International Journal of Fisheries and Aquatic Studies 2015; 2(6): 123-127

ISSN: 2347-5129
(ICV-Poland) Impact Value: 5.62
(GIF) Impact Factor: 0.352
IJFAS 2015; 2(6): 123-127
© 2015 IJFAS
www.fisheriesjournal.com
Received: 27-05-2015
Accepted: 24-06-2015
Job Bassey E.
Marine Biology Department,
Faculty of Marine Science,
University of Calabar, Calabar,
Nigeria.
Eyo O. Edet
Department of Soil Science,
Faculty of Agriculture,
University of Calabar, Calabar,
Nigeria
Ekene P. Iwuagwu
Physical Oceanography
Department,
Faculty of Marine Science,
University of Calabar, Calabar,
Nigeria.

Influence of tidal regimes in relation to industrial
activities on the hydrodynamics of the Calabar River
system in Southern Nigeria
Job Bassey E., Eyo O. Edet, Ekene P. Iwuagwu
Abstract
The Cross River system is formed from numerous tributaries arising from the Western slopes of the
Cameroon Mountains which have two spurs into Nigeria as the Oban Hills in the south and the Obudu
Hills in the North. A field study was conducted during a single expedition at designated locations to
study the influence of tidal regimes in relation to industrial activities on hydrodynamics of Cross River
system between 10th and 11th August, 2009 during the high and low tidal regimes using the Institute of
Oceanography Research Vessel "Plankton Fisher". The locations used for the studies were CALCEMCO
(now UNICEM) jetty, Intels Jetty (left and right Flanks), Calabar/Creek Town entry route, TINAPA
Jetty, Adiabo Bridge and Adiabo-Okurikang (control location). River depths and flow velocity were
taken in-situ along designated stations using an automated eco-sounding device (for depth), and stopwatch and un-juiced orange fruit as floater (for flow velocity). The choice of stations was based on
discharge rate, flow direction, absence of impediment to flow, depth, ab initio. These locations were,
however, duly geo-referenced. During high tide, velocity values ranged from 0.01 and 1.42ms-1. Highest
velocity value of 1.42 ms-1 was recorded at Adiabo Bridge with the lowest value at Adiabo-Okurikang
(control point). Generally, there were marked variations in velocity of the water current during the
survey. Conversely, during low tide, water current velocity ranged between 0.01 and 1.11ms-1. Least
velocity value of 0.01ms-1 was recorded at the left flank of Intel Jetty and Tinapa Jetty, respectively. This
was followed by values of 0.03ms-1, 0.14ms-1, 0.23ms-1 and 0.35ms-1 at Adiabo-Okurikang,
CALCEMCO jetty (UNICEM), Calabar/Creek Town entry route and Intels jetty (right flank),
respectively. The study recommends the need for appropriate measures on tidal regime management for
enhanced ecosystem functioning of the Cross River System.
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1. Introduction
Cross River is the main river in southeastern Nigeria and gives its name to Cross River State.
It flows through swampy rainforest with numerous creeks and forms confluence with the
Calabar River Moses, [11]. The Cross River system is formed from numerous tributaries arising
from the western slopes of the Cameroon Mountains which have two spurs into Nigeria as the
Oban Hills in the south and the Obudu Hills in the north (Enplan Group Consulting Engineers, [7].
The whole Cross River system lies approximately between longitudes 7°30'E and 10°00'E and
latitudes 4oN and 8oN. The river basin covers an area of 54,000km2 of which 14,000km2 lies in
the Republic of Cameroon, while the remainder lies in Nigeria which Calabar, Cross River
State forms a part Moses, [11]. The climate of the river area is that of tropical rain forest.
Temperature variations within the basin are between (27.5 °C – 35 °C maximum and 22 oC 24.0 °C minimum). The relative humidity is high throughout the year. Practically in the coastal
area, 93% has been recorded in the Calabar area of the river during peak rainy period Moses,
[11]
. During this time, the water leveled rises with the addition of run-offs (Enplan Group
Consulting Engineers, [7]. Moses, [11].
Studies of hydrodynamics of aquatic ecosystems provide vital information for river basin
management for such studies help to interpret the formation of river morphology and the
socio-economic development of the area in addition to the habitual diversity status which
invariably are consequential to industrial and anthropogenic activities in the river system
(Marmer, [10]; Zhang et al., [16]. In contemporary river systems history, frequent changes in
river systems associated with industrial developments on the coastal areas have been reported
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to exert tremendous negative impacts on the ecology of the
river system (Teague et al., [13]; Zhang et al., [16]. River
flow/discharge is the volume of water flowing past a fixed
point in a fixed unit of time. Water current velocity changes
with season, slope and depth of river and interventions of
physical structures such as dams and bridge pillars (Grant &
Tingle, [8]. Water velocity has a profound effect on physicchemistry, the composition of a river bed (sand, silt and related
materials) and the ability of invertebrates to keep a foothold,
respire and feed (Grant & Tingle, [8]; Chanson et al., [4];
Trevethan et al., [14].
Variable flows are also known to have a far greater impact on
fisheries, apart from that on benthic populations and other
ecological settings in water bodies Chuang & Wiseman, [5];
Cochrane & Kelly, [6]; Walker et al., [15]. Water movement has
long been acknowledged as one of the prime factors regulating
the growth and distribution of submerged aquatic plants in
aquatic ecosystems and that changes in water flow or velocity
can alter the biomass and species composition generally of the
ecosystem. In general, water current velocity and depth is an
important factor regulating the distribution and occurrence of

