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Abstract
In Ghana, coastal shell fishery resources, particularly oysters, are envisaged to be heavily affected by changes in climate. The
potential impacts will result from sea level rise, salinity changes and ocean acidification. The Whin Estuary, located at longitude
10 48 Wand latitude 40 56 N of the Western Region of Ghana, is one of the few pristine coastal wetlands in the region with live
oyster populations and a potential for fisheries sustenance. This paper examines adaptation strategies to changes in climate among
female and male oyster collectors, constraints in the choice of adaptation strategies and land use stressors affecting the oyster
fishery in Ghana. Participatory approaches such as participant observation, focus group discussions and key informant interviews
were used to gather data on the indigenous knowledge of the fishery and climate variability. In the fishery, 60% of female oyster
collectors adapt to prolonged dry periods through value chain addition practices and 45% are practicing other indigenous
practices. The men adapt to changes in climate mainly by diversification. Kendall tau-b correlation analysis performed on
adaptation practices showed no significant correlation (r = −0.667; p = 0.174) between the adaptation practices ranked by male
and female oyster collectors. There was a strong significant correlation (p = 0.05; r = 0.619) between constraints in the choice of
adaptations among fishers. Presence of sewage outlets was the major threat (8), followed by uncontrolled mangrove cutting (7),
sandwinning (6) and the least of the threats were refuse dumps (4) and farming activities (3) following procedures of Battisti et al.
(Biodiversity and Conservation 18 (11): 3053–3060, 2009) and Salafsky et al. (2003) ranking methods. In the context of climate
variability, female oyster collectors may be more resilient in the oyster business than men; hence, they should be well resourced
through capacity-building training programs. There is need for a redress of non-climate stressors by stakeholders through sensitization
and strengthening of existing bye-laws. Proactive adaptive mechanisms blending both indigenous and scientific research-based
strategies are essential for resilience in the phase of climate variability and sustainability of any management decision in fisheries.
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Introduction

TheWest African coastline is characterized by the presence of
marginal estuaries of diverse morphologies and origins and
are surrounded by high human population densities (Amadi
1990). Estuaries are classified based on various parameters
such as the nature of sediment, salinity andmode of formation.
On the basis of salinity, Ghana has three types of estuaries: (a)
Positive estuary: when seawater enters it as a bottom current

with the lighter freshwater leaving as a surface current into the
sea, (b) negative estuary: occurs when the rate of evaporation
exceeds the freshwater input and therefore results in hypersa-
line estuarine water which sinks and enters the sea as a bottom
current; a typical example is the Whin Estuary, (c) neutral
estuary: when there is a balance between evaporation and
freshwater input, causing a more or less uniform salinity pro-
file from the surface to the bottom; this type of estuary is rather
rare (Yankson and Kendall 2001).

Estuaries in Ghana are the most valuable ecosystems since
they are closely tied to salt marshes, mangrove swamps and
tidal flats. These wetlands constitute significant features of
Ghana’s coastline, providing critical habitats for many fish
and wildlife resources that support the country’s economy.
They are a vital source of recreation, conservation, nursery
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grounds for economically important marine birds, and impor-
tant fisheries among which are oysters (McLusky 1989;
Blaber 2008; Dahanayayaka and Aratne 2006; Woke and
Wokoma 2000; Plavan et al. 2011).

The West African mangrove oyster (C. tulipa) is a tropical,
euryhaline organism that thrives well at temperatures of 23–
31 °C. It can be cultured well in brackish mangrove swamps
and sheltered aquatic areas of 2 to 5 m in depth, and matures in
approximately 7–9 months (Ansa and Bashir 2007; Obodai
1999; Yankson 1990; Yankson and Obodai 1999; Kamara
1982). In these brackish systems, oysters most frequently attach
themselves to the mangrove tree roots or, in the absence of such
roots, to the rocky substrate of the wetland bottom. In Ghana,
C. tulipa is most commonly found in not less than 90 % of
southern coastal estuaries and lagoons (Sultan et al. 2012).

Globally, bivalves play an important role in the nation-
al economy of many countries, be it in the form of a
highly developed industry or as a source of cheap protein
to many who need it. As reiterated by Quayle (1989),
though shellfishes of most tropical and subtropical coun-
tries are exploited on a subsistence basis, especially the
bivalves and crustaceans, they constitute a major source
of much-needed protein for many rural communities.
Studies on freshwater oyster and other bivalves in
Ghana are well documented (Adjei-Boateng et al. 2010,
2016; Amoah et al. 2011; Adjei-Boateng and Wilson
2013; Ampofo-Yeboah and Owusu-Frimpong 2014).
Despite the vulnerability of oysters to climate variability and
change, there is no study on the adaptation strategies among
oyster collectors in response to these changes in Ghana. This
work aims at enhancing our understanding on how women
and the few men who are involved in the fishery are adapting
to climate variability and change and the need to redress non-
climate stressors that may further magnify impacts of chang-
ing climate on the fishery.

