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A B S T R A C T   

Small-scale fisheries (SSF) are crucial for food security and poverty alleviation. Many SSF are however under 
pressure, and in need of better management paying special attention to the key seascape ecosystems which are 
supporting them. This study investigates the importance of seagrass beds for SSF households and their food 
security in southwestern Madagascar. The specific aims of this study were to: i) analyze if and how seagrass- 
associated fish contributes to subsistence and/or the economy of local fishing households, ii) identify and 
compare seagrass ecosystem goods and services valued by local fishers in a rural and an urban setting, and iii) 
analyze links between local people and seagrasses in terms of local ecological knowledge, use and traditions. The 
results showed that seagrasses were the most important fishing habitats for most fishers. Seagrass-associated fish 
species were both the economically most important and most commonly fished species, and are a major source of 
protein in the region. Further, seagrass-derived sea urchins are important complements to local people’s diets. 
The findings illustrate that seagrasses contribute both through subsistence and income generation to food se-
curity and wellbeing of coastal people in southwestern Madagascar. This highlights the need to consider seagrass 
ecosystems in management towards sustainable SSF and their ability to sustain food security for future 
generations.   

1. Introduction 

In the light of a growing world population, food security is of major 
societal and global concern. Major challenges are to meet the rapidly 
increasing demand for food in environmentally and socially sustainable 
ways, and, most importantly, to battle hunger amongst the world’s 
economically poorest people (Conijn et al., 2018; Gerten et al., 2020; 
Godfray et al., 2010). Threats of ecosystem degradation, depleted 
biodiversity and climate change further aggravate the situation (Lobell 
et al., 2008; Springmann et al., 2018). Current estimates show that 690 
million people are globally affected by hunger, and close to 750 million 
people are globally threatened by severe levels of food insecurity in 
2019 (FAO et al., 2020). In Sub-Saharan Africa, 220 million, one fourth 
of the population, are facing hunger and the number of undernourished 
people is growing faster than in any other region of the world (FAO 
et al., 2020; FAO et al., 2015). In the World Food Summit (1996) it was 
agreed upon the definition that food security exists when “all people, at 
all times, have physical and economic access to sufficient safe and 

nutritious food to meet their dietary needs and food preferences for a 
healthy and active life” (FAO, 1996). The fundamental food provision-
ing function of ecosystems (MEA, 2005) and the importance of SSF for 
food security and wellbeing has repeatedly been emphasized (Béné 
et al., 2016; Béné et al., 2015a; Béné et al., 2015b; Chuenpagdee et al., 
2006; Garcia and Rosenberg, 2010; Kawarazuka and Béné, 2010; 
Thilsted et al., 2016; Weeratunge et al., 2014). Many millions of people 
are globally dependent on SSF (Béné, 2006). However, the contributions 
SSF make to human nutrition, development and poverty alleviation have 
largely been undervalued (Berkes et al., 2001; Chuenpagdee et al., 2006; 
Delgado et al., 2003; FAO, 2007; HLPE, 2014; Johnson, 2018), which is 
especially true for women working within SSF (de la Torre-Castro, 2019; 
Harper et al., 2020). In addition, most SSF are located in low-income 
countries, where they play a substantial role for households and local 
economies, as well as for social welfare (Allison and Ellis, 2001; Loring 
et al., 2018). Fishing is crucial for economically poor households with 
limited livelihood alternatives (Béné, 2006; FAO et al., 2020). For the 
poorest and most marginalized, the subsistence component of fishing is 
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even more important than cash income, as subsistence can make the 
difference between good and bad nutrition, between recovered health 
and prolonged illness or between food security and starvation (Béné, 
2006; Béné et al., 2016). 

