Hydrographic Characteristics of Two Estuaries on the South Western Coast of Ghana
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Abstract: This paper investigates the hydrographic characteristics of the Kakum and Nyan estuaries located on the southwestern coast of Ghana in order to gather baseline information for subsequent monitoring. Surface and bottom measurements of temperature, salinity, dissolved oxygen (DO), pH and turbidity were taken using a water quality checker (TOADK – 22 A) at various sampling stations from August 2011 to July 2012 during low tides. Depth was also measured. During the “peak” dry and wet seasons (February and July respectively), measurements were taken at high and low tides and the extent of saltwater penetration into the estuaries was determined. Temperature and DO were generally similar in both estuaries, but turbidity and pH were higher in Nyan estuary than Kakum estuary for some months.  Salinity was higher at the mouths than the other stations. Both estuaries showed characteristics of positive estuaries with higher bottom salinities than surface ones at most stations except the mouths. Turbidity showed similar vertical variations as salinity.  Temperature, salinity and DO values were higher during peak dry season than wet season in both estuaries. Saltwater penetrated farther in the Nyan estuary than the Kakum estuary at both dry and wet seasons and over a longer distance in the dry season than the wet season. The results have been interpreted with reference to seasons, differences in the size and shallowness of the estuaries and also compared with other studies. There is the need for regular monitoring of our water bodies in the wake of rising environmental issues.
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1.0 Introduction
The value of estuaries as sources of fisheries, recreation, conservation, transport routes and locations for harbours, towns and cities are well documented (McLusky 1989; Blaber 2000; Plavan et al. 2011; Dahanayaka and Aratne 2006; Woke and Wokoma 2007). Their ecological role as nurseries for economically important marine fish species as well as migratory routes for both catadromous and anadromous fish has also been documented (Fincham, 1984; Blaber, 2000; Plavan et al., 2011). The proximity of estuaries to intensive human settlements render them prone to anthropogenic influences such as discharges of domestic and industrial effluents, agricultural wastes, salt mining, sand winning and resource exploitation. These have the potential of overexploitation, pollution and degradation of estuarine ecosystems. Consequently, it is important to understand the dynamics of estuaries and continually monitor their ecological health in order to take remedial measures whenever it becomes necessary.
The West African coastline is characterised by the presence of marginal estuaries of diverse morphologies and origins and are surrounded by high human population densities the (Amadi, 1990). Estuaries in the temperate regions have been extensively studied (Harkantra, 1982; Ysebaert et al., 1993; Ysebaert et al., 2002; Guo and Valle-Levinson, 2007; Martinho et al., 2007). Substantial amount of work has also been done on some tropical estuaries such as Cochin Estuary (Kumar et al., 2011; Shivaprasad et al., 2013), Cross River Estuary (Akpan, 1999; Ama-Abasi et al., 2004; Ekwu and Sikoki, 2006) and Gambia Estuary (Albaret et al., 2004; Guillard et al., 2004). In the sub-Saharan African countries however, such studies are relatively few. Some estuaries on the Ghanaian coast have been studied for their fish fauna (Dankwa et al., 2004; Aheto et al., 2011)and chemical components (Fianko et al., 2007; Tufuor et al., 2007). No extended systematic studies have been conducted on the ten estuaries recorded on the coast of Ghana (Yankson and Obodai, 1999). The Kakum estuary drains a rapidly urbanized area near Cape Coast, the Central Regional capital but only studies on its heavy metal content (Fianko et al., 2007) and the adjoining mangrove forest (Sackey et al., 1993; Aheto et al., 2011) have been reported. The Nyan estuary on the other hand, drains an area in the Western Region with high mining activities, but so far there is no report of a study on it. As part of an extended study of the ecology of these two estuaries, their hydrographic profiles were monitored over a period of one year to form the basis of this paper.
2.0Materials and Methods
2.1 Study areas
The study was carried out in the Kakum and Nyan estuaries (Figure1). The Kakum estuary (5°5' N, 1°19' W) is located at Iture village, 8 km west of Cape Coast in the Central region of Ghana. The estuary is formed by two rivers: the Kakum and the Sweet (Sorowie) and is located in the dry equatorial zone with an average annual rainfall of about 1,000 mm. The vegetation type is coastal savannah with grassland and few trees. Five different species of mangroves (red mangroves: Rhizophora mangle, R. racemosa, R. harrisonii and white mangroves: Laguncularia racemosa and Avicennia germinans) are found along this estuary. The inhabitants of the fringing communities depend on the estuary as a source of fish and water for domestic activities. Sand winning is common in this estuary. Four sampling stations were established, namely Station I: close to the mouth; Station II: confluence of the two rivers; Station III: 300 m into the Kakum river arm from Station II and Station IV: 300 m into the Sweet river arm from Station II.
The Nyan estuary (4º47' N, 2º8' W) is located at Princess Town, about 40 km west of Takoradi in the Western region of Ghana. The estuary is located within the South - Western Equatorial Climatic Zone with the average annual rainfall of 1600 m. The area falls within the High Rainforest Vegetation zone and the estuary is bordered by a mangrove forest consisting of three different species, namely Rhizophora mangle, Laguncularia racemosa and Avicennia germinans. The estuary serves as a source of fish and a transport route for the inhabitants living on either side of it. Three sampling stations were established in this estuary as Station I: close to the mouth; Station II: 300 m from Station I; and Station III: 300 m from Station II.