Local effects of climate variability on oysters

Changes in climate will affect the duration and frequency
of tidal inundation and tidal current velocities in the sand
flat, mud flat and channel bank habitats favored by oys-
ters. This may lead to frequent storm surges, flooding and
coastal erosion, expected to be exacerbated by other haz-
ards such as cyclones, tsunamis and by anthropogenic
activity (IPCC 2007, 2009).

The shells of oysters, made from calcium carbonate,
are at particular risk from the lowering pH levels of ocean
waters. The relative corrosiveness of seawater caused by
lowering pH levels may cause adult and juvenile oysters
to have trouble forming and maintaining their shells
(Barton et al. 2012; La Peyre et al. 2009).

Availability of food for oysters from Bcalcifying^
plankton species that require specific water chemistry for

maintaining external calcium carbonate skeletons will be
inhibited.

Increasing ocean temperature is likely to affect oysters by
contributing to sea level rise (SLR) through the acceleration of
glacier and polar ice cap melting and increased frequency and
duration of harmful algal blooms. Increasing ocean tempera-
tures in addition to high nutrient level and climate-related
changes, according to the United States Environmental
Protection Agency (USEPA), may also contribute to an in-
creased frequency and intensity of harmful algal blooms
(HABs). These overly abundant algal Bblooms^ can damage
aquatic ecosystems by blocking sunlight and depleting the
oxygen required by other organisms, including those that
directly or indirectly contribute to clam and oyster food
resources (USEPA 2013).

Non-climate stressors affecting oyster abundance

The unfavorable or destructive factors that tend to inhibit
the growth and productivity of oyster communities are
sedimentation, pollution, competition, disease and preda-
tion. The interaction of these factors acting simultaneous-
ly on a community determines its utilizable productivity.
Pollutants that are of greatest impact on the health of
estuaries include pathogens, toxic substances and nutrient
pollution or eutrophication.

Eutrophication due to incessant human activities stimulates
blooms of phytoplanktonwhich can be harmful to oyster growth
and survival. At a certain high concentration of several forms,
such as Nitzschia closterium, Prorocentrum triangulatum,
Euglena viridis, and Ohlorella sp., the rate of water transport
of oysters is reduced and feeding ceases (Quayle 1989).

Reduced water depth due to accumulation of organic waste
and siltation may interfere with the growth of phytoplankton
that are food resources to the West African Oyster.

Rapid settling of suspended material induced by human
activities or climate variability may be highly destructive to
an oyster community. All coastal waters contain a certain
amount of solids.

Prolonged siltation from erosion, raw sewage sludge and
industrial waste causes gill irritation, buries oyster beds and
reduces the smothering of oyster shells, thereby subsequently
resulting in decreased reproduction, deterioration of estuarine
water, loss of resilience, alteration of wetland habitats and, in
extreme cases, results in mortality (Cinner et al. 2013; Soniate
and Gauthier 1989).

The primary habitat of oysters are mangrove ecosystems
where they thrive and are exploited by dependent
communities. A report by Leith and Haward (2010) and
NOAA (2010) shows that mangroves absorb higher levels of
atmospheric carbon dioxide, approximately 5–8 times more
than terrestrial ecosystems, thereby reducing global warming.
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Materials and methods

The study was undertaken in the Whin Estuary (Fig. 1) where
female and male oyster collectors from three neighboring
communities, New Amanfrul, Adakope and Apremdo, were
purposively selected and interviewed. In 2010, NewAmanfrul
had a population of 2402 with few people engaged in fishing
and subsistence farming. Fishermen in New Amanful are ba-
sically artisanal fisher folks (CRC/FON 2010). The months of
August and September are regarded as good for farming as
well as for fishing because it is the fish bumper season.
Adakope is a mixed fishing and farming community that is
bordered on the west by Takoradi Air force Military Base
(CRC/FON 2010). The community, with a population of
1500 and 350 households, has farming employing about
75% of its indigenes.

The oyster fishery is predominantly made up of women
with a few men. Out of a total of 80 oyster collectors, sixty
comprising 30 women and 30men were selected for the study.
All men and women were interviewed and sampled propor-
tional to their total number in the fishery.

Men and women involved in oyster harvest for a period of
20 years and above the age of 40 were purposively selected.

This procedure was adopted to interact with respondents who
are previewed on historical changes in the climate and fishing
activities (Bernard 2000).