Fish adds to the nutritional security of economically poor households 
in two ways: through the consumption pathway (as the direct con-
sumption of fish delivers important micronutrients and essential fatty 
acids) (Hicks et al., 2019) and through the cash-income pathway (as 
selling of fish catches leads to improved purchasing power and higher 
overall food consumption) (Kawarazuka and Béné, 2010). Fish con-
sumption is therefore critical, especially for children and women in 
remote, resource poor areas (Béné et al., 2015a; Béné et al., 2015b). The 
diets of poor people in developing countries are commonly 
carbohydrate-based and fish constitutes thus an utterly important source 
of high-quality protein (Kawarazuka and Béné, 2010). Moreover, the 
benefits of SSF reach even beyond food security and income generation, 
as they contribute to social and psychological aspects of coastal liveli-
hoods, such as self-esteem of local communities through cultural ele-
ments like collective actions, a shared cultural identity or a sense of 
social norms (Astuti, 1995; Béné et al., 2010; Johnson, 2018; Mac-
Goodwin, 2001). Alarmingly, SSF are in many areas of the world under 
pressure due to factors such as open access fisheries, lacking livelihood 
diversification, growing populations, migration, climate change and 
insufficient management (Chuenpagdee, 2011; Cinner et al., 2012; de la 
Torre-Castro, 2019; Jentoft and Eide, 2011; Sumaila et al., 2016). Due to 
this development, millions of people are facing an insecure future, with 
their livelihoods and food security at risk (Allison et al., 2009; Chuen-
pagdee, 2011; Jentoft and Eide, 2011). Steps towards sustainability of 
SSF which can ensure the contributions these fisheries make against 
hunger and poverty, and for socio-economic development, are therefore 
crucially needed (FAO et al., 2015; Mills et al., 2011). 

Comprehensive and inclusive approaches for better governance and 
management of SSF have been recommended, acknowledging the 
context and the interconnectivity between ecosystem health, social 
justice, livelihoods and food security (Chuenpagdee et al., 2005; 
Chuenpagdee and Jentoft, 2018; Jentoft et al., 2017). As ecosystems 
build the fundamental base of food production, a holistic seascape 
approach is recommended, including all marine habitats (like corals, 
seagrasses and mangroves likewise) when striving to achieve sustainable 
SSF systems (de la Torre-Castro et al., 2014; Nordlund et al., 2018; 
Unsworth and Cullen, 2010). Seagrass beds are crucial elements in 
marine environments (Barbier et al., 2011; Orth et al., 2006; Short and 
Green, 2003; Unsworth and Cullen, 2010) and provide ecosystem ser-
vices of high economic importance (De la Torre-Castro, 2006; Nordlund 
et al., 2016; Nordlund et al., 2018). Despite previous studies pointing 
out the major contributions of seagrasses to fisheries production and 
food security in the Indo-Pacific (Unsworth and Cullen, 2010), as well as 
their local (e.g. de la Torre-Castro and Rönnbäck, 2004) and global so-
cial- ecological importance (Cullen-Unsworth et al., 2014; Nordlund et 
al, 2018), seagrasses are often not recognized as conservation priorities, 
and can remain with no or low management and monetary inputs 
(Cullen-Unsworth et al., 2016; Duarte et al., 2008; Unsworth et al., 
2018). Seagrass ecosystems are reported to decline at an alarming rate 
all over the world (Grech et al., 2012; Orth et al., 2006; Waycott et al., 
2009; Unsworth et al., 2018). The importance of seagrass conservation 
for supporting ecosystem services for food security has recently been 
discussed (Baker et al., 2015; Nordlund et al., 2018). However, studies 
illustrating the direct importance of seagrasses for food security are 
strongly needed. 

Madagascar is one of the poorest countries in the world, with around 
75% of the population living under the international poverty line of USD 
1.90 per day in 2019 (World Bank, 2020), and 42% of all children under 
5 years being chronically malnourished in 2020 (World Bank, 2021). 
Madagascar’s fisheries are of major importance for local populations 
living along the extensive coastline (Le Manach et al., 2012). About half 
of all fishers operate in Toliara province in southwestern Madagascar, 

which is among the poorest areas of the country (Laroche and Ram-
ananarivo, 1995). The arid climate in the region is aggravated by land 
degradation from overgrazing and deforestation, and allows only low 
agricultural and livestock production and little livelihood diversification 
(Laroche and Ramananarivo, 1995; Le Manach et al., 2012). 

Despite the high importance of coastal ecosystems in Madagascar, 
seagrass-related research is extremely scarce (Gullström et al., 2002; 
Hantanirina and Benbow, 2013). Using the case of SSF on the southwest 
coast of Madagascar, this study investigates potential links between 
seagrasses and food security of fishing households empirically. The three 
specific aims of this study were to: i) analyze if and how seagrass- 
associated fish contributes to subsistence and/or economy of local 
fishing households, ii) identify and compare seagrass ecosystem goods 
and services valued by local fishers in a rural and an urban setting, and 
iii) analyze links between local people and seagrasses in terms of local 
ecological knowledge, use and traditions. 