Figure 1 Map of the Kakum and Nyan estuaries showing the various sampling stations


2.2 Sampling
At every station in both estuaries, triplicate measurements of temperature (°C), dissolved oxygen concentration (mg/l), pH and turbidity (NTU) were taken monthly at daytime low tides from August 2011 to July 2012 using a multiparametric water quality checker (TOADK – 22 A) by immersing the probe into the water at the desired depth. Salinity (‰) was measured with a refractometer (Eclipse 45 – 65) and depth (cm) with a measuring tape (attached to a weight).
For vertical profiles of the above parameters, triplicate measurements were taken at two levels (surface and bottom) at every station in the two estuaries. For every parameter, monthly mean values were calculated from the measurements at of the surface and bottom for each station.
At the “peak” dry and wet seasons (February and July 2012 respectively), the hydrographic factors were measured at high tides in addition to the regular low tide sampling. The extent of salt water penetration at high and low tides was also determined in both estuaries by measuring salinity along the lengths of the rivers till the point where salinity below 0.5 ‰ was recorded.



Figure 2 Monthly variations in some hydrographic parameters (mean ± S.E.) in the Kakum and Nyan estuaries


3.0 Results
3.1 Monthly variations in hydrographic factors
An initial appraisal of the data revealed that with the exception of salinity and depth, the remaining hydrographic factors did not show appreciable horizontal variations at the sampling stations in most of the months. The means of monthly values of water temperature, dissolved oxygen, pH and turbidity at the stations were therefore plotted for the two estuaries (Figure 2), while the monthly variations with respect to stations are shown in Figures 3 and 4 for salinity and depth respectively.
The water temperature showed a general trend of gradual increase from August, 2011 to peaks of 31.34 °C and 31.72 °C for Kakum and Nyan estuaries respectively in March, 2012 followed by a decrease till July (Figure 2a). The Kakum estuary recorded its lowest value of 24.98 °C in August, 2011 while Nyan estuary had its lowest temperature of 25.82 °C in September of the same year.
Dissolved oxygen (DO) concentration also fluctuated in a similar pattern in the two estuaries, decreasing gradually from August, 2011 to March, 2012 followed by a sharp increase and then a decrease till July (Figure 2b). Kakum estuary attained its highest value of 6.29 mg/L in December, 2011 while that of Nyan estuary (6.61 mg/L) was recorded in November of the same year. The lowest DO values of 1.72 mg/L and 1.53 mg/L for Kakum and Nyan estuaries respectively were both recorded in March, 2012.
The highest pH values of 7.03 and 7.59 were recorded for Kakum and Nyan estuaries respectively in August, 2011 (Figure 2c). Both showed a general minimal fluctuation throughout the rest of the study period except in February 2012 when Kakum estuary dipped significantly to record its lowest value of 6.10. Nyan estuary on the other hand, attained its lowest pH of 6.55 in October, 2011.
Turbidity in the two estuaries increased from August, 2011 and peaked at 33.27 NTU in October, 2011 for Kakum estuary and 89.29 NTU in November of the same year for Nyan estuary (Figure 2d). In Kakum estuary, the peak was followed by minimal fluctuation for the rest of the study period with the lowest value of 5.61 NTU recorded in April, 2012. The Nyan estuary however, showed a sharp decline in December, 2011 followed by minimal fluctuations to the lowest value of 6.42 NTU also in April, 2012 and an increase to 57.67 NTU in July.
Figure 3 shows that station I (the mouth) of both estuaries consistently had the highest salinity (0 – 34.50 ppt for Kakum estuary and 1.08 – 33.67 ppt for Nyan estuary) except for February, 2012 in Kakum estuary and August and September, 2011 in Nyan estuary. In the Kakum estuary station IV (the Sweet river arm) had the lowest salinity throughout the period (0 – 33.67 ppt) except April, 2012, but in the Nyan estuary stations II and III had similar values (0.28 – 30.67 ppt and 0 – 30.89 ppt respectively). The general pattern of monthly salinity variations in the two estuaries was similar with October and November of 2011 recording the lowest values (< 2.0 ppt) followed by an increase which plateaued from January (11.78 – 34.50 ppt and 22.67 – 33.67 ppt for Kakum and Nyan estuaries) and decreased from May, 2012 to 0 ppt and < 7.0 ppt in July in the Kakum and Nyan estuaries respectively.