biotic life during the varied and different tidal regimes in the
aquatic environment Hence, the need to undertake studies on
the hydrodynamics of water bodies, especially where industrial
activities are being intensively carried out as in the Cross
River system, Calabar-Nigeria Chambers et al., [3].
The selected locations were CALCEMCO (now UNICEM)
jetty, Intels Jetty (left and right Flanks), Calabar/Creek Town
entry route, TINAPA jetty, Adiabo Bridge and AdiaboOkurikang (control location). These locations were, however,
duly geo-referenced (Table 1).

Plate 1: Taking of velocity reading during the study.

Plate 2: Taking of depth measurement during the study.

2.1.2 Depth Measurements
These were recorded using a digital electronic eco-sounding
device model: EAGLE CUDA Tm//68 USA. Essentially, five
(5) different readings were taken at each location/point and a
mean reading determined in meters Table 1).

Okurikang (control point). Generally, there were marked
variations in velocity of the water current during the survey.
For instance, at CALCEMCO jetty (UNICEM), velocity was
0.08ms-1, 0.15ms-l and 0.45ms-1, respectively at the left and
right flanks of Intels Jetty; 0.03ms-1 at Tinapa Jetty, 1.42ms-1
at Adiabo Bridge and 0.01ms-1 at Adiabo- Okurikang (control
station).

2.1.3 Geographical Locations
These were determined by the use of a Global Position system
device (GPS) model: GPS 315 MAGELLAN USA. Only
single readings were obtained during the two respective tidal
phases in latitudes and longitudes (Table 1).
2.2 Water Current Velocity
2.2.1 High Tide
The water current velocity values at the different locations are
shown in Table 1. During high tide, velocity values ranged
from 0.01 and 1.42ms-1. Highest velocity value of 1.42ms-l was
recorded at Adiabo Bridge with the lowest value at Adiabo-

2.1.1 Velocity Measurements
The velocity of water current at each of the designated
locations was measured by floating object method
recommended by Grant & Tingle [8]. This method involved
timing a floating object (usually orange) over a known
distance of 10 meters using a stop-watch (Plate 2). Five (5)
repeated readings were made at each location from which a
mean value was determined to ensure accuracy of readings as
shown in Table 1. Velocity values were recorded in meters per
second (m/s).

2.2.2 Low Tide
During low tide, water current velocity ranged between 0.01
and 1.11ms-1. Least velocity value of 0.01ms-I was recorded at
the left flank of Intel jetty and Tinapa Jetty, respectively. This
was followed by a value of 0.3ms-1, 0.I4ms-l, 0.23ms-1 and
0.35ms-1 at Adiabo-Okurikang, CALCEMCO Jetty
(UNICEM), Calabar/Creek Town entry route and Intels Jetty
(right flank), respectively (Table I, Figure 2).
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Fig 2: Velocity variations in relation to tidal regime during the period of study in the Calabar River System – Nigeria.

Fig 3: Depth variations in relation to tidal regime during the period of study in the Calabar River System – Nigeria.
Table 1: Hydrodynamics parameters of the sampled locations in the Calabar River systems, Cross River State – Nigeria.
High tide
GPS
Coordinates

Depth (m)

04o58.829’N
008o19.389’E
05o0.747’N
008o18.951’E
05o0.528’N
008o18.981’E

18.40
(40 ASL)
14.9
(40 ASL)
10.30
(3 ASL)

05o0.012’N
008o17.687’E

11.30
(20 ASL)

05o2.786’N
008o19.043’E
05o3.277’N
ADIABO BRIDGE
008o18.207’E
ADIABO-OKURIKANG
05o4.211’N
(CONTROL)
008o15.456’E
Source: Field Survey in-situ Data (2009).