2. Methods 

2.1. Study site description 

Madagascar is the fourth largest island in the world, located in the 
Western Indian Ocean (WIO) off the African southeast coast. Mada-
gascar’s southwest coast is mainly inhabited by the indigenous Vezo 
people who are traditional small-scale fishers. They rely heavily on 
fishing, which is the primary source of income for the majority, and 
often the only source of cash income (Barnes-Mauthe et al., 2013; Davies 
et al., 2009; Hantanirina and Benbow, 2013; Harris, 2007; McClanahan 
et al., 2014). Traditional SSF accounted for 72% of Madagascar’s total 
catches in the 2000s (Le Manach et al., 2012), and delivered the bulk of 
marine products on local markets (FAO, 2004). SSF are highly important 
for local food security and provide the main source of protein and in-
come (Barnes-Mauthe et al., 2013; Laroche and Ramananarivo, 1995). 
However, fishers reported marine resources to be on decline for years in 
southwestern Madagascar and signs of overfishing have been docu-
mented (Brenier et al., 2011; Gough et al., 2020; Laroche et al., 1997). 
This is thought to be driven by the great increase of coastal populations 
and overlapping industrial fishing fleets from Europe and Asia, as well as 
increasing (global) market forces (Bruggemann et al., 2012; Harris et al., 
2010; Gough et al., 2020). In this context of a socio-political and eco-
nomic crisis, increasing numbers of fishers and competing industrial 
fleets, regulations and management of marine resources are strongly 
needed (Brenier et al., 2011; Gough et al, 2020; Laroche and Ram-
ananarivo, 1995; Le Manach et al., 2012). The required resources for SSF 
management are, however, lacking (Brenier et al., 2011) and law 
enforcement as well as monitoring systems are deficient (Billé and 
Mermet, 2002; Le Manach et al., 2012). An example for the lack of 
enforcement is a law based on an earlier colonial decree forbidding nets 
with mesh sizes smaller than 25 mm (Rakotoson and Tanner, 2006). 
Beach seines, which are among the most destructive gears in the region, 
fall into this banned category, but despite degraded marine habitats, due 
to the lack of law enforcement, their use is still common (Gough et al., 
2020; Rakotoson and Tanner, 2006; this study). 

The coastlines of south-western Madagascar are characterized by 
fringing and patchy reefs, seagrass beds and, in some places, mangrove 
forests (Davies et al., 2009; Laroche and Ramananarivo, 1995). Nine of 
the 14 seagrass species found in the WIO (Bandeira and Björk, 2001; 
Gullström et al., 2002), have to date been recorded in southwestern 
Madagascar: Cymodocea rotundata (Ascherson & Schweinfurth), C. ser-
rulate (R. Brown), Halodule uninervis (Forsskål), H. wrightii (Ascherson), 
Halophila ovalis (R. Brown), H. stipulacea (Forsskål), Syringodium iso-
etifolium (Ascherson), Thalassia hemprichii (Ehrenberg) and Thalasso-
dendron ciliatum (Forsskål) (Hantanirina and Benbow, 2013; Lepoint 
et al., 2008; Vaitilingon et al., 2003). Until 2003, neither seagrass cover 
nor –loss had been assessed for Madagascar (Short and Green, 2003), 
and scientific studies remain scanty, with the exception of a study from 

S. Wallner-Hahn et al.                                                                                                                                                                                                                         



Ecosystem Services 53 (2022) 101381

3

2013 (Hantanirina and Benbow, 2013), and social-ecological studies on 
local seagrasses lacking. 

A number of direct and indirect factors are threatening the seagrass 
ecosystems in Madagascar: i) deforestation (including mangroves) and 
land-use change leading to soil erosion, increased siltation rates and 
water turbidity (Hantanirina and Benbow, 2013; Laroche and Ram-
ananarivo, 1995; Lepoint et al., 2008); ii) pollution and eutrophication 
(Hantanirina and Benbow, 2013; Lepoint et al., 2008), especially in 
urban areas like Toliara, where urban effluents reach the shore without 
sewage treatment, and human and animal dejection on tidal flats are 
common (Hantanirina and Benbow, 2013; Laroche and Ramananarivo, 
1995; Lepoint et al., 2008); iii) growing coastal populations, increasing 
numbers of fishers, the use of destructive fishing methods like beach 
seining and the effects of overfishing in general, as fishers try to 
outweigh declining catches by increased fishing efforts (Brenier et al., 
2011; Bruggemann et al., 2012; Hantanirina and Benbow, 2013; Harris, 
2007; Harris et al., 2010; Laroche and Ramananarivo, 1995); iv) tram-
pling and digging by invertebrate collectors (Hantanirina and Benbow, 
2013; Lepoint et al., 2008); and v) climate-change induced warming of 
the sea surface temperature (Harris, 2007). 

