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Table 4.4: Tidal Variations in Physicochemical Parameters of Densu estuary for the Study Period 2019-2020

Range Mean + S. E
Parameter High Tide Low Tide Overall mean High Tide Low Tide tt p
Temperature (°C) 24.04-30.96 26.00-34.74 28.83 + 6.43 28.61 + 072 29.05 + 0.95 -0.37  0.71
- - *
Depth (m) 0.54-1.00 0.17-0.65 0.61 + 0.07 0.71 + 0.05 0.14 + 0.06 2.97 0.01
Total Dissolved 468.00-8801.00 51.40-3080.00 355058 + 790.24 63003.66+ 321.00 4461.20 + 211.00 -0.16  0.88
Substances(mg/L)
Salinity (ppt) 0.510-35.11 0.36-23.50 1.89 0.08
16.41 + 3.65 20.81 +3.70 12.01+ 2.79
Dissolved Oxygen (mg/L) 2.19-8.94 1.85-24.27 6.09 + 136 495 + 223 7934 293 -0.98 0.35
pH 7.50-9.47 7.43-9.18 0.66 0.52
8.07 £ 1.80 8.15 + 0.53 7.98 + 0.17
Conductivity (us/cm) 18.75-1666.72 1.92-2867.67 453.14 + 94.07 363.79 + 101.21 542 49 + 112.01 -0.49 0.64
Silicates (mg/L) 3.00-17.70 8.00-19.90 11.79 + 3.65 8.21 + 2.00 15.37 + 3.08 -2.29 0.04*
Chlorophyll a 1.26-11.49 2.19-3.78 1.46 0.18

445+ 1.04 5.82 £ 1.83 3.07 £ 0.38



Total Viable Counts (CFU/mlI) 41.00-98.00 19.00-99.00 64.36 = 10.58 75.56 * 3.42 53.17 + 3.62 1.87 0.08
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Table 4.4 cont’d: Tidal variation in Physicochemical Parameters of the Densu estuary
Range Mean

Parameter High Tide Low Tide Overall mean High Tide Low Tide t p
Escherichia coli (CFU/mI) 0.00-50.00 0.00-28.00 17.08 + 2.81 2233 + 3.43 11.83 + 1.81 3.39 0.01*
Arsenic (mg/L) 0.001-0.083 0.001-0.088 0.05 + 0.01 0.05 + 0.03 0.04 + 0.02
Lead (mg/L) < 0.0001-0.068 <0.0001-0.032 0.03 + 0.01 0.04 + 0.01 0.01 + 0.009 1.69 0.12
Cadmium (mg/L) 0.051-0.062 0.043-0.088 0.05 + 0.01 0.042 + 0.01 0.06 + 0.02 -1.20 0.26
Mercury (mg/L) <0.001 < 0.001 < 0.001 <0.001 <0.001
Total alkalinity (umol/kg ) 99.91 -1508 509.54-1511.01  936.42 + 10461  955.25 + 116.95 527.82 + 26.3 -0.06  0.95
Total carbon dioxide (TCOz),  67.53 — 2052.73 305.94-1334.51 834,62 + 11157 846.73 + 128.70  471.72 + 19.90
Carbon dioxide fugacity (fC0,)  -14.46-18894.27 57.92-528.27 1657.67 + 948.23 200359 + 115.08 195.77 + 21.88
Carbonates -0.37-117.35 22.26-147.78 63.59 + 21.26 84.69 + 17.59 74.14 + 12.69 -0.76 0.46
Carbon dioxide -0.01-613.93 3.14-8.57 106.71 £ 101.45  6.30 £ 0.93 56.50 £ 7.24 0.99 0.37
Buffer alkalinity 0.96-90.22 2.26-8.07 61.98 + 14.58 32.57 + 10.60 47.28 + 9.04 1.64 0.14



Aragonite -0.01-2.01 0.39-2.65 1.07 + 0.36 151 + 0.32 1.29 + 0.22 -0.91 0.39
Calcite -0.01-2.75 0.68-4.11 163+ 0.53 247 + 048 2.05 + 0.34
Hyxroxyl ions 0.07-13.02 3.31-16.69 7.59 + 1.88 7.13 + 1.99 7.35 + 1.24 0.17 0.87

+ Implies standard error of means; ‘t” is Wilcoxon rank sum t test value, p is the significant level of 0.05, Asterix on the p value shows p < 0.05
thus significant difference from one another.
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At low tide, mean water temperature was 29.05 + 0.95, total dissolved substances,
salinity, dissolved oxygen, pH, conductivity, chlorophyll a, total viable counts, and
faecal coliform were 4461.20 + 211 mg/L, 12.01+ 2.79ppt, 7.23+ 2.23 mg/L, 7.98 +

0.17, 542.49 £ 112.01 ps/cm, 3.07 £ 0.38, 53.17 + 3.62 CFU/ml, and 28.56 + 3.46

CFU/ml respectively.

Among the metals, the monthly concentrations of arsenic was 0.04 + 0.02 mg/L, Lead
0.01+ 0.009 mg/L, cadmium 0.06 + 0.02 mg/L and mercury was <0.001 mg/L. The
variations in estuarine acidification factors were, total alkalinity 527.82 + 26.3 pumol/Kkg,
total carbon dioxide 471.72 + 19.90, carbon dioxide fugacity 195.77

21.88, bicarbonates 840.79 = 104.75 umol/kgSW, carbonates 74.14 + 12.69
pmol/kgSW, carbon dioxide 56.50 + 7.24, aragonite 1.29 £ 0.22, calcite 2.05 + 0.34,
buffer alkalinity 47.28 + 9.04 pmol/kgSW, XC0,2111.18 + 76.45, silica alkalinity 3.85

+ 0.84 umol/kgSW, revelle factor 9.07 £ 1.28 and hydroxyl ions 7.35 + 1.24.

4.4.4 Relationship between Physico-Chemical Factors, Relative Abundance and

Morphological Characteristics of the West African Mangrove Oyster

The focus of the CCA was to relate environmental data with biological data with no

emphasis on stations (Fig 4.2).

The output of the canonical correspondence analysis is shown in Table 4.5. The overall
inertia or variance (in abundance and size) in data set, was 0.17007. The variance
explained by the environmental variables (gradients matrix) was 0.14836 (87.2%). The

variance in unexplained (unconstrained) was 0.02172 (%) .
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The "Proportion” values represent the percentages of variance in biological data

explained by Constrained (environmental) and Unconstrained variables.

Table 4.5: Constrained and Unconstrained Variance Output

Inertia Proportion Rank
Total 0.17007 1.00000
Constrained 0.14836 0.87231 5
Unconstrained 0.02172 0.12769 3

Inertia is scaled Chi-square

In Table 4.6 the first two axes (CCAl = 0.12007; 80.9% and CCA2 =
0.02486;16.75%) of the CCA ordination analysis accounted for 97.5% variances in
oyster size and abundance in relation to the predictive variables.

Table 4.6: Eigenvalues for Constrained and Unconstrained Axes
Axes/Eigen values Constrained Unconstrained

Axes CCAl CCA2 CCA3 CCA4  CCA5 CA1 CA2 CA3
Eigen 0.12007 0.02486 0.00318 0.00017 0.00007  0.013394 0.007496 0.000827

Table 4 .6 shows result of the permutation tests (ANOVA) for determining significant
differences in CCA model, the CCA terms (environmental variables), and CCA axes in
explaining more variance of size and abundance (observations) matrix than expected by
chance is shown in Table 4.7. There was significant difference in the model (p = 0.05).
Among the terms, the influence of total alkalinity in the total variance in oyster size and

abundance was significant (p = 0.004). The first axes
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(CCAL) significantly (p = 0.0048) contributed to the variance in biological data.

Table 4.7: ANOVA Summary of the CCA Model

Df Chi Square F Pr (>F)

Model 6 0.148356 3.4157 0.051
Residual 3 0.021717

Signif. codes: 0 “***’ 0.001 “**’ 0.01 “*> 0.05°°0.1 "1

Model: cca (formula = spe ~ Temp + Fc + Ta + Tco + Fco + Ar, data = env)

Table 4.8: ANOVA summary of the Canonical Correspondence Analysis (CCA)
Terms Df ChiSquare F Pr (>F)

Temperature (Temp) 1 0.024412 3.3723 0.103
Faecal coliform (fc) 1 0.002739 = 0.3783 0.679
Total alkalinity (Ta) 1 0.093444 ~ 12.9085 0.004 **
Total carbon dioxide (Tco) 1 0.004498 0.6214  0.535
Fugacity carbon dioxide (Fco) 1 0.014114 19497  0.208
1 0.009150 1.2640 0.305

Residual 3 0.021717

Aragonite (Ar)

Number of permutations: 999

* Denote significant difference at p<0.05; where fc=faecal coliform, Ta=Total
alkalinity, TcO= Total carbon dioxide, carbon dioxide fugacity and Ar= saturation
state of aragonite
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Table 4.9: ANOVA Summary of the Canonical Correspondence Analysis Axes

AXis Df ChiSquare F Pr(>F)
CCA1l 1 0.120074 22.1164 0.048 *
CCA2 1 0.024865 4.5798 0.570
CCA3 1 0.003179 0.5856 0.999
CCA4 1 0.000171 0.0314 1.000
CCA5 1 0.000067 0.0124 1.000
Residual 4 0.021717
From Figure 4.2, faecal coliform, carbon dioxidefugacity and

Temperature collectively influenced Shell width and Shell length. Total alakalinity of
the Densu estuarine water influenced shell height, condition factor and shell width

whereas, total carbon dioxide and Aragonite affected CPUE.

Using CCA 1, the coefficient of total alkalinity (ta), faecal coliform (Fc), Carbon
dioxide Fugacity (Fco) and Temperature (Temp) were -0.656, -0.344, -0.138 and -

0.246 respectively, While, the coefficients of total carbon dioxide (Tco) and aragonite
(Ar) were 0.654 and 0.210 (Table 4.10). Similarly, Shell weight, condition factor, shell
height, shell length and shell width recorded coefficient values of -0.174g, 0.150, -
0.172cm, -0.107cm and -0.042cm respectively. The coefficient value of relative
abundance (CPUE) was 0.234. The positive coefficient value indicates an increasing
gradient while a negative coefficient shows a declining gradient (Table 4.10). This
implies that decreases in faecal coliform, carbon dioxide fugacity and temperature

resulted in declining shell width and shell length.

A decline in total alkalinity yielded a reduction in shell height, condition factor and shell
width. However, increasing total carbon dioxide and aragonite leads to an increase in

Catch Per Unit Effort.
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Table 4.10: Eigen Values of Variables and Axis Generated from CCA

Variables Axis 1 AXis 2 Axis 3 Axis 4 AXxis 5
Sw -0.174 -0.153 0.107 -0.012 0.038
Sh -0.172 0.020 0.076 -0.050 -0.017
Sl -0.107 -0.098 0.070 0.056 -0.020
Swt -0.042 0.144 0.044 0.018 0.008
Cf -0.150 -0.007 -0.046 0.000 0.001
Cpue 0.234 -0.012 -0.004 -0.003 0.000
denstl 0.826 -1.330 3.567 0.248 -5.977
denst2 -1.356 -1.039 -3.248 -0.339 -1.381
denst3 -0.155 -0.847 -0.582 -1.692 -5.825
denst4 -2.333 0.787 1.059 -0.761 1.768
denst5 0.268 4.246 1.549 4.129 7.337
denst6 1.674 -0.651 -1.188 -2.493 -2.122
denst7 0.088 1.196 -2.098 0.526 2.528
denst8 0.326 -2.156 0.381 0.141 2.804
denst9 0.087 -0.837 0.099 1.678 1.054
denst10 -0.432 -0.376 2.306 -2.091 -2.840
Temp -0.246 -0.346 -0.380 -0.374 -0.185
Fc -0.344 -0.265 0.058 -0.413 -0.140
Ta -0.656 0.286 -0.260 0.126 0.072
Tco 0.054 0.092 0.049 -0.428 -0.345
Fco -0.138 -0.305 -0.247 0.029 -0.269
Ar 0.210 0.179 -0.375 -0.169 -0.181

Where sw = shellwidth, sh = shell height, sl = shell length, swt=shell weight, cf =
condition index, cpue = catch per unit effort, denst = Densu stations; Temp =
temperature, Fc = faecal coliform, Ta=total alkalinity, TcO=total carbon dioxide, carbon

dioxide fugacity, ar= saturation state of aragonite.
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Figure 4.2: Canonical Correspondence Analysis Ordination Plot Relating Oyster
Abundance and Morphological Features with Physico-Chemical Factors
of the Densu estuary Estuary, Ghana (2019-2020)

445 Results on Multiple Linear Regression Models on Factors Influencing C.
tulipa Size and Abundance

Models were developed to ascertain the influence of predictor variables obtained from

the CCA model on size and relative abundance of the West African Oyster in Densu

estuary.

Variations in size, abundance and condition index of C. tulipa is shown in Table 4.11.
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Table 4.11: Descriptive Statistics of Biological Parameters of the
Mangrove Oyster in Densu

Biological parameter Range Mean + S. E
Shell Width (cm) 1.00-3.00 353 + 0.178
Shell Height (cm) 3.44-8.24 6.11 + 0.28
Shell Weight () 7.70 -66.70 19.17 £ 4.16
Shell Length (cm) 2.24-5.13 2.24 + 513

Relative Abundance (CPUE) 15.00-500.00 15.00-500.00
Condition factor 30.00-300.00 30.00-300.00

SE denotes standard error of means

4.4.5.1 Predictive Shell Height Model

The selection approach to determine the relationship between shell height and
Physicochemical Parameters were done using the AIC method in R (Table 4.12 & 4.13).
The predictor variables that significantly explained shell height were total carbon
dioxide and carbon dioxide fugacity (Table 4.14).

