the North-
East of the estuarine environment. An evenly moderate is indicated by the red and pink towards North East. During
high tide, the loads of fecal colifom was high (blue band) in both the North West and North East zones (Figure 8).
On the other hand, the GIS model of spatial distribution of fungi in sediment during the low and high tides is
presented in Fig. 9. The analysis shows that during low tide, the whitish-brown bands indicate high fungal
concentrations in the North-East and North West of the estuarine environment. During high tide, the loads of fungi
was high (whitish band) in the North West zone.

2 -

+|Legend 3 Legend

€| & Locaton
THBC (Sedement-HighTide))
Value

R

T T T
Low:2 THEIE TEnE TEWE TeE T4 THVE (o
0 6w 0 s 78

A Locaton
3
ITHBC (Sedement-Low Tide)

IValug IES2
T A
-

(b)
Figure 7: Spatial distribution of heterotrophic bacteria in sediment during (a) low tide
and (b) high tide

+||Legend

2
F

;Lepend
8 A Locaen
* CC (Sedement-Low Tide)

A Localin
CC (Sedement-HighTide)
Value

.ngmsem

Low:1.1

() (b)

Wunn 159867
| e

Low: 220808-026

Figure 8: Spatial distribution of faecal coliform in sediment during (a) low tide and
(b) high tide



292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

307
308

= |Legend
3| A Locaten
*lre (Sedement-Low Tide)

Value
tigh: 829982
—

—
Low : 160026

()

. |Legend
3 [ A tocaton

#! |£C (SedementHighTide]

Low: 110021

(b)

Figure 9: Spatial distribution of fungi in sediment during (a) low tide and (b) high tide

34 Physicochemical Properties of the Iko Estuary Sediment

Data presented in Tables 3 and 4 indicate the physicochemistry of sediment obtained from Iko River
Estuary during the low and high tides respectively. The temperature values of the sediment during low and high
tides were 26.12+0.333°C and 25.52+0.406°C respectively. The results also revealed that the sediment tends to also
be slightly acidic with mean pH value of 6.05+0.134 at low tide and 5.22+0.171 at high tide. The results also
revealed low salinity levels at low (3.86+0.095%) and high (4.30+0.219%) tides. The redox potential levels were
high during the low and high tides. Lower concentration of total nitrogen (<0.5%) was recorded with increased
concentration of organic carbon and available phosphate at both tides (>8.45mg/kg). The result also revealed
appreciable concentration of hydrocarbons in the estuarine sediment. Levels ranging from 139.68+0.073 mg/kg and
154.5£0.034 mg/kg were recorded for sediments during the low tide and high tide respectively. Figure 10 represent
different sediment particle sizes with sand having the largest size followed by clay and silt with the smallest particle

size revealing that the sediment was predominantly sandy.

Table 3: Some physicochemical attributes of the estuarine sediment samples during low tide

Parameter IES-1 1ES-2 1ES-3 1IES-4 Mean SD
Temperature (°C) 26.61 25.75 26.22 25.88 26.12 0.333
pH 6.22 5.88 6.13 5.96 6.05 0.134
Redox Potential (mV) 299.1 301 202.4 233.3 258.95 0.073
Salinity (%) 3.77 4.01 3.79 3.88 3.86 0.095
Organic Carbon (%) 9.2 8.9 9.1 8.8 9.00 0.158
Total Nitrogen (%) 0.46 0.45 0.46 0.44 0.45 0.008
Available P (mg/kg) 6.33 5.92 6.22 6.45 6.23 0.197
Conductivity (ms/cm) 74.9 63.9 55.09 66.05 64.99 0.047
THC (mg/kg) 170.2 122.4 148.5 105.6 139.68 0.073
Particle Size (%)

Sand 55.20 56.30 54.20 56.20 55.48 0.853
Silt 16.30 16.50 16.20 17.30 16.58 0.432
Clay 28.50 27.20 29.60 26.50 27.95 1.193
Table 4: Some physicochemical attributes of the estuarine sediment samples during high tide