The artisanal fisheries of Madagascar use a number of different gears 
and catch a high diversity of species (Davies et al., 2009). Fishing is 
usually done close to the shores, and the main gears used are hand lines, 
gillnets and beach seines, but also long lines, spear guns and spears are 
used (Davies et al., 2009; Laroche and Ramananarivo, 1995; Le Manach 
et al., 2012). Only non-motorized traditional pirogues are used, which 
are between 3 and 8 meters long and have a single outrigger as well as 
paddles or sails (Davies et al., 2009; Laroche and Ramananarivo, 1995). 

The two study sites (Fig. 1) are located on Madagascar’s southwest 
coast, in the Atsimo-Andrefana region, province of Toliara: Site 1 the 
settlement of Akiembe in the southern part of the urban area of Toliara 
and site 2 the village of Ifaty situated about 20 km north of Toliara, in 
the Bay of Ranobe. Toliara has over 20 000 inhabitants and is a major 
regional commercial administrative center lying on a major barrier reef, 
the Grand Récif of Toliara. Ifaty is a small village in the southern region 
of the Bay of Ranobe. There is little livelihood diversification and fishing 
is the only source of cash income for many households (Barnes-Mauthe 
et al., 2013; Davies et al., 2009; Whittingham et al., 2003). The two 
study sites were chosen in order to compare two environments with 
different levels of anthropogenic impacts as well as differing conditions 
of seagrass meadows. Although seagrass cover has not been adequately 
investigated in Madagascar (Short and Green, 2003), LePoint et al. 

(2008) describes seven different species of seagrasses close to Toliara. 
There is no data available for seagrasses in Ifaty or the Bay of Ranobe in 
general, but seagrass meadows lying north of Toliara are believed to be 
less degraded (Hantanirina and Benbow, 2013). 

3. Interviews 

Data collection was conducted from October to December 2011. 
Qualitative and quantitative data was collected using semi-structured 
and in-depth interviews (Denscombe, 1998; Kvale and Brinkmann, 
1997) with fin-fishers (for the interview guideline, see supplementary 
material Appendix S6). Participant observations (e.g. reparations of 
gears, leaving for and returning from fishing, preparation of fish to sell) 
and informal discussions with fish traders in Ifaty complemented the 
interview data. 

A total of 120 semi-structured interviews with fishers were con-
ducted, whereof 60 in Akiembe in the urban area of Toliara, and 60 in 
the rural village of Ifaty (Fig. 1). The settlement of Akiembe, Toliara, is 
mainly inhabited by people with origins from three regions south of 
Toliara: Anakao, Sarodrano and St. Augustin. To keep the sample as 
representative as possible, 20 fishers were chosen from each region/ 
origin. Before any interviews were conducted, the study and its purpose 
were introduced to village chiefs, elders and members of the fishery 
committees to ask for permission. All respondents were randomly cho-
sen, irrespective of age, gender, origin or fishing gear. However, all 
interviewed fin-fish fishers were male, as fin-fish fisheries in the sites 
were male dominated and no female fin-fish fishers have been found 
during the data collection for this study. Women and children collected 
invertebrates in the intertidal, and their activities, perceptions and 
contributions to local households would deserve a study on their own to 
complement the current study. Such data collection was not possible due 
to limited field time during this study. However, as men normally bring 
a part of the catch and parts of the monetary income to their families and 
households, it can be assumed that the investigated fish species bring 
contributions to household members irrespective of gender or age. After 
the respondents gave oral consent to be interviewed, the interviews were 
held at public meeting points, fishery landing sites or the fishers’ homes. 
To further understand the local fisheries and their social-economical 
components, 25 additional in-depth interviews with fishers were con-
ducted. With the help of local translators affiliated to the Institute 
Halieutique et det Sciences Marine (IHSM) in Toliara, the interviews 
were conducted in the Vezo dialect of Malagasy and the answers 
translated to French. Pictures of local seagrass species were shown to 
specify questions on seagrasses and avoid confusion, as there is one 
common word for seagrasses and algae in Vezo language. Further, 
questions on specific fish species were backed up with color- 
photographs for easier identification. 