Table 4.12: Model Selection from the Akaike Information Criterion
(AIC) for Predicting Shell Height of C. tulipa In Densu

estuary (2019,2020)
Model Models AlC
Identifier
Mod1 Im(h~temp+ta+fc+tc02+fcO2+ar) 71.35277
Mod2 Im(h~temp+fc+tc02+fc02) 69.66195
Mod3 Im(h~temp+fc) 77.32984
Mod4 Im(h~temp) 80.17471

*Definition of abbreviations: h=shell height, temp= Temperature, FC=faecal coliform,
tc0.= Total carbon dioxide, AIC= Akaike Information Criterion
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Table 4.13: Model Summary Relating Shell Height and Physicochemical Parameters of
the Densu estuary(2019,2020)

Model R R square Adjusted R Std Error of P value
squared the estimates
2 0.5226 0.465 0.4102 0.01015

Table 4.14: Regression between Predictor Variables and Shell
Height in Densu (2019, 2020)
Model officients  t significant 95% .onfidence

Estimate Std Interval
error

Lower  Upper
Bound Bound

Intercept -1.106e- 4.223e+00 2.618 0.0342 1.9975 0.02024

+01
Temperature  -1.893e-01 1.394e-01 _ 0.1921 -0.4880 0.1141
1.358
faecal coliform -6.673e-02 7.378e-04 - 0.004159* -0.1094 -
3.308 0.02026
Total carbon  2.933e-03 7.378e-04 3.976 0.000978* 0.0014 0.0050
dioxide
Carbon -2.556e-04 8.343e-05 - 0.007042* -0.00048 -
dioxide 3.063 8.0281e05
fugacity

*Indicates significant at p < 0.05

In Table 4.13, model 2 significantly (p = 0.01015) best describes the relationship from
the AIC (69.66). As faecal coliform increases by one coliform forming unit, shell height

of the West African Mangrove Oyster decreases by 0.006.673 cm.

For every one unit rise in total carbon dioxide and carbon dioxide fugacity, shell height

increases by 0.0029933 cm and decreases by 0.0002556 cm respectively (Table 4.14).
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The coefficient of determination, R?, of the predictor variables, faecal coliform, total
carbon dioxide and carbon dioxide fugacity against shell height was 0.5226 indicates
that 52.26% of the variations in shell height was explained by faecal coliform bacteria,
total carbon dioxide and carbon dioxide fugacity (Table 4.13). Thus, knowing faecal
coliform, total carbon dioxide and carbon dioxide fugacity, shell height of the West
African oyster of the Densu population in Ghana could be predicted. The regression

model to ascertain shell height was represented as follows:

Shell Height = -0.006.673 Faecal coliform - 0.002933 Total carbon dioxide -

0.0002556 carbon dioxide fugacity

The model could best be generalised from the adjusted R? value of 0.4102, which is
close to the R? value of 0.5226. Therefore, if the model were derived from the
population rather than a sample it would account for approximately 11.24% less

variance in the outcome.

4.4.5.2 Predictive Shell Width Model
Table 4.15 shows the AIC selection of the model that best describes the relationship

between shell width with Physicochemical Parameters.

Model 2 significantly (p = 0.024) best describes the relationship from the AIC (28.78).
The significant predictor variables of shell width are faecal coliform, total carbon
dioxide and carbon dioxide fugacity (Table 4.16). As faecal coliform increases by one

coliform forming unit, shell width of C. tulipa decreases by 0.02cm.

For every one unit rise in total carbon dioxide and carbon dioxide fugacity, shell width
increases by 0.00089 cm and decreases by 7.221e-05 cm respectively (Table

4.17).
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The coefficient of determination, R?, of the predictor variables, faecal coliform, total
carbon dioxide and carbon dioxide fugacity against shell width was 0.4102 which shows
that 41.02% of the variations in shell width was explained by faecal coliform bacteria,

total carbon dioxide and carbon dioxide fugacity (Table 4.16).

The best, most prudent simple regression model for prediction of shell width was
represented as follows:
Shell Width =-0.02262 faecal coliform + 0.00089 Total carbon dioxide -

0.0000722 Carbon dioxide fugacity (Table 4.17).

Table 4.15: Model Selection from the Akaike Information Criterion (AIC) for
Predicting Shell Width of C. tulipa in Densu estuary (2019, 2020)

Model Identifier Models AlC

Mod1l Im(swd~temp-+ta+fc+tcO2+ar) 30.77034
Mod2 Im(swd~temp+fc+tc02) 28.78512
Mod3 Im(swd~temp+fc) 32.25880
Mod4 Im(swd~temp) 34.63023

Table 4.16: Model Summary of Shell Width and Physicochemical Parameters

Model R Adjusted R Std Error of P value
Square squared the estimates
2 0.4102 0.3225 0.4031 0.02476
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Table 4.17: Regression Analyses

Model Coefficients Std T significant
Estimate Error Std

Intercept -4.586 e-01 1.668e+00 -0.275 0.78668
Temperature 6.608 e-02 5.504e-02 1.201 0.24637
Faecal coliform  -2.262 e-02 7.967e-03 -2.840 0.01132*
Total carbon 8.911 e-04 2.914e-04 3.058 0.00711*
dioxide

Carbon dioxide  -7.221 e-05 3.295e-05 -2.191 0.0426 *
fugacity

The model could best be generalised from the adjusted R? value of 0.3225, which is
close to the R? value of 0.4102. Therefore, if the model were derived from the
population rather than a sample it would account for approximately 8.77% less variance

in the outcome (Table 4.16).

4.4.5.3 Predictive Condition Factor (CF) Model

Table 4.17 shows the AIC selection of the suitable model describing the relationship
between condition factor with Physicochemical Parameters. The appropriate Model
which significantly (p = 0.0112; AIC =248.0812) describes the relationship is model 1
(Table 4.17). The significant (p = 0.0198) predictor variable of condition factor is
saturation state of aragonite (Table 4.8). As aragonite content increases by one unit, the

tissue fatness of C. tulipa increases by 65.646 cm.

The coefficient of determination, R?, of the predictor variable, aragonite against
condition factor was 0.5743. This implies, 57.43% of the variations in condition factor

was explained by aragonite content.
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The best, simple regression model to predict condition factor was shown as follows:

Condition Factor = 65.646 Aragonite

The model could best be generalised from the adjusted R? value of 0.4412 which is close

to the R? value of 0.5743. Therefore, if the model were derived from the population

rather than a sample it would account for approximately 13.31% less variance in the

outcome (Table 4.19).

Table 4.18: Model Selection from the Akaike Information Criterion (AIC) for
Predicting Condition Factor of C. tulipa in Densu
estuary (2019, 2020)

Model Identifier Models AlC
Mod1l Im(cf~temp+fc+ta+tcO2+ar) 248.0812
Mod2 Im(cf~temp+fc+tc02) 253.7784
Mod3 Im(cf~temp+fc) 252.3816
Mod4 Im(cf~temp) 253.2515

Table 4.19: Model Summary of the Relationship between

Condition Factor and Physicochemical Parameters
Model R R square Adjusted R Std Error of P value
squared the
estimates
1 0.5743 0.4412 57.99 0.0112
squared the
estimates
0.5743 0.4412 57.99 0.0112
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Table 4.20: Regression between Predictor Variables and Condition
Index of C.tulipa in Densu (2019-2020)

Model Estimate afficients T significant Upper
Std error 5%
confidence
interval
Lower
Intercept 446.98806 296.11 1510 0.1507 -1.807302e+02 1.074706e+03
Temperature -11.897362 9.01336 - 0.2409 -3.507936e+01 8.8124e+00
1.218
faecal -0.995789  1.185028 - 0.4131 -3.50796e+00  8.652665e-02
coliform 0.840
Total carbon  -0.041766  0.060518 - 0.5000 -1.700584e-01  8.652665e-02
dioxide 0.690
Carbon 0.010500 0.007269 1.445 0.1679 -4.909338e-03  2.590994e-02
dioxide
fugacity
Aragonite 65.645480 25.357016 25.36 0.0198 * 1.189101e+01  1.194000e+02

*indicates significant at p<0.05

4.4.5.4 Predictive Relative Abundance (Catch Per Unit Effort) Model

The AIC selection of Model 3 describing the relationship between relative abundance

with Physicochemical Parameters is illustrated in Table 4.10.

The relationship between relative abundance with Physicochemical Parameters is

insignificant (p = 0.1342) (Table 4.21). The significant (p = 0.0345) predictor variable

of CPUE is temperature (Table 4.22). As surface water temperature increases by one

unit, the CPUE of C. tulipa decreases by 35.5197 (Kg/hr/fisher/day). The coefficient of

determination, R?, of temperature as a predictor variable against relative abundance was

0.2605. This signifies that 26.05% of the variations in abundance was explained by

temperature. And the remaining 73.05% not accounted for (Table 4.21).

The simple regression predictive model for CPUE was described as follows:
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Catch Per Unit Effort = - 35.51973 Surface Water Temperature

The model can best be generalised from the adjusted R? value of 0.1372 which is close
to the R? value of 0.2605. Therefore, if the model were derived from the population
rather than a sample it would account for approximately 12.33% less variance in the

outcome (Table 4.21).

Table 4.21: Model Selection Using the Akaike Information Criterion

Model Models AlC
Identifier

Mod1l Im(cpue~temp+ta+fc+tcO2+ar) 278.6818
Mod2 Im(cpue~temp+fc+tc02) 277.7810
Mod3 Im(cpue~temp+fc) 276.3143
Mod4 Im(cpue~temp) 276.4321
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Table 4.22: Summary of The Model Relating CPUE and

Physicochemical Parameters of the Densu estuary

t significant  95%

Model CoefficientsRelative Abundance in Densu confidence

Model EgiMdie R square Adjusted R Std Erfdfof P
error cauared tha ower \
1166.77527 470.10729 2.482  0.0232 * estingt%%GA'g 2154.43

Intercept

feperature  -35.51973 1553682 - 013790345 11368.1424 (4509

2.287

Fecal -2.35879 1.98033 - 0.2491 -6.5193 1.801

coliform 1.191

Total 0.06490 0.04812 1.349 0.1942 -0.0361 0.16599

carbon

dioxide

4.4.5.5 Predictive Shell Weight Model

The Akaike Information Criterion (AIC) selection of the best model (Mod 3) describing
the relationship between shell weight with Physicochemical Parameters is showm in
Table 4.24. The relationship between shell weight and Physicochemical Parameters is
insignificant (p = 0.1168) (Table 4.25). There was no significant (p > 0.05) predictor

variable (Table 4.25).
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Table 4.24 The Akaike Information Criterion Selection of Best Model to predict
shell weight of C tulipa in the Densu estaury

Model Models AlC
Identifier

Mod1 Im(swt~temp-+ta+fc02+ fc+tcO2+ar) 199.6225
Mod2 Im(swt~temp+fc+tc02) 197.7159
Mod3 Im(swt~temp-+fc) 196.0951
Mod4 Im(swt~temp) 198.0365

Temp=temperature; ta=total alkalinity, carbon dioxide fugacity; fc=faecal coliform;

tco2=total carbon dioxide; ar=aragonite

Table 4.25 Model Summary

Model R R square Adjusted R Std Error of P value
squared the estimates
3 0.2732 0.1521 18.37 0.1168
Table 4.26 Regression between Predictor Variables and Shell
Weight in Densu (2019-2020)
Model Coefficients t significant Lower upper
Estimate Std error
Intercept 140.0743356 75.928982 1.845 0.0816 -19.4465 299.595
Temperature  -4.546385 2.507963 -1.813 0.0866 -9.8154 0.72264
faecal -0.159612 0.319852 -0.499 0.6238 -0.8315 0.5123
coliform
Total carbon 0.014606 0.007772 1.879 0.0765 - 0.0309
dioxide 0.00172278

*Denotes significant at p < 0.05
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4.4.6 Relationship between size  of West African Mangrove
Oysterand Concentration of Contaminants
This section highlights the ability of C. tulipa to bio accumulate contaminants in the

Densu estuary estuarine environment for its use as a bio indicator of environmental

changes

4.4.6.1 Trace Metals

Figure 4.3 shows the mean concentrations of trace metals in different sizes of C. tulipa.
Small-sized oyster (2.5-3.59) tissues significantly (p < 0.05) bio accumulated Pb?? and
Cd than big- sized (4.5-5.49) tissues (Table 4.27). However, Hg concentrations in small

tissues was not significantly different (p = 0.50) from big oyster tissues.
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Figure 4.3 Mean concentration of A) pb B) Hg and C) Cd in C. tulipa tissues in Densu

estuary (2019-2020) (Error bars = standard error of means)

Table 4.27: Mean Concentration of Trace Metals in
Tissues of C. tulipa in Densu estuary

Trace Average Mean + S. E
metal Concentration
Small Big Small Big T p
pb 0.06 -0.07 0.008- 006 + 02.2-e3 002 4+ -122 0.02
0.01 0.01
Hg <0.001 <0.001 <0.01 <0.01 0.23 0.81
Cd 0.004-0.006 0.003- 0.005 + 0.0006 Q3> * -2.18 0.01
0.082

0.002

Small= sizes ranging from 2.5kg-3.4g and Big = 4.5-5.4g (FAO, 1998); S.E

indicates standard error of means

4.4.6.1 Bioaccumulation of Trace Metals and Health Risk Assessment
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Lead and mercury bio accumulated in C. tulipa tissues more (BAF > 1) than in the water
medium (Table 4.28). Cadmium concentration was more in water than was bio
accumulated in the tissues (BAF <1) (Table 4.28). The concentrations of the three
metals showed no potential health hazards (THQ <1; HI<1). The cancer risk limit for

lead was 0.082 and the cancer risk for a lifetime is 5.11 x 10™°.

