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Abstract
Surface water quality is an important module of the aquatic ecosystem which is crucial to wildlife and
environmental health. The term water quality is sometimes extended to include biodiversity of waters and
biological indicators or ecological health. Microbiological examination of water is an essential tool to
investigate the presence of microorganisms that might constitute a hazard to both animal and public
health. Microbiological examination of waterholes in national parks is thus crucial in assessing ecosystem
health. The study therefore aimed at assessing the bacteriological and mycological characteristics of
perennial waterholes in Old Oyo National Park (OONP), Nigeria. Coliform test was performed using the
most probable number (MPN) technique and heterotrophic plate count (aerobic) by Pour Plate method
while fungi count was done using the direct plate and dilution plate methods. Microbial populations were
expressed as colony forming units per milliliter (cfu/ml). Different species of microflora were observed in
the sampled waterholes includes Bacillus sp, Aspergillus spp, Actinobacter sp, Pseudomonas sp, Penicillium
sp, Enterobacter sp, Klebsiella sp, Salmonella sp, Flavobacter sp, Seratia sp and Shigella sp . The presence of
Escherichia coli observed in the study is an indication of recent faecal contamination. The mean values of
microbial counts of the water samples were higher during the dry season with increased water
concentration and more drinking from animals a probable cause. The presence of the various microflora
observed in the study could pose a serious threat to both wildlife and public health. The study gave an
insight to the health of the animals over seasons in the park and how it can affect health and population and
a source of contaminants to all animals. There is need for continuous assessment of water quality in
waterholes in OONP as a means of ensuring good ecological health.

Keywords: Microbiological evaluation; Wildlife, Water quality; Old Oyo National Park; Microflora.
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1. Introduction
Water is absolutely essential for life sustenance
and it is undoubtedly the most precious natural
resource that exists on our planet especially for the
survival of plants, animals and humans. Most water
available for use are always in the form of surface
(rivers, streams, lakes) and ground water (Thurman
et al. 1998). Although water plays an essential role
in maintaining ecological processes that support
biodiversity, it is also a medium of transmitting
diseases if contaminated (Yakasai et al. 2004). Water
is therefore considered to be contaminated if some
substances or conditions are present to such a
degree that the water cannot be used for a specific
purpose (Owa 2013) with the quality is impacted.
Hence, water quality is explained in terms of the
physical, chemical and biological characteristics of
water (Garg et al. 2008). Decrease in water quality
due to microbial load threatens the stability, biotic
integrity and functionality of aquatic ecosystems.
Microbial pathogens that commonly occur in water
can be divided into four separate groups. These
groups are the viruses, bacteria, pathogenic
protozoa and pathogenic helminthes (Igbinosa et al.
2012). Total coliform (TC) and Faecal coliform (FC)
have traditionally been regarded as indicators of
microbial contamination of waters (Rompre et al.
2002). While E. coli have been reported to be the
best indicator bacteria for the assessment of faecal
contamination in water (Davies-Colley et al. 2008).
Faecal coliform is the bacteria which can be found in
the intestines of warm-blooded animals (APHA
1998) and an indicator of disease-causing pathogens
in the aquatic environment while total coliform
refers to the large collection of different bacteria
(Bakobie et al. 2015). The source of contamination
by these bacteria is through untreated sewage
originating from agricultural land and pastures
(Bonetta et al. 2011).
Anthropogenic activities such as effluents and
sewage discharges into rivers often stimulate
microbial growth and consequently affect water
quality. One of the greatest concerns with respect to
the quality of water is contamination with
pathogenic microorganisms. Microorganisms are
normal components of all ecosystems and microbial
contamination
eliciting
from
natural
or
anthropogenic activity is a crucial concern
(Bayoumi-Hamuda and Patko 2012). In lieu of this,
the presence of microbial pathogens in water poses
a considerable health risk to wildlife health. The
microbiological examination of water is an essential

tool to investigate the presence of microorganisms
that might constitute a hazard to both animal and
public health. This study therefore examined the
bacteriological and mycological characteristics in six
selected perennial rivers in Old Oyo National Park,
Nigeria.