Questions on the provision of seagrass associated goods and services 
were based on the classification found in de la Torre-Castro (2006) and 
the typology of the ecosystem services approach from the Millennium 
Ecosystem Assessment (MEA, 2005). This approach describes ecosystem 
services as benefits that people gain from ecosystems (MEA, 2005). 
Using the same classification system as the MEA, we structured the 
questions on seagrass-associated ecosystem services after: provisioning 
services (the provision of fishing grounds, fish and invertebrates), 
regulating services (water filtration, sediment stabilization, reduction of 
wave action) and cultural services (spiritual and esthetic values as well 
as traditional believes). Fishers were asked to describe the importance of 
seagrass related ecosystem goods and services by using a scale from 1 to 
5 (with 5 standing for the highest importance). This grading system was 
illustrated with cards showing 1 to 5 stars for facilitation. Answers were 
noted on the interview guideline, transcribed in English and coded for 
analysis (see supplementary material for the interview guideline). 

Fig. 1. Location of the study sites Ifaty and Toliara in southwestern 
Madagascar, Western Indian Ocean region. 
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3.1. Data analysis 

Multivariate statistics were used to analyze similarities and/or dif-
ferences between the urban site of Toliara and the less developed rural 
site of Ifaty. The data included in the analysis concerned the valuation of 
the provision of fishing grounds, nursery areas, spawning sites, foraging 
sites, shelter, turtles and dugongs, crustaceans, molluscs, echinoderms, 
erosion control, control of wave action, good water quality, tourism 
benefits, benefits for local communities, importance for traditional be-
liefs and the importance for direct use/collection. The level of impor-
tance was stated from 1 to 5 (5 being highest importance). The program 
PRIMER 5 for Windows v5.2.9 (Copyright® PRIMER-E Ltd) was used for 
the analysis, following normal procedures as stated in Clarke & Warwick 
(Clarke and Warwick, 2001). Based on the Bray-Curtis similarity coef-
ficient, differences and similarities in services were visualized using a 
MDS diagram (Multidimensional analysis). Analysis of similarities was 
used to test significance and compute the r-value. The entry data was the 
individual responses of each fisher. Data was 4th root transformed to 
perform the analysis. 

4. Results & discussion 

4.1. Fishing practices 

All interviewed finfish-fishers were men since no women were found 
to be involved in finfish activities in the area. Women were mainly 
occupied with fish processing, fish trade or invertebrate harvesting and 
were generally not involved in the catch activities of finfish (this study; 
Langley, 2006), as also documented from other SSF in the WIO (de la 
Torre-Castro et al., 2017; Fröcklin et al., 2013; Fröcklin et al., 2014). The 
respondents were 13 to 80 years of age, with a median of 32 years, and a 
median of fishing experience of 18 years. Fisheries were the primary 
source of income for 90% of the respondents (n = 120), and 88% did not 
have any other occupations besides fishing (Table 1). These results 
illustrate a high degree of dependency on SSF and local marine re-
sources. Further, a majority of the fishers stated to be fishing every day 
(7 days per week, see Table 1), and all fishers stated to use traditional 
non-motorized pirogues, either with paddles or sails. In both study sites, 
the most commonly used main fishing gear was gillnets, followed by 
beach seines in Toliara, which in contrast were absent in Ifaty (Table 1). 
This difference might be explained by locally differing fishing habits, as 
most fishers in Toliara from sectors with roots in St. Augustin and 

Anakao used beach seines. Further, the efforts of the local fishing as-
sociation ‘Fikambanana Miaro sy Hanasoa ny Ranomasina’ (FI.MI.HA. 
RA) – in English ‘Association to Protect and Enhance the Marine Envi-
ronment’ in collaboration with the NGO ReefDoctor managed to exclude 
beach seines from Ifaty village (Belle et al., 2009; Gibbons, 2011). 

Seagrasses were most often mentioned to be the most commonly 
fished on substrate in both Ifaty and Toliara (Table 1), followed by corals 
in Ifaty and sand in Toliara. This illustrates the great importance of 
seagrasses for local fisheries. This has also been reported in an earlier 
study from the WIO region (de la Torre-Castro and Rönnbäck, 2004). 
Forty percent of fishers from Toliara compared to only 20% from Ifaty 
mentioned sand as the most often fished on habitat. This difference 
could most likely be explained by the different fishing gears used 
(mainly gill nets in Ifaty and both beach seines and gill nets in Toliara), 
but degradation of habitats in the Toliara sites, including significant 
decrease in hard coral cover (Harris et al., 2010) as well as perceived 
decrease of seagrass cover (Brenier et al., 2011) might also be contrib-
uting factors. Also, several fishers using gillnets mentioned setting their 
nets between the corals and seagrasses to catch fish migrating between 
these habitats. 