Similarly, the total count of aerobic mesophiles (TVC), faecal coliform and
Escherichia coli bio accumulated more (BAF>1) in tissues than in the estuarine water
(Figure 4.4). The BAFs of total count of aerobic mesophiles, faecal coliform and

Escherichia coli were 12.81, 34.20 and 26.19 (Table 4.4).

Table 4.28: Bio indicator and Health Risk Assessment Indices of
C. tulipa in Densu estuary in Ghana (2019-2020)

Trace BAF Target hazard HI CR CRIim
Metal (kg/L) Quoefficient
Lead (pb) 1.50* 0.024 511 x 10-5 0.082
0.06
Mercury 20.77*
(Hg)
0.003
Cadmium 0.36
(Cd)
3.99045E-05
Asterix indicates BAF values > 1 indicate that the accumulation in the organism
is > the medium
40
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Figure 4.4: Bio accumulation Factors of Microbial Contaminants in
C. tulipa, Densu estuary (2019-2020)

Figure 4.4 illustrates the bio-accumulation factor of faecal coliform, Escherichia coli
bacteria and Total viable counts studied. C. tulipa tissues bio accumulates these

contaminants in its tissues more than the water medium (BAF >1).

4.4, Discussions

4.4.1 Monthly Variations in Physicochemical Parameters
Table 4.2 shows monthly changes in physico-chemical parameters of the Densu estuary.
Monthly water temperature ranged between 24.04-34.74 °C with a mean value of 28.83

+6.43 °C.

The monthly variations in temperature (24.04-34.74 °C) in Densu is similar to what was
recorded in Pra (27-32 ©°C) and Benya (27-32) by Obodai et al. (1996) and Butuah (32.9
©C) estuary by Okyere et al. (2011) in Ghana. The slightly higher temperature in this
study may be possibly due to the time of sampling, shallow water depth, low water
volume and freshwater input from land drainage. Considering the range in depth of
about 0.54-1.00 m, the Densu estuary estuary can be classified as a shallow system. Due
to its shallowness, there is much absorption of sunlight deep to bottom waters thereby

could explain the higher temperatures observed in this study. Earlier studies on the
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Densu estuaryic system by Biney (1990) showed a range in temperature from between
27-33 °C and 26-33 °C by Enstuah-Mensah (1998) and a depth of 0.4-

4.8 m and 0.8-3.8 m respectively. The decline in depth in recent times according to
Atindana et al. (2016) could be a resultant effect of siltation.

In this study, the neutral to slightly basic (7.43-9.47) Densu estuarine water had total
dissolved substances and dissolved oxygen levels ranging between 51.40-8801 mg/L
and 1.85-24.27 mg/L respectively. In 1990, Biney observed dissolved oxygen levels of
between 3.5-8.4mg/L while in 1998, Entua Mensah reported values between 3.0-

8.4 mg/L. Denuitsui et al. (2011) recorded a pH of 7.5 and a TDS of 80-1750 mg/L.

The relatively more oxygenated water and higher pH levels in this study, suggests the
occurrence of natural processes such as wind mixing and less decomposition activities
in regulating these factors. The pH regime falls within the designed range of 6.5-9.4 for
brackish systems by WHO (2007) and also the acceptable limits for growth and survival
of oysters. However human activities that may likely alter the pH of the water need to
be controlled. According to NERR (1997), In tropical estuaries, pH remains fairly
constant because dissolved carbonate ions present in seawater tend to minimize or
buffer pH changes by reacting with the ions that alter pH. The range and mean carbonate
ions in the Densu estuary fell between -12.75-183.55 (70.62 +16.20).

The mean TDS of Densu estuary estuary was 80-1750 mg/L and therefore comparable
to that reported by WHO (Ref. date?) for estuaries (3394 and 2849-3450 mg/L) can
be classified as being less turbid. The mean value of 3550 mg/L is suggestive of cloudy
water. However, in relation to past records on the system, the findings of this study on
TDS of Densu water is an indication of turbid conditions. The amounts of dissolved

substances play a crucial role in filter feeding bivalves as this has the ability to clog
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their gills and impede on feeding. The ability of the water to absorb sunlight for

photosynthetic processes can be altered by suspended particles.

This phenomenon of higher levels of dissolved substances according to Fincham (1984)
IS common in estuaries than in adjacent open sea, because suspended materials in
estuaries are derived from the river, the sea and from the reworking and resuspension
of particles by currents and tides. Suspended particles in estuarine turbid waters can be
removed by flocculation and coagulation induced by the increase in salt concentration
seaward in the estuary (Chou & Wollast, 2006). This phenomenon is observed usually

at a salinity of 5 ppt associated with a turbidity maximum.

The work of Biney (1990) revealed salinity levels of 2-28 ppt while in this study,
Salinity varied between 0.36-35.11 ppt. The findings of this work corroborate with
reports by Obodai et al. (1996) on the Benya (30-40%o0) and Obodai et al. (1996) and
Okyere (2019) on the Pra estuary (0 — 29%o and 30.0%o and 35.0%o) respectively. The
increasing salinity levels in this current study from the assertion of Chumkiew et al.
(2018), may be attributable to the location of the estuary, daily and storm-driven tides,
and the volume of fresh water flowing into the estuary.Salinity is highest near the mouth
and therefore the closer the estuary is to the mouth, the higher the salt content.
Incidences of storm driven tides brings with it, high volumes of saline water from the
sea into the estuary thereby incresing the salt content of the water. Also, reduction of

freshwater input implies less dilution of saline waters resulting in high salinity levels.

C. tulipa thrives well under high salinity levels. The range of salinity of the Densu
estuary is suitable for growth and survival of the mangrove oyster. Low salinities (below

10 ppt) have been documented to be the major cause of mortalities, reduced growth,
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recruitment and reproduction among oyster populations in Louisiana and the Gulf of

Mexico, (Cake, 1983; Chatty et al., 1983; Pollack et al., 2011).

Silicate ions concentration in the water were from 3-19.90mg/L and chla were
1.2611.49mg/L. In earlier studies, Biney (1990) recorded mean and average silicate
levels of 5.12mg/L and Entua Mensah (1998) found 1.7-17.6mg/L. This corroborates
with reports of the pearl (6.5981mg/L) and Liaohe estuary (0.78-17.26mg/L) in China
and Sdo Marcos Bay (0.043-0.093mg/L) in Brazil (Long et al.2020) and Nagavali
(Santos et al., 2020). The range of values for silicates level in Densu conforms with the
range set by WHO (2005) for brackish systems. The oyster feeds feed on diatoms a
group of phytoplankton which require silicates to build its frustules.

The abundance of silicates in the system is an indication of suitable environmental
conditions for the growth of diatoms. Therefore, the proliferation of Densu estuary with
diatoms will will result in food availability and enhanced growth of the WAMO.
Total viable counts of aerobic mesophiles (TVC),coliforms (faecal coliforms and
Escherichia coli) were 19.00-99.00 CFU/ml, 0.00-55.00CFU/ml and 0.00-50.00
CFU/mI respectively. Karikari & Ansa-Asare (2006) found the mean counts of total
coliform bacteria to be between 1136 and 1880 CFU/100 ml while the faecal coliforms
ranged between 336CFU/ml and 739 CFU/ ml in the Densu river suggesting high
microbial load of the river water. Despite the relatively lower microbial counts in the
Densu estuary, the presence of these organisms is a threat to oyster growth and human
life. The use of the system as a place of convenience by inhabitants need a redress. The
release of human excreta directly into the system is a possible source of contamination.
Similarly, the concentration of trace metals of arsenic, lead, cadmium and mercury
ranged from 0.001-0.088mg/L, < 0.0001-0.068 mg/L, 0.043-0.088 and <0.0001mg/I.

Except for Hg which fell within acceptable limits (0.001), arsenic, cadmium and lead
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were above recommended limits of 0.010mg/kg, 0.005mg/kg and < 0.0015mg/Kg
respectively (EPA,2013). Pb is known to affect vascular, renal, hematopoietic,
reproductive systems and cause metabolic poison in aquatic organisms (Mielke et al.,
2007). High levels of Cd and As is known to decrease DNA repair capacity and

cytological effects on oysters.

4.3.2 Seasonal Changes in Physicochemical Parameters

Mean water depth, cadmium, total alkalinity, pH, carbon dioxide, lead, TCOg, fCO,,
chlorophyll a and xc02 were significantly higher (p < 0.05) in the wet season than the
dry season. During the wet season, water inputs from rains primarily could be the cause

of higher water depth (5.29 £ 0.25 m).

Changes in pH 97.94 £ 0.04), during rains may be governed by the dilution of weathering
products by rain, and also are compensated by the increased weathering flux and other
sources during wet seasons. Similar to the works of Joesoef et al. (2017) in Delaware
estuary and Perero et al. (2016) of the coastal river in Sri Lanka, pH was observed to be
as high as 8.8 and 8.9 respectively and during the wet season than the dry period. In
relation to total alkalinity, the Densu estuary recorded mean values as high as 1115.32
+ 104.69 in the wet season and as low as 911.79 £ 27.80 in the dry

season

Similarly, maximum total alkalinity was observed in the wet season in the studies of
Gaspar et al. (2018) in estuary plumes (Brazil) and Delware estuary (US) were 6221859

and 189-2000 umol kg respectively. Contrarily, low TA values were observed during
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the wet season (<65 umol kg ") and high values during droughts in Sri Lanka by Perero

et al. (2016).

Disparity in mean concentrations of total alkalinity suggest losses due to nitrification
and intake through aerobic respiration, sea level rise and carbonate dissolution. Also,
the observed alkalinity decrease may be caused by decline in precipitation due to
drought resulting in reduced riverine alkalinity export, freshwater diversion for human

consumption, and calcification in these bays.

The mean total alkalinity levels of the Densu estuary estuary was between 99.91-11511
pmol/kgSW (998.20-115000.49mg/L). According to Jury et al. (2013) the total

alkalinity of estuaries ranges between 30-116 mg/L.

The higher concentrations of TA in Densu is an indication of the system’s strong ability
to neutralize acids particularly carbonic acids which is a main driver of estuarine

acidification.

In furtherance to that, recent concerns are that in the 21st century, seawater buffering
capacity is expected to decline as a result of increasing carbon dioxide and the
subsequent decrease in pH (Hofmann et al., 2006; Egleston et al., 2010; Hagens et al.,
2014). As a result, one would predict a greater seasonal pH variability (Frankignoulle,

1994; Egleston et al., 2010 as cited in Jury et al., 2010).

Also, at Densu, mean concentrations of carbon dioxide, lead, TCO,, fC0, and
chlorophyll a was significantly higher in the wet season than the dry season. Seasonally,
maximum mean pCO0, was found during flooding period in Aby and Tendo lagoon in
Ivory Coast (Kone et al., 2009). Though these observations were similar to conditions

at Densu, mean, negative values in this study are an indication of reduced pC0z and a
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resultant effect of increase in pH. In addition,pPartial pressure of carbon dioxide (pCO0y)
in Densu ranged between -14.50-10612.63 patm similar to a value of 487-9160 patm
by Oliveira et al (2015). According to Gazeau et al. (2013) increase in pC02 ensures less
dissolution of calcite saturated shells of calcifying organisms such as oysters. Elevated
pCO02 may promote phytoplankton growth, and potentially alleviate carbon limitation

during dense blooms.

Total alkalinity (1115.32 = 104.69), carbon dioxide (6.70 = 1.37), TCO> (1080.00 £

118.45), fC02 (2956.37 + 72.97), and xc02 was 220. + 33.73 (Table 4.3).

The dry season values were; depth (4.32 £ 0.03), cadmium (0.04 £ 0.01), total alkalinity
(911.79 + 27.80), pH (7.82 £ 0.12), carbon dioxide (4.55 + 1.89), total viable counts
(83.25 + 5.96), total carbon dioxide (753.27 £ 44.00), carbon dioxide fugacity (178.47

+ 11.23), chlorophyll a (3.12 + 0.58) and xc0, (187.70 £ 76.40).

Furthermore, for cadmium, the Densu system value for the wet period was 0.05 + 0.01,
similar to Duncan et al (2018) in their study of the river Pra tributaries in Ghana, where
concentrations were higher during the wet season than the dry season. In contradiction,
Monbet (2004) in the Morlaix river estuary in France, found higher values of cadmium

(0.04-0.48mg/kg) in the dry season.