2.3
(39 ASL)
7.40
(6 ASL)
5.0
(10 ASL)

Location

CALCEMCO (UNICEM)
INTELS JETTY (LEFT
FLANK)
INTELS JETTY (RIGHT
FLANK)
CALABAR/CREEK
TOWN ENTRY
CHANNEL
TINAPA JETTY

Low tide

Mean
velocity
(m/s)

Time of
reading
(GMT)
(hrs)

0.08

09.38

0.15

10.29

0.45

10.38

0.02

11.2

0.03

12.15

1.42

13.05

0.01

13.35
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GPS
Coordinates

Depth (m)

04o58.829’N
008o19.389’E
05o0.747’N
008o18.951’E
05o0.528’N
008o18.981’E

17.20
(40 ASL)
13.49
(40 ASL)
8.14
(3 ASL)

05o0.012’N
008o17.687’E

7.3
(40 ASL)

05o2.786’N
008o19.043’E
05o3.277’N
008o18.207’E
05o4.211’N
008o15.456’E

1.6
6.26
2.48
(10 ASL)

Mean
velocity
(m/s)

Time of
reading
(GMT)
(hrs)

0.14

01.22

0.01

14.20

0.35

14.28

0.23

15.22

0.01

16.18

1.11

17.03

0.03

17.50
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The geographical coordinates were mapped out and digitally plotted to show the geographical spread of the sampled areas (Fig 1).

Fig 1: Map of Calabar River system, Southeast Nigeria showing sampling points

2.3 Results
2.3.1 High tide
Highest depth of 18.40m was recorded at CALCEMCO jetty
(UNICEM) during high tide while the lowest depth of 2.3m
was recorded at Tinapa jetty. A depth of 14.90m, 11.30m,
10.30m, 7.40m and 5.0m were respectively recorded at the left
flank of Intels Jetty, Calabar/Creek Town entry route, Intels
Jetty (right flank), Adiabo Bridge and Adiabo-Okurikang
(Control point) (Table 1).
2.3.2 Low Tide
Low tide depths were observed to range between 1.6 and
17.20m. At Tinapa Jetty, a depth of 1.6m was recorded, while
a depth of 2.48m, 6.26m, 7.3m, 8.14m, 13.49m and 17.20m
were respectively recorded at Adiabo-Okurikang, Adiabo
Bridge, Intels jetty (right and left flanks) and jetty (Table I,
Figure 3).
3. Discussion
Urbanization and industrial activities in some sections of the
Cross River system, Calabar-Nigeria, have resulted in faster
surface runoffs and Peak River flow rise and fall during high
and low tides in the river system than previously occurred
Enplan Group Consulting Engineers, [7]; Moses, [11]. In river
systems where industrial activities and building of structural
facilities have been reported to cause increased water flows
and reduced/increased depth due to dredging Akpan, [1];
Statzner et al., [12]; Chambers et al., [3]. There have been
reports on reduced nutrient concentration, plankton community
structure and reduction in fish catches as a result of increased
water velocity and depth, Akpan, [1]; Walke et al., [15].
The results of the study revealed that water current velocity is
dependent on depth as seen at CALCEMCO jetty (UNICEM)
where a depth of 18.40m caused a velocity of 0.08ms-l during

