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Abstract 

Assessing the vulnerability of a coastal area to an anthropogenic factor is crucial for developing adaptation or mitigation 

strategies. As other countries, Cameroon is exposed to ocean acidification (OA), but very little is known about the extent of its 

vulnerability. This study aim was to assess the vulnerability of the coastal ocean ecosystem of Kribi (Southern Cameroon) to 

ocean acidification. Thus, simultaneous monitoring of carbonate system parameters, zooplankton communities, and others 

environmental variables was conducted in the area between September 2021 and August 2022. Three monitoring stations and a 

seasonal sampling strategy were established to understand organism’s exposition to changes in the carbonate chemistry and OA. 

Seawater physicochemical parameters were measured in situ using a calibrated water quality multimeter probe. Nutrients, 

chlorophyll-a, and total alkalinity (TA) were measured in the laboratory using appropriates methods, with water samples for TA 

analysis fixed using mercuric chloride (HgCl2). Based on the pH, TA, salinity, and temperature values, the others parameters of 

the carbonate system were calculated using the CO2SYS_Xls program. Zooplankton was collected at the surface with a 64-

micron plankton net and fixed in 5% formaldehyde, then transported to the laboratory for counting and identification. The Coastal 

Ocean Acidification Vulnerability Index (COAVI) was then used to determine the area’s vulnerability level. As results, 45 

zooplankton species, belonging to 7 phylum and 32 families were identified. Copepod was the dominant group in all sampling 

stations during all the seasons. Environmental conditions were characterized by high temperature (28.56 ± 1.85°C) and a salinity 

that varied according to the rainfall. The carbonate system indicates that the critical threshold of OA was not reached in the area, 

as seawater remained saturated with respect to aragonite and calcite saturation (Ω ˃ 1). Although, lowest value of pH, aragonite 

and calcite were observed during the small and large rainy seasons. Low pH and high pCO2 values were accompanied by a drop 

in diversity, while salinity variation drives selective presence of some taxa in the area. The COAVI index showed an overall 

value of 0.53, indicating moderate vulnerability to OA in the study area. Station Bp, with an index of 0.81 was the most 

vulnerable, while the rainy seasons, with an index of 0.76 are at the highest risk. The study highlighted the area’s vulnerability 

to OA, which calls for raising awareness and developing local environmental management strategies. 
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1. Introduction 

Coastal ocean ecosystems provide a wide range of benefits, 

including biodiversity, habitat support, and the livelihoods of 

coastal communities [1]. They are highly productive ecosys-

tems, supporting species development and fisheries systems. 

As human activities are mostly situated in coastal areas, 

coastal ocean ecosystems and their resident species are under 

increasing pressure from a multitude of climate-induced and 

non-climate drivers [2]. Zooplankton, as an important compo-

nent of the marine food web, transferring nutrients and energy 

from primary producer to higher trophic level [3, 4], are often 

used as bioindicators of environmental changes and water 

quality [4, 5]. Zooplankton species diversity and abundance 

are mirror of the health status of aquatic ecosystems, as their 

communities can quickly respond to changes of environmen-

tal factors due to their short life cycles [6, 7]. Among the many 

pressures facing marine and coastal ecosystems, ocean and 

coastal acidification is a global threat with local specificities, 

mainly caused by the ocean absorption of atmospheric carbon 

dioxide (CO2), leads to change in seawater chemistry charac-

teristics, lowering its pH [8, 9]. This phenomenon can have 

negative consequences for biodiversity and the functioning of 

these ecosystems. Zooplankton was identified among the 

group of organisms that can be affected by the ongoing ocean 

acidification (OA) [10]. Laboratory studies showed that low 

pH and high pCO2 (partial pressure in carbon dioxide) associ-

ated to OA can affect significantly the survival, growth, calci-

fication, development, and reproduction of planktonic organ-

isms, by changing intracellular pH and enzyme activity [11-

13]. This can result in the modification of the community 

structure and rarefaction of pH sensitive species, influencing 

the productivity of higher trophic level, starting by small pe-

lagic fish. 

Over the past decade, Kribi and its surrounding areas have 

experienced significant economic development driven by the 

implementation of major infrastructure projects, including the 

construction of roads and highways, the construction and ex-

ploitation of power plant fueled by liquefied natural gas, and 

the construction and operation of the deep-water port of Kribi. 

These infrastructure projects have spurred industrialization in 

the area with the establishment of heavy industries such as ce-

ment plants, which have joined the existing oil exploration and 

production activities in the region, as well as an agro-indus-

trial sector. Thus, global environmental issues, including cli-

mate change and ocean acidification, could be exacerbated by 

local human activities and have a negative impact on marine 

habitats, biodiversity, and the functioning of local marine eco-

systems. 

OA research in the Cameroon context remain at their early 

stage due to the existence of few infrastructure and little 

equipment to monitor the changing chemistry of seawater [14, 

15]. To date, no vulnerability assessment of Cameroon’s ma-

rine ecosystems to ocean acidification has been carried out, 

despite the fact that OA could potentially have a negative im-

pact on fisheries, with serious socio-economic consequences 

for coastal communities. The IPCC (Intergovernmental Panel 

on Climate Change) definition of vulnerability states that 

“vulnerability is the degree by which a system is susceptible 

to, and unable to cope with, adverse effects of climate change, 

including climate variability and extremes” [16], assessing 

vulnerability in coastal zone or communities is a function of 

their exposure, sensitivity and adaptive capacity [17]. The 

comprehension of vulnerability constitutes the basis for the 

formulation of strategies and the implementation of actions 

that are aimed at mitigating the repercussions on human pop-

ulations while concurrently endeavoring to optimize ecosys-

tem goods and services [18]. In order to assess the vulnerabil-

ity of the coastal ocean ecosystem at Kribi (southern Came-

roon) to ocean acidification, we conducted a simultaneous 

monitoring of carbonate system, zooplankton communities 

and other environmental variables in the area. The COAVI 

(Coastal Ocean Acidification Vulnerability Index) index, 

which provides an indication of the vulnerability of a given 

coastal ocean ecosystem to OA was applied using zooplankton 

as indicator. Thus, it is presented here (1) the community stand 

of zooplankton and their Spatio-temporal distribution, (2) the 

exposure to carbonate chemistry and environmental variables 

experienced by these organisms and (3) the assessment of eco-

system vulnerability base on the COAVI index. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study was conducted in a portion of the southern At-

lantic coast of Cameroon at Kribi and its surroundings areas. 

The climate of the area is an equatorial type characterized by 

constant and high temperature with four seasons: two rainy 

seasons (September - November and April - June), and two 

dry seasons (December - March and July - August) [19, 20]. 
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The tidal cycle of Cameroon coast is semidiurnal with constit-

uents ranging between 0.5 m and 0.85 m [21]. 

Three fixed sampling stations each situated at about 3km 

from the shoreline (Figure 1) were selected based on anthro-

pogenic activities in its proximity and the relative importance 

of the area for small pelagic fishing by local communities. The 

Bp sampling station (3°06’5.22’N, 9°55’50.66’’E), was situ-

ated around a marine gas pipeline, carrying natural gas from 

offshore to the gas facility plant located on the coast within 

5km. It has been established that the process of liquefying nat-

ural gas results in emission of CO2 and Sulphur dioxide (𝑆𝑂2) 

that could contribute to acidify near surface seawater in the 

area [22]. The Kb sampling station (2°57’4.82’’N, 

9°52’40.08’’E), was located not far from the mouth of the 

Kienké river, which flows through the agro-industrial zone 

around Kribi and carries urban and household waste from the 

coast to the ocean. The Eb sampling station (2°48’25.20’’N, 

9°51’44.96’’E) was located less than 10km from the Kribi 

Port and an oil exploitation platform. Local communities tra-

ditionally fish for small pelagic in the areas where the stations 

were located. 