Figure 3 Monthly variations in mean (±S.E) salinity in the (a) Kakum and (b) Nyan estuaries

Figure 4 Monthly variations in mean (±S.E) depth in the (a) Kakum and (b) Nyan estuaries


Figure 5 Vertical variations in hydrographic parameters (mean ± SE) at the various stations in the two estuaries


Both estuaries were shallow at low tide (Figure 4). Station I (the mouth) was the shallowest in both estuaries with depth remaining below 1 m except August, 2011 in Kakum estuary and January, 2012 in Nyan estuary when 1.17 m and 1.34 m were recorded respectively. There was no clear cut pattern in depth variations with respect to the remaining stations in the Kakum estuary, but in the Nyan estuary station II maintained intermediate depth with station III being the deepest consistently throughout the study period ranging from 1.79 m in May, 2012 and 2.92 m in October, 2011.
Vertical variations in hydrographic factors
Vertical variations in the hydrographic parameters are presented in Figure 5. In both estuaries, temperature was generally higher at the surface than the bottom at all stations but the differences were not statistically significant as indicated by the standard error bars (Figure 5a). Similarly, DO was generally higher at the surface than the bottom at all the stations but the differences were not significant statistically (Figure 5b). Except at station III in the Nyan estuary where pH at the bottom was significantly higher than the surface, all the other stations in both estuaries did not show significant vertical variations in pH (Figure 5c). No significant difference was recorded in turbidity at station I in both estuaries but at all the other stations, turbidities at the bottom were significantly higher than the surface ones (Figure 5d). Similarly, salinities at the bottom were higher than the surface in both estuaries except at station I where vertical stratification was not evident (Figure 5e).
Hydrographic factors at the peak dry and wet seasons
Tables 1(a) and (b) show the Duncan’s pair-wise multiple tests (95 % confidence interval) of hydrographic parameters at the peak dry season high tide (DS – HT), dry season low tide (DS – LT), wet season high tide (WT – HT) and wet season low tide (WT – LT)  in Kakum and Nyan estuaries respectively. Mean temperatures were significantly higher at low tide than high tide during both peak dry and wet seasons in the two estuaries. Furthermore, mean temperatures were significantly higher at the peak dry season than the peak wet season.