In the investigation of Neto et al. (2015) of the Delware estuary in Brazil, higher
concentrations of chlorophyll a were found in the rainy season (0.721mg/m3) and lower
in the dry season (0.376 mg/m3). The considerably higher mean values of chlorophyll
a (3.66 £ 0.40 units) in the Densu system is an indication of relatively high primary
productivity. Surface water temperature, total viable counts, total dissolved substances,
lead, aragonite and buffer alkalinity were significantly higher (p < 0.05) in the dry
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season than the wet season. The mean values of water temperature, Total viable counts,
total dissolved substances, lead and buffer alkalinity were 30.78 + 0.83, 83.25 + 5.95,
3083 + 12.25, 19.27 + 2.00, 0.05 + 0.01, 79.98 + 30.74, 1.41 + 0.55 and 68.91 £ 10.85
respectively in the dry season.

Surface water temperature, TVC, TDS and buffer alkalinity were higher (27.49 + 0.25,
65.59 + 10.90, 17386 + 15.90 and 36.46 + 3.73 respectively) during the dry season than
flooding periods. Wet season values were, water temperature (27.49 = 0.25), Total
viable counts (65.59 £ 10.90), total dissolved substances (17386 + 15.90), lead (0.03 +
0.01) and buffer alkalinity (36.46 = 3.73). Dry seasons are characterized by prolonged
exposures to sunlight with its resultant effects being increased surface water
temperature, high solubility of solids and conducive environments for the growth of
disease-causing microbes. According to several authors (Barnes & Mann, 1995;
Howland et al. 2000; Zuma, 2010; Fatema et al., 2014) variability in temperature is a
main driving force influencing water chemistry of estuaries.

Lead content in the Densu estuary estuary was higher during the wet season which
contradicts the assertion by Rumanta (2014) in Jakarta Bay in Indonesia where Pb
content was much higher in the dry season. The high concentrations in this study, may
be attributable to high solubility during rains. According to Rumanta (2014) lead is less
soluble if pH < 5. The pH of the delta was greater than 5 (7.94+ 0.04) and therefore
favorable for the solubility of contaminants like lead. This explains high concentrations

even during the dry periods of the year where losses due to evaporation could be high.

Total dissolved substances, lead, aragonite and buffer alkalinity were significantly

higher (p < 0.05) in the dry season than the wet season. The mean values of water
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temperature, total viable counts, total dissolved substances, lead and buffer alkalinity
were 30.78 + 0.83, 83.25 £ 5.95, 3083 + 12.25, 19.27 + 2.00, 0.05 + 0.01, 79.98 =

30.74, 1.41 £ 0.55 and 68.91 * 10.85 respectively in the dry season.

The high buffer alkalinity values during the dry season (68.91 + 10.85 pmol/kg SW)
may be explained by high dissolution of bedrock of the estuary. Estuaries according to

Howland et al. (2020), have naturally low pH buffering capacity.

4.3.3 Tidal Influences on Physicochemical Parameters

Water depth, E coli and revelle factor were significantly higher (p < 0.05) at high tide
than low tide. Mean water depth was 0.71 + 0.05 at high tide and 0.14 £ 0.06 at low
tide. The levels of e coli at high and low tide were 22.23 £ 3.43 and 11.83 + 1.81
respectively. Revelle factor was 11.79 + 1.13 at hightide and 9.07 + 1.28 at low tide.
Conversely, mean silicates level was significantly higher (p<0.05) at low tide (15.37 =

3.08) than at high tide (8.21 + 2.00).

Water depth varied from 0.71 £ 0.05 at high tide and 0.14 £ 0.06 at low tide. Increase
in water depth may be due to saline water influx from the ocean. In the Black estuary
in UK and Australian’s microtidal estuary, high concentration of E coli in waters during
strong currents (high tide) overlying oyster beds (Javoanonic et al., 2017; Florini et al.,
2020), indicative of a freshwater input of faecal pollution in oyster bed waters, increased
resuspension of estuarine sediments during low tide and salt water intrusion due to die
off related processes . High counts during high tides in Densu may be due to inputs
from ocean waters. Tidal forcing transports debris and materials which may be potential

sources of microbial contamination.
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The Revelle factor (buffer factor) from the Welch t test was higher during hightide
(11.79 + 1.13) than low tide (9.07 + 1.28) at the Densu system. Increased buffering
capacity of the system at high tidal forcing is attributable to higher dissolution of
limestone containing bedrock and influx of municipal wastewater from the Weija dam
likely to contain large amounts of calcium and bicarbonates. According to Grochowska
(2020), lake contamination is capable of shaping the specific buffer conditions of

surface waters.

Conversely, mean silicates level was significantly higher (p<0.05) at low tide (15.37

+ 3.08 mg/L) than at high tide (8.21 + 2.00 mg/L).

Brackish estuaries according to WHO (2007) have silicates level of about 25 mg/L.
Therefore, the concentrations in Densu estuary fall within the accepted limits. Silicates

play an essential role in regulating the buffer capacity of water.

In the Densu estuary, freshwater input from the two inlets (Weija dam and the
artificially created inlet) could have contributed to releasing silicate ions into the delta
at low tide. According to Chou & Wollast (2006) dissolved silica (DSi) is more
concentrated in rivers than in the ocean. Therefore, the variations in silicates level at
different tides is possibly due to it being abound in freshwater (during low tide) and low
in the sea (during high tide). Low silicates concentration at high tide might also be as a
result of removal by phytoplankton. And aquatic siliceous organisms such as diatoms,

radiolarians and sponges.
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Silicate losses due to abiotic processes namely reactions of silicates with dissolved
substances such as clay, formation of colloidal silica due to increase ionic strength
during mixing of seawater and freshwater, low biological activity due to environmental
stressors and adsorption of silica on ferrihydrites occur in estuarine systems are
potential contributors to the observations in this study. In estuaries, these abiotic factors
are significant in the water column under optimal conditions such as low salinity (0-
5ppt), high concentrations of suspended matter and silicates and concurrent rapid
increase in salinity for uptake to occur. Biney (1990) in a study of the Densu river, a
tributary to Densu estuary, recorded mean and average silicate levels of 5.12 mg/L and
1.7-17.6 mg/L respectively. The Silicate concentrations were higher in the rainy season

than the dry season. In this study, mean silicates level at both tides was 11.79 + 3.65.

The considerably higher values in this present study could be due to occurrences of both
biotic and abiotic processes over the years and is an indication of a high productivity of

the Densu estuary.

Mean water Temperature, Dissolved oxygen, Chlorophyll a, Conductivity, Salinity,

Total Dissolved Substances, pH, Total Viable Counts, faecal Coliform, Arsenic, Lead,
Cadmium, Mercury, Aragonite, Calcite, Total Alkalinity, Total Carbon Dioxide,
Fugacity carbon dioxide, Bicarbonates, Carbonates, Carbon dioxide and Buffer

alkalinity, did not show any significant differences (p > 0.05) during tidal changes.

The Densu estuary is a shallow system (0.54-1.00m at high tide and 0.61-0.65 at low
tide) as such the indifference in most Physicochemical Parameters at low and hightide
may be due to depth. Water depth, according to Grochowska (2020) is a critical factor

controlling variability in water quality of coastal wetlands.
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4.4.4 Relationship between Physico-Chemical Factors, Relative Abundance and

Morphological Characteristics of the West African Mangrove Oyster

From the CCA, faecal coliform, carbon dioxide fugacity and temperature collectively
influenced shell width and shell length. Total alkalinity influenced shell height,
condition factor and shell weight whereas, total carbon dioxide and aragonite affected

CPUE.

Mean concentrations of faecal coliform, carbon dioxide fugacity and temperature

resulted in declining shell weight and shell length.

This contradicts with Nour (2020) in a study of oysters in Egypt where a positive

correlation was observed between level of contaminants and size.

Dickie et al. (1984) demonstrated that a strain of mussels growing in their native harsh
environment had a significant growth advantage over those transplanted. In Louisiana
results demonstrate that under optimal conditions of high temperature and reduced

salinity, Crassotrea gigas experienced reduced mortality and fast growth rates.

Similarly, shell growth of pearl oyster increased with temperature (Latchere, et al.,
2018). Declines in partial pressure of fugacity carbon dioxide results in an increase in
pH and more alkaline conditions favorable for the growth and development of C. tulipa
shells. According to Rudd et al (2013) in a study of C. virginica in Florida, short-term
immediate exposure to increased acidity does not induce a substantial decline in shell
size. Consequently, prolonged increases in pH due to declines in fugacity carbon
dioxide may pose threats to the sustainability oyster fishery in Densu. Meanwhile,
among eastern oysters, elevated pCOg, leads to oxidative stress and basal metabolic

costs in the bivalve.
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Similarly, reduced total alkalinity of the surface water of Densu estuary is correlated
with decreased shell height, condition factor and shell width. From the observations of
Gazeau et al (2011), carbonates content largely affect the development stages (D veliger
stage) and growth (shell size) than pH and aragonite. In Densu, the model revealed that
aragonite content and total carbon dioxide are the drivers of relative abundance (CPUE)
of the West African oyster. This agrees with Gazeau et al. (2011) on the relation

between these carbonate chemistry factors and abundance.

Dickinson et al. (2012) explains that long term exposures to elevated CO: levels a driver
of total alkalinity, often co-occurs with other stressors, such as reduced salinity, which
enhances the acidification trend, affects ion and acid-base regulation of estuarine

calcifiers and modifies their response to estuarine acidification.

C. tulipa require alkaline conditions to build its shell. A reduction in total alkalinity
affects this process and enhances the lowering of pH levels. Acidic conditions have
proven to be detrimental to shell growth. Therefore, this probably explains the results

of the CCA model on low alkalinity levels influencing shell height and width.

From Quayle (1989), tissue production is related to size of oyster. Oysters that have
built up bigger shells presumably produce bigger tissues. Albeit other factors, total
alkalinity is a main driver of calcification in oysters. Consequently, interminable total
alkalinity may contribute to reduction in condition index or tissue fatness due to reduced

calcification.

4.4.5 Relationship between Size of West African Mangrove Oyster and Concentration
of Contaminants
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This section highlights the ability of C. tulipa to bio accumulate contaminants in the
Densu estuary estuarine environment for its use as a bio indicator of environmental

variability.

4.4.5.1 Trace Metals and Microbial Load Contamination

From the chemical analyses of the tissues of C. tulipa, small- sized oyster (2.5-3.50)
tissues significantly (p < 0.05) bio accumulated more Pb and Cd than big- sized (4.5-
5.4q) tissues. This is in contradiction with observations by Yesudhason et al. (2013)

where there was no direct relationship between size of oyster and metal contamination.

Furthermore, this study conforms to the findings of WWoke et al. (2016) on C. gasar in
Nigeria. Size specific differences was observed in lead contaminated tissues.

Small- sized (2.5-3.5g) oysters in Densu estuary bio accumulated metals more than the
larger sized (4.5-5.4g) ones. This may probably be due to a more active filtering
capacity (feeding) in small oysters than the bigger sized individuals. According to
Ozbay & Brown (2006) the average clearance of contaminants in oysters decreases with
increasing size and that, smaller sized oysters are more efficient in their filtering.
Mercury (Hg) concentrations in small tissues was not significantly different (p = 0.50)
from big oyster tissues. Similarly, copper concentrations according to Woke et al. (2016)
were not significantly different among different sizes (small, medium and large) of
oysters likewise that of pb in Densu. Close variation in size limits for each size class

might have contributed to the insignificance in levels of concentration.
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The disparity in these findings from the study in Densu might be due to physiological
differences among the different populations of oysters. According to Quayle (1989),
differences in species of oysters play an important role in its metabolic and
physiological traits. Information obtained on a species in one geographical area may

therefore not be applicable elsewhere.

4.4.5.1 Trace Metals and Microbe Bio-accumulation and Health Risk Assessment

Lead and mercury bio accumulate in C. tulipa tissues more (BAF > 1) than in the water
medium (Table 4.12). Cadmium concentration was more in water than was bio
accumulated in the tissues (BAF <1) (Table 1). Similarly, the total count of aerobic
mesophiles (TVC), faecal coliforms and Escherichia coli bio accumulate more
(BAF>1) in tissues than in the estuarine water (Figure 4.3). The BAFs of total count of
aerobic mesophiles, faecal coliforms and Escherichia coli were 12.81, 34.20 and 26.19

(Table 4.27).

In the works of Apeti et al. (2005) in the Apalachicola bay in Florida, trace metals
concentration in water correlated significantly with concentration in the C. virginica
tissue. According to Onwuteaka et al. (2015) tissue concentration of metals are usually
higher than the surrounding environment. Physiologically, oysters are able to bio
accumulate substances in their body tissues in comparison with the water medium in

which it thrives.

This explains why C. tulipa tissues in Densu bio accumulate metals than cocnentrations

found in the water. Similar findings have been identified among other species of
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Crassostrea and Egeria in Nigeria (C. gasar), Congo (Egeria congica) and China (C.
rivularis) (Onwuteaka et al., 2015, Luo et al., 2018 & Suami et al. 2019). Among other
factors pH, temperature, salinity, nutrients, and environmental conditions of the

estuarine ecosystems influence the bioavailability and bioaccumulation rate of metals.

The concentrations of the three metals showed no potential health hazards (THQ <1;
HI<1). The cancer risk limit for lead was 0.082 and the cancer risk for a lifetime is 5.11
x 10-5. This implies there is no cancer risk related effects for a lifetime at the current

state of contamination levels.

4.4.1 Multiple Linear Regression Models for Predicting Shell Size, Condition Index
and Relative Abundance

Results of the CCA identified main drivers of shell size and C. tulipa abundance.