 
Figure 1. Study area and location of sampling stations. 

2.2. Zooplankton Collection and Water 

Sampling 

Samples were collected in each sampling station from Sep-

tember 2021 to August 2022 covering all the seasons encoun-

tered in the study area. Collection was made in the month of 

September and November during the large rainy season (LRS), 

December and March, covering the large dry season (LDS), 

April and June during the small rainy season (SRS), July and 

August during the small dry season (SDS). Zooplankton sam-

ples were collected at about 1m in the sub-surface water by 

filtering 100 L of seawater with a plankton net of 64 µm mesh 

size and 50 cm diameter. The filtrate obtained was then col-

lected in a 500 ml double capped polyethylene bottle and fixed 

with 5% formaldehyde solution and transported to the labora-

tory for counting and identification [23, 24]. 

Water samples dedicated to the analysis of Total Alkalinity 

(𝑇𝐴) were collected in each station at the sub-surface in the 

same frequency and the same time than plankton collection. 

Seawater for 𝑇𝐴 was collected in a 250 ml borosilicate rea-

gent bottles and fixed with 50 µl of saturated mercuric chlo-

ride (𝐻𝑔𝐶𝑙2) to prevent any biological activity [25]. 
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2.3. Field and Laboratory Measurement of 

Seawater Physicochemical Parameters 

At each sampling station, temperature (°C), hydrogen po-

tential (pH), salinity (PSU), dissolved oxygen (mg/l) and total 

dissolved solids (TDS, g/l) were measured in situ at the same 

time and frequency of the samples collection using a well cal-

ibrated water quality multimeter probe (Hanna Instrument, HI 

9829). The probe is placed in the water at the sampling station 

and left there for about 3 minutes to allow the device to stabi-

lize. The measurement is then initiated, and the various values 

are recorded. The procedure is repeated three times to improve 

the accuracy of measurement. 

Calibration was carried out once for each sampling cam-

paign, using the different buffer solution provided and the rec-

ommended methods of the manufacturer. The probe measure 

pH with an accuracy of ± 0.02, ± 0.01 PSU for salinity and 

temperature with an accuracy of ± 0.15°C. Each measurement 

was taken three times for data quality control. All the water 

sampling and in situ measurement were realized in the morn-

ing between 6:00 am and 12:00 pm. 

In the laboratory nutrients were analyses spectrophotomet-

rically using a HACH DR/3900 spectrophotometer. Nitrate 

was determined using the HACH method N°8171 with detec-

tion level between 0.1mg/L 𝑁𝑂3 and 10 mg/l 𝑁𝑂3. Nitrite con-

centration was measured using HACH method N° 8507, with 

detection level up to 0.30mg/l. Ammonia was evaluated using 

the ammonia salicylate method, HACH method N° 8155. Or-

thophosphate concentrations were determined using the 

HACH method N° 8048, using the ascorbic acid, with the de-

tection level ranged between 0.02 mg/l 𝑃𝑂4
3−, and 2.50 mg/l 

𝑃𝑂4
3−. Chlorophyll-a in the other hand was extracted using 90% 

acetone in darkness, after filtration of 200 ml of seawater sam-

ple. Then optical density was read on spectrophotometer at 

630 nm, 645 nm and 663 nm wave length. Chlorophyll-a con-

centration was then calculated in mg/l following the equation 

(1) below. 

𝐶ℎ𝑙. 𝑎 (𝑚𝑔. 𝑙−1)  =
[(11.64 ×𝑂.𝐷×663)−(2.16×𝑂.𝐷×645)−(0.1×𝑂.𝐷×630)]×𝑣

𝑉×𝑙
                           (1) 

Where: 

𝑂. 𝐷 =  𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑑𝑒𝑛𝑠𝑖𝑡𝑦;  𝑣 =  𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑎𝑐𝑒𝑡𝑜𝑛𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 (𝑚𝑙);  

𝑉 =  𝑣𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑓𝑖𝑙𝑡𝑒𝑟𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑚𝑙) 𝑎𝑛𝑑 𝑙 =  𝑜𝑝𝑡𝑖𝑐𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ  

Total alkalinity (𝑇𝐴) was measured by titration of 50 ml of 

seawater sample with 0.1 N hydrochloric acid (HCl), using 

methyl orange 0.1% w/v as dye solution [26]. The volume of 

acid necessary to induce change of the solution color was rec-

orded and used to calculate the corresponding 𝑇𝐴. The analy-

sis was repeated twice for each sample to reduce manipulation 

error. The carbonate system calculations were made based on 

Total alkalinity, in situ pH, temperature and salinity [27, 28] 

using CO2SYS_Xls program [29]. Carbonate system con-

stants was calculated according to [30] for K1 and K2 dissoci-

ation constants, [31] for bisulfate (KHSO4) dissociation con-

stants and [32] for borate concentration. Laboratory tempera-

ture was considered constant at 25°C for computations. Thus, 

pCO2, carbonate ions concentration, aragonite and calcite sat-

uration state (Ω) were derived from calculation for the study 

period. 

2.4. Laboratory Analysis of Zooplankton 

Samples 

Once in the laboratory, each zooplankton sample collected 

was concentrated into a 10 ml sub-sample. This sub-sample 

was then observed under a ZEISS optical microscope until it 

was completely exhausted. Identification of zooplankton or-

ganisms was carried out using specific identification keys [33-

40]. The process of identification was conducted at the lowest 

possible taxonomic level. The number of individuals observed 

in each subsample was then recorded. 

2.5. Vulnerability of the Kribi Coastal Ocean 

Ecosystem to Acidification Framework 

The application of the Coastal Ocean Acidification Vulner-

ability Index (COAVI) to the study area in Kribi has been 

adapted from the method described by [41]. This index sum-

marizes exposure to acidification, the sensitivity of local or-

ganisms (zooplankton) and ecosystems, and adaptation ability. 

The method applies a weighted sum technique to the individ-

ual components of the COAVI formula. The overall formula 

is as follows: 

𝐶𝑂𝐴𝑉𝐼 =  𝐸𝑖 +  𝑆𝑖 − 𝐴𝑖                (2) 

Where, 𝐸𝑖  is the exposure component, 𝑆𝑖  the sensitivity 

and 𝐴𝑖 the adaptive capacity. 

The COAVI index generally ranges from 0 (very low vul-

nerability) to 1 (very high vulnerability). The Table 1 presents 

the classification of vulnerability levels.
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Table 1. Classification of vulnerability levels. 

Ranges Level of vulnerability 

0.00 - 0.20 Very low vulnerability 

0.21 - 0.40 Low vulnerability 

0.41 - 0.60 Moderate vulnerability 

0.61 - 0.80 High vulnerability 

0.81 - 1.00 Very high vulnerability 

To determine the Exposure factor (𝐸𝑖), we used six normal-

ized sub-indicators (𝑇𝐴, pH, 𝑝𝐶𝑂2, Ω𝐴𝑟 , temperature and sa-

linity), which reflect the degree of exposure to acidification. 