The exponential non-discriminative snow-ball sampling
technique was employed in selecting respondents from the
three communities. This technique is useful in selection of
research subjects where one subject directs the researcher to
another and so on in a repeated manner which overcomes the
challenges associated with sampling concealed populations
(Vogt 1999). Key informants, such as the fishermen and wom-
en leaders, guided the identification of oyster collectors within
the category of interest.

Research approach

The triangulation approach, using a variety of participatory
tools including focus group discussions (FGDs), semi-
structured interviews, key informant interviews, expert inter-
views and observations, was used to collect data on indige-
nous knowledge, adaptations to changes in climate factors and
existence of identified land-use stressors from March 2016 to
March 2017. Additional information was collected at the dis-
trict and regional scales through review of secondary

Fig. 1 Map showing the Whin Estuary and fishing communities, Western Region of Ghana
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information on physical and demographic features of the areas
of study and how climate variability may affect oyster fisher-
ies. Both indigenous and research-based adaptations were
identified by the respondents and categorized based on three
climate stimuli, rainfall-related, temperature-related and value
chain addition (prolonged dry periods), and one non-climate
driver, other indigenous strategies.

Environmental assessment

Identifying how many and which types of human-induced
disturbances or threats are present and their regime is impor-
tant when assessing the status of coastal wetlands of high
conservation concern for efficient management (Hobbs and
Huenneke 1992; Sutherland 2000; Salafsky et al. 2002, 2003).

In this regard, five environmental drivers of change, name-
ly mangrove deforestation, farming activities, sand winning,
refuse dumps and sewage outlets, were assessed to determine
the severity of these threats on the wetland. The hierarchical
classification of these threats was comprehensive (contains all
possible items, at least at higher levels of the hierarchy), con-
sistent (ensures that entries at a given level of the classification
are of the same type), expandable (enables new items to be
added to the classification if they are discovered) and exclu-
sive (allows any given item to only be placed in one cell
within the hierarchy) (Salafsky et al. 2008; Ter Braak 1986).
Each assessment of the indicators was scored 1–4, 1 being the
lesser impact and 4 the highest impact. Scope, severity and
magnitude of the identified threats were assessed by following
the categorical measurements proposed by Salafsky et al.
(2003).More precisely, for Bscope^we referred to the percent-
age ratio of the study area affected by a specific threat within
the last 5 years (where 100% corresponds to total site area: 휒
ha) (Battisti et al. 2009). The scores were assigned as follows:
4: the threat is found throughout (50 %) the site area; 3: the
threat is spread in 15–50 % of the study area; 2: the threat is
scattered (5–15%); and 1: the threat is much localized (<5 %).
Severity as the degree to which a threat has an impact on the
viability/integrity of specific targets in the managed area with-
in the last 5 years was ranked with the following scores; 4 if
the direct threat induced serious damage to the targets, 3 if it
induced a serious damage, 2 if it induced a moderate damage,
and 1, little or no damage. For each threat, we calculated its
Bmagnitude^ as a sum of scope and severity assigned to a
specific threat, and the total values obtained were ranked.

This method is appropriate in order to evaluate those
threats that are not empirically well known, have different
metrics, are difficult to compare and thus the potential degree
of uncertainty is very high (Hess and King 2002). Assessment
of the area disturbed was carried out within a 1.2-km radius
starting from the hydric delineated zone of the wetland. This is
because all land-use activities assessed were observed within

the stated radius following a preliminary survey of the
wetland.

Data analyses

Data collected from individual interviews were entered into a
spreadsheet in Statistical Package of Social Sciences (SPSS,
version 17). The qualitative data collected from both the key
informant interviews and FGDs were analyzed through inten-
sive content analysis to identify emerging themes and domi-
nant narratives (Krippendorff 2004). Data on environmental
stressors and adaptation strategies among fisher folks were
analyzed inMicrosoft Excel (2007) and results are represented
on charts and tables.

Kendall’s coefficient of concordance (W) was used to de-
termine the degree of agreement among the rankings of the
adaptations and constraints by the respondents using the rank
scores (Legendre 2010). Kendall’s coefficient of concordance
(W) is expressed as:

W ¼ 12 ∑r2− ∑r2ð Þ=n½ �=n;�
nm2 n2−1ð Þ

; 0≤W ≤1

where m = number of raters, n = total number of objects being
ranked and r = coefficient of correlation between ranks.

Results and discussions

Indigenous knowledge on climate indicators
and adaptations strategies

In Ghana, among coastal-dependent fishing communities, cli-
mate variability is perceived as affecting oyster harvest. The
interviews and FGDs highlighted perceptions of evidences of
climate variability such as increasing temperature, unpredict-
able rainfall patterns and shorter duration of rains (Fig. 3). All
women (100%) and men (100%) identified increased temper-
ature, decreased intensity and increased frequency of rainfall.
A majority of fishers (85%) reported that the timing of the wet
and dry seasons has become less predictable. Among the fish-
ers, 98% of them reported increase in temperature, while 79%
identified frequent occurrences of floods.