However, in the multiple linear regression models developed some of these drivers were

insignificantly correlated with oyster abundance and growth (Table 4.8).

Variability in shell dimensions due to differences in environment and habitat have been
observed by several authors (Miller et al. 2017; Chumkiew et al. 2018; Sehlinger et
al.,2019). Reduction in carbon dioxide fugacity results in increasing pH which impedes
on calcification in oysters and size of shell as reported in literature (Rudd et al. 2013;
Latchere, 2018). While many authors in their studies identified the less influence of
aragonite content on growth of some species (C. ariakensis) of oysters (Dickinson et
al., 2011) other species (C. gigas and C. virginica) were affected by changes in
aragonite content (Miller et al., 2009). Variations in condition index of Densu
population of C. tulipa is influenced by changes in aragonite concentrations. According

to the classification scheme of Miller et al. (2009), aragonite content > 1 is classified as
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supersaturated and < 1 is undersaturated. Therefore, the Densu system is classified as

supersaturated with aragonite.

Estuaries are highly variable and has profound effects on oyster growth and density.
The model has identified declining temperature as a major driver of C. tulipa
abundance.

Among tropical oysters, temperature effects are best assessed in combination with other
hydrographic factors such as salinity, chlorophyl a, depth, total alkalinity and among
other drivers. C. tulipa in Ghana have been reported to thrive within temperatures of
25-30°C in estuaries in Ghana (Sutton et al., 2012). Other populations thrived within
temperatures of 27-31.5 in Benya and 27-32 in Pra (Obodai et al., 1996). In Densu
temperature varied between 24.04-34.74. In terms of CPUE (relative abundance) low
water temperatures probably will affect effort of oyster collectors and directly impact
catch. The effects of reduced temperature on larval growth, shell development and
settlement success have been well documented

(Yankson, 1990; Yankson, 1996; Sutton et al., 2012).

45  Conclusions and Recommendations

Densu estuary estuary is a dynamic shallow system therefore there is less variability in
most Physicochemical Parameters. Tidal action has influences on the pattern of
environmental parameters of the system. Also, seasonal changes affect physicochemical
features of the delta estuary. The principal Physicochemical Parameters influencing
shell size and abundance are total alkalinity, saturation state of aragonite, temperature,
carbon dioxide fugacity, total carbon dioxide and faecal coliform bacteria. Densu
estuary estuary is high in total alkalinity and presents a strong ability to neutralize acids

thereby contributing to controlling estuarine acidification.Trace metals such as
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cadmium, arsenic and lead are threats to the West African oyster fishery and health of
the Densu estuary. The mesophiles and bacteria load in the oyster tissue may pose health

risk to consumers and aesthetic value of the system.

There is an urgent need for the municipal assembly and other stakeholders to control
anthropogenic sources of contaminants particularly the landfill situated at the bank of
the wetland and sewage outlet (Weija dam drain) to enhance the fishery and maintain
the status of the wetland as a Ramsar site. The study provides evidence that the West
African oyster is a good organism for use as bioindicator of environmental
contaminants in the Densu estuary. Lead and mercury bio accumulate in C. tulipa
tissues more (BAF > 1) than in the water medium . Cadmium concentration was more
in water than was bio accumulated in the tissues (BAF <1) . Similarly, the total viable
count of aerobic mesophiles (TVC), faecal coliforms and Escherichia coli bio
accumulated more (BAF>1) in tissues than in the estuarine water . Therefore, Lead,
mercuty, total viable counts, faecal coliform and Escherichia coli levels in Densu

estuary can be determined using C. tulipa.

The predictor variables for shell height are faecal coliform, total carbon dioxide,
carbon dioxide fugacity. Aragonite content and temperature levels are the main
drivers of condition factor and relative abundance respectively. Knowledge on shell
height of the mangrove oyster could be a useful predictive indicator of faecal
coliform, total carbon dioxide and carbon dioxide fugacity concentration of the water
vis a vis. Also, condition factor of the oyster may indicate aragonite content of the
estuarine water and relative abundance a clue to the degree of hotness or coldness of
surface water. In conclusion, oyster biodata such as shell height, width and condition

factor can be used as bioindicator indices.
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CHAPTERFIVE

5.0. MODEL PROJECTIONS OF LONG-TERM EFFECTS OF CLIMATE
VARIABILITY ON SHELLFISH PRODUCTION AND ITS IMPLICATIONS

ON SUSTAINABLE MANAGEMENT OF OYSTER FISHERIES

51 Introduction

Ghana is known to have the fifth largest exclusive economic zone (EEZ) of about
225,000 km 2in West Africa (Asare et al., 2015). The country with an approximate
coastline of about 550 km and a continental shelf area of 24,300 km, has one of the
most vibrant fisheries in Africa (Asare et al., 2015). The coastline also supports diverse
groups of aquatic organisms which are inhabited in numerous coastal wetlands. The
Gulf of Guinea is fed by these coastal wetlands. The wetlands provide critical habitats
for diverse groups of estuarine and marine fauna, such as shellfish, finfish and migratory
birds. Besides serving as sinks for the collection of flood waters, they protect shorelines
from coastal erosion and thereby stabilise these environments and reduce the adverse

effects of climate change from associated mangrove ecosystems (Casas et al, 2015).

The artisanal fisheries sub-sector of Ghana primarily dominates total production in the
marine sector. The diet of Ghanaians is made up of about 60 % of animal protein
averaging about 27.3kg mean yearly per capital consumption of fish (USAID-BC,
2016). Furthermore, the marine artisanal fisheries is of huge importance through the

provision of livelihood source and food.

In general, globally the quantity of fish obtained in the artisanal capture fisheries is
increasing (FAO, 2020). Between 2006 and 2018, catches increased from 79.3 million

tonnes (MT) live weight in 2006 to 84.4 MT (FAO, 2020). Conversely, catch from
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coastal artisanal capture fisheries in 2014 was about 79.9 MT but later declined to 79.3
?7?? (FAO, 2020). However though production has showed decreases, many people in
Ghana still depend heavily on shell and fin fish for not less than 59 % of their protein
intake. (USAID-BC, 2016). The reasons for these decreases can be attributed to human

influences and natural factors.

In this 21% century, climate change as a natural factor has become an area of extreme
concern. Globally between 1993 and 2020, annual sea level rise has been
approximately 3.2 mm while the rise in temperature is reported to be between 0.85—
1.06°C . Ghana’s coastal shell fisheries remains highly vulnerable to the phenomenon
of continual increase in temperature, rainfall, intensity of floods and decrease in rainfall.
The resultant effects will be on organisms physiological, morphological, reproductive,

migratory and behavioural patterns.

Yearly, Ghana experiences a phenomenon known as upwelling in her coastal waters.
This occurs twice a year and is usually characterised by the transport of cold-water rich
in fish and nutrients to its shore and a concurrent transport of warm less rich water
beneath to the bottom waters. This process results in fish abundance and after the
season, there is a subsequent reduction in fish quantity stemming from natural
occurrences such as breeding. The reduced quantities of fish during this season is further
heightened by anthropogenic interferences. Among some of these interferences are
overfishing, unsustainable fishing methods and low enforcement of regulations (World

Bank, 2017).

Whereas anthropogenic stressors may be regulated, natural factors are complex to deal

with. In predicting the influences of natural drivers on fish production requires gearing
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concerted efforts towards addressing climate related issues in fisheries sector. Key
among these interventions are the development of models for forecasting the potential
impact of environmental variability on fisheries activities and the identification of
pragmatic measures in addressing these issues to ensure resilience and enhance

sustainable fisheries (Rocha et al., 2009).

In the conservation of wetland ecosystems, the use of models as predictive tools is an
important area required for sustainable management of both flora and fauna resources.
Distinctively among these tools are multiple linear regression models. Though in the
tropics, very few of this type of models have been developed in the area of fisheries and
their development and adoption requires few numbers of variables and large data sets,
they are excellent for projecting future changes in natural aquatic systems (Pace, 2001;
Rocha et al., 2009). Future predictions using regression models is challenged with the
fact that consistent collection of data on catch and climate on most tropical coastal
systems and fisheries is usually inadequate if not lacking (Pace, 2001; Rocha et al.,

2009).

Recent studies shows that various groups such as the Intergovernmental Council for the
Exploration of the Sea (ICES) and the North Pacific Marine Science Organisation
(PICES) are putting in efforts through interdisciplinary research in contributing to
knowledge and providing well informed data on adverse impact of climate on fishery
resources. Some of these efforts include the development of prediction scheme
mechanisms and documentation of data on marine, freshwater and coastal wetland
resources (Brander, 2008; Hollowed et al., 2008; ICES; 2008). In the tropics and sub
tropics, similar efforts are on preliminary basis with major setbacks stemming from

inadequate up to date data on fisheries resources (ICES; 2008). Meanwhile the
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importance of commercial fisheries resources such as shellfish is vital in reducing
malnutrition and eliminating food insecurity in sub-Saharan Africa. Apart from food,
clams and oysters provide employment to people engaged in fishing and serve as a
source of income to coastal communities in Ghana (Ofori-Danson et al., 2019). The
West African oyster (Crassostrea tulipa) as a filter feeder, is capable of
bioaccumulating pollutants from its habitat and useful in biomonitoring programmes.
For example, their usage in assessing the concentrations of trace metals in water has
been well documented (Quayle, 1989). Therefore, a stable oyster production indicates
good water quality. The use of the shells of oysters for the preparation of components
of paint, feed for animals and preparation of drugs for mankind is recognized (Obodai,
1999; Ansa & Bashir, 2007).Furthermore, the importance of fish and fishery resources
of Ghana to the people cannot be underestimated as it provides food in the form of fish
and employment to fishing dependent communities. There exists data on the fish of
commercial importance; however, these official data fail to include the catches of other
sectors, especially shellfisheries (Nunoo et al. 2014). This chapter was aimed at
assessing the trend in shellfish production in the artisanal fisheries sub sector over the
years and the potential influence of sea surface temperature, rainfall and relative

humidity on shell fish abundance and its implications on oyster fisheries in Ghana.

164



5.2 Materials and Methodology
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Figure 5.1 Map of the Coastline of Ghana Showing Ghana’s Coastal Regions

5.3 Description of Study Areas

The research was conducted across the coastal plains of Ghana from the Volta, Greater
Accra, Central and the Western Regions of Ghana. All landing sites from these
Regions namely Keta in Volta, Tema in Accra, EImina in Central and Takoradi from
Western Regions together with their adjoining lagoons and estuaries were studied.

Catch from lagoons and estuaries along these regions were also included in the research.

This was achieved by collating catch data from the four fishing areas (Keta, Tema,
Elmina and Takoradi) and the estuaries and lagoons obtained from the Fisheries

Scientific Survey Division (FSSD) at Tema, MOFAD Ghana.
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The Keta coastline is located 160 km from Accra and lies within Longitude 0.30° E and
1.05° E and Latitude 5.45° N and 6.005° N. . Keta is a low-lying coastal plain. The area

is prone to coastal erosion (GSS, 2014).

Tema metropolis is located within the Greater Accra Region with a distance of about
30 kilometres East of the region. The metropolis is found at North East of the Dangbe
West District. South West of Tema and North West of it lies the Ledzokuku Krowor
Municipality and Adentan and Ga East Municipalities respectively. Tema is bordered
to the North - East by Akuapim South District and to the South by Gulf of Guinea. The
land of Tema is flat and has an area coverage of about 87.8 km?. The terrain of Tema
barely rises up to 35 m above sea level (CRC/FON, 2010; GSS, 2014). South east of

Tema, lies the Keta coastline in VVolta Region.

Elmina is located 135.8km South West of Accra, Ghana. Elmina also known as Edinais
town and capital of the Komenda/Edina/Eguafo/Abirem district on the south coast of

Ghana in the Central Region.The town is primarily a fishing port.

About 210 km west of Accra lies the Takoradi coastline. North of the Takoradi
metropolis is the Mpohor Wassa East district. The Takoradi metropolis lies 6 m below
sea level (STMA, forthcoming). The Takoradi coastline is characteriesed by coastal
engineered structures, sandy beaches, rocky headlands and intertidal rocky bottoms
(CRC/FON, 2010). A major challenge confronting the coastline is the frequent
incidences of coastal erosion with recent past records of the area eroding not less than

10 to 100 m (GSS, 2014).

166



5.4  Sampling Design

5.4.1 Collection of Historic Data on Shellfish Production

Artisanal shellfish catch data collected between 1970-2015 from the Ministry of
Fisheries and Aquaculture Development (MOFAD) (2016), Tema and FAO (2016)
were used to run the linear regression model. Except for the cephalopods, data on the
shellfish groups were made up of bivalves, gastropods and shrimps. Annual production
data that were incomplete were filled by first calculating an average value from pre-
existing data (2013-2015). This value was an estimation of the percentage contribution
of shellfish to the overall marine capture fisheries catch, as reported in the FAO
Fisheries Statistics (FAO, 2016). Annual shellfish production data from 1970 to 2000

was estimated using the formula below:

Shellfish Production = Average value x 100

Overall marine artisanal catch in each year

The gaps in data were corrected by calculating the difference in catch data in each year
and subsequently dividing by the number of gaps obtained in cumulative years for the

period.