Each parameter has been standardized to have a value between 

0 and 1 during the study period or at the sampling station in 

question. The calculation formula is as follows: 

𝐸𝑖 =
𝑝𝐶𝑂2𝑛𝑜𝑟+𝑇𝐴𝑛𝑜𝑟+𝑝𝐻𝑛𝑜𝑟+𝐴𝑟𝑔.𝑛𝑜𝑟+𝑇𝑒𝑚𝑝.𝑛𝑜𝑟+𝑆𝑎𝑙.𝑛𝑜𝑟

6
   (3) 

Where: 

1) 𝑝𝐶𝑂2𝑛𝑜𝑟 is the normalized value of carbon dioxide par-

tial pressure 

2) 𝑇𝐴𝑛𝑜𝑟 the normalized value of total alkalinity 

3) 𝑝𝐻𝑛𝑜𝑟 the normalized value of pH 

4) 𝐴𝑟𝑔. 𝑛𝑜𝑟 the normalized value of aragonite 

5) 𝑇𝑒𝑚𝑝. 𝑛𝑜𝑟 the normalized value of temperature 

6) 𝑆𝑎𝑙. 𝑛𝑜𝑟 the normalized value of salinity 

For each variable, normalization was performed using the 

formula described by [42]. 

The sensitivity indicator (𝑆𝑖) was determined based on two 

sub-indicators: the proportion of calcifying organisms and the 

Shannon diversity index (H’). 

Si =
 proportion of calcifying organisms + 

Hmoy
′

Hmax.T
′⁄

2

    (4) 

With: H′moy: the value of the Shannon index 

H′max.T: the theoretical value of Shannon index fixed to 3. 

To analyze the adaptive capacities in the area, we used in-

formation produced by [43] in the analysis of adaptation ca-

pacity to climate change in the area. The author concluded that 

adaptive capacity is relatively low in the area. We used factor 

for assessing resilience 𝑅𝐸 , environmental management ca-

pacity factor 𝐺𝐸 , water quality 𝑄𝐸  and anthropogenic pres-

sure 𝑃𝐴 Water quality assessment of the area was based on 

[44, 45] We used the following formula for calculation: 

𝐴𝑖 =
𝐺𝐸+𝑅𝐸+𝑄𝐸+𝑃𝐸

4
                 (5) 

2.6. Data Analysis 

Analysis of biological data was based on abundances, and 

the calculation of different index. 

As biological index, the Shannon - Weaver diversity index 

(𝐻′) is designated to express the diversity of a given ecosys-

tem by taking into account both the number of species present 

and the abundance of individuals within each species. It was 

calculated in accordance with the following formula: 

H′ = − ∑
ni

N
log2

ni

N
                   (6), 

Where: ni = number of individuals of the specie I 

and N = total number of individuals. 

The Pielou evenness index (𝐽) was calculated to measure 

the equitability of the distribution of individuals within the 

species. It was calculated following the formula: 

J =  
H′

log2 S
                       (7), 

Where: H′ = Shannon − Weaver diversity index,  and 

S = total number of species or species richness. 

The Margalef index (D) quantify the diversity by relating 

specific richness to the total number of individuals [46]. It was 

calculated based on the following formula: 

D = (S − 1)/log2N                 (8), 

Where: D = Margalef index, S = species richness and 

N = total number of individuals. 

For environmental variables, the Shapiro - Wilk normality test 

was applied to verify their normal distribution. For variables that 

satisfy the normality assumption, the ANOVA test was applied 

to compare the variance and understanding whether their varia-

tion was significant or not between sampling stations as well as 

between seasons. If the difference appeared significant, a Tukey 

HSD (honestly significant difference) post hoc test was applied. 

The environmental variables which did not satisfy the normality 

assumption were analyzed using the Kruskal Wallis non-para-

metric test. If the difference appeared significant the Dunn’s pair-

wise test was applied with a Bonferroni correction for p-values. 

All statistical tests were performed at 5% significance level. To 

understand the relationship between the distribution of zooplank-

ton abundance and environmental variables (temperature, salinity, 

pH and 𝑝𝐶𝑂2), scatter plots of distribution of abundance of all 

species in function of each parameter per season was used. Then 

Principal Component Analysis (PCA) were applied to the dataset 

to assess the majors controlling factors affecting zooplankton 

abundance in the study area at seasonal scale. All the data was 

analyzed using the R software program version 4.4.0 [47]. 

3. Results 

3.1. Zooplankton Community Structure 

During this study, a total of 45 zooplankton species, belong-

ing to 7 phylum and 32 families, were identified. About 62.2% 
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of the total species identified belonged to the copepod group. 

Four families (Calanidae, Paracalanidae, Centropages and Co-

rycaeidae) presented the highest number of species (3 species 

each), followed by Temoridae, Pontellidae and Sagittidae 

families with 2 species each. The distribution of these species 

during all the seasons and at the three sampling sites is showed 

in Table 2. About 22 species were identified during the LRS, 

34 species during the LDS, 34 during the SRS and 29 during 

the SDS. At the spatial scale, 34 species belonged to 25 fami-

lies was identified at the Bp sampling station, 29 species from 

22 families in Kb and 34 species from 25 families in Eb. 

Quantitatively, 9208 individuals were observed during the 

study period. With the highest number of organisms harvested 

during the LDS (about 3005 Ind/L). Among all the groups har-

vested, copepods represented the dominant group (65% of to-

tal abundance) (Figure 2), followed by Larvacea (18%). A sig-

nificant difference was founded in species abundances be-

tween LRS and SDS (adjusted p-value = 0.016) as showed by 

the Dunn test. However, no significant difference in abun-

dance was found between sampling stations (p-value ˃ 0.05). 

At each season, copepods were the most abundant group, 

with the highest abundance during the LRS (2007 Ind/L), fol-

lowed by Larvacea that presented highest abundance during 

the LDS (859 Ind/L), as presented in Figure 3. Spatially, the 

same tendency was observed, with copepod being the most 

abundant group with the highest number collected at Bp and 

the lowest at Eb (Figure 4). 

Table 2. Diversity and abundance of zooplankton community observed in a portion of the southern coast of Cameroon at Kribi during the 

study period. 

Phylum/Sub-

phylum 

Sub-

class 
Order 

Fami-

lies 
Genera Species Abr LRS LDS SRS SDS 

 Eb Bp Kb Eb Bp Kb Eb Bp Kb Eb Bp Kb 

Arthropoda/C

rustacea 

Euma

lacost

raca 

Decapo

d 

Mysida

e 
Mysis Mysis sp My - 20 10 10 - 5 13 50 8 - 18 25 

Lucifer-

idae 
Lucifer Lucifer sp Lu - 5 5 5 - 10 - - - 28 10 28 

Euphau-

siacea 

Eu-

phausi-

idae 

Eu-

phausia 

Euphau-

siid lar-

vae 

Eup 10 - 5 10 13 65 - - - 18 10  

Co-

pe-

poda 

Calan-

oida 

Pontel-

lidae 

Labi-

docera 

Labidoc-

era sp 

La.s

p 
- 69 350 35 320 33 - 123 5 25 15 - 

Labidoc-

era acuta 

La.

acu 
- - - - - 18 - - - - - - 

Calani-

dae 

Calanus 

Calanus 

helgo-

landicus 

Ca.

hel 
- 73 - 5 340 - - - - - - - 

Calanus 

sp 

Ca.

sp 
- - - 18 5 10 15 20 20 - - - 

Can-

thocala

nus 

Can-

thocalanu

s sp 

Can

t 
- - - - - - - - 85 - - - 

Paracal-

anidae 

Para-

calanus 

Para-

calanus 

sp 

Pa.s

p 
- 130 150 - 35 - - 35 - 33 75 - 

Acro-

calanus 

Acro-

calanus 

sp 

Ac.

sp 
105 10 25 173 5 63 10 25 95 30 20 35 

Acro-

calanus 

andersoni 

Ac.

ad 
- - 93 5 5 - 12 - - - - - 

Temora Temora Te.l - - - - - - - - - - 35 - 

http://www.sciencepg.com/journal/wros


Journal of Water Resources and Ocean Science http://www.sciencepg.com/journal/wros 