Parameter IES-1 1IES-2 1IES-3 1ES-4 Mean SD
Temperature (°C) 25.22 25.32 26.22 25.32 25.52 0.406
pH 5.07 5.32 5.03 5.44 5.22 0.171
Redox Potential (mV) 268.1 244 198.1 244.8 238.75 0.048
Salinity (%) 4.43 4.23 3.98 4.56 4.30 0.219
Organic Carbon (%) 8.8 8.6 7.9 8.5 8.45 0.335
Total Nitrogen (%) 0.44 0.46 0.43 0.45 0.45 0.011
Available P (mg/kg) 8.99 7.96 8.06 8.77 8.45 0.443
Conductivity (ms/cm) 76.9 64.88 57.99 76.16 68.98 0.051
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Figure 10: Trends of different sizes of particles present in Iko River sediment during low and high tide

4.0 Discussion

Natural environments are usually inhabited by a diverse population of microorganisms. These include a
wide range of physiological and nutritional types (27). Findings from this study on the abundance and distribution of
microbial communities in the Iko River estuarine sediment during low and high tides have revealed variation in
microbial population dynamics between tidal influences. The results have revealed the rich microbial assemblage
and diversity in the estuarine sediment. Analysis has shown that the sediments harboured higher heterotrophic
bacterial loads during low tides. However statistical analysis (at 95 % confidence limit, p = 0.05) showed a positive
correlation (r = 0. 796, p < 0.05) between bacterial loads during low tide. This implies that during low tide, the loads
of bacteria in sediment can contribute remarkably to the air bacterial loads. The densities of Pseudomonas sp and
Actinomycetes were relatively high in the sediment. Although comparatively high numbers of oil degrading bacteria
were observed and suggestive of the presence of petroleum hydrocarbons in the environment as a result of either
natural or anthropogenic activities involving oil production in the area.

The high densities of heterotrophic bacteria obtained for the estuarine sediment are in accord, but slightly
lower than values reported in Australia where the numbers ranged from 2.0 x 10® cells to 3.6 x 10" cells g dry
weight of sediment (28). Heterogeneous microbial communities are of major importance in microbial world
because of the considerable advantages gained by members of the population. It has been stated that heterotrophic
activities among microorganisms permit them to obtain many of the benefits of multicellular life. Interaction
between microorganisms permits activities such as co-metabolism and cross feeding, while diverse populations are
less affected by environmental change and can recover from adverse conditions more rapidly than ecosystem of less
diversity (27). The wide heterotrophic activity of sediment microorganisms is of very considerable importance in the
remediation of aquatic system after pollution with hydrocarbons and other organic chemicals (27; 29).
Actinomycetes were also obtained from estuarine sediment. Their low count in the aquatic system may be because
Actinomycetes live predominantly aerobically, i.e. they need oxygen for their metabolism (30). Generally,
actinomycetes grow on fresh substrates more slowly than other bacteria and fungi but are known to possess strong
ability to degrade natural substances such as chitin or cellulose.

Autotrophic bacterial groups including sulphate reducing bacteria, nitrogen fixing bacteria and phosphate
solubilizing bacteria were also encountered in the estuarine sediment. Sulfate occurs widely in seawater, sediment,
or water rich in decaying organic material. Sulfate-reducing bacteria (e.g. Desulfovibrio sp) are common in
anaerobic environments where they aid in the degradation of organic materials (30). The toxic hydrogen sulfide is a
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waste product of sulfate-reducing bacteria; its rotten egg odour is often a marker for the presence of sulfate-reducing
bacteria in nature (30). Sulfate-reducing bacteria are responsible for the sulfurous odours of salt marshes and mud
flats. Much of the hydrogen sulfide will react with metal ions in the water to produce metal sulfides. These metal
sulfides, such as ferrous sulfide (FeS), are insoluble and often black or brown, leading to the dark color of sludge
31).

Nitrogen fixing (nitrifying or denitrifying) organisms are autotrophs, and use carbon dioxide as their carbon
source for growth. Some possess the enzyme, urease, which catalyzes the conversion of the urea molecule to two
ammonia molecules and one carbon dioxide molecule. Free-living nitrogen fixers such as Pseudomonas, Klebsiella,
Nocardia, Bacillus, Micrococcus and Enterobacter sp and confirmed diazotrophs like Nitrosomonas and
Nitrobacter were isolated from the estuarine sediment. They are known to assimilate the carbon dioxide released by
the reaction to make biomass via the Calvin Cycle, and harvest energy by oxidizing ammonia (the other product of
urease) to nitrite (32).