Based on the trend (increasing or decreasing) in production, the value obtained was
further subsequently added or subtracted by previous or preceding years. Due to
observed lapses in the data, in order to obtain comprehensive information on shellfish
production detailed literature search was conducted. This was carried out in the form of
compilation of fragments of data from MOFAD, Tema area (Fisheries Scientific Survey

Division, FSSD) FAO reports (FAO, 2020).
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5.4.2 Meteorological Data

To obtain data on relative humidity, rainfall and sea surface temperature, the study
focused on meteorological information from the Ghana Meteorological Agency (GMet)
in Tema. The location of the Densu estuary in the Greater Accra Region informed the
choice of Tema meteorological data for use in running the model with the assumption
that it is representative of conditions at Densu estuary. Both catch and climate data were
from the year 1970 to 2015. To assess a linear relationship between shellfish production
and climate within the specified period, a regression analyses was performed on
meteorological and catch data from GMet (Tema) and FSSD of MOFAD, Tema office

respectively (Atindana et al. 2019).

55 Statistical Analyses

Data was entered into Microsoft Excel 2010, cleaned and coded in SPSS for Windows
version 12.0 (SPSS, Chicago, USA). Before the model was run, a normality test was
performed and Pearson correlation analyses was run to identify the climate factors
which associated strongly or otherwise with data on abundance (Atindana et al., 2019).
After the correlation analyses, a stepwise multiple linear regression was performed
on abundance data and  climate indiceswhich did no  show
strong correlation with catch. To remove all biases, the assumptions of the model were
that all important climate data were considered, catch data was constant with negligible
contributions from other socio-economic factors.

In the case of highly complex models, regression methods can be used as substitutes.
These regression methods substitute the simplified response surface contained in
complex models which represent approximations of the model outputs in the form of

regression equations.
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In the model outputs, regression coefficients are vital in ranking the input parameters
(Field, 2006). Regression techniques are used to determine the sensitivity ranking from
the relative magnitude of the regression coefficient which is an indication of the amount
of influence the parameter has on the whole model (Hamby, 1994). There is the need to
identify ways of overcoming challenges posed by using complex models. One such
solution is the use of regression methods (Hamby et al., 1993). In this method are inbuilt
regression equations known as response surfaces that gives an approximation of the
output of the model. The coefficients of such regression equations are used to test the
sensitivity of the model through a sensitivity ranking the relative magnitude of the
regression coefficient is a measure of the sensitivity ranking and further determines the

influencing power of the parameter on the significant model (Hamby et al., 1993).

5.6 Results

5.6.1 Historic Shellfish Production and Climate Indices
Linear trends in production data on shellfish and predetermined climate indices are

illustrated in Figures 5.2 and 5.3 respectively.

Between 1970 and 1980, , production increased from 25.23 metric tonnes (Mt) to
189.1 Mt in 1980 and 211.3 Mt respectively. The corresponding percentage increase
was 86.66% (1970 to 1980) (Figure 5.2). Subsequent years recorded decreases in
abundance for not less than 2.4 decades by 59.65 Mt from 155.1 Mt in 2000 to 95.45

Mt in 2015 (Atindana et al., 2019).
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Figure 5.2: Historic Shellfish Catch from 1970 to 2015 in

Artisanal Fisheries, Ghana.

The trend in amount of rainfall has reduced over the years, with values ranging between

27.45 mm and 120 mm (Figure 5.3).

Additionally, for over 55 years, trend in relative humidity showed low values varying
between 79.80% and 86.7%. In Figure 5. 3, there was a steady decline in average
temperature with some years being reported to be experiencing intermittent
fluctuations. The degree of hotness or coldness of the marine waters were found to have

risen from 28.90°C to 30.75°C thus an increase of about 1.85°C.
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Figure 5.3: Climate Indices (Tema) from 1970 to 2015 in Artisanal Fisheries, Ghana (Source:

FSSD, MOFAD)

Relative humidity in the area also showed normal to humid conditions (79.80-86.7%)

(Figure 5.3). High mean temperature of about 1.6°C was observed in recent years.
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5.6.2 Predictive Shellfish Catch Model

The multiple linear method used was the stepwise selection approach. This was used to
determine the influence of climatic factors on abundance. The results showed that only
one factor Sea surface temperature (SST) was significant (Table 5.3 and Figure 5.1).
SST was the determinant factor influencing shellfish catch (P = 0.011) (Table 5.3).
There was a positive correlation (b = 265.312) between catch and mean SST (Table
5.3). Therefore, for every 1unit rise in SST, there will be a corresponding 265.312 units
rise in shellfish catch. Therefore, for every 1°C rise in temperature, production increases

by 265 MT.

With a multiple correlation coefficient (R) of 0.956 (Table 5.2) and a coefficient of
determination, R?, of 0.913, the determinant factor, SST explains about 91% of the
variations in shellfish catch. Knowledge on temperature could be a predictive
indicator of shellfish abundance in Ghana. The stepwise multiple linear regression

model that explains the relationship between SST and catch is as follows:

Shellfish catch per unit effort (MetricTonnes) = —7788.067 + (265.312 SST)

With an adjusted R? value of 0.884, its closeness to the coefficient of determination
value of 0.913 suggests the ability of the model to be generalised . Therefore, in this
study where sample catch information was used for developing the model, the findings
were representative of the entire population because if the model was obtained from
population catch data it would have a very low variation of about 2.9% from the
population mean (Atindana et al. 2019). The results of the Pearson correlation analyses
showing the relationship between catch, rainfall, SST and humidity are presented in

Table 3.
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Shellfish catch and amount of rainfall did not show any significant correlation between

(P = 0.460). Similarly, catch and humidity were not correlated (P = 0.393).

Table 5.3 Pearson Correlation Matrices Showing Relationship between Climate

Indices and Shellfish Catch, March 2019—August, 2020

Statistical Variable Catch Rainfall Temperature  Humidity

method

Pearson Catch 1.000 0.460 0.956 0.393

correlation Rainfall 0.460 1.000 0.486 0.586
Temperature 0.956 0.486 1.000 0.168
Humidity 0.393 0.586 0.168 1.000

Sig. (1-tailed) Catch - .218 0.006 0.256
Rain 0.218 - 0.203 0.150
Temperature 0.006 0.203 - 0.393
Humidity 0.256 0.150 0.393 -

N Catch 55 55 55 55
Rain 55 55 55 55
Temp 55 55 55 55
Humidity 55 55 55 55
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Table 5.1 Model Summary of Shellfish Catch and

Mean Sea Surface Temperature from MOFAD and

Gmet (Tema), March 2016 to March 2017

Model

R R? Adjusted R?

0.956* 0.913 0.884

Std. error of estimate

29.461

*Predictors: (Constant), sea surface temperature

Table 5.2
Analyses
of
Variance
and
Coefficie
nts of
Regressi
onbetwee
n Catch
and
Tempera
ture
Obtained
from
MOFAD
and
GMET
(Tema)
Model

Sum of d Mean Unstandardized coefficients Standardized

f square coefficients
F Sig.
p

squares

B
T

SE

Sig.

Regressio
n

Residual

Total

(constant)

27,446.15 1 27,446.15 31.62 0.011
3 3 2 .

2603.847 3 867.949

30,050.00 4 4
0

7788.06
7

174

- 0.01
5.53 2



temp 547.181 1407.24 0.95 5.62 0.01
(df, 7 6 3 1

degrees of
freedom)

5.7 Discussions

Historic Shellfish Production and Climate Indices

The decline in abundance of shellfish in Ghana could be due to climate and human factors.
Some human perturbations such as socio-economic factors, overfishing, low technological
development and unsustainable fishing methods and gears may be reasons for this observed
trend in abundance. There were sharp increases in catch from 1988 to 1991, 1976-1982 and
2000 to 2003. These periods also coincided with increases in temperature, reduced rainfall and

suggests possible influence of climate variability on production (Figure 5.3).

Inadequate data on catch, among other factors, may probably be a cause of decreased
abundance. Furthermore, contributions from oil and gas industry and other fishery and
agricultural resources to Ghana’s GDP may have eluded that obtained from shellfisheries and

so recorded as declines (Atindana et al., 2019).

Rainfall patterns in Tema concur with the trend in rainfall for West Africa (IDRC, 2015).
There was a concomitant reduction in amount of rainfall with a corresponding increase in

frequency of rainfall (Number of rainy days). Ghana experiences both events of El Nifio
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(every 7-9 years) and La Nifia along her coast where the amount of rainfall rises or falls
(Figure 5. 3). La Nifia occurs during periods of high rainfall when upwelling begins. This time

period is characterised by the high abundance of fish (Atindana et al., 2019).

The trend in temperatures concur with the projections that there will be high temperatures in
Ghana (IPCC, 2007). Several studies confirm that Ghana will experience arise in sea level

and high temperature regimes (IDRC, 2015; IPCC, 2007).

Environmental changes including the frequency and amount of rains as well as humidity may
affect the abundance of fishery resources. Between these two factors, climate may likely be a

major factor influencing interannual variability in rainfall (Atindana et al., 2019).

Predictive Shellfish Catch Model

There was a relationship between SST and abundance (Table 5.2). The positive correlation (r
= 0.956) between shellfish catch and SST in this study depicts possible adaptation of the
shellfish groups under study to tropical conditions in Ghana. Temperature has been
documented to be an influencing factor in growth of oysters (Quayle, 1989). The genera
crassostrea is noted to thrive within temperature ranges of 23°C - 35°C. Therefore,
temperatures above this range will have detrimental effects on the bivalve. This has been
reiterated by Parker et al. (2013) that moderate increases in temperature may influence
abundance of oysters and scallops, but above acceptable limits will impede growth and
reproduction in oysters. A report confirming this assertion is by Shumway (1996) who stated
that the rate of filtration during feeding in tropical oysters can be abruptly halted when exposed
to continuous high temperature of about 35°C. Distribution and abundance of these bivalves
are adversely affected during rise in temperature. From the work of Quayle (1989), the building

up of calcifying coverings of the shellfish as well as the development of its foot are impaired
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by rising temperature. In furtherance to that, young oysters particularly the D veliger stage
during growth are affected and its ability to resist diseases are affected though other populations
may be favoured. The influences of temperature on growth of body coverings of shell bearing
fauna are pronounced. For instance, warm temperatures interfere with the absorption of carbon

dioxide. This serves as a driver of estuarine and ocean acidification.

The extremely diverse aquatic fauna like shellfish being sessile lack the ability to shift habitats
to adapt to drastic changes in the environment and so heightens their vulnerability in
comparison with finfishes (Atindana et al., 2019). Similarly, disease infestation through

parasitic infections is prevalent under extreme high temperature (Wright et al., 2011).

Crassostrea tulipa as a tropical euryhaline species survives well under optimal temperatures
of 23°C and 31°C (Sutton et al., 2012; Atindana et al., 2019). Climate related research shows
that Crassostrea sp. and Littoraria sp. are extremely affected by fluctuations in temperature.
(Chapperon & Seuront, 2011). From the physiological assertions, continuous high
temperatures exposures of above 34°C in oysters may result into low feeding rate and water
transport from gills and high incidences of disease. This will be enhanced by high levels of
carbon dioxide and salinity (Levinton et al., 2011; Wright et al., 2011; Sutton et al., 2012;
Atindana et al., 2019). Oyster populations across the globe are indicated to be affected with
and within species albeit at different geographical locations. For example, in Japan, Sweden
and Australia, fertilization of Pacific oysters, Crassostrea gigas are reported to be similarly
affected by changes in temperature and rainfall irrespective of geographically differences

(Chapperon & Seuront 2011).

Meanwhile Vance et al. (1985), Meynecke et al. (2006) and Staunton-Smith et al. (2014) have

observed other climate factors to be predictor variables of growth in fish. For instance, in
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Queensland Australia, fish from a brackish wetland was shown to increase in abundance
during seasons of high rainfall (Meynecke et al., 2006). For a viable shellfish industry in
Ghana, pragmatic management interventions in the form of restricted harvest through
community byelaws, adoption of sustainable fishing methods, controlled land use activities
such as sand minning, farming close to coastal wetlands will protect fishery resources for

sustainable use (Atindana et al., 2019).

The abundance of shellfish is also affected by fishers fishing effort, seasonal changes,
reproduction, other physiological, low salinity regimes and estuarine acidification are factors
which unregulated and properly monitored may lead to massive mortality among oysters and

scallops (Laakkonen, 2014; Atindana et al., 2019).

Relative humidity is known to be a stressor to some natural negative drivers such as rate of
disease infestation. Though shellfish is not directly impacted by changes in humidity as
reported in literature, other variables which are affected by humidity such as growth rate,
predation and disease have influences on distribution (Levinton et al., 2011; Wright et al.,
2011; Atindana et al., 2019). Within the context of these influencing factors, tropical fisheries
may be highly disturbed (NOAA, 2013).

5.8 Conclusions and Recommendations

Climate differences have effects on shellfish abundance in Ghana. Sea surface temperature
explained about 91 % of the changes in abundance. .Climate variability due to temperature in
the sea has adverse effects on adjoining coastal wetland waters like the estuaries and lagoons

in Ghana.