 

183 

Phylum/Sub-

phylum 

Sub-

class 
Order 

Fami-

lies 
Genera Species Abr LRS LDS SRS SDS 

 Eb Bp Kb Eb Bp Kb Eb Bp Kb Eb Bp Kb 

Temori-

dae 

longicor-

nis 

Temora 

turbinata 
Te.t - 23 105 20 60 - 10 20 - 5 30 10 

Acarti-

idae 

Acar-

tiella 

Acartiella 

sp 
Ac 15 5 - 30 15 - - 10 13 - 10 - 

Lu-

cicuti-

idae 

Lucicu-

tia 

Lucicutia 

ovalis 

Luc

i 
- - - - 40 - - - 20 - 15 - 

Centro-

pagidae 

Centro-

pages 

Centro-

pages sp 

Ce.

sp 
20 - - 30 10 - - 10 58 18 - - 

Centro-

pages 

hamatus 

Ce.

ha 
- - - 20 - - - - 40 - - - 

Centro-

pages fur-

catus 

Ce.f

u 
- - - 20 - - - - - 17 - - 

Augap-

tilidae 

Cen-

trau-

gaptilus 

Centrau-

gaptilus 

sp 

Cen

t 
- - - - - - - 135 - - - - 

Can-

daci-

idae 

Canda-

cia 

Candacia 

sp 
Cad - - - - - - - 35 - - 44 - 

Clauso-

calani-

dae 

Clauso-

calanus 

Clauso-

calanus 

sp 

Cl - - 241 - - - - - 130 - - - 

Cyclo-

poida 

Co-

rycae-

idae 

Co-

rycaeus 

Co-

rycaeus 

sp 

Co.

sp 
305 115 53 73 58 45 33 45 50 15 - - 

Co-

rycaeus 

dahli 

Co.

d 
- 95 - 13 - - - - - - 20 - 

Co-

rycaeus 

crassiusc

ulus 

Co.

c 
- - - 145 48 40 - - 33 - 38 - 

Oncae-

idae 
Oncaea 

Oncaea 

sp 
On - - - 5 - - - - 10 - - - 

Sap-

phirini-

dae 

Sap-

phirina 

Sapphir-

ina nigro-

maculata 

Sa - - - 10 - - - - - - - - 

Oithon-

idae 
Oithona 

Oithona 

brevicor-

nis 

Oi - - - 10 - - 48 - - - - - 

Harpati-

coida 

Euter-

pinidae 

Euter-

pina 

Euterpina 

sp 

Eu.

sp 
- - - - - - - - 15 - - - 

Euterpina Eu. - 5 - 8 10 - 56 8 58 85 - - 
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Phylum/Sub-

phylum 

Sub-

class 
Order 

Fami-

lies 
Genera Species Abr LRS LDS SRS SDS 

 Eb Bp Kb Eb Bp Kb Eb Bp Kb Eb Bp Kb 

acutifrons ac 

Ectino-

so-

matidae 

Micro-

setella 

Micro-

setella 

norvegica 

Mi - - - - - - 15 - - - - 20 

   
Copepod 

eggs 

Cop

.eg 
- - - - - - - 165 - - - - 

 
Alphei-

dae 

Nau-

plius 

Copepod 

nauplii 

Cop

.na 
- - 20 5 40 43 10 5 13 - 14 33 

Cirri-

pedia 
   

Cerripede 

nauplii 
Cer - - - - 5 - - - - - 13 - 

Myo-

do-

copa 

Myodo-

copida 

Cypridi

nidae 

Cypridi

na 

Cypridina 

sp 
Cy - - - - - - 7 - - - - - 

Arthrop-

oda/Chelicer-

ata 

Acari 

Trom-

bidi-

formes 

Ha-

lacari-

dae 

 mite mi - - 5 - - - - - 10 5 5 - 

Cnidaria/An-

thozoa 
 

Actini-

aria 

Hal-

campoi

didae 

Hal-

campoi

des 

Hal-

campoide

s sp 

Ha 55 78 85 - 5 - 38 5 5 - - - 

Cnidaria/Me-

dusozoa 

Hy-

droid

olina 

Sipho-

nopho-

rae 

Diphy-

idae 

Chelo-

phyes 

Chelo-

phyes sp 
Ch - 5 - 5 8 - - 205 8 - 117 - 

Cnidaria/Me-

dusozoa 

Lep-

tome-

dusae 

 
Eireni-

dae 
Eutima Eutima sp Eut - - - 5 - - 5 - - 8 - - 

Heliozoa   

Cili-

ophryda

e 

Acti-

monas 

Actimo-

nas sp 
Act - - - - - - - 15 - - 5 - 

Echinoder-

mata/Astero-

zoa 

 
Ophiu-

rida 

Ophiu-

ridae 

Ophio-

pluteus 

Ophio-

pluteus 

larvae 

Op.

l 
- - - 5 15 - - - - 10 - - 

Chordata/Tu-

nicata 

 
Cope-

lata 

Oikople

uridae 

Oikople

ura 

Oikopleur

a labra-

doriensis 

Oi.l 160 130 10 306 220 228 10 10 176 86 220 24 

 
Fritil-

lariidae 

Fritil-

laria 

Fritillaria 

sp 
Fr - - - 20 10 75 - - - - 33 - 

 
Doliol-

ida 

Dolioli-

dae 

Dolio-

letta 

Dolioletta 

sp 
Dol - - - - - - - - - 11 29 5 

Cili-

ophora/Intra-

macronucle-

ata 

Cho-

ret-

richia 

Tintin-

nida 

Tintin-

nidiidae 

Lepro-

tintin-

nus 

Lepro-

tintinnus 

sp 

Lep - - 5 - 5 - - - - - - - 

Chaetognatha 

 Aphrag-

mo-

phora 

Sagitti-

dae 

Sagitta Sagitta sp Sag - 8 60 17 50 35 - 15 23 20 42 30 

 
Mesosa

gitta 

Mesosagi

tta sp 
Mes - - - 5 - - - 13 - - - - 

Total Abundance (Ind./L) 2663 3005 2111 1429 
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Phylum/Sub-

phylum 

Sub-

class 
Order 

Fami-

lies 
Genera Species Abr LRS LDS SRS SDS 

 Eb Bp Kb Eb Bp Kb Eb Bp Kb Eb Bp Kb 

Species richness (S) 22 34 34 29 

Shannon Index (H’) 2.8 ± 0.62 3.27 ± 0.2 3.5 ± 0.17 3,41 ± 0,35 

Pielou Index (J) 0,78 ± 0,04 0,75 ± 0,06 0,84 ± 0,04 0,88 ± 0,06 

Margalef Index (D) 1,18 ± 0,47 2,03 ± 0,71 1,88 ± 0,27 1,64 ± 0,57 

 

 
Figure 2. relative abundance of major zooplankton groups. 

 
Figure 3. Seasonal variation of the abundance of major zooplankton 

groups identified. 

 
Figure 4. Spatial variation of the abundance of major zooplankton 

groups identified. 

In terms of species abundance, Oikopleura labradoriensis 

was the most abundant specie harvested during the LDS (754 

Ind./L) and the SDS (330 Ind./L), followed by Calanus helgo-

landicus (345 Ind./L) and Chelophyes sp (117 Ind./L) respec-

tively. During the LRS the most abundant specie harvested 

was Labidocera sp (419 Ind./L), followed by Corycaeus sp 

(473 Ind./L). During the SRS the most abundant specie col-

lected was Chelophyes sp (213 Ind./L), followed by 

Oikopleura labradoriensis (196 Ind./L). 