5. Contributions of seagrass-associated organisms to 
subsistence, economy and food security of local fishing 
households 

The results show that Rabbitfish (Siganidae) and Emperors (Leth-
rinidae) were both the economically most important, and among the top 
three most commonly caught fish families (Fig. 2). These results conform 
to a previous study from the bay of Ranobe (where one of the study sites, 

Table 1 
Age and fishing information (fishing experience, occupation and fulltime fishing, main fishing gears used and most often 
fished on substrates) of the fisher respondents from the two study sites Ifaty and Toliara.  

Fishers’ age and fishing information Ifaty Toliara 

Age   
Age (in years) 13–80 16–64 
Age median (in years) 34.5 30.5 
Fishing experience   
Fishing experience (in years) 2–65 3–49 
Fishing experience median (years) 20 15.5 
Fishing occupation   
Fishing as fulltime occupation (in percent) 88.3% (n = 60) 91.7% (n = 60) 
Fishing activity 7 days/week 95% (n = 45) 71% (n = 42) 
Main fishing gears used (n = 60)   
Gill nets 70% 47% 
Beach seines 0 55% 
Spears 17% 0 
Spear guns 15% 0 
Handlines 12% 0 
Substrates/habitats most often fished on (n = 60)   
Seagras 50% 42% 
Corals 43% 33% 
Rocky ground 33% 28% 
Sand 20% 40% 
Mangroves 0% 2%  

Fig. 2. A) Most commonly caught fish species and B) economically most 
important fish species. Based on the fishers’ responses, in percent of fishers (n 
= 59 for both Ifaty and Toliara), multiple answers allowed. 
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Ifaty, is situated), which also found Rabbitfish and Emperors to be the 
most important species (Davies et al., 2009). Both fish families are 
seagrass-associated (Gell and Whittington, 2002; Gullström et al., 2002; 
Pollard, 1984). Rabbitfish (e.g. the seagrass rabbitfish Siganus sutor) 
forage actively on seagrasses, and Emperors (e.g. Lethrinus lentjan) use 
seagrass meadows as foraging habitat, feeding on invertebrates and fish 
(De la Torre-Castro et al., 2008; Froese and Pauly, 2016; Unsworth et al., 
2008). Also, all other fish families mentioned to be most important by 
the interviewees are commonly associated with seagrass ecosystems in 
the Western Indian Ocean region (Froese and Pauly, 2016; Gell and 
Whittington, 2002), use seagrass ecosystems as shelter, nurseries, 
feeding- or breeding grounds (Nagelkerken et al., 2000; Orth et al., 
1984). Interestingly, exactly the same five most commonly fished fam-
ilies (Siganidae, Lethrinidae, Scaridae, Mullidae and Labridae) in our 
study dominated the fish sold on fish markets in a study from a seagrass 
dominated bay in Zanzibar, Tanzania (de la Torre-Castro and Rönnbäck, 
2004). Furthermore, the three most commonly landed species in a multi- 
gear fishery in Kenya belonged also to the families of Siganidae, Leth-
rinidae, and Scaridae, representing 63% of the catch (Hicks et al., 2012). 
Our results, along with the mentioned previous research, strengthens the 
notion of seagrasses being the most important habitats for many fishers. 
Seagrass ecosystems should therefore be considered a major contributor 
to the bulk of fish production for SSF in the WIO region and of major 
importance for local food security. 

Sixty-four percent of the fishers in total (n = 83; whereof 41% from 
Ifaty (n = 50) and 49% from Toliara (n = 33)) stated to commonly 
collect other organisms than fish from seagrass beds during fishing trips. 
Mentioned organisms were: molluscs (collected by 32% each in both 
Ifaty and Toliara), sea cucumbers (19% in Ifaty and 24% in Toliara), sea 
urchins (20% in Ifaty and 22% in Toliara), sea horses (8% in Ifaty and 
9% in Toliara), crustaceans (5% in Ifaty only) and sea turtles (mentioned 
only by one fisher in Toliara). The collection of such organisms from 
seagrass beds is also described in earlier studies for the area by Gough 
et al. (2009) and Laroche and Ramananarivo (1995). However, non- 
commercial species used for household consumption are usually 
collected by women, children and elderly (Langley, 2006; this study). 
While sea cucumbers and mollusc shells usually are sold, sea-urchins 
were mentioned as a welcome substitute for fish in the fisher families’ 
own diet. Sea cucumber prices are high and some fishers stated sea 
cucumber collection to be more profitable than fishing, ‘even on good 
fishing days’. Sea cucumbers collected in the WIO region are exported to 
mostly Asian markets, and overharvesting is common (Conand et al., 
1998; Eriksson et al., 2012). 