Though the findings of this research showed no relationship between humidity and production,

much detailed study on these indices should be undertaken to further verify the trend in this
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study. This is necessary because humidity may impact at different scales in the presence of
other system conditions. Also, in view of the fact that this is the first model developed for
shellfish in the country based on a number of assumptions, further research should be done to

improve upon it. The model developed for shellfish catch is;

Shellfish catch per unit effort (MetricTonnes) = —7788.067 + (265.312 SST)

Taking into consideration data deficiency on oyster production in Ghana’s estuaries and
lagoons, it is recommended that MOFAD should collect catch data on these coastal
wetlands.. Also, the Ministry of Fisheries and Aquaculture Development, Wildlife and Forest
Division and Water Resources Commission should apply these relatively simple predictive

models developed for the management of shell fishery resources in Ghana.

179



CHAPTER SIX

SUMMARY CONCLUSIONS AND RECOMMENDATIONS

6.1  Conclusions

The Densu population of the oyster, C. tulipa shows that the species has a fast growth rate
(K=0.81; Loo = 10.53 — 13.24 cm) similar to the findings of Osei (2019) on the species in
Densu (Lo = 14.78 cm) and the Zowla-Aneho lagoon population (Lco = 10.86) in Togo
(Solitoke et al., 2020). This is a clue of the system having a healthy oyster population capable
of replenishing its stock. The fast growth rate of the West African Mangrove Oyster in Densu
estuary, could serve as a good economic prospect for the culture of oyster in Densu estuary.
Catches are higher in experimental fishing (6.00-200kg/hr/fisher/day) which utilized
motorized canoe and protective clothing than commercial fishing (3-100kg/hr/fisher/day).
With seasonal fishing, the dry season catches were higher than the rainy season due to easy
access to the shellfish and reduced fishing pressure. There is a high species diversity (D = 6.60
+0.10 - 7.01 £ 0.03; H '=0.30 £ 0.12 - 0.32 £ 0.05) among the food items ingested by the
filter feeder. Golden algae from the phylum Ochrophyta, is the predominant IRI=56%) food
item followed by red algae (Phylum Rhodophyta) ( IRl = 16%) and the diatoms from the
phylum Bacillariophyta (IRl = 13%) The mangrove oyster is a plantivore omnivore. This
implies that in the development of the oyster industry in Ghana, oyster farmers could rely on

the wild for feed and supplement if the need be, with artificial feeds. Therefore, feeding cost
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could be minimized by oyster farmers for the Densu population if proper management systems

are put in place.

Densu delta estuary is a dynamic shallow system with less variability in most
Physicochemical Parameters. Environmental variables vary with tides and seasons. The
principal Physicochemical Parameters influencing shell size and abundance are total
alkalinity, saturation state of aragonite, temperature, carbon dioxide fugacity, total carbon

dioxide and faecal coliform bacteria.

Densu estuary estuary is high in aragonite and total alkalinity with a strong ability to neutralize
acids. This enables the system buffer acidic conditions, contribute to controlling estuarine
acidification and promote the formation of calcareous shells which ensures the sustainability

of the resource.

The concentration of trace metals such as cadmium (0.043-0.088mg/L), arsenic (0.001-
0.088mg/L) and lead (<0.0001-0.068mg/L) are above the WHO (2007) standards of
0.005mg/L, 0.010mg/L and 0.0015mg/L respectively. These are threats to the West African
Mangrove Oyster fishery, health of the Densu estuary and consumers. The mesophiles (64.36
+ 10.58CFU/ml) and bacteria load (22.89 + 3.76 CFU/ml; e coli = 17.08 £ 2.81CFU/ml) in the

oyster tissue may pose health risk to consumers and aesthetic value of the system.

The Densu population of oyster is common and currently being harvested for commercial use.
C. tulipa in Densu was able to provide a measurable response by its ability to accumulate
pollutants from the environment drawing evidence from the values obtained in this study. Lead
and mercury bio accumulated in C. tulipa tissues more (BAF > 1) than in the water medium
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(Table 4.12). Cadmium concentration was more in water than was bio- accumulated in the
tissues (BAF <1) (Table 1). Similarly, the total viable count of aerobic mesophiles (TVC),
faecal coliforms and Escherichia coli bio- accumulate more (BAF>1) in tissues than in the
estuarine water (Figure 4.3).

Similarly, the BAFs of total count of aerobic mesophiles, faecal coliforms and Escherichia
coli were 12.81, 34.20 and 26.19 (Table 4.12). This suggests that the oyster has a good
indicator ability and implies, it could be useful for wastewater management and ecological
rehabilitation by being incorporated in mitigation efforts to address water quality standards in
the Densu estuary.

The predictor variables for shell height are faecal coliform, total carbon dioxide, carbon
dioxide fugacity. Aragonite and temperature are the main predictor variables of condition
factor and relative abundance respectively. Therefore, knowledge of shell height of the
mangrove oyster could be used as an indicator of faecal coliform, total carbon dioxide and
carbon dioxide fugacity concentration of the water. Likewise, condition factor of the oyster
could be indicative of the aragonite content of the estuarine water and relative abundance a
clue to the degree of hotness or coldness of surface water. Hence, shell height, shell width and
condition factor are the aspects of oyster biodata which could best serve as bio indicators of
the aquatic environment. Therefore, the study provides evidence that the West African oyster
is a good organism for use as bioindicator of environmental variability in the shallow coastal
wetland of Ghana. Heavy metal concentrations investigated in C. tulipa presents potential
consumer human health risks.

6.2 Recommendations

There is the occurrence of contamination of the Densu oyster population by some trace metals

and microbes hence an urgent need for the municipal assembly and other stakeholders to
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control anthropogenic sources of contaminants particularly the landfill situated at the bank of

the wetland and sewage outlet (Weija dam drain).

To reduce trace metal content it is essential to control conditions which may likely trigger algal
blooms such as sources of nutrient discharge. This will enhance the fishery and maintain the
status of the wetland as a Ramsar site. The occurrence of some species of cyanobacteria in the
gut contents of the oyster requires further investigation to prevent cyanobacteria toxins from
being passed on to the food chain. Also oysters should be cooked well before consumption to

reduce the risk of contamination.

Also, regular monitoring of contamination levels and enactment of control measures by
management is needed. Development Action Association (DAA) should provide depuration

facilities for oyster collectors involved in the commercial fishery.

It is recommended that the Densu population of C. tulipa should be cultured by researchers
for age determination. In addition, a laboratory or field culture of the West African Mangrove
Oyster should be done to determine the factors which determines changes in shell weight,
length and abundance of the oyster. This will provide more information for the development
of the oyster fishery since the findings of this study could not identify any significant predictor
variables influencing these morphometric parameters.

Due to paucity of catch data on estuarine capture oyster fisheries, development of a model for
its prediction was challenged. There is an urgent call for collection of data on
estuarine/lagoonal shellfisheries in Ghana by Fisheries Commission and other stakeholders on

catch trends, gears, effort and income of artisanal oyster collectors.
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APPENDICES

Appendix A: Monthly Means of Physicochemical Parameters in The Densu
estuary, 2019
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Month

DO CONDUCTIVITY TEMPERATURE SALINITY TDS DI
pH (mg/L) (ps/cm) (°C) (ppt) (mg/L) (m
March 7.95+1.99 5.85+1.46 43.26 + 10.82 31.21+7.80 27.71+6.93  18773.80+5.41 1.
April 8.20+2.12 6.65+1.72 37.77+9.75 32.98 £ 8.52 23.72+4.85  10444.00 + 16.12 0.
May 8.03+2.23 379+1.05 4013+11.13 27.76 £ 7.70 25,54+ 7.08 8801.92+5.11 0.
June 9.01+1.37 6.20+1.06 17.80%32.07 27.55 + 457 11.47+1.07 6627.71 + 32.07 0.
July 8.01+1.41 6.21+0.78 187.05+ 7.54 26.67 + 4.67 6.22 + 2.82 5361.45 + 386.50 0.
August 7.90+ 1.30 221+0.36 2377.73+60.17 27.85+ 4.57 9.93+1.63 256187.11 + 413.27 0.
September  7.52+1.29 5.00+0.33 283.48 +52.33 28.61+ 1.43 4.34+0.33 468.58 + 331.11 0.
October 752+ 1.28 5.00+0.67 283.48+5.89 28.61+4.91 4.34+0.74 468.58 + 24.52 0.
November 7.60+1.27 3.36+0.56 561.22+4.57 29.70+4.95 13.81+2.30 48116.42 +532.19 0.¢
December 759+ 1.87 426+1.11 1700.55+1.99 28.91+0.11 2.27+1.90 918.57 + 97.88 0.!
Appendix B: Monthly means of Physicochemical parameters in the Densu estuary, 2020
PARAMETER
Month DO CONDUCTIVITY TEMPERATURE SALINITY TDS
pH (mg/L) (us/cm) (°C) (ppt) (mg/L)
Feb 794 +189 3.41+0.97 3452+239 30.72 +£0.99 20.42 +3.23 25197.89 + 73.33
March 8.00 +298 3.70+1.66 36.00+9.11 30.00+2.11 21.00+9.12 25221.11 +11.28
April 790 £2.33 4.20 +1.10 35.00+9.88 31.00 £ 7.22 20.45 +13.33 21880.20 +£19.78
May 8.20 £1.77 6.00 £0.97 40.00+0.99 32.00 + 8.90 24.00+1.98 10001.00 +90.11
June 8.00 £1.34 5.00 £0.50 16.00+0.77 28.00 +6.33 25.00+4.56 8501.00+11.22
July 890 +1.78 6.70 +1.17 188.00+10.33 28.00 + 0.55 12.00 +5.43 65001.00 +92.89
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August

790 £0.90 6.20 +£0.18 2300.00 +7.78

26.00 +0.77

6.00 + 2.33

52310.00 +£111.12

Appendix C: Monthly means of microbes and metals in the Densu estuary, 2020

MONTH
PARAMETER

TOTAL VIABLE

MESOPHILE faecal

COUNTS COLIFORM E. COLI LEAD CAD

(CFU/ml) (CFU/ml) (CFU/ml) (mg/L) (mgl/l
March 80.00 £ 5.65 0.00 £ 0.00 0.00 £ 0.00 0.05£0.03 0.03:
April 87.50+6.10 0.00 £ 0.00 0.00 + 0.00 0.05+0.01 0.05 -
May 34.50 £ 4.39 200+£1.41 1.00 + 0.02 0.01 £0.00 0.05 :
June 32.50 £3.43 20.50 £ 4.14 34.00 + 3.89 0.03 £0.02 0.08+
July 61.50 £ 0.99 27.50 £ 9.80 39.00 +2.33 0.04 £0.01 0.03:
August 73.00 £1.90 3750+ 11.23  34.00 £ 0.77 0.05 £ 0.02 0.03:
September 98.50 + 10.23 45.00 £ 9.87 16.00 £ 0.74 0.05+0.03 0.03:
October 89.00 £ 11.89 43.00 £2.12 19.00 £ 1.22 0.05+0.01 0.05 :
November 73.00+6.78 3450+1.41 22.00+0.10 0.00 + 000 0.05 -
December 72.00 £ 11.27 40.50 + 4.49 151564001 1 0.03+£0.01 0.08 :
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APPENDIX D:Monthly Means Microbes and Metals in The Densu estuary, 2020

TOTAL VIABLE

PARAMETER

MESOPHILE COUNTS faecal COLIFORM E. coli LEAD CADMIUM MERCURY

MONTH (CFU/mI) (CFU/mI) (CFU/mI) (mg/L) (mg/L) (mg/L)

March 48.00 +£9.89 0.00 +0.00 0.50 +0.35 0.05+0.03 0.03+0.01 0.00 = 0.00
April 70.00 + 10.23 3.00 +1.77 1.50+ 0.50 0.05+0.01 0.03+0.01 0.00 £ 0.00
May 71.00+9.88 2.00£0.33 0.01 £ 0.00 0.05 +0.02 0.05+0.01 0.00 £ 0.00
June 58.50 + 2.56 20.50 + 3.77 1.50 £ 0.40 0.00 + 0.00 0.05+0.01 0.01+0.00
July 32.50 + 9.56 27.50 + 3.10 34.00 + 7.53 0.03+0.01 0.08 £ 0.03 0.00 £ 0.00
August 61.50 + 3.33 3750+ 1.44 39.00 £ 4.01 0.04 +0.02 0.03+0.01 0.00 £ 0.00




Appendix  Monthly of

APPENDIX E:Monthlymeans Estuarine Acidification Factors in the Densu estuary

TOTAL PARTIAL
ALKALINITY PRESSURE
YEAR/MONTH (umol/kgSW) SILICA HYDROXYL OF CARBON
ALKALINITY IONS(OH) DIOXIDE
2019 (Si AIK) (UMol/kgSW) (P CO) COs
March 1029.07 +11.22  19.50 £ 0.99 1216 +0.77  172.19+0.99 11421 +4.23
April 349.68 +9.86 15.00 + 1.55 3.36+1.23 146.33 + 1.22 9.48 +1.22
May 1275 + -
99.91+9.91 10.02+433  -1450 +-12.11
7.85 + 2.86 11.11
June 1298.83 + 8.83 7.78 +1.78 3200+£345  0.08+0.18 91.58 + 0.87
July 1508.64 + 8.64 18.53 + 2.53 1012+333  201.91+0.12 183.55 + 3.55
August 12074 +
1039.07 + 9.07 1034322  127.12+277
10.03 + 7.03 10.74
September 1118.99 +8.99 12,72+ 5.43 6.67% 1.2 248.38 + 0.99 96.81 + 9.88
October 509.54 +9.54 11.28 + 3.45 417 + 155 24757 +2.33 3315+ 11.22
November 979.12 +9.12 10.00 + 5.40 5.39 + 0.44 404,76 +3.33 72.90 + 0.29
December 1288.84 + 8,84 9.90 + 1,33 5,73 + 1,22 463.04 + 4.44 103.92 + 7.88
2020/ Feb 1178.94 + 8,94 10.00 + 2.45 1.23+0.11 264054 +233 2347 +4.30
March 99.92 +9.92 14.00 % 5.60 0.42 +0.10 697.49 + 4.33 0.60 + 0.30
April 1278.85 +8.85 15.00 + 1.22 427 +0.27 840.14 + 5.22 64.12 + 4.12
May 1468.68 + 8.68 13.00 + 1.44 0.08+0001 18952574257  1.22+0.22
June 99.91 +9.91 8.00 + 3.22 0.32+0.01 10612.63+2.63  10.47 +0.46
July 1298.83 + 8.83 7.00 +2.11 8.29 +1.22 169.88 + 8.99 207.73 +7.70
August 1508.64 + 8.64 1347+233  138.68 +8.68 223.80 + 3.80
12.00 + 3.44
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APPENDIX F:Monthly meansof Estuarine Acidification Factors in the Densu estuary