Comparing temperature and rainfall data from the
Takoradi Ghana Meteorological Agency (GMet), oyster
collectors' observations of variations in climate factor
clearly collaborated with historic trends of changes in cli-
mate in the region (Fig. 2). Meteorological data on the
area is in line with projection of the Intergovernmental
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Panel on Climate variability (IPCC 2009) on warming and
erratic rainfall patterns in sub-regions of Africa.

In the industry, 87% of the fisher folks are women and 13%
are men. Among the womenwho were interviewed, 90%were
within the ages of 40–60 and 10% were 61 years and above
(Fig. 3). Amajority of the men (30%)were 60 years and above
and a few of them (6%) were between 40 and 60 years of age.
A lot of works confirm that the Ghana oyster industry is dom-
inated by women (Ampofo-Yeboah and Owusu-Frimpong

2014). In other parts of the world, particularly in Japan and
the USA, the oyster sector comprises both elderly and young
men and women (WHO 2010; Hess et al. 2012). Among
African countries where oyster harvesting forms an integral
part of livelihood needs, like Gambia, women predominate all
processes in oyster harvesting, from shucking to sale.

This conforms to the composition of oyster collectors in
Bayou, Le Batre, Louisiana and Southeast Asia where approx-
imately 62% of oyster fisher folks are women (Hess et al,
2012).

The observed composition of gender in the Whin Estuary
oyster industry is a peculiar phenomenon inmost Sub-Saharan
African countries like South Africa, Gambia, Nigeria and
Ghana. This is probably due to the undeveloped nature of
the oyster sector and the value chain not well appraised.
Furthermore, the non-lucrative nature of the sector according
to the men explains its predominance by women who engage
in it mainly to harvest for home consumption.

The different age categories aided in understanding the
vulnerable groups in the study communities and the coping
strategies employed in combating the effects of climate vari-
ability. In this study, oyster collectors gave some reasons why
the business is less patronized by male fisher folks, such as it
being time-consuming and the laborious nature of the fishery
coupled with low returns, availability of alternative high-
income-earning jobs and lack of a ready market for oyster
products. However, women partake in the business on a sub-
sistence basis for household consumption and sale.

This study revealed that among the fisher folks, it is the
aged who are committed to the business and harvest main-
ly for sale. If the value chain is well appraised and these
old women were enabled, it will boost the oyster business
and future sustainability of the fishery. For instance, one
of the aged respondents stated that she is willing to be
more active and committed to oyster harvest, but her age
and unavailable financial support has rendered her inca-
pable. The Ghana Livelihood Empowerment Against
Poverty (LEAP) program, which offers support to ex-
tremely poor households, especially the aged, to tackle
poverty by providing cash, is among existing incentive
packages which will assist in the financial needs of fisher
folks in the artisanal sector. Most of the men (90%) had
formal education, while a few of the women (63.3%) were
educated. However, most of the aged fishers had no for-
mal education. Accessibility to financial support is partly
influenced by one’s level of education.

The men had easy access to loans which were channeled to
other businesses than the women. This was reiterated by
Akunga (2015) in a study in Mombasa and Malindi in
Kenya, where the majority of fishers with some level of edu-
cation were able to receive loans to support their fishing ac-
tivities and were resilient to adverse effects of environmental
and socio-economic disturbances.Fig. 3 Age distribution of respondents in the Whin Estuary, 2016

Fig. 2 Trend in climate indices from 1970 to 2015 in Western Ghana
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The indigenous adaptation strategies adopted by women
and men are put into three climate stimuli, temperature, rain-
fall and value addition, and one non-climate driver, other in-
digenous strategies (Tables 1 and 2). During high tempera-
tures, particularly in the months of January to April where
oysters are more abundant, women in New Amanfrul,
Adakope and Apremdo soak oysters immediately in pans of
water for 6 days after collecting from the system. They then
process the oysters by boiling to remove flesh and air-dry the
meat as a way of coping with the climate-related stress of
extreme heat that may lead to post mortem deterioration of
the oysters. Women collectors are faced with the challenge of
coping with floods during periods of heavy rains when the
water level is high and less saline. They adapt mainly by
collecting at the edges of the estuary and staying off harvest-
ing for a period of 3 days for the water level to recede. Another
observed adaptive measure was the use of improvised mate-
rials such as dropping of mangrove stems into the system as
attachments for oyster spats to settle, subsequently resulting in
easy collection. Value addition strategies among collectors
were frying and drying oyster flesh for future use during lean
seasons. Other indigenous strategies are observation of the
closed season, alternative livelihoods (diversification) and
allowing sedimentation of the system. Women diversify by
abandoning the oyster business for petty trading, farming
and sale of terrazzo. Conversely, some of the strategies such
as siltation have adverse ecological implications on the re-
source, particularly sedentary species such as oysters.