Phosphate solubilizing bacteria (PSB) are beneficial bacteria capable of solubilizing inorganic phosphorus
from insoluble compounds (33). P-solubilization ability of rhizosphere microorganisms is considered to be one of
the most important traits associated with plant phosphate nutrition. It is generally accepted that the mechanism of
mineral phosphate solubilization by PSB strains is associated with the release of low molecular weight organic
acids, through which their hydroxyl and carboxyl groups chelate the cations bound to phosphate, thereby converting
it into soluble forms. Pseudomonas putida strains isolated from Iko river sediment in this study are highly efficient
insoluble phosphate solubilizers. Recently, researchers at Colorado State University demonstrated that a consortium
of four bacteria synergistically solubilize phosphorus at a much faster rate than any single strain alone. However,
there is a limit on the amount of phosphate which can be added to the environment due to the issue of eutrophication
(34).

Coliform bacteria are enteric bacteria that are used as indicators of the likelihood of the presence of
bacterial pathogens. Although faecal coliforms themselves are usually not harmful to humans, their presence
indicates the presence of faecal wastes which may contain pathogens (35). The high incidence of coliforms
observed for the estuarine sediments samples may be attributed to human impact and a pointer to the inherent risk of
disease outbreak if the contaminated water is deliberately or accidentally consumed. This assertion is confirmed by
the equally high densities of Escherichia coli, Salmonella and Shigella, Vibrio in the estaurine sediment. This
finding is in agreement with the report that reduction in faecal coliforms often correlates with reduction in
Salmonella species and other pathogenic microorganisms (35). Humans and animals could be exposed to the
pathogens directly by coming in contact with contaminated sediments and water or indirectly by consuming or
drinking water or seafood contaminated by the pathogens. The pathogenicity of the suspected isolates was, however,
not determined in the present study.

Microorganisms are ubiquitous in the atmosphere with concentrations of bacterial cells typically exceeding
100 million m® of air over land. Numerous studies have suggested that the presence of microbes in the atmosphere
may impact cloud development, atmospheric chemistry and microbial geography (36, 37). A sound knowledge of
bacterial concentrations and distributions in the atmosphere is needed to evaluate these claims. With the advent of
microbial generation sequencing techniques, scientists have uncovered the details of biodiversity and biogeography
of a largely unknown ecosystem, the air. The discoveries prove that airborne microbes do much more than just ride
the wind transmitting disease (35) The results of this study have revealed fairly high microbial loads in the estuarine
atmosphere. The results have shown that bacteria and fungi were detected in all the stations investigated. For both
the low tide and high tide samples analyzed, the values of mesophilic aerobic bacteria obtained by the sedimentation
technique were more than APHA's (1998) standard (30 cfu/15 mins) for settling technique although the estimated
values per volume of air were below values reported elsewhere. Sullivan (38) reported mean bacterial and fungal
loads of 4344 cfu/m® and 4121 cfu/m’ respectively for the atmosphere of an outdoor environment in Upper Silesia.
This was attributed to contamination from the soil surface, since higher concentrations of bacteria were present
when dust was raised (39).

The results of the research have further confirmed that indigenous microflora of an environment developed
in spatially organized physicochemical gradients (27). It is the existence of physicochemical gradient that permits
the development and coexistence of a heterogenous population of microorganisms. The microbial population is
organized either horizontally or vertically depending on the direction of the gradient. Analysis of the spatial
distribution of the populations of some microbial communities using the GIS model has revealed marked variation
in the distribution of microbial communities between tidal influences and microhabitats. This is in agreement with
previous report that microbial population changes can result from periodic or non periodic events affecting either the
physicochemistry of the environment as a whole, or the gradients within a given environment (27). The same
authors reported that physicochemical effects may be both; (i) direct through the immediate effects on a given part
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of the population as exemplified by the high densities of hydrocarbon utilizing bacteria recorded for sediment as
index of the hydrocarbons loads of the sediment and (ii) indirect through the effect on interactions between members
of the community.

The research results have that among the bacterial isolates, the most predominant bacteria were Bacillus
cereus and Nocardia sp with percentage prevalence of 100% while in air, Nocardia sp and Pseudomonas aeruginosa
were the most predominant (100%) bacteria. Among the fungi isolated from the estuarine environment, Penicillium
expansum (50%), Aspergillus terrus (37.5%) and Aspergillus fumigatus (62.5%) were the most predominant. These
organisms are broadly present in nature, including soil, cereal grains, hay and other plant material or foodstuff (40).
Many of the microorganisms isolated from this study are known to be capable of overcoming the deleterious effects
of petrogenic wastes in sediment. Though direct degradation of hydrocarbon by the estuarine organisms was not
carried out in this study, research has shown that, Pseudomonas aeruginosa is implicated in the utilization of
hydrocarbons as sole carbon and energy source (41).