2. Methodology
Study Area:
The Old Oyo National Park is one of the seven
national parks in Nigeria, and has a total land mass
area of 2,512 km2 making it the fourth largest
national park in Nigeria (Oladeji et al. 2012). It is
located between latitudes 80 15` and 90 05`N and
longitudes 30 35` and 40 42`E. The park is situated in
a transition vegetation zones between mixed
deciduous rainforest ecosystem and open savannah
woodlands in the north. The annual rainfall varies
between 1110 mm and 1250 mm while temperature
ranges between 20 oC and 33.6 oC (Adetoro et al.
2011). The topography of most part of the park is
typically low-lying land between 330 and 508
metres above sea level. The park is also abundantly
rich in tree species such as Vitellaria paradoxa,
Khaya grandifolia, Afzelia africana, Annogeissus
leiocarpus, Bligia sapida, Terminalia glycocens, and
dominant perennial grass species such as Panicum

spp., Ctenium elegans, Andropogon spp.,
Hyparrhenia spp., Cymbogon giganteus and
Beckeropsis unisetus) and fauna species (Kobus kob,
Erythrocebus patas, Papio anubis, Crocodilus
niloticus, Civettictis civetta. The park is drained by
River Tessi in the northern part of the park and
River Ogun with its network of tributaries covering
the entire southern part of the park.
Sample Site Selection:
This study was carried out within three of the
five ranges of Old Oyo National Park (OONP). The
ranges include Oyo-Ile, (located in the northern part
of the park), Tede, (located in the southern part of
the park) and Marguba (located in the heart of the
park). These ranges were purposively selected
based on the availability of perennial rivers that
were subsequently chosen, the representativeness of
the park and the presence of dominant
anthropogenic activities by the surrounding local
communities such as agriculture, charcoal
production, illegal mining and grazing sequel to a
thorough reconnaissance survey.
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Figure (1): Map of Old Oyo National Park showing the ranges

Sample Collection and Techniques:
Water samples were collected from six
perennial waterholes - River Owu (in Tede range),
Rivers Ogun, Oopo, Ayinta (in Marguba range),
Rivers Tessi and Sooro (in Oyo-Ile range) using the
grab sampling technique into microbiological
bottles. Samples’ collection was done for four
seasons (two wet and two dry) for two consecutive
years between January 2017 and April, 2018. The
water samples were transported with the aid of an
ice-chest box to the Department of Microbiology
Laboratory of the University for microbial analysis
(bacterial and fungi count).
Laboratory Analysis / Analytical Procedures:
For the bacteriological analysis of water
samples, Coliform test was performed by the most
probable number (MPN) technique (Benson, 1998)
and heterotrophic plate count (aerobic) by Pour
Plate method (Sugita et al. 1993). For identification
of total faecal coliform and fungi in water samples,
samples were analyzed for the target presumptive
bacterial and fungal pathogens using internationally
accepted techniques. The fungi were isolated from
the water samples by using two methods: The direct
plate and the dilution plate, Potato dextrose agar
(PDA) and Sabouraud’s dextrose agar (SDA)
supplemented with chloramphenicol (50 mg/l) and
cycloheximide (500 mg/l) were used for isolation of
fungi. Prior to filtration, samples were diluted tenfold with sterile distilled water. About 50 ml of the
appropriate dilution of each sample was filtered
through a 0.45µm pore size membrane filter,
aseptically transferred to Petri dishes containing the
appropriate selective media. The isolation of
Escherichia coli was carried out using Coli-Chromo

agar for 24 h at 37 °C; while Salmonella and Shigella
were isolated on S-S agar for 24 h at 35 °C. Total
coliforms were determined by mENDO agar for 24 h
at 35 °C and mFC agar for 24 h at 44.5 °C,
respectively. The estimation of total heterotrophic
bacteria, was done on nutrient agar for 48 h at 37 °C.
All colonies with different characteristics on their
selective media were identified on the basis of their
colonial, morphological and biochemical properties
following Bergey’s Manual of Determinative
Bacteriology (Holt et al. 1994). Bacterial and fungal
populations were expressed as colony forming units
per milliliter (cfu/ml).
Statistical Analysis:
Data collected were subjected to descriptive
(mean), inferential (ANOVA, T-test) statistics and
compared with WHO permissible limits. Post-hoc
test (LSD) was used to determine significant
differences across the seasons of sampling with
statistical significance set at α0.05. All the statistical
analyses were performed with SPSS software
(version 20.0).

3. Results
The microbiological characteristics of sampled
waterholes in Old Oyo National Park collected for
two years (2017 and 2018) are presented in Tables
1 – 4. High heterotrophic plate counts were recorded
in the study with maximum number of 26.05 × 105
cfu/ml recorded in River Ogun in the dry season of
2017. Salmonella / Shigella sp. were observed only
during the dry season of 2017 with a maximum
count of 58.30 × 103 cfu/ml in River Ogun while
Staphylococcus aureus was not detected in all the
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waterholes sampled. Furthermore, highest fungi
count of 10.00 × 102 cfu/ml was observed in River
Owu during the dry season of 2017. The total
coliform counts observed in the study were
discovered to be higher than the WHO permissible

limit or guideline for drinking water. Statistically, as
shown in Table 5, there were significant differences
in the counts of total heterotrophic bacteria, Fungi
and total coliforms in the waters sampled (P<0.05).