high tide and a depth of 7.20m which produced a velocity of
0.14ms-l at low tide. According to Zhang et al. [16], maximum
flow velocity is usually related to the deeper water depth, Jut
that irregular water column distribution of flow velocity often
results in vortices current associated with river knots which
during this study, can be Linked to physical structures
impeding free flow of water. This phenomenon was observed
at Adiabo Bridge. In the central Californian River, Teague et
al. [13] recorded maximum velocity of 0.8ms-l and associated it
to tidally driven factors with flow reversals every 6 hours.
During this study a maximum velocity of 1.42ms-l and 1.11msl
were respectively recorded during high tide and low tides at
Adiabo Bridge. At CALCEMCO jetty (UNICEM), where little
or no activity seems to exist, a velocity of 0.08ms-l at high tide
and 0.14 ms-1 at low tide were recorded. These values are
usually not associated with the presence of physical structure,
rather with depth Zhang et al., [16].
Water current velocity values are indicative of the dynamic
nature of the river systems, especially at locations where
physical structures are present and depths tremendous
Balachandran et al., [2]. At locations where velocity is high in
an aquatic system, biotic life are unstable, as it is susceptible to
lack of food and balanced ecological influences (Teaque et al.,
[14]
; Akpan, [1]. This was the case at Adiabo Bridge and Intels
Jetty.
Similarly, where depths are shallow, negative impacts have
been ~ported on biotic life as most of them are negatively
affected by the solar radiation intensity. Benthic community,
fish and other invertebrate organisms are usually the most
seriously affected (Trevethan et al., [14]; Chuang & Wiseman,
[5]
, Cochrane & Kelly, [6], Walker et al., [15] and Akpan, [1]. This
may be the expected outcome at Tinapa Jetty and AdiaboOkurikang in the present study.
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4. Summary and Conclusions
Many aspects of the ecology of the Cross River system may be
affected by the present observed depths and water velocities,
particularly at the sampled locations. Biotic population in any
ecological system depends on the interplay of the physical and
chemical factors of the system. With the continuous alteration
in these factors due to human influences, the long term effects,
as one would expect, falls back adversely on the water quality,
biotic life and food web and consequently human well-being in
the entire area.
5. Recommendations
Based on the results of the present study, it is recommended
that a time series and articulated monitoring be put in place by
the operating companies. This will, however, require the
cooperation of researchers, Environmental Protection
Agencies (EPA), Non-Governmental Organizations (NGOs)
and Government Organizations. By the words of Grigg, [9],
"Managing the water quality of estuaries (and river systems)
requires unique action plans based on good science".
6. References
1. Akpan ER. Possible Environmental impact of
channelization and dredging on the ecology of the Cross
River Estuary system Nigeria. Tropical Fresh Water
Biology 1998; 7:53-61.
2. Balachandran KK, Revichandran CK, Srinivas, Vijayan
PR, Thottan TJ. Modeling of tidal hydrodynamics for
tropical ecosystem with implications for Pollutant
dispersion (Cohin Estuary, Southwest India). Journal of
Ocean Dynamics 2008; 53(3-4):259-273.
3. Chambers PA, Prepas EE, Hamilton HR, Bothwell ML.
Ecological Applications 1991; 1(3):249-257.
4. Chason H, Brown R, Ferris J. "Hydrodynamic and
Ecological study of a sub-tropical estuary in Queensland."
In Fluvial, Environmental and Coastal Developments in
Hydraulic Engineering, Balkema, Lei den, The
Netherlands. Proceedings of International Workshop on
State- of- the Art Hydraulic Engineering, 16-19 Feb.
2004, Bari, Italy, M. Mossa, Y. Yasuda and H. Chanson
(eds.). (ISBN 04 1535899X). PDF File at UQespace),
2004, 133-149.
5. Chuang WS, Wiseman Jr J. Coastal sea level response to
frontal passages on the Louisiana –Texas Shelf. Journal of
Geophysical Research 1983; 88:2615-2620.
6. Cochrane JD, Kelly FJ. Low-frequency circulation in the
Texas-Louisiana
Continental
shelf.
Journal
of
Geophysical Research 1986; 91:10645-10659.
7. Enplan Group Consulting Engineers Cross River basin
pre-feasibility report. Federal Ministry of Agriculture and
Natural Resources, Lagos, 1974.
8. Grant IF, Tingle CCD. Ecological monitoring methods for
the assessment of pesticide impact in the tropics. DFID,
CAT NRI Handbook, 2002, 265.
9. Grigg NS. Estuarine water quality management. Planning,
organizing, monitoring and modelling. In: Coastal and
Estuarine Studies. 36th ed. By W. Michealis.3-10. Berlin,
Springer Verlag, 1990.
10. Marmer HA. Tides and sea level in the Gulf of Mexico,
In: P. S. Galtsoff (ed.). Gulf of Mexico, Its origin, waters
and marine life. U.S. Fish and Wildlife Service. Fisheries
Bulletin, Washington. DC, 2008, 101-118.
11. Moses BS. The Cross River, Nigeria: Its ecology and
Fisheries In: Proceedings of the International Conference

12.

13.

14.

15.

16.

~ 127 ~

on Kainji Lake and River Basin Development in Africa.
1979; II:355- 370.
Statzner B, Gorge JA, Resh VH. Hydraulic stream
ecology: Observed patterns and Potentials applications.
Journal of North American Benthological Society 1998;
7(4):307-360.
Teague C, Barrick DE, Lilleboe PM, Cheng RT. TwoDimensional Surface River flow Patterns measured with
paired river sondes. Geosciences and Remote Sensing
Symposium. IGARSS 2007: Number 9890244, 2007,
2491-2494.
Trevethan M, Chanson H, Brown R. "Turbulent
Measurement in a small subtropical Estuary with
semidiumal Tides." Journal of Hydraulic Engineering,
ASCE, 134(ll), 1665-1670 (DOI:I0.1061/(ASCE)07339429 (2008) 134:11 (1665) (ISSN 0733-9429)PDF file at
UQe Space), 2008.
Walker ND, Rouse Jr LJ, Huh OK, Wilensky DE, Ransi
V. Assessing spatial characteristics and temporal
variability of the Mississippi and Atchafalaya River
Plumes. Proceedings of the First Thematic Conference on
remote sensing for marine and coastal Environments, New
Orleans, Louisiana, June 15- 17, 1992. SPIE 1930: 719728, Environments, Research Institute of Michigan, Ann
Arbor, Michigan, 1992.
Zhuang Q, Shi Y, Chen Z, Jiang T. Acoustic Doppler
Current Profiler (ADCP) measured flow current of the
middle-lower Chang Jiang River Channel. Front Earth
Science, China 2008; 2(1):1-9.