For example, benthic filter-feeding organisms such as
coral, oysters, shrimps and mussels are especially affected
by silt-laden waters. Other harmful impacts of siltation are
human health concerns, the loss of wetlands, coastline al-
terations, and changes in fish migratory patterns. Siltation
in the estuary is largely due to natural and anthropogenic
factors. The best approach is to manage the causes and the
symptoms resulting from siltation. The ridge reef approach
of managing upland activities will be a suitable solution to
the causative factors. In managing symptoms, inlet training
using jetties or by maintenance and controlled dredging of
channels will be appropriate.

Heavy rains result in flood occurrences which reduces fish-
ing effort due to decrease visibility, threat from loss of lives
through drowning and high water depths rendering water in-
accessible. Few experienced women (10 %) wade over water
to collect oyster spats with a majority of women engaging the
services of men. The challenge is women are unable to pay for
services of men due to low income accrued from sales.

The fishers’ capacity to cope and adapt to environmental
variability depends on their knowledge, perceptions, institu-
tions and individual and community-level characteristics.
Furthermore, environmental variability affects associated hu-
man communities within a particular ecological, cultural, po-
litical and economic context (McCay 2002; Sievaren 2014).
Fishers in the study communities, particularly women, have
considerable indigenous knowledge regarding adaptations to
extremes of climate variability.

Table 1 Indigenous adaptation strategies among women fishers in the Whin Estuary, March 2016–March 2017

Rainfall-related %
Using

Temperature-related %
Using

Value addition %
Using

Other indigenous strategies %
Using

Collection at edges of
estuary

70 Soaking of oysters 84 Add value to oyster
meat

87 Allow siltation of estuary 100

Staying off harvesting 90 Change in time of harvest 78 Sale of shells 10 Alternative livelihood
ventures

95

Use of improvised tools 65 Preserve catch for lean
season

69 Observation of taboo day 100

Wading over water 10

Table 2 Indigenous adaptation strategies among fishermen in the Whin Estuary, March 2016–March 2017

Rainfall changes %
Using

Temperature changes %
Using

Value addition %
Using

Other strategies %
Using

Collection at edges of
estuary

70 Soaking oysters 0 Add value to
meat

0 Allowing siltation of
estuary

100

Staying off harvesting 0 Change in time of harvest 10 Add value to
shells

0 Alternative livelihood
ventures

99

Use of improvised tools 10 Preserve excess catch for lean
season

5 Observation of taboo day 100

Wading over water 80
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Conversely, except for information from GMet on weather
forecasts, which is inaccessible to these areas, there are no
functional institutions, policies or robust and reliable climate
sensitization organizations. Such sources of support might
otherwise equip fishermen and oyster collectors with informa-
tion on predictions of future trends in climate variability
through sensitization to enhance sustainable climate-resilient
fisheries. According to Vásquez-León (1994), knowledge has
been shown to be an important resource that allows small-
scale fishers to adapt to variability in climate. In Gambia, a
study by Woldff et al. (2016) in the Tanbi Wetland showed a
low level of awareness of oyster farmers regarding the exis-
tence of adaptation strategies, despite the presence of and the
developed nature of the oyster business in the country as com-
pared to Ghana.

In view of the present state of the fisheries sector,
Ghana has a potential to develop its artisanal oyster in-
dustry. Developing the oyster industry will augment
catches from the marine artisanal sector, particularly the
presently declining small pelagics, by meeting protein
needs of these coastal communities and reducing food
insecurity crises likely to arise in a decade.

The existence of institutions such as the Ministry of
Fisheries and Aquaculture Development (MOFAD),
Environmental Protection Agency, Friends of the Nations
and Forestry Commission, in collaboration with Ghana’s
Sustainable Fisheries Management Project (SFMP), is a boost
for Ghana’s coastal oyster fisheries management and increase
of its capacity. This initiative is developing women’s capacity
by training oyster collectors on water quality monitoring,
mangrove restoration and aspects of biology and ecology of
oysters geared towards managing stocks for nutritional and
economic gains. Women are also trained on more improved
methods of processing fish which. Among other capacities,
such as the institution of a micro-finance insurance scheme
under the auspices of USAID/Ghana SFMP for fishing com-
munities in the country, are efforts at strengthening coping and
adaptive capacities to environmental variability.