3.2. Spatial and Seasonal Variation of Shannon-

Weaver Diversity Index (H′), Pielou 

Equitability (J) and Margalef Index (D) 

Shannon and Weaver index (𝐻′) globally show a moderate 

ecological status level. At the spatial level (Figure 5), the 

value of 𝐻′was 3.41±0.23 bits/Ind at the Bp sampling station, 

3.23 ± 0.33 bits/Ind at the Kb, and 3.12 ± 0.69 bits/Ind at Eb. 

The Pielou (𝐽) equitability index showed a value of 0.79 ± 0.05 

at the Bp station, 0.84 ± 0.07 at Kb, and 0.81 ± 0.08 at Eb. 

Concerning the Margalef (𝐷) index, the value of 1.91 ± 0.32 

was obtained at Bp, 1.48 ± 0.47 at Kb, and 1.66 ± 0.84 at Eb. 

At the seasonal level (Figure 6), the Shannon and Weaver di-

versity index (𝐻′) presented a value of 2.8 ± 0.62 bits/Ind dur-

ing the LRS, 3.27 ± 0.2 bits/Ind during the LDS, 3.5 ± 0.17 

bits/Ind during the SRS, and 3,41 ± 0,35 bits/Ind during the 

SDS. Margalef index (D) presented a mean value of 1,18 ± 

0,47 during the LRS, 2,03 ± 0,71 during the LDS, 1,88 ± 0,27 

during the SRS, and 1,64 ± 0,57 during the SDS. The Pielou 

(J) index showed high values during all the sampling seasons 

with highest value (0,88 ± 0,06) obtained during the SDS, and 

the lowest (0,75 ± 0,06) during the LDS. 
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Figure 5. Spatial representation of diversity indexes. 

 
Figure 6. Seasonal representation of diversity indexes. 

3.3. Environmental Conditions and Carbonate 

System Variation in the Coastal Ocean of 

Southern Cameroon 

The variation of the physicochemical conditions of sea-

water at each station during all the seasons is presented in Ta-

ble 3. During all the study period, the sea surface water re-

mains warm and exhibited a mean temperature of 28.56 ± 

1.85°C. Temperature was not significantly different between 

sampling station (p-value ˃ 0.05), but was significantly differ-

ent between the SDS-LDS, LRS-LDS, SDS-LRS and SRS-

SDS according to the Tukey HSD test (adjusted p-value < 

0.05), with a large effect of seasons on the variance of temper-

ature (𝜂2 = 0.79). The LDS presented the highest mean value 

(30.44 ± 0.66°C), and the SDS the lowest value (25.98 ± 

0.76°C). However, for the other physicochemical parameters 

(salinity, D. O, TDS, nitrite, nitrate, phosphate, chlorophyll-a, 

and nitrogen ammonia), no significative difference was found 

between sampling stations, but salinity showed a significative 

difference between LRS and SRS (adjusted p-value < 0.05), 

with a large magnitude effect of the seasonality (𝜂2 = 0.54). 

The salinity mean value observed during the study period was 

18.28 ± 6.11 PSU. The lowest mean value was observed dur-

ing the LRS (10.84 ± 0.96 PSU), and the highest mean value 

observed during the SRS (24.34 ± 0.55 PSU). 

Dissolved oxygen (D. O) presented high variability during 

the study period. The mean D. O value recorded was 5.16 ± 

3.34 mg/l. A decrease in oxygen concentration was observed 

during the LRS with the lowest mean value (2.25 ± 0.91 mg/l) 

recorded. During the SDS, this concentration increases and the 

highest mean value (8.78 ± 0.79 mg/l) was recorded. Signifi-

cant difference of D. O between LRS and SDS was observed 

(adjusted p-value < 0.05), with a large effect of seasonality (𝜂2 

= 0.37). 

Chlorophyll-a which provides information on primary 

productivity was significantly different between LRS and 

SDS (adjusted p-value < 0.05) also with a large effect of the 

seasons on the variance (𝜂2 = 0.38). A great variability was 

observed during the study period. The mean value recorded 

was 0.159 ± 0.136 mg/l. The increase of primary productivity 

was observed during the seasons where a relative stability of 

climate conditions was observed (during the SDS and SRS). 

The highest concentration was observed during the SDS (0.3 

± 0.06 mg/l), and the lowest concentration observed during the 

LRS (0.05 ± 0.04 mg/l). 

Nutrients (nitrates, nitrites, phosphates and nitrogen ammo-

nia) presented a great variability during the study period in the 

study area. Nitrate presented a significant difference between 

LRS and SRS, with a large effect of the seasons (𝜂2 = 0.29). 

The mean value was 2.13 ± 1.44 mg/l. The lowest mean value 

(1.39 ± 0.54 mg/l) was recorded during the LDS, and the high-

est mean value (3.15 ± 2.15 mg/l) was observed during the 

LRS. 

The mean value of nitrites was 0.02 ± 0.017 mg/l during the 

study period, with lowest mean value observed during the 

LRS (0.012 ± 0.01mg/l), and the highest during the LDS 

(0.026 ±0.03 mg/l). Nitrogen ammonia mean value was 0.92 

± 0.18 mg/l, with lowest value (0.46 ± 0.37mg/l) recorded dur-

ing SDS, and the highest value (1.38 ± 1.19 mg/l) obtained 

during the LRS. 

Six variables of the carbonate system were considered in 

this study: Total Alkalinity (𝑇𝐴), partial pressure in carbon di-

oxide ( 𝑝𝐶𝑂2) , Hydrogen potential ( 𝑝𝐻 ), carbonates ions 

(𝐶𝑂3
2−), aragonite saturation state (𝐴𝑟) and calcite saturation 

state (𝐶𝑎). The seasonal variation of these variables is pre-

sented in Figure 7. 𝑝𝐶𝑂2  presented a significant difference 

between Kb and Eb sampling stations (adjusted p-value < 0.05) 

and not between seasons. The others carbonate system varia-

bles were not significantly different between sampling sta-

tions. However, 𝑇𝐴  showed significant difference between 

LRS and SRS (adjusted p-value = 0.034), with a large effect 

of the seasons on the variance (𝜂2 = 0.35). 𝑇𝐴 mean value ob-

tained during the sampling period was 2332.65 ± 236.11 

µmol/kg, with the lowest mean value (2152.06 ± 222.16 

µmol/kg) obtained during the LRS and the highest mean value 

(2530.47 ± 81.58 µmol/kg) during the SRS (Figure 7A). pH 

mean value observed during the entire study period was 8.14 

± 0.17, with the highest mean value (8.20 ± 0.05) during the 

LDS, and the lowest (8.07±0.15) during the SDS (Figure 7B). 

For 𝑝𝐶𝑂2, the mean value was 491.11 ± 150.80 µatm, with a 

lowest mean value of 402.90 ± 55.7 µatm obtained during the 

LDS, and the highest 575.98 ± 103.72 µatm during the SRS 

(Figure 7C). Carbonate’s ions mean value was 181.86 ± 52.78 
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µmol/kg, with lowest mean value (151.63 ± 64.5 µmol/kg) 

during the LRS, and the highest mean value (198.04 ± 31.33 

µmol/kg) during the SRS. Aragonite saturation state showed 

a saturated water with a mean value of 3.16 ± 0.89 Ω. The 

lowest mean value (2.72 ± 1.17Ω) was observed during the 

LRS, and the highest mean value (3.45 ± 0.74 Ω) during the 

LDS (Figure 7F). Calcite saturation state mean value was 5.06 

± 1.37 Ω. The lowest mean value (4.52 ± 1.92 Ω) was ob-

served during the LRS, and the highest mean value (5.53 ± 

0.96 Ω) during the SDS. 