Not surprisingly, all respondents mentioned to frequently eat fish, 
with an average of 4.4 days of fish consumption per week. The most 
commonly consumed species were from the families Siganidae 
(mentioned by 54% of the fishers, n = 120), Scaridae (47%), Lethrinidae 
(29%), Clupeidae (22%), Mullidae (15%), Acanthuridae (15%) and 
Labridae (8%). All of these families except for Clupeidae are seagrass- 
associated fish (Froese and Pauly, 2016; Gell and Whittington, 2002). 
Many fishers added that they would eat the smallest and cheapest fish of 
their catches which were not of much value on the market, and that they 
would sell the best fish they caught. These results illustrate the two-way 
importance of seagrass ecosystems for food security in Madagascar, as 
both the economically most important species and the most commonly 
consumed species are species using seagrasses as habitat. Seagrass 
derived fish plays an important role for subsistence consumption as well 
as a source of monetary income for local fishers and their families. 

Ninety-five percent of all respondents from Ifaty (n = 60) and 98% of 
the ones from Toliara (n = 60) stated to eat sea urchins, all of which 
specifying the striped sea urchin Tripneustes gratilla, which feeds in 
seagrass beds (Ogden, 1980). The respondents’ reasons for sea urchin 
consumption were that sea urchins were delicious (34%; n = 74), that it 
was a Vezo tradition to eat sea urchins (11%), that sea urchins were 
nutritious (9%) and that sea urchins were available during times when 
fish were scarce or bad weather (strong winds) hindered them from 

fishing (8%). Fishers reported to eat sea urchins mixed with rice one to 
several times a week. Sea urchins were stated to be cheap compared to 
fish, and were frequently bought at local markets, or collected by the 
fishers and their family members for home consumption and selling. 
These results show that invertebrate harvesting from seagrass beds can 
be an important safety net in difficult times, and can contribute to 
subsistence and also cash income (see also de la Torre-Castro and 
Rönnbäck, 2004; Nordlund et al., 2010). 

The results further show that fifty-nine percent of all fishers (n =
120) perceived a decline of the striped sea urchin T. gratilla in numbers, 
and 90% of these fishers (n = 71) thought that overcollection was the 
reason for the perceived decline. It is likely that collection could, besides 
other factors, contribute to decreasing numbers of T. gratilla in the study 
sites. Earlier studies from Kenya, where consumption is not common, 
reported instead increasing sea urchin numbers (Alcoverro and Mariani, 
2002; Crona, 2006; Eklöf et al., 2008). One factor contributing to 
growing urchin populations in Kenya is thought to be a lack of sea urchin 
predators due to intense fishing (McClanahan and Shafir, 1990; Wallner- 
Hahn et al., 2015), which poses a serious threat to Kenyan seagrass beds, 
where overgrazing events have been reported (Alcoverro and Mariani, 
2002). The collection of sea urchins in Madagascar for consumption 
might therefore be a contributing factor in preventing urchin pop-
ulations from growing too large and hence from overgrazing seagrasses. 

5.1. Seagrass-associated goods and services valued by local people 

Concerning seagrass-associated goods and services, fishers from both 
study sites ascribed the on average highest importance to provisioning 
services like the provision of fishing grounds and spawning sites (Table 2 
and Fig. 3). The provision of echinoderms was generally higher valued in 
Toliara than in Ifaty. Possible explanations for this could be higher 
densities of echinoderms in Toliara, cultural factors, or a higher 
importance for subsistence, which in turn might be explained by lower 
fish catches causing a greater need for echinoderms as a complement. 
However, biological as well as socio-economic data clarifying this is 
needed. 

Also among the highest valued seagrass ecosystem services were 
their function as habitats for fish and other marine organisms (e.g. 
spawning-, foraging- and shelter sites) as well as functions for erosion 
control and maintenance of good water quality (Fig. 3). This indicates 
high levels of awareness and local ecological knowledge (LEK) on 
ecosystem functions among the respondents. However, more abstract 
but crucial services like primary productivity or oxygen production were 
not among the highly valued functions, which might indicate that these 
are more difficult to grasp, or that they are not valued to the same extent. 