Table (1): Microbial Characteristics of selected waterholes in Old Oyo National Park [Dry Season, 2017]
Total Heterotrophic
bacterial
count
(x105cfu/ml)

Staphylococc
us
aureus

River Owu

Water
holes

Fungi count
(x102cfu/ml)

Total Coliform
count
(x105cfu/ml)/
(MPN/100ml)

Microflora
Observed

count
(x102cfu/ml)

Salmonella/
Shigella
spp
count
(x103cfu/ml)

0.62

Nil

NG

10.00

3300

Bacillus sp., E.coli, Aspergillus flavus,
Penicillium sp.

River Ogun

26.05

Nil

58.30

6.02

≥160000

Bacillus sp. Shigella sp., E.coli
Pseudomonas sp, Enterobacter sp.
Klebsiella sp, Penicillium sp.

River Oopo

5.07

Nil

1.50

2.00

17000

Bacillus sp, Shigella sp
Pseudomonas sp,Enterobactersp.
Salmonella sp, Penicillium sp.

River
Ayinta

6.41

Nil

0.97

2.03

≥160000

Bacillus sp, Shigella sp.
Pseudomonas sp Enterobacter sp
Salmonella sp.Penicillium sp.

River Tessi

2.60

Nil

NG

NG

50

Bacillus sp, Seratia sp.

River Sooro

1.84

Nil

NG

NG

4

Bacillus sp.

NG = No growth; Nil = No growth of target organism

Table (2): Microbial Characteristics of selected waterholes in Old Oyo National Park [Wet Season, 2017]
Water
holes

Total
Heterotrophic
bacterial
count
(x105cfu/ml)

Staphyloc
occus
aureus

Salmonella/
Shigella spp
count
(x103cfu/ml)

Fungi count
(x102cfu/ml)

Total
Coliform
count
(x105cfu/ml)/
(MPN/100ml)

0.00

0.00

11

Microflora
Observed

River Owu

0.1

count
(x102cfu/
ml)
0.00

River Ogun

3.90

0.00

0.00

0.00

900

.
Bacillus sp, Actinobacter sp.
Enterobacter sp.

River Oopo

1.00

0.00

0.00

1.00

350

Bacillus sp. Enterobacter sp.

River Ayinta

1.20

0.00

0.00

1.00

500

Bacillus sp. Shigella sp.
Pseudomonas sp. Salmonella sp.

River Tessi

0.40

0.00

0.00

0.00

26

Bacillus sp.

River Sooro

0.60

0.00

0.00

2.00

33

Bacillus sp. Flavobacter sp.
Enterobacter sp.

Bacillus sp. Penicillium sp.
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Table (3): Microbial Characteristics of selected waterholes in Old Oyo National Park [Dry Season, 2018]
Total
Heterotrophic
bacterial count
(x105cfu/ml)

Staphylococc
us
aureus

River Owu

Water
holes

Fungi
count
(x102cfu
/ml)

Total
Coliform
count
(x105cfu/ml)/
(MPN/100ml)

Microflora
Observed

count
(x102cfu/ml)

Salmonella/
Shigella spp
count
(x103cfu/ml)

1.6

Nil

NG

8.00

> 1600

Bacillus sp., E.coli, Penicillium sp.

River Ogun

0.40

0.00

0.00

0.00

540

Bacillus sp., Enterobacter sp.

River Oopo

2.70

0.00

0.00

0.80

>1600

Bacillus sp., Pseudomonas sp., Actinobacteria
sp., Enterobacter sp., Flavobacterium sp.,
Aspergillus niger, Penicillium sp.

River Ayinta

4.62

Nil

0.00

1.80

≥160000

River Tessi

0.40

0.00

0.00

0.10

>1600

3.50

0.00

0.00

0.30

>1600

Bacillus sp, Pseudomonas sp., Shigella sp.
Enterobacter sp Salmonella sp.
Bacillus sp., Pseudomonas sp., Actinobacteria
sp., Enterobacter sp., Flavobacterium sp.,
Aspergillus niger
Bacillus sp., Pseudomonas sp.,
Flavobacterium sp., Aspergillus niger

River Sooro

NG = No growth; Nil = No growth of target organism
Table (4): Microbial Characteristics of selected waterholes in Old Oyo National Park [Wet Season, 2018]
Water
holes

Total
Heterotrophic
bacterial
count
(x105cfu/ml)

Staphylococc
us
aureus

Fungi count
(x102cfu/ml)

Total Coliform
count
(x105cfu/ml)/
(MPN/100ml)

Microflora
Observed

count
(x102cfu/ml)

Salmonella/
Shigella spp
count
(x103cfu/ml)

0.3

0.00

0.00

0.00

18

Bacillus sp., Penicillium sp.