3.4. Influence of Environmental Variables on 

Zooplankton Abundance 

In this analysis, four physicochemical parameters (temper-

ature, salinity, pH, and 𝑝𝐶𝑂2 ) were considered, which we 

thought could potentially influence the zooplankton abun-

dance, including pH and 𝑝𝐶𝑂2 as carbonate system parame-

ters. 

Figure 8 shows the distribution of zooplankton species 

abundance as a function of salinity trends across the four sam-

pling seasons. The results indicate a greater diversity of spe-

cies and higher abundance at lower salinity level during the 

LRS and LDS. The specie Calanus helgolandicus was the 

most abundant at low salinity in LDS, whilst the specie Labi-

docera sp appears to be euryhaline, as was present at both low 

and high salinity levels. In general, abundance decreases as 

salinity increases. 

Similarly, Figure 9 shows that species abundance decreases 

with temperature, with the most abundant species occurring at 

high temperature. 

 
Figure 7. Seasonal mean values of carbonate system variables. 

Table 3. Seasonal and spatial mean values of physicochemical parameters in the study area. 

Parameters Spatial mean values Seasonal mean values 

 Kb Bp Eb LRS LDS SRS SDS 

Salinity (PSU) 18.1 ± 6.35 17.5 ± 6.27 19.3 ± 6.4 10.84 ±0.96 18.08 ± 7.27 24.34 ± 0.55 19.85 ± 2.10 

Temp. (°C) 28.3 ± 2.12 29.1 ± 1.78 28.3 ± 1.78 28.83 ± 0.87 30.44 ± 0.66 29.01 ± 1.2 25.98 ± 0.76 

D. O (mg/l) 4.74 ± 3.0 5.11 ± 3.67 5.63 ± 3.73 2.25 ± 0.91 4.50 ± 3.90 5.11 ± 2.91 8.78 ± 0.79 

http://www.sciencepg.com/journal/wros


Journal of Water Resources and Ocean Science http://www.sciencepg.com/journal/wros 

 

188 

Parameters Spatial mean values Seasonal mean values 

 Kb Bp Eb LRS LDS SRS SDS 

E. C (mS/cm) 29.4 ± 9.66 28.9 ± 9.78 31.7 ± 10.1 18.41 ± 1.50 29.23 ±10.8 39.63 ± 1.43 32.72± 3.63 

TDS (g/l) 15.4 ± 5.21 15.0 ± 5.23 16.7 ± 5.89 9.19 ± 0.76 14.61 ± 5.39 20.25 ± 1.14 18.8 ± 2.83 

Nitrate (mg/l) 2.34 ± 1.09 2.08 ± 2.23 1.98 ± 0.82 3.15 ± 2.15 1.39 ± 0.54 1.42 ± 1.11 2.55 ± 0.86 

Phosphate(mg/l) 1.63 ± 1.50 0.50 ± 0.75 1.66 ± 2.77 2.12 ± 3.19 1.62 ± 1.42 1.23 ± 1.06 0.09 ± 0.15 

Chl.a (mg/l) 0.12 ± 0.1 0.23 ± 0.16 0.134 ±0.12 0.053 ± 0.04 0.097 ± 0.15 0.2 ± 0.12 0.3 ± 0.061 

Nitrite (mg/l) 0.02 ± 0.015 0.025 ± 0.02 0.02 ± 0.009 0.012 ± 0.01 0.026 ±0.03 0.018 ± 0.01 0.02 ± 0.007 

Ammonia (mg/l) 1.07 ± 0.76 0.78 ± 0.97 0.93 ± 1.05 1.38 ± 1.19 1.33 ± 1.09 0.54 ± 0.41 0.46 ± 0.37 

 

The distribution of species in relation to pH variation (Fig-

ure 10) revealed a seasonal influence on distribution, with a 

decline in species abundance as pH decreased during LDS and 

LRS. However, during the SDS season, Oikopleura labra-

doriensis, the most abundant specie during this season, was 

present at a low pH (< 8), indicating a possible adaptation to 

significant pH variation. During the SRS season, a clear shift 

appears in species distribution, with one group of organisms 

present at a high pH and another, more numerous groups with 

higher abundances - particularly for Chelophytes sp; in this 

case too, abundance increase as pH decreases. 

 
Figure 8. Distribution of zooplankton species abundance in relation to seasonal changes in salinity. 
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Figure 9. Distribution of zooplankton species abundance in relation to seasonal changes in temperature. 

 
Figure 10. Distribution of zooplankton species abundance in relation to seasonal changes in pH. 

Since there is an inverse relationship between pH and 𝑝𝐶𝑂2, 

meaning that pH decreases as 𝑝𝐶𝑂2 increases, the effect on 

the distribution of organisms also reflects this relationship, 

with species that are abundant at low pH being abundant at 

high 𝑝𝐶𝑂2 and vice versa, as shown in Figure 11. 

Although the previous figures seem to show a relationship 

between environmental variables including carbonate system 

parameters, and zooplankton abundance, Principal Compo-

nent Analysis (PCA) reveals that, in reality, no single variable 

determines the variation in zooplankton abundance within the 

study area (Figure 12). Abundance is probably the result of the 

combined effect of all environmental factors, the availability 
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of food, and even the presence or absence of predators. 

3.5. Analysis of the Vulnerability to Ocean 

Acidification 

The analysis of the vulnerability to ocean acidification of 

the studied area was based on the calculation of the Coastal 

Ocean Acidification Vulnerability Index (COAVI), using Ex-

posure (𝐸𝑖), sensitivity (𝑆𝑖) and adaptation (𝐴𝑖) factors. The 

result showed an overall index value of 0.53, corresponding to 

moderate or intermediate vulnerability to ocean acidification, 

with exposure (𝐸𝑖) values of 0.41, sensitivity (𝑆𝑖) value of 0.59 

and adaptation (𝐴𝑖) value of 0.47. 

The 𝐸𝑖 value obtained indicates that the Kribi area is sub-

ject to moderate but significant coastal ocean acidification. 

This exposure is consistent with a coastal ecosystem subject 

to multiple sources of CO2 (atmospheric, decomposition of or-

ganic matter, biological respiration) and to riverine inputs, 

naturally more acidic than seawater. Similarly, the 𝑆𝑖 value 

indicated moderate sensitivity, meaning that the proportion of 

zooplankton organisms sensitive to ocean acidification is 

large enough for a moderate impact, but is already approach-

ing a high level. The ecosystem therefore shows notable sen-

sitivity, noting that both calcifying and non-calcifying organ-

isms react significantly to falling pH, low aragonite saturation 

and fluctuating chemical conditions. The 𝐴𝑖 value indicates a 

similarly moderate capacity for adaptation, linked mainly to 

natural mechanisms that can partially mitigate ocean acidifi-

cation in the Kribi area, notably biological diversity and toler-

ant zooplankton groups. However, with organic pollution and 

increasing anthropogenic pressure, this adaptive capacity is 

fragile and likely to decline rapidly, particularly as very few 

measures are being taken to promote adaptation or reduce 

acidification or acidification effects in the area. 

In order to identify the areas and periods of greatest vulner-

ability within the study area, the COAVI index was applied at 

both a spatial and seasonal scale. Table 4 presents these vul-

nerability indices. 

The results show that the Bp sampling station was the most 

vulnerable to coastal acidification (COAVI = 0.81 corre-

sponding to high vulnerability), with moderate exposure (𝐸𝑖 =

0.55) and high sensitivity (𝑆𝑖 = 0.73), whilst the rainy sea-

sons (LRS and SRS) are the periods of greatest vulnerability 

for the ecosystem. 