Table 1(a): Hydrographic parameters at the peak dry and wet seasons in the Kakum estuary
	Parameter
	DS - HT
	DS - LT
	WS - HT
	WS - LT

	Temperature (°C)
	27.08 (± 0.11) a
	29.21 (± 0.04) b
	25.06 (± 0.06) c
	26.59 (± 0.12) d

	Salinity (‰)
	34.48 (± 0.66) a
	25.39 (± 1.11) b
	2.27 (± 0.75) c
	0.00 (± 0.00) d

	DO (mg/l)
	4.38 (± 0.05) a
	4.31 (± 0.05) a
	2.74 (± 0.03) b
	2.43 (± 0.03) c

	pH
	6.05 (± 0.16) a
	6.10 (± 0.10) a
	6.66 (± 0.05) b
	6.77 (± 0.04) b

	Turbidity (NTU)
	9.52 (± 1.58) a
	9.33 (± 0.63) a
	10.15 (± 0.31) a, b
	12.36 (± 0.21) b

	Depth (cm)
	134.83 (± 10.80) a, b
	96.00 (± 13.77) a
	153.42 (± 18.74) b
	110.17 (± 14.12) a, b


Same alphabets indicate homogenous means

Table 1(b): Hydrographic parameters at the peak dry and wet seasons in the Nyan estuary
	Parameter
	DS - HT
	DS - LT
	WS - HT
	WS - LT

	Temperature (°C)
	26.82 (± 0.14) a
	28.91 (± 0.15) b
	25.67 (± 0.04) c
	26.19 (± 0.05) d

	Salinity (‰)
	34.50 (± 0.47) a
	30.38 (± 0.50) b
	17.92 (± 1.86) c
	2.88 (± 0.51) d

	DO (mg/l)
	4.42 (± 0.07) a
	3.99 (± 0.09) b
	2.75 (± 0.01) c
	2.73 (± 0.02) c

	pH
	5.30 (± 0.23) a
	6.77 (± 0.13) b
	6.80 (± 0.08) b
	6.63 (± 0.05) b

	Turbidity (NTU)
	12.17 (± 4.22) a
	6.17 (± 1.09) a
	34.08 (± 6.33) b
	57.67 (± 8.42) c

	Depth (cm)
	157.89 (± 29.51) a
	136.00 (± 22.77) a
	197.44 ( ±33.16) a
	141.44 (± 29.78) a


Same alphabets indicate homogenous means


Mean salinities recorded at high tide were significantly higher than at low tide during the peak dry and wet seasons in the two estuaries. Both high and low tide salinities in the peak dry season were significantly higher than their counterparts in the peak wet season in the two estuaries.
In the Kakum estuary, at the peak dry season, no significant difference was recorded in DO between high and low tides, but at the peak wet season, DO at high tide was significantly higher than low tide. In the Nyan estuary however, DO values during the peak dry season high tide (DS – HT) was significantly higher than the low tide (DS – LT) while during the peak wet season, DO values at both tides were not significantly different. The peak dry season DO values were significantly higher than the wet season ones in both estuaries.
No significant differences were recorded in the mean pH at high and low tides in both the peak dry and wet seasons in Kakum estuary. However, mean pH values during the peak wet season were significantly higher than their counterparts in the peak dry season. In Nyan estuary, mean pH at peak dry season low tide (DS – LT) was significantly higher than high tide (DS – HT) but no difference was recorded between the two tides in the peak wet season. Also, pH at peak dry season high tide (DS – HT) was significantly lower than peak wet season high tide (WS – HT) pH but no significant difference occurred between pH at the two low tides.
Mean turbidities at wet season low tide (WS – LT) were significantly higher than dry season low tide (DS – LT) in both estuaries. Turbidity values at the two high tides (DS – HT and WS – HT) did not show any significant difference in Kakum estuary but were significantly different in Nyan estuary.
No significant difference was recorded in the mean depths at the both high and low tides in peak dry and wet seasons in the two estuaries.
[bookmark: _Toc340832351]Extent of saltwater penetration in the two estuaries
Table 2 show the extent of saltwater penetration in the two estuaries studied. In the Kakum estuary, seawater penetrated to a distance of 1.39 km at high tide and 1.00 km at low tide during the peak dry season in the Sweet river arm while the penetration of seawater into the Kakum river arm of the estuary was over a distance of 5.47 km at high tide and 3.33 km at low tide. At high tide during the peak wet season, the influence of saltwater in the Kakum estuary diminished 0.00 ‰ at the confluence which is 0.20 km from the mouth of the estuary while at low tide, 0.00 ‰ was recorded even at the mouth.
Seawater penetrated the Nyan estuary to a distance of 12.27 km at high tide and 8.31 km at low tide during the peak dry season. At the peak wet season, the influence of saltwater was felt over a distance of 5.03 km at high tide and 3.19 km at low tide.