MINERAL MINERAL
SATURATION SATURATION
cARBON  STATESFOR  STATES FOR
DIOXIDE  ARAGONITE CALCITE REVELLE
YEAR/MONTH  co; (QAr) (Qealcite) FACTOR
2019/March 180.23+0.23 171.68 +2.68 1.64 +0.22 244 +0.11
April 153.67+0.67 14590+1090 0.18+0.03 0.31+0.02
May -15.05 + -
-1446 +£-11.12 -0.14+-0.11 -0.23 +-0.33
12.33
June 0.08 + 0.01 0.08 £ 6.55 0.81 £0.02 1.39+0.31
July 209.00+9.00 201.28 +12.87 258 +0.13 3.91+0.91
August 13158 +3.78 126.72 + 8.88 1.70 £ 0.70 2.57 £ 057
September 257.11£5.71  247.60 = 7.89 141 +£+041 2.12+0.12
October 25743 +7.43 246.82 + 6.85 0.38 £ 0.03 0.60 £ 0.06
November 421.69+399 403.54 +4.50 0.93 +0.01 1.42+0.42
December 48153+288 461.64 +6.78 1.35+0.03 2.07 £ 0.07
2020/ Feb 275255 %
2632.61 +10.61 0.31+0.11 0.47+0.11
51,33
March 728.94+894 695.43+1043 0.01+0.00 0.01 +£0.00
April 880.43+8.22 837.68+ 7.66 0.94 +0.03 1.40 +0.40
May 10685.28 +
18894.26 +4.26 0.02 £ 0.01 0.04+0.11
11792
June 10987.23 +
10579.59+5.11 0.16 £0.01 0.20+0.10
7.88
July 175.16 +4.33 169.34+9.34 1.98+0.20 3.36 £0.01
August 138.25 + 8.25 3.02+0.23 461+1.12
143.59 + 1.90
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APPENDIX G: Monthly mean of Estuarine Acidification Factors in the Densu estuary,
2019-2020

YEAR/MONTH

MINERAL BICARBONATES

SATURATION (HCOs)

STATES FOR (ULMOL/KGSW)  BUFFER

CALCITE REVELLE ALKALINITY
2019 ("Qcalcite) FACTOR (BALK)
March 1.64 +0.22 244 +0.11 648.97 + 0.97 137.59 +5.77
April 0.18 £ 0.03 0.31+0.02 321.23+11.23 4.75+0.75
May -0.14 +-0.11 -0.23+-0.33 -54.45 + -0.35 166.17 + 7.14
June 0.81 +0.02 1.39+0.31 8.51 +3.51 742.92 +2.90
July 2.58 +0.13 3.91+091 972.82 +2.82 149.27 + 4.93
August 1.70 £ 0.70 2.57 £ 0.57 626.02 + 6.01 151.70 + 1.70
September 1.41 +£0.41 212 +0.12 811.37 + 11.57 103.36 + 3.39
October 0.38 £ 0.03 0.60 + 0.06 361.31 + 6.23 76.25 + 6.25
November 0.93+0.01 1.42 +0.42 739.92 + 10.92 85.81 + 6.87
December 1.35+0.03 2.07 £0.07 980.19 + 80.13 92.61 + 2.67
2020/ Feb 0.31+0.11 0.47 +£0.11 1109.37 + 12.78 20.98 +1.98
March 0.01 £0.00 0.01 £ 0.00 91.93 + 3.33 6.61+0.61
April 0.94 + 0.03 1.40 + 0.40 1091.08 + 9.89 54.42 +1.91
May 0.02+0.01 0.04 £0.11 1466.28 + 6.23 0.14 +0.01
June 0.16 £ 0.01 0.20 £0.10 1440.56 + 0.56 7.08 £0.08
July 1.98 + 0.20 3.36 +£0.01 687.53 + 7.53 181.77 + 1.77
August 3.02+0.23 461 +1.12

851.39 +1.39 190.38 +2.33
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APPENDIX H: Tidal changes in physicochemical parameters of Densu estuary for the two
seasons during the study period (2019-2020)

Mean + Mean £ S.E.
S.E.
Dry Wet Season
Season
Parameter High Tide Low Overall High Low Overall
Tide Tide Tide
Temperature (°C) 30.96 £ 0.32 33.28 £ 30.78 £ 28.02 27.97 £ 27.49 £ 0.25
1.12 +0.79 0.44
Depth (m) 0.64 £0.15 0.17- 434 £ 0.72 0.52 + 529 +0.25
0.65 + 0.06
0.50
Total Dissolved 25356 + 51.40- 30837.45 186538 1964 + 1087.07 £
Substances(mg/L) 1573.33 3080 + +10.81 62.81 15.90
Salinity (ppt) 30.29 £ 0.42 0.36- 19.27 £ 18.09 10.04 11.02 £1.05
23.50 +4.23 +3.21
Dissolved Oxygen 5.55+0.09 1.85- 4,74 + 15.41 7.31+ 17.16 £ 6.46
(mg/L) 24.27 +6.75 2.91
pH 8.01 + 0.06 7.43- 782+ 8.19 791+ 7.94+0.04
9.18 + 0.23
0.23
Conductivity 46.82 +0.67  1.92- 307.80 £ 454.36 688.96 +  939.10 £ 14.3
(us/cm) 2867.67 +24.21 39.10
Silicates (mg/L) 3.92 +0.52 12/ 2] 11.42 1751+ 14.47 £ 2.77
3.55 2.50 + 3.36 3.60
Chlorophyll a 3.13+£0.89 o dlgs Sl 4.11 4.08 £ 3.66 £ 0.40
0.36 0.58 + 0.87
0.54
Total 92.50 + 1.50 7401+ 83.25+ 5.96 69.50 61.51+  65.59 +10.90
ViableCounts 2.80 + 1849 7..50
(CFU/mI)
faecal coliform 0.50+0.11 101+ 0.88 £ 24.00 41.500 32.75 £8.70
bacteria 0.01 Q. +0.99 10.50
(CFC/ml)
Escherichia coli 0.51+£0.01 TT50N 1.00 = 32.10+ 18.01 + 25.28+6.81
(CFC/ml) 0.01 0.05 0.29 0.61
Arsenic (mg/L) 0.07+£0.01 0.05+0.02 0.04+£0.01 0.09+ 0.08 £0.01 0.06 £ 0.01
0.00
Lead (mg/L) 0.058+0.01 0.031+0.00 0.05+0.01 0.038+ 0.02 £0.00 0.03 £0.01
0.01
Cadmium (mg/L) 0.05 £0.00 0.038+0.00 0.04+£0.01 0.04+ 0.07+0.01 0.05 £0.01
0.01
Mercury (mg/L)  <0.001 <0.001 <0.001 <0.001 0<0.001 0.001 +5.27E-
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Total alkalinity 559.96 £ 46.00 1263.63+ 911.79% 1143.97 + 1086.67 =+  1115.32 *
(umol/kg ) 74.33 27.8 59.44 21491 104.69
Total carbon 437.19 £44.00 1069.36 +  753.27 1161.40 £ 999.63 + 1080 +118.45
dioxide (TCO»), 129.80 26.1 134.65 196.10
Carbon dioxide 128.24 +11.23 228.708+ 178.47 5701.13 + 211.61+ 2956.37 + 27.25
fugacity 10.23 72.75 48.70 32.39
(fC02)
Carbon dioxide 128.24 +11.23 228.708+ 178.47 5701.13+ 21161+ 2956.37 +
fugacity 10.23 72.75 48.70 32.39 27.25
(fC02)
APPENDIX I: Monthly ranges in physicochemical parameters of Densu estuary(2019-2020)
Parameter Range Mean = S.E.
Temperature (°C) 24.04-34.74 28.83 +6.43
Depth (m) 0.54-1.00 0.61 +0.07
Total Dissolved Substances(mg/L) 51.40-8801 3550.58 + 790.24
Salinity (ppt) 0.36-35.11 16.41 + 3.65
Dissolved Oxygen (mg/L) 1.85-24.27 6.09 +1.36
pH 7.43-9.47 8.07£1.80
Conductivity (us/cm) 1.92-2867.67 453.14 £ 94.27
Silicates (mg/L) 3.00-19.90 11.79 + 3.65
Chlorophyll a 1.26-11.49 4.45+1.04
Total Viable Counts (CFU/mI) 19.00-99.00 64.36 £ 10.58
faecal coliform bacteria (CFC/ml) 0.00-55.00 22.89 £ 3.76
Escherichia coli (CFC/ml) 0.00-50.00 17.08 +2.81
Arsenic (mg/L) 0.001-0.088 0.05 £0.01
Lead (mg/L) < 0.0001-0.068 0.03 £0.01
Cadmium (mg/L) 0.043-0.088 0.05 £0.01
Mercury (mg/L) <0.0001 <0.001

Total alkalinity (pmol/kgSW)
Total carbon dioxide (TCO3)
( pmol/kg SW)
Carbon dioxide fugacity (fC02)

(natm)
Seawater partial pressure of carbon

dioxide (pC02), (patm)

Carbon dioxide concentration (C0)

( umol/kg SW)
Mineral saturation states for calcite

("Qcalcite)
Mineral saturation states for aragonite
(‘QAr)

Revelle factor

Bicarbonates (HCO3) ( umol/kgSW)

o0 1 -TSTTUL
67.53=2052.73

0.08-18894.27

-14.50-10612.63

-0.34—585.23

-0.23-4.61

-0.144-4.61

0.28-16.36

-54.45-1440.56
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936.42 + 104.61
834.62 + 111.57

1657.67 +£948.23

4746.72 + 88.01

140.90 + 32.23

1.39+0.32

0.90+0.21

3.50+0.80
430.32 + 98.00



Carbonates (CO0s) ( umol/kg SW)
Hydroxyl ions (OH)  (umol/kgSW )
Buffer alkalinity (BalK) ( umol/kg

SW)

-12.75-183.55
0.32-322.69
0.140-742.92

70.62 +16.20
7.18 +1.64
161.90 + 37.15

Appendix J: Monthly variations in CPUE of commercial and experimental oyster fishing in

Densu estuary in 2019 and 2020

Month Experimental Commercial
(kg/hr/fisher/day) (kg/hr/fisher/day)
March_2019 30.88 £ 3.11 18.11 +0.11
April_2019 33.57 £6.00 16.79 + 3.00
May_ 2019 79.67 +10.00 39.84 + 2.50
June_2019 132.5 + 15.00 66.25 + 9.33
July 2019 5250+ 4.90 26.25 £+ 5.00
August_2019 43.20 £ 5.00 21.60+ 5.30
Sep_2019 10.00 £ 1.30 3.00 £ 1.30
Oct_2019 10.00 + 3.00 5.00 + 2.00
Nov_2019 5250+ 4.90 26.25 + 5.00
Dec_2019 43.20 £ 5.00 21.60 £ 5.30
Jan_2020 16.00 + 1.30 10.00+ 1.00
Feb_2020 15.00 + 3.00 8.00+ 2.00
March_2020 3250+ 3.90 26.25+ 3.00
April_2020 60.00 £ 7.10 30.00 £1.20
May_2020 85.00+8.30 42.50 + 8.30
June_2020 200.00 £ 5.00 100.00+ 11.00
July_2020 105.00 + 8.00 5250+ 6.00
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August_2020 126 .00 = 12.00

63.00 = 16.00

Appendix K: Descriptive statistics of biological parameters of the mangrove oyster in Densu

Biological parameter Range Mean +S. E
Shell Width (cm) 1.00-3.00 3.53+0.178
Shell Height (cm) 3.44-8.24 6.11+0.28
Shell Weight (g) 7.70 -66.70 19.17 £ 4.16
Shell Length (cm) 2.24-5.13 2.24 £5.13

Relative Abundance 15.00-500.00 15.00-500.00
(kg/hr/fisher/day)
Condition factor 30.00-300.00 30.00-300.00
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Appendix L: Exposure parameters used for the health risk assessment USEPA (2004)

Value parameter Child Adult
Body weight (BW) 15 70
Exposure Frequency (EF) 6 30
Exposure Time (ET) 1 0.58
Ingestion Rate (IR) 1 2

Skin Surface Area (SA) 6600 18,000
For carcinogenic 365 *70 365 *70
For non-carcinogenic 365 * ED 365 * ED
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