 
Figure 11. Distribution of zooplankton species abundance in relation to seasonal changes in pCO2. 
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Figure 12. Biplot of Principal Component Analysis (PCA) of environmental variables and zooplankton abundance in the study area. 

Table 4. vulnerability indices at the spatial and seasonal scale in the 

study area. 

 Stations Seasons 

 Eb Kb BP LRS LDS SRS SDS 

𝐸𝑖  0.46 0.45 0.55 0.67 0.45 0.53 0.47 

𝑆𝑖  0.52 0.54 0.73 0.56 0.66 0.70 0.64 

𝐴𝑖  0.47 0.47 0.47 0.47 0.47 0.47 0.47 

𝐶𝑂𝐴𝑉𝐼  0.51 0.52 0.81 0.76 0.64 0.76 0.64 

4. Discussion 

4.1. Composition of the Zooplankton 

Community in the Coastal Waters of Kribi 

The pivotal role of zooplankton communities in marine eco-

systems for energy transfer from primary producers to pelagic 

food webs, and their sensitivity to environmental changes ex-

plain why they are used as indicator of ecosystem health status. 

The zooplankton community in this study exhibited a high-

level diversity, with a richness index of 45 taxa, and was dom-

inated by copepods at all sampling stations and seasons. The 

copepod species Clausocalanus sp was the most abundant 

among the samples, with the majority of individuals observed 

at the Kb station. The preponderance of copepods has been 

previously documented in studies conducted along the South 

coast of Cameroon [48, 49], and observed in others marine 

ecosystems of West and North Africa Atlantic coast [50, 51]. 

This dominance can be attributed to the resilience of copepods 

to fluctuations in environmental conditions [52]. The Shannon 

diversity index (𝐻′) calculated at both spatial and temporal 

scales, yielded a high value (˃ 3), indicating that the ecosys-

tem was biologically in good state according to the classifica-

tion presented by [46], and the population sems to be well dis-

tributed as the Pielou evenness index was also high. These val-

ues were higher than those observed by [48, 49] in the South 

coast of Cameroon. These authors noted low diversity index 

values during their studies and linked that to the organic pol-

lution and environmental instability. The difference observed 

maybe due to the fact that one of the research teams carried 

out their study at the continuum of the Kienke river and ocean. 

This river flows through an agro-industrial zone and the city 

of Kribi, carrying numerous pollutants to the sea. The other 

team realized their study in less than 800 m from the coastline, 

in an area where the environment is subject to wave dynamics 

and to the direct influence of waste and pollutants from the 

shore carried by small rivers that flow into the area, making 

the physicochemical conditions of the environment unstable. 

Our stations were situated at about 3km from the shore where 

conditions are relatively stable, allowing for the diffusion and 

dilution of pollutant in seawater, promoting the community 

diversity. 

In marine ecosystems, pelagic fish (including small pelagic 

fish and fish larvae) represent the primary predator of zoo-

plankton [53]. The abundance and diversity of this food source 

for small pelagic fish, can impact their catch in a giving area 

[54]. In the southern coastal region of Cameroon, the practice 

of pelagic fishing plays a significant role in the livelihoods of 

local communities [55, 56]. The zooplankton collected during 

our study period in the portion of this coast appears diversified 

with a dominance of copepods group, the most important prey 

of fish larvae and small pelagic fishes [57]. This diversity of 

zooplankton can support the development of planktivorous 

pelagic fish in the area. The period where small pelagic fish 

catches is higher in the study area [56], corresponded to the 
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period of high zooplankton abundance as presented. This sug-

gests that the zooplankton community potentially support the 

growth of small pelagic and the fishery in our study area, and 

in turn the local community incomes. But the lowest diversity 

index recorded during the LRS period compared to the others 

seasons could also highlighted the effect of planktivorous 

fishes on selective zooplankton species. However, a long-term 

study will be necessary to confirm this hypothesis. 

4.2. Environmental Characteristics and Their 

Influence on Zooplankton Abundance and 

Diversity 

The environmental conditions experienced by zooplankton 

organisms in the southern coast of Cameroon was character-

ized by the variability of physicochemical variables including 

carbonate system parameters. The variation of salinity exhib-

ited a consistent pattern across all sampling stations and sea-

sons during the study. The relatively low mean values ob-

served during the LRS indicate that the high precipitation lev-

els and freshwater input from coastal rivers in this period, re-

sult in a reduction in salinity within the area. Conversely, dur-

ing the large dry season, which extends, the strong sunlight 

favors evaporation, leading to an increase in salinity. During 

the small rainy season (SRS) which followed the LDS, low 

precipitation levels and mild weather with the alternance of 

rainy and sunny days have a negligible impact on salinity lev-

els. This variation of salinity is typical of equatorial region and 

the Gulf of Guinea [58, 59]. Three distinct groups of zoo-

plankton taxa stand out in response to salinity changes. The 

first group of organisms was present during low salinity peri-

ods (during LRS) and was relatively diversified, with the spe-

cie Labidocera sp being particularly prevalent. During the 

transitional period (SDS), the second group of organisms ap-

pears less diversified and less abundant. At higher salinities 

(SRS and LDS), the third group of organisms was also diver-

sified but demonstrated a lower abundance than the first group. 

The Shannon diversity index was lowest during the season 

with low salinity (LRS) showing the potential influence of this 

variable on the diversity distribution in the area. Studies have 

showed that, salinity can be considered as one of significant 

environmental factor influencing the biodiversity, abundance 

and distribution of zooplankton in coastal ecosystems [60-62]. 

The sea surface temperature exhibited a consistent warm 

trend, with values consistently above 25°C, in accordance 

with the typical season pattern. The maximum value was ob-

served during the dry season, with a gradual decline as the 

weather became more “temperate”, reaching a minimum dur-

ing the beginning of SDS, which was followed by the onset of 

the rainy season. Furthermore, [63] have observed a similar 

variation trend in sea surface temperature in the Gulf of 

Guinea, which they have linked to precipitation levels over the 

West Africa. The distribution of zooplankton over the study 

period in relation to temperature change demonstrated that the 

majority of identified zooplankton taxa were present at tem-

perature above 25°C. during the SDS, few zooplankton taxa 

were found below this temperature in a relatively low abun-

dance. In the context of global warming, temperature could 

affect the abundance, size composition, diversity, distribution 

of individuals species and assemblages, and trophic efficiency 

of zooplankton [6, 64]. In this study, we observed that, calan-

oid copepods species were present at both low and high tem-

peratures, with the greatest abundance occurring at the highest 

temperatures. This copepod group can be considered as the 

most adapted taxa to the variation of seawater temperature in 

the study area and could be an ideal candidate to study the 

resilience of zooplankton in the context of warming seawater. 

The PCA biplot showed an opposite relationship between 

pH and 𝑝𝐶𝑂2 during this study, suggesting a strong negative 

influence of atmospheric 𝐶𝑂2 absorbed by the ocean on the 

variation of pH. This relationship is at the basis of the ocean 

acidification process [65, 66]. However, in coastal ocean, ad-

ditional factors such as nutrient enrichment can also contribute 

to acidification by releasing 𝐶𝑂2 in seawater during their mi-

crobial degradation [67]. 

Zooplankton observations appears to be abundant and di-

versified at pH values above 8.00 and low 𝑝𝐶𝑂2. Conversely, 

at low pH or high 𝑝𝐶𝑂2, the diversity of zooplankton was ob-

served to decrease in the study area. According to [68], in a 

community with high dominance of copepods, the diversity of 

meso-zooplankton was not affected by 𝑝𝐶𝑂2. This effect on 

their abundance could be species - specific sensitives. [69], in 

an experimental study showed that, eggs, early copepodite 

stages, and adult males and females calanoid copepods were 

not affected lethally until 𝑝𝐶𝑂2 concentrations ≥3000 µatm. 