Witzel (42) and Akpan (43) opined that the natural waters diverse in their physical, chemical and biological
characteristics. The physicochemical attributes of the sediment samples from the Iko River Estuary have revealed
typical tropical estuarine water body. The particle size arrangement of sediment determines the texture of the
sediment, while sediment texture determines the organic chemical contaminants absorption capacity and water
fertility (44). The particle size distribution of the sediments of Iko River gave 55.48+0.853 % sand, 16.58+0.432 %
silt and 27.95+1.193 % clay during the low tide, while the results gave 57.08+0.711 % sand, 16.20+0.620 % silt and
26.73+0.536 % clay during the high tide. The predominance of sand in the sediments is in agreement with the
observation by Ekwere et al. (18), that in the sediments of the Bight of Bonny, which is in the eastern flank of the
Niger Delta, sand and sandy silt are predominant by the classification of Folk (45). They observed that the strong
tides and long shore drift tend to influence the distribution pattern of the sediment fractions. The low content of
clayey materials which are known to be good scavengers for metallic and organic contaminants indicates that Tko
River sediments are not likely to be important sinks for metallic pollutants entering the water body. This implies that
the absence of a sediment sink (low clay) will enhance the pollutants remaining mostly in suspension or in solution
in the river, and of course, increasing the lifetime of the pollutants in the water column obviously increases their
accessibility to the biota.

The total organic carbon content of the sediments during both tides were higher than an optimum value of
1.3 %, with a high linear correlation (r = 0.777) between heterotrophic bacteria load and organic content level of the
sediment during low tide indicating a relatively high content of organic matter in the sediments can increase the
bacterial load. This may be due to the diversified sources of organic matter in Iko River sediments, which are
mixture of marine and freshwater sediments and could have been derived from decomposition of marine organisms,
terrestrial inputs from surface discharge/runoff and oil spillages from bunkering activities (46).

The total hydrocarbon content (THC) of the sediment is a measure of the hydrocarbon content of the
sediment. Sources of hydrocarbon accumulation in an environment include natural sources (e.g. plant and animal
matter, oil seeps); the atmosphere; accidents during transportation, storage, or use of petroleum products, inland oil
exploration and exploitation, as well as municipal/industrial wastes. The mean total hydrocarbon content of the
sediment from Iko River was 139.68+0.073mg/kg during low tide and 154.5+0.034mg/kg during the high tide. The
values for both seasons were below 200 mg/kg total hydrocarbon concentration set for moderately polluted areas in
the bottom sediments of Arabian Gulf (47). In comparison to this study, the natural background levels of total
hydrocarbon in bottom sediments of the Arabian Gulf were found to be 10 to 50 mg/kg and the concentration above
this level was attributed to inputs from anthropogenic sources such as oil spills, oil slicks and seepage (48).

The pH range of the sediment (6.5 to 8.5) was below the acceptable range, optimal aquatic productivity (6.5
to 9.0) and within liveable range of 5.5 to 10 (42). On the contrary, pH ranges of 6.2 - 7.5 and 6.0 - 8.5 have
previously been reported in the Cross River (49) and Andoni River (50) respectively, all within the Niger Delta area
of Nigeria. The pH values obtained are characteristic of tidal brackish water environment (51, 52). Significant
decrease in pH values were also observed during the high tide, in sampling stations closer to the sea due to increased
in salt intrusions from the ocean, while input of humic materials from the associated swamps and creeks, dilution of
ionic concentrations by rain water and poor buffering capacity of flood waters (43), thereby causing a general drop
in pH throughout the system. The pH values of rain can be as low as 5.0 due mainly to dissolved CO, (Udoessien,
2003). Levels below 6.0 may be corrosive.
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5.0

Conclusion
The Iko River estuarine sediment harbours distinct microbial populations of ecological and biogeochemical

importance with the physicochemical attributes that show tidal variations and could affect aquatic biota along the
food chain. The use of modern molecular tools would reveal the communities’ relationship and biogeography of the
estuarine sediment. However, the present results have shown that the Iko River estuarine environment is polluted by
indiscriminate disposal of industrial effluent, oil spillage, gas flaring, disposal of domestic waste and fecal matter by
inhabitants of the area.
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