Table 2: Saltwater penetration in the Kakum and Nyan estuaries at peak dry and wet seasons
	
	
	Distance from the sea (km)

	
	
	DS - HT
	DS - LT
	WS - HT
	WS - LT

	Kakum estuary
	Kakum river arm
	5.5
	3.3
	0.2
	0.0

	
	Sweet river arm
	1.4
	1.0
	0.2
	0.0

	Nyan estuary
	12.3
	8.3
	5.0
	3.2



Table 3 illustrates the extent of saltwater penetration in some selected estuaries with respect to their size. This table shows that the bigger the mouth of an estuary, the further saltwater is able to penetrate into it.

Table 3: The influence of the size of estuarine mouth on the extent of saltwater penetration
	Estuary
	Average width of mouth (km)
	Extent of saltwater penetration (km)
	Source

	Kakum
	0.02
	5.5
	This study

	Nyan
	0.05
	12.3
	This study

	Vellar
	0.2
	18
	Jagadeesan at el. (2011)

	Scheldt
	25
	60
	Van Rijn (2010)

	Amazon
	150
	735
	Tomczak (1996 – 2000)




Discussion
Estuarine environments are dynamic in terms of their hydrographic factors. The key factors considered in this study are temperature, DO, pH, turbidity, salinity and depth.
The highest and lowest temperatures recorded in March and August/September respectively for both estuaries could be attributed to their respective climatic zones which experience their highest temperatures around March/April and lowest temperatures in August (Government of Ghana Official Portal – Central region n. d.; Ahanta West climate and vegetation n. d.). Temperatures were higher during the dry season months compared to the wet season in both estuaries, similar to the findings in Akpan et al. (2002) and Sushanth and Rajashekhar (2012). The significantly higher low tide temperatures than the high tide temperatures at both the peak dry and wet seasons in the two estuaries could be possibly due to the time of sampling. The high tide for the peak dry and wet seasons occurred in the morning while the low tide occurred in the afternoon when the sun was overhead on the sampling days. Furthermore, at low tides, the estuaries were shallower and therefore more amenable to warming by the sun. The absence of distinct vertical variations in temperature in both estuaries could be attributed to their shallowness (depth ranging from 0.35 m to 2.58 m in the Kakum estuary and 0.46 m to 2.92 m in the Nyan estuary) apparently exposing the water to uniform heating or cooling and tidal mixing resulting in thermal uniformity.
The higher salinities recorded at the mouths (station I) of both estuaries for most part of the period could be due to their proximity to the sea and hence more seawater influence.  Very low salinities occurred in both estuaries during the periods of the minor (September/October) and major (June/July) rainy seasons. The amount and seasonal distribution of rainfall has a strong influence on the salinity and flow patterns of estuaries (Blaber, 2000). More rains result in land drainage in addition to the river inflow which increases the volume of freshwater entering the estuary and therefore reducing salinity drastically. This was so evident in the Kakum estuary when all stations recorded no salinity (0 ‰) in July. In the dry season, high evaporation and limited land drainage could have resulted in high salinities. The results in the two estuaries could be likened to those in the Vellar estuary where higher salinities were recorded for post monsoonal months (dry season) than monsoonal months (wet season) (Jagadeesan et al., 2011). Similar results were obtained in Tapi estuary on the west coast of India (Nirmal et al., 2009).
The two estuaries studied showed characteristics of positive estuaries with higher salinities at the bottom than the surface at all the stations except the mouth. Positive estuaries are usually associated with temperate regions while the tropics are characterized by negative estuaries (McLusky 1989; Yankson and Kendall 2001). The absence of vertical salinity stratification at the mouth is similar to the stronger stratification away from the entrance of the Chesapeake Bay which they attributed to tidal forcing appeared stronger around the entrance thereby increasing mixing and weakening stratiﬁcation (Guo and Valle-Levinson, 2007).
Tidal forcing (tidal pumping) is responsible for the penetration of saltwater into estuaries (Geyer and Nepf, 1996; Guo and Valle-Levinson, 2007; Robinson et al., 2007). It appears the wider the mouth of the estuary, the farther the extent of saltwater penetration.  Saltwater penetrated a longer distance in the larger Nyan estuary (average width of mouth: 45 m) than the smaller Kakum estuary (average width of mouth: 20 m) in this study. Also, the relatively larger Kakum river arm (average width: 18 m) permitted saltwater penetration over a longer distance (5.5 km) at high tide compared to the 1.4 km penetration in the smaller Sweet river arm (average width: 8 m). The examples in Table 3 further explain that the larger the size of the estuary, the farther seawater penetrates into them.