There is a growing evidence that the increase in 𝑝𝐶𝑂2 and re-

duced pH in seawater have strong positive or negative effects 

on the physiology and behavior of marine plankton, which in 

turn can translate to specie and community-level changes [11, 

70]. In this study, we observed that increasing 𝑝𝐶𝑂2 and de-

creasing pH can affect the diversity by reducing the number 

of taxa, and the abundance of zooplankton community in the 

study area. 

Overall, carbonate system variables showed Spatio-tem-

poral variability in the study area. Such variabilities have been 

observed in many other regions in the world [71-73]. The data 

indicated that the critical threshold for ocean acidification had 

not been reached in the study area, as the seawater remained 

saturated with regard to the mean value of aragonite saturation 

state (Ω ˃ 1). However, a decreasing tendency was observed 

during the LRS and at Bp sampling station. [74] have obtained 

similar decreasing tendency of aragonite in some sampling 

stations in the central Atlantic coastline of Ghana. The Bp sta-

tion will need to be specifically monitored over the long term 

in order to determine the mechanism responsible for this drop 

in aragonite saturation, as this could be critical for calcifying 

planktonic organisms and other organisms that need calcium 

carbonate to form their skeletons in these areas. 
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4.3. Vulnerability of the Coastal Waters of 

Kribi to Ocean Acidification 

The assessment of the vulnerability of the coastal ocean at 

Kribi was based on three factors: the environment’s exposure 

to acidification, the sensitivity of organisms, particularly zoo-

plankton and adaptative capacity. Based on these factors, the 

COAVI index calculation yielded an overall value of 0.53, 

suggesting moderate vulnerability, characterized by moderate 

but non negligible chemical exposure, significant biological 

sensitivity and limited adaptive capacity in the area. These re-

sults are consistent with current trends in acidification in trop-

ical coastal waters and the observed ecological effects. The 

estimated exposure factor (𝐸𝑖) of 0.41 indicates that the car-

bonate chemistry in the coastal ocean at Kribi shows signs of 

disturbance, with pH levels lower than the ocean average and 

reduced aragonite saturation levels observed during certain 

periods. This type of signal is well documented in the litera-

ture, due to the ocean’s absorption of 𝐶𝑂2, which alters the 

ocean’s chemical characteristics [75]. The hydrography of the 

area and the input of organic matter and various types of pol-

lutants into the study area could explain the deterioration of 

the carbonate system’s parameters, particularly the low pH 

observed during certain periods. In tropical coastal areas in 

particular, acidification can be exacerbated by local processes 

such as the inflow of freshwater from coastal rivers, eutroph-

ication or organic respiration [76]. The challenge in our study 

area remains to distinguish between variations in the car-

bonate system and pH associated with oceanic 𝐶𝑂2  uptake 

and those caused by factors relate to potential eutrophication. 

A detailed study of eutrophication in the area, combine with 

data on the carbonate system, will make it possible to make 

this distinction. 

Although very few of the identified zooplankton organisms 

are known to be directly affected by ocean acidification 

through calcification for example [13], the sensitivity factor 

(𝑆𝑖) calculated from the overall dataset (𝑆𝑖 = 0.59) suggests 

that the physiology of these organisms could be significantly 

affected. Several studies on planktonic communities in coastal 

areas have highlighted losses in diversity and alterations in 

abundance dynamics under acidification conditions [68, 69, 

77-79]. These observations align with the sensitivity observed 

in the coastal ocean off Kribi. Furthermore, studies on the vul-

nerability of tropical ecosystems emphasize that the response 

of biological communities to acidification varies depending 

on the interaction between pH, temperature, nutrient availabil-

ity, and other local stresses [76]. In the case of Kribi, multiple 

stressors (organic pollution, water turbidity, riverine inputs) 

could interacts with acidification, potentially in a synergistic 

effect of multiple coastal stressors on biodiversity as demon-

strated by [80]. This suggest that the sensitivity of zooplank-

ton in Kribi cannot be interpreted solely as a response to pH, 

but also as the result of a multitude of complex ecological in-

teractions. 

The relatively low value of the adaptive capacity factor 

(𝐴𝑖 = 0.47), reflects the limited environmental and institu-

tional management capabilities to mitigate the effects of OA. 

Cameroon does not yet have a reliable network for the contin-

uous monitoring of OA capable of producing sufficient data 

that can be used to implement appropriate environmental man-

agement and protection measures to reduce or combat the po-

tential effects of OA on marine ecosystems and strengthen so-

cioeconomic adaptation. According to [43] the southern At-

lantic coast of Cameroon (Kribi - Campo) has relatively low 

adaptive capacity to climate change. The adaptive capacity de-

pends not only on intrinsic biological resilience (species phys-

iology), but also on the robustness of environmental manage-

ment networks, long-term data, and adaptive management 

strategies. In Kribi, the lack of systematic monitoring, gaps in 

urban wastewater treatment, and constant anthropogenic pres-

sure (urbanization, port activities) reduce the capacity to adapt 

to OA; a vulnerability exacerbated by local communities’ de-

pendance on small-scale fishing and coastal ecosystem ser-

vices. 

The overall vulnerability index confirms that the Kribi 

coastal zone falls within a vulnerability range that is cause for 

concern but not yet critical. This status corresponds to a situ-

ation where environmental pressures are high enough to cause 

significant biological and ecological effects, but where there 

is still room for management and mitigation. The rainy sea-

sons appear to be periods of highest vulnerability, while the 

Bp sampling station appears to be a potential hotspot for acid-

ification and should be subject to special monitoring. 

5. Conclusion 

During this study, we observed a high diversity of zoo-

plankton communities in the coastal ocean of the southern At-

lantic coast of Cameroon, with a dominance of the copepods 

group. The environmental conditions experienced by these or-

ganisms were highly variable in terms of physicochemical 

characteristics and carbonate system parameters. Several fac-

tors are likely to affect the diversity and abundance of zoo-

plankton in the area. Salinity and temperature could drive se-

lective presence of some taxa in the area, depending on 

whether these variables are high or low. The same applies to 

pH and 𝑝𝐶𝑂2, which can influence the community diversity. 

In general, however it is difficult to say precisely in the multi 

stressors context of coastal ocean, which parameter in partic-

ular is the determining factor, given that certain factors can 

have a selective effect on either diversity or abundance. The 

COAVI index showed that the area is moderately vulnerable 

to ocean acidification, while also identifying the rainy seasons 

as periods of higher risk, and the Bp station as a potential 

hotspot of acidification. The decrease in pH and the increase 

in seawater 𝑝𝐶𝑂2 due to freshwater inflows and the decom-

position of organic matter appear to be the driving factors be-

hind this vulnerability. It is crucial to implement rigorous en-

vironmental management policies in the area that will help 
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limit the effects of other factors, such as eutrophication in syn-

ergy with acidification, and strengthen the resilience of this 

ecosystem. The Kribi study contributes to the literature by 

broadening the scope of local vulnerability assessments in 

tropical regions, a field that remains relatively understudied 

experimentally but is crucial for understanding interface be-

tween global acidification and local pressures. However, a 

more comprehensive study is needed - one that takes into ac-

count all socioeconomic activities and all biological organ-

isms in the region that may be affected by ocean acidification, 

in order to obtain a comprehensive understanding of vulnera-

bility. 

Abbreviations 

LRS Large Rainy Season 

LDS Large Dry Season 

SRS Small Rainy Season 

SDS Small Dry Season 
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