With the gradually developing shellfish sector, especially
clams, the Ghana National Aquaculture Development Plan of
the Fisheries Commission is planning research into the tech-
nical and economic feasibility of clam culture in the Volta
Basin, and this is a prospect for future development of the
oyster business. Furthermore, oyster is farmed on a commer-
cial basis at two sites in Ghana, Tsokomey and Densu, under
the Development Action Association. These prospects will
support livelihood needs and provide economic gain to the
country if sustainably managed.

Women in the NewAmanfrul, Adakope and Apremdo oys-
ter fisheries adopt varying coping strategies in response to
climate variability compared to the men (Fig. 4i).

Perceived indigenous coping mechanisms to climate vari-
ability among women and men oyster harvesters in the Whin

Estuary revealed that 20 % of the women are practicing
rainfall-related indigenous strategies, 80 % adopt
temperature-related practices, 60 % adopt changes in value
addition methods and 45 % are practicing other indigenous
practices (Fig. 4i). The men have no strategies for coping with
varying temperature (0 %) and prolonged dry spells (0 %)
through value addition related (Fig. 3). From both respondent
types, men were more adventurous than women and easily
coped better with onsets of floods from erratic rainfall pat-
terns. There is no significant correlation (r = −0.667; p =
0.174) between the adaptation practices ranked by oyster col-
lectors. Rankings of women were negatively correlated (r =
−0.667) with rankings of men (Table 3). Women adapted bet-
ter to changes in temperature and rainfall, and added value to
products to cope with varying climate, whereas men only
coped by patronizing alternative job opportunities.
Therefore, in the phase of resilience, women are better placed
than men. Also, the research revealed higher vulnerability of
men to adverse effects of changes in climate in the fishery than
the women.

The women might have identified these coping strategies
because oyster harvest, although on a subsistence basis, is
their main source of livelihood in comparison with the men

Fig. 4 Indigenous (i) and research-based (ii) adaptation practices identi-
fied among oyster collectors in the Whin Estuary, from March 2016 to
March 2017
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who are actively involved in the fin fisheries and sale of ter-
razzo which are high-income-earning jobs.

Individual interest, environmental variability and liveli-
hood source are known to be driving forces to climate adap-
tation in fisheries and agricultural activities of rural and peri-
urban areas in the sub-regions (McCay 2002; Sievaren 2014).
The indigenous rainfall-coping strategies among respondents
were wading over flooded waters, harvesting at the edges of
the system and using improvised tools. In relation to temper-
ature stressors, women change the time of harvest from late
afternoon to early morning, and preserve excess catch for the
lean season (rainy season) as this period (dry season) falls
within the bumper season where water is more saline and
the water level is low.

They also add value to oyster products by processing meat
by adding spices, frying, smoking and packaging them for
sale. This prolongs the shelf life of the meat while providing
them income. The other indigenous methods are to diversify,
allow the system to be silted and avoid harvesting oysters on
Wednesdays (taboo day).

Some of these practices are recognized as not being directly
linked with climate factors, but significantly enhance the re-
plenishment of stocks, thereby reducing the wetland’s vulner-
ability to effects of varying climate. The heavily silted system,
although it allows fishers to cope with erratic rainfall patterns,
is prone to floods and may lead to reduction in survival of
oyster larvae and high mortality.

Findings similar to this study were obtained by Kovats and
Tromp (2006) and Akunga (2015); the gender of fisher folks
and level of adaptation to climate variability in America and
Kenya shows that men represent the most vulnerable groups
to climate stress. However, the authors associated their vul-
nerability to diseases, due to their long exposure to adverse
weather conditions when fishing. The male oyster collectors
in the Whin Estuary are vulnerable due to their low level of
involvement in oyster harvesting, hence placing less priority
to identifying ways of coping with climate stressors related to
the oyster business. Therefore, interest plays a significant role
in adopting coping mechanisms to adverse effects of climate
variability in any sector.

Similar to several authors, the majority of fishers in some
selected small-scale fishing communities in California and
Taiwan effectively adopt temperature, wind and rainfall vari-
ability strategies for dealing with climate variability (Cheng
et al. 2009; McCay et al. 2011; Musinguzi et al. 2015; Adger
et al. 2003).

Some of these strategies are investing in boats with refrig-
erators, improving fish-processing techniques, diversification,
changing fishing location, avoiding fishing, resorting to alter-
native livelihoods, increasing fishing effort and changing the
time of harvest.

Heterogeneity in adaptation strategies at different scales
suggests that regionally specific adaptation approaches will
be most effective.