4.05

0.00

0.00

0.00

850

.
Bacillus sp, Enterobacter sp

1.20

0.00

0.00

2.00

270

Bacillus sp, Enterobacter sp

1.00

0.00

0.00

1.00

400

Bacillus sp, Pseudomonas sp
Shigella sp., Salmonella sp.,

0.82

0.00

0.00

1.00

33

Bacillus sp., Enterobacter sp

0.94

0.00

0.00

2.00

46

Bacillus sp, Flavobacter sp,
Enterobacter sp.

River Owu
River Ogun
River Oopo
River Ayinta

River Tessi
River Sooro

Table (5): Mean values of Microbial Characteristics of waterholes in OONP
Mean Values ± Standard Deviation
Microbial
Parameters

WHO PERMISSIBLE
LIMIT

Dry Season
(Jan, 2017)
7.10 ± 8.95ab

Wet Season
(June 2017)
1.20 ± 1.29a

Dry Season
(Jan. 2018)
2.20 ± 1.61ab

Wet Season
(May, 2018)
1.39 ± 1.26a

NIL

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

100 cfu/ml

Salmonella/Shigella count
(x103cfu/ml)

10.13 ± 22.18

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

100 cfu/ml

Fungi Count
(x102cfu/ml)

5.01 ± 3.82ab

0.67 ± 0.76a

1.83 ± 2.90

1.00 ± 0.84b

100 cfu/ml

Total Coliform count
(x105cfu/ml)/
(MPN/100ml)

56725.67 ±
80240.99a

303.33 ± 355.62a

27823.33 ±
64754.47a

269.50 ±
323.46a

Total Heterotrophic
Bacteria count
(x105cfu/ml)

Staphylococcus aureus

100 cfu/ml

Count
(x102cfu/ml)

Note: Mean with the same alphabets are significantly different at P<0.05

0 per 100 ml
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4. Discussion
The discharge of contaminated water from
domestic, industrial and agricultural sources into
water bodies is one of the origins of the degradation
of the quality of surface water. In fact, the quality of
surface water like rivers rapidly change as a
response to alteration within the surrounding
environment.
Also,
water
physicochemical
parameters, such as pH, nutrients and presence of
toxic compounds may influence the density of
bacterial populations in surface waters. The
assessment of the presence of bacteria and other
microbes in water represents a major concern for
human- and animal-health protection (Fey et al.
2004). The result showed the total coliform counts
observed in the study were discovered to be higher
than the WHO permissible limit or guideline for
drinking water. The mean values of microbial
counts of the water samples were higher during the
dry season than the wet season with increased water
concentration and more drinking from animals a
probable cause. This agrees with the findings of
Venkateesharaju et al. (2010) but disagrees with
Nnane et al. (2011) who opined that greater
incidence of pathogen loads is likely to occur when
there is high rainfall. Bacteria have been reported to
be ideal markers of microbial pollution of surface
waters because of their quick response to
environmental changes (Pall et al. 2013) and their
distribution depends on changes in water
temperature,
salinity
and
physicochemical
parameters (Igbinosa et al. 2012).
The total heterotrophic bacteria results from
this study exceeded the World Health Organization
(WHO) standard for heterotrophic bacteria in
potable water and this calls for a great concern. The
total heterotrophic bacterial count provides an
indication of the general load of aerobic and
facultative anaerobic bacteria of a water sample. Its’
frequency is commonly used as an indicator of
comprehensive microbiological quality (Robertson
and Brooks 2003), and their presence in surface
water has implications for animal and public health,
especially pathogenic organisms. The total
heterotrophic bacteria count from this study was
found to be highest during the dry season of 2017
and this reflects the contamination extent by the
easily decomposable organic matters and also be
due to waste disposal into the sampled rivers
(Shekha et al. 2013). Interestingly, Staphylococcus
aureus, regarded as important indicators of the
whole aquatic ecosystem health (Kumar et al. 2010),
was not observed in this study while salmonella /
shigella (enteric pathogens) were observed in the
rivers sampled only during the dry season of 2017
with a mean value of 20.26. This is significant due to
the fact that the genus Salmonella have been mostly
considered as an endemic public health concern
worldwide and its pathogenic potentials (Soto et al.
2006). The sources of contamination are probably
due to anthropogenic interferences and animal
faeces and the introduction of microorganisms by