The lowest importance (0 points = not important) was most 
frequently ascribed to traditional beliefs and the collection and direct 
use of seagrasses, as well as the provision of molluscs (Table 2). These 
findings further show that only seven fishers linked taboos or traditional 

Table 2 
Seagrass-derived goods and services which most fishers ascribed the highest and 
lowest importance to. Highest importance = 5 points on a ranking from 0 to 5, 
lowest importance = 0 points. Based on the fishers’ responses in Ifaty (n = 60) 
and Toliara (n = 60), in percent of fishers, several mentions allowed.  

Ifaty  Toliara  

highest importance  highest importance  
provision of fishing grounds 78% provision of echinoderms 70% 
provision of spawning sites 55% provision of fishing grounds 68% 
provision of foraging sites 48% provision of fish 62% 
erosion control function 48% erosion control function 62% 
maintenance of good water quality 48% provision of spawning sites 58% 
provision of shelter 47% provision of foraging sites 58% 
lowest importance  lowest importance  
collection and direct use 92% collection and direct use 98% 
traditional believes 65% traditional believes 73% 
provision of molluscs 7% provision of molluscs 12%  
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beliefs to seagrasses, explaining that: it is forbidden to access certain 
seagrass meadows, to tear up or touch seagrasses, to use beach seines 
because they harm seagrasses, and that adding seagrasses to drinking 
water is believed to provide protection from bad spirits. Some few 
fishers remembered that dried seagrasses collected on the beach were 
earlier used as stuffing for pillows. These results indicate that the 
traditional and spiritual values of seagrasses are minor in southwestern 
Madagascar, which is concordant with a study on the role of taboos in 
conserving coastal resources in Madagascar, where few fishers in the 
southwestern region were found to respect local taboos and traditional 
fishing practices (Cinner, 2007). This could also be a result of a change 
of generations which implies that traditional beliefs, rules and regula-
tions tend to be forgotten (Laroche et al., 1997). 

By contrast, traditional and spiritual beliefs in Zanzibar, Tanzania 
connected to seagrasses are of medicinal, religious and instrumental 
value (de la Torre-Castro and Rönnbäck, 2004). However, traditional 
social codes, ethic rules and taboos are generally prevalent and 
commonly respected in Madagascar (Lambek, 1992), and the extraction 
of marine resources is to a certain extent restricted by such rules and 
taboos (Cinner, 2007; Langley, 2006), but as resources become scarce, 
they tend to be overlooked (Laroche et al., 1997). 

The multivariate analysis showed no differences in the ascribed 
importance for the seagrass-derived goods and services between the 
rural village of Ifaty and the urban area of Toliara (Analysis of similatrity 
{ANOSIM} test: r = 0.038, p = 0.25; see supplementary material for 
Fig. 1). This result shows that seagrass ecosystems are of equal impor-
tance for fishers in both settings, despite the contextual differences like 
the potential differing states of seagrass meadows, gear use, infrastruc-
ture or degree of urbanization. 

5.2. Seagrass-specific local ecological knowledge (LEK) and awareness 

A majority of the fishers from both Ifaty (88%) and Toliara (93%) 
perceived seagrasses as declining. Fishers linked beach seine use and sea 
urchin overgrazing as main reasons to this decline, followed by erosion 
and strong wave action (Fig. 4A). These perceptions are congruent with 
scientific research from other areas in the WIO region, where sea urchin 
overgrazing has been reported to cause local and temporal seagrass 
declines (Alcoverro and Mariani, 2002; Eklöf et al., 2008), detrimental 
effects of beach seining on habitats like corals or seagrasses have been 
reported (Mangi and Roberts, 2006), and erosion (often due to changes 
in land use patterns) is listed as a major seagrass threat (Gullström et al., 
2002). However, biological data on the spatial distribution of seagrasses 
and its’ eventual changes are currently lacking and are strongly needed. 
The causes fishers linked to declining seagrass beds together with the 
valuation of seagrass goods and services, indicate high levels of 
awareness and LEK among fishers. Further, nearly all fishers (99%) were 
aware of the fact that sea urchins eat seagrasses, which indicates good 
knowledge about food web interactions. This question was also 
addressed in an interview study on food web interactions in Kenya, 
where a much smaller proportion of fishers (less than 50%) were aware 
of the feeding habits of sea urchins (Wallner-Hahn et al., 2015). The fact 
that sea urchins generally are not collected in Kenya could be an 
explanation for this difference. The LEK among the Vezo people of 
Madagascar has also in earlier studies been described as substantial. 
Mentioned examples were their LEK concerning sailing and navigating, 
fish community composition, seasonal changes as well as fishing 
grounds