Though traditional approaches to fisheries management fo-
cus strongly on fishing, recent increase in climate impacts will
require a new generation of management approaches. Among
the four major categories of adaptations, the women respon-
dents ranked temperature-related 1st, value addition 2nd, other
indigenous practices 3rd and rainfall-related strategies, 4th.
According to the respondents, rainfall practices were less sus-
tainable compared with the other three indigenous methods
for reasons such as the less resourceful nature of the commu-
nity in terms of combating the adverse effects of climate var-
iability stressors.

Respondents identified four research-based adaptations
through the guide of the interviewer as breeding, addressing
non-climate stressors, restoration of mangrove reefs and
others research-based practices (Fig. 4ii). Among the fishers,
diversification is highly practiced. The respondents have not
heard of the possibility of breeding oysters to obtain lines that
are resilient to adverse effects of varying climate, but may
probably adapt better to efforts at addressing land-use
stressors if they are sensitized and resourced through institu-
tional support.

Recent scientific concerns are to conduct experimental tri-
als to obtain breeds of oyster that have fast growth rates and
use more energy in shell formation while maintaining pH, a
phenomenon called the BGoldlilocks^.

These lines would absorb excess carbon dioxide in forming
shells that otherwise could cause ocean acidification.
Detrimental effects of accelerated SLR due to variability in
climate have serious repercussions on oyster abundance.
Restoration of oyster reef habitats remains one of the most
effective remedies to the climate menace in oyster fisheries
(Roudriquez et al. 2014).

Though it is evident, at local, national and global scales,
that climate variability is and will have devastating effects on
shell-forming organisms, the level of preparedness in relation
to adaptations, resiliencies and hazards to climate variability is
an indispensable necessity among fish-dependent coastal
communities, and climate and research scholars (IPCC 2009;
Barton et al. 2012; USEPA 2013). Some of the impacts will

Table 3 Kendall tau-b coefficients of correlation between adaptations
strategies in the Whin Estuary, from March 2016 to March 2017

Women Men

Kendall’s tau-b Women Correlation coefficient 1.000* −0.667*
Significance (2-tailed) − 0.174

N 4 4

Men Correlation coefficient −0.667* 1.000*

Significance (2-tailed) 0.174 −
N 4 4

*Correlation is not significant at the 0.05 level (2-tailed)
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stem from ocean acidification, SLR, heavy rainfall, long pe-
riods of dry spells, heat waves, floods and low salinity.

It is imperative that sensitization of rural and peri-urban
coastal fishing communities to research-based adaptation
methods become key among stakeholders in complementing
existing indigenous knowledge and practices.

Constraints in the choice of adopting coping strategies
were the laborious nature of the business, lack of a ready
market, lack of financial support and skills, alternative liveli-
hood sources, lack of weather information and frequent floods
(Table 4). There was a strong significant correlation (p = 0.05;
r = 0.619) between constraints in the choice of adaptations
among collectors (Table 5). Drudgery during harvest, lack of
ready market, inadequate funds and skills and access to alter-
native livelihoods are the most pressing constraints in the
choice of adaptation strategies among oyster collectors. The
laborious nature of the business, lack of a ready market, alter-
native livelihood sources, inadequate financial support and
skills, lack of weather information and frequent floods were
ranked 1st, 2nd, 3rd, 4th, 5th and 6th, respectively (Table 4).

Environmental factors influencing the fishery

Relationship between non-climatic stressors and oyster
abundance

Five land-use types, namely sewage outlets, indiscriminate
mangrove cutting, sand winning, presence of refuse dumps
and farming activities, were ranked with magnitudes of 8, 7,
6, 4 and 3, respectively (Fig. 5).

Among these non-climatic stressors in the area, the pres-
ence of sewage outlets was the major threat (8), followed by
uncontrolled mangrove cutting (7), sand winning (6) and the
least of the threats were refuse dumps (4) and farming activ-
ities (3). Two sewage outlets, one from Central Township of
the region, spew domestic waste directly into the water. The
other outlet is from a timber firm (Dupour Company) that
preserves electricity poles by boiling with chemicals and dis-
poses waste directly into water through their outlet.

Rapid settling of suspended material induced by human
activities or climate variability may be highly destructive to
an oyster community. Prolonged siltation from erosion, raw
sewage sludge and domestic waste alters habitats, increases
gill irritation, buries oyster beds and smothers oyster shells
that subsequently results in decreased reproduction, growth
rates and loss of resilience to climate variability effects.
Untreated sewage containing water and nutrients gradually
enriches systems with these substances. Nutrients accumulate
and, in excess concentrations, results in eutrophication.