birds and wild animals possibly during drinking or
wallowing (especially during dry season). The high
prevalence of Salmonella observed in the study
might not be unconnected to manure from freegrazing domestic animals and wild species as
corroborated by Negera et al. (2017). The detection
of these enteric pathogens from the sampled rivers
implies that the surrounding communities of OONP
can be put at high risk of diarrhoeal disease when
drunk.
Also,
infection
with
salmonella
(salmonellosis) is one of the most common and
important zoonoses, which means it can be
transmitted between animals and humans. As such,
exposure to infected animal through illegal hunting
and consumption of bushmeat may be of serious
health concern.
Majority of microbial pathogens are often
excreted in faecal matter which contaminates the
environment and then gain access to new hosts
through ingestion (Toze 1999). Although the
indicators of the presence of faecal contamination
are many, the favoured faecal indicator (especially in
fresh waters including rivers) is the bacterium E. coli
(Davies-Colley 2013; McBride et al. 2013). The
presence of E. coli in River Owu (dry seasons 2017
and 2018) and River Ogun (dry season 2017)
indicated recent faecal contamination of the rivers
and this could be attributed to animal faecal wastes
(wild and livestock) and open defecation. This
finding is in consonance with Ajibade et al. (2008)
who reported E. coli in the major rivers of Kainji
Lake National Park, Nigeria and contrary to
Sangodoyin and Opebiyi (2017) who had earlier
reported the absence of E. coli in some rivers in Old
Oyo National Park. E. coli has frequently been
reported to be the causative agent of diarrhoea,
urinary tract infection, haemorrhagic colitis, and
haemolytic uraemic syndrome (Al-Otaibi 2009). In
fact, Streptococcus faecalis with E. coli are good
indicators of gastrointestinal diseases (Shekha et al.
2013).
The presence of thermo-tolerant coliform
bacteria such as Klebsiella sp and Enterobacter sp in
River Ogun further confirmed its faecal
contamination (WHO, 2017). Though microbes such
as Pseudomonas spp, Aspergillus sp and
Actinobacter sp observed in the rivers sampled may
not appear to represent a health implication, they
may be of concern for severely immune-suppressed
persons (those with neutrophil counts below 500
per microliter) that drink from them (WHO 2017).
Other microbes such as Bacillus sp., Flavobacterium
sp. and Seratia sp. observed in the waterholes have
the tendency to cause disease in vulnerable
subpopulations (when they reach infectious load)
and to public health especially when these
contaminated waterholes are used for recreational
and aquatourism activities particularly during the
dry season. This necessitates the need to design a
holistic wildlife health programs in the park taking
cognizance of seasonal influence in the
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contamination of the studied ecosystem from
microbial pathogens.

7. Benson, H. J. (1998). Microbiological applications:
Laboratory manual in general Microbiology, seventh
edition, pp. 208-211

5. Conclusion

8. Bonetta, S., Borelli, E., Bonetta, S., Conio, O., Palumbo,
F. & Carraro, E. (2011). Development of a PCR
protocol for the detection of Escherichia coli
O157:H7 and Salmonella spp. in surface water.
Environ Monit Assess. 177: 493–503.

Water quality in aquatic systems is significant
because it maintains the ecological processes that
support biological diversity. The presence of
microbial pathogens in water poses a considerable
health risk to animal and human health. The
bacteriological and mycological analyses of the
water samples from this study further confirmed
that the water from the sampled waterholes is
unsafe for consumption as coliform counts were
above the permissible limits recommended by WHO.
Meeting water quality expectations of rivers in Old
Oyo National Park is important and required to
protect drinking water resources, encourage
recreational activities and provide a good enabling
environment for fish and wildlife. Microbiological
evaluation of waterholes in Old Oyo National Park is
very necessary to assess potential microbial
exposure while their knowledge is very crucial to the
health of aquatic species while forestalling any
disease outbreak.

9. Davies-Colley, R. J. (2013). River water quality in
New Zealand: an introduction and overview. In
Dymond JR ed. Ecosystem services in New Zealand –
conditions and trends. Manaaki Whenua Press,
Lincoln, New Zealand.
10. Davies-Colley, R. J., Nagels, J. W. & Lydiard, E. (2008).
Faecal bacterial dynamics and yields from an
intensively dairy-farmed catchment. Water Science
and
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