The lowest dissolved oxygen (DO) values in both estuaries were recorded in March 2012, the same month when the highest temperature was recorded. Solubility of oxygen in water decreases as temperature increases (Wetzel, 2001). The low DO recorded in July (the peak wet season) could probably be due to surface runoff bringing organic materials into the estuaries which used the DO for decomposition. The shallowness of the two estuaries could explain the observed minimal vertical variations in DO. The higher DO values recorded at the peak dry season than in the peak wet season corroborate the findings in the Great Kwa River estuary (Akpan et al., 2002). This is however contrary to the findings in the Vellar estuary where higher DO in the wet monsoonal months than the dry post monsoonal months (Jagadeesan et al., 2011). According to Jagadeesan et al. (2011), the lesser DO noticed in non-monsoonal months in the Vellar estuary was associated to lesser river runoff and neritic water incursions from Bay of Bengal.
pH values in the Kakum and Nyan estuaries were in the slightly acidic to slightly basic range throughout the study period. The pH of estuaries is influenced by the nature of bedrock of the river, carbonate ions in seawater and also humus. According to National Estuarine Research Reserve [NERR] (1997), most aquatic organisms are adapted to live in pH between 5.0 and 9.0. Mean pH values in this study fluctuated between 6.1 and 7.6 showing a wider range than the 7.2 – 8.5 in the Tapi estuarine system (Nirmal et al., 2009) which was attributed to the buffering effect of seawater. A narrower range of 7.77 – 8.53 was recorded in the Pra estuary in Ghana (Tufuor et al., 2007). The pH recorded at the peak dry season in this study was significantly lower than the peak wet season. Higher pH values during the dry season than the wet season contrary to the findings in this study have been recorded in other estuarine systems (Akpan et al., 2002; Jalal et al., 2012 and Sushanth and Rajashekhar, 2012). Minimal vertical variations in pH could be the result of the shallowness and constant mixing of the estuarine water.
One of the most noticeable characteristics of tropical estuaries is their relatively high turbidity (Blaber 2000). The higher turbidity during the minor and major rainy seasons in both estuaries could be attributed to land runoff bringing along suspended matter which is in agreement with the assessment that turbidity is generally inversely related to salinity and that turbidity is usually low in the dry season (Blaber 2000). Bioturbation at the bottom of the estuaries as well as sinking of particles from the surface could explain the higher turbidities at the bottom compared to the surface values recorded in the present study.
[bookmark: _Toc340832378]
Conclusions
The seasonal variations in temperatures in both estuaries reflect the climatic conditions the two estuaries are subjected to. The progressive decrease in salinity from the mouth of the estuaries upstream is typical of estuaries and the higher dry season salinities compared to the wet season reflect characteristics of tropical estuaries. Higher salinities at the bottom than the surface suggest that these two estuaries are positive. Saltwater penetrated over a longer distance in the larger Nyan estuary than the smaller Kakum estuary at the peak dry and wet seasons supporting the assertion that the size of the estuary plays a role in tidal forcing. Temperature and DO concentration were uniform vertically in both estuaries. The pH of the two estuaries ranged between slightly acidic to slightly basic range which is typical of estuarine systems. Turbidity was higher in the wet season months than the dry season months and higher at the bottom than the surface. With the exception of salinity and turbidity which exhibited some degree of vertical variations, the shallowness of the two estuaries could account for the lack of vertical stratification in the other hydrographic factors. The emerging oil industry off the west coast of Ghana requires periodic monitoring of the hydrography of these and other similar water bodies as a means of checking its possible impact.
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