Eutrophication stimulates blooms of phytoplankton of
several forms, such as Nitzschia closterium, Prorocentrum
triangulatum and Euglena viridis, which are harmful to
oyster growth (Quayle 1989). According to Leith and
Haward (2010) and NOAA (2010), mangroves possess
inherent abilities capable of absorbing about five and
more times atmospheric carbon dioxide than terrestrial
ecosystems, thereby playing a key role in curbing the
menace of global warming. Indiscriminate mangrove cut-
ting without replacement destroys the primary habitat of
oysters, resulting in high mortality and contributing less
to reducing global warming. The incessant destruction of
the mangrove ecosystems in Ghana is because there is no
legislation in Ghana which requires resource owners to
replant, thin or prune mangrove seedlings.

Table 4 Constraints in the choice
of indigenous adaptation
strategies among oyster
collectors, 2016–2017

Constraints Women Men

N Rank N Rank Overall rank

Frequent flood occurrences 23 7th 18 7th 6th

Laborious nature of business 28 1st 21 2nd 1st

Lack of ready market 23 2nd 20 4th 2nd

Alternate livelihood sources 27 3rd 29 1st 3rd

Inaccessibility to weather information 25 6th 15 6th 7th

Lack of funds 27 4th 18 5th 4th

Lack of skills 20 5th 17 3rd 5th

Table 5 Kendall tau-b coefficients of correlation between constraints in
the choice of adaptation strategies among oyster collectors in the Whin
Estuary, 2016–2017

Women Men

Kendall’s tau-b Women Correlation Coefficient 1.000* 0.619*

Significance (2-tailed) – 0.051

N 7 7

Men Correlation Coefficient 0.619* 1.000*

Significance (2-tailed) 0.051 –

N 7 7

*Correlation is significant at the 0.05 level (2-tailed)
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Conclusions and recommendations

Ghana’s oyster industry is predominantly made of women
with few men. A majority of the fishers are within the ages
of 40–60 (90%) with a few aged (10%). The aged remain the
most active group in the industry and have rich indigenous
knowledge on the fishery and coping mechanisms to climate
factors. They are challenged with inadequate funds to enhance
their oyster business. The composition of the industry sug-
gests a future for the fishery since a majority of the oyster
collectors are relatively young. Also, women, particularly
the aged, are the most vulnerable groups in the event of any
disaster in the fishery since they depend largely on the re-
source to meet their livelihood needs.

Oyster harvesters respond differently to climate variability
effects in the oyster fishery. Temperature, changes in value
and other indigenous adaptation strategies are adopted in the
area. Collectors are more vulnerable to flood occurrences from
erratic rainfall and have inadequate ways of adapting to this
climate stimulus. Despite efforts by collectors to be resilient to
changes in climate, some adaptation strategies have detrimen-
tal ecological impacts on the resource and aquatic life and
require a redress. Using the Whin Estuary as a case scenario
for coastal Ghana, female oyster collectors may be equally
able to adapt to climate-related stressors like their counterparts
in Gambia and Kenya in the wake of climate variability.

To enhance local adaptive capacity, community-level sen-
sitization by experienced, aged women through community
fora on indigenous knowledge and adaptation practices should
be encouraged and facilitated. Key stakeholders such as the
Ministry of Fisheries and Aquaculture Development
(MOFAD), Wildlife Division, Environmental Protection
Agency (EPA) and the Municipal Assembly should be

involved in initiatives by encouraging community participa-
tion in mangrove restoration programs and protection of
existing natural barriers.

Robust measures need to be put in place by government
and related agencies to address challenges posed by climate
variability through policy formulation, decentralization of the
meteorological services department, institutional strengthen-
ing through resources and capacity building. Building capac-
ities to adapt to developing climate prediction technologies
such as climate variability scenario models at institutional
levels is necessary to strengthen disaster early warning sys-
tems by the Meteorological Department. In our next paper
under review, we have developed a model for predicting the
effects of climate change and variability on mollusk produc-
tion in Ghana and its implications on oyster growth. This
model is a baseline study for future predictions, but, like many
other models, will require caution during its use and a frequent
revision and update.

For sustainable oyster fisheries, government should insti-
tute policies on treatment of sewage before discharge into
water, sensitize the populace on sustainable ways of cutting
mangroves and creation of a buffer zone along the wetland.

Rehabilitation of mangrove ecosystems increases biodiver-
sity and provides a sustainable livelihood for local inhabitants.
In this regard, given the current rate of mangrove depletion in
the area, it is recommended that stakeholders such as FON and
MOFAD introduce the south eastern Asian palm Nypa
fruticans to low-saline areas along estuaries, as successfully
being practiced in Nigeria. Climate variability has food secu-
rity implications, particularly renewable natural resources
such as fisheries. It is important that prudent strategies be
adapted to conserve these resources for the sustainability of
fisheries resources.

Fig. 5 Land-use types and
magnitude of threats in the Whin
Estuary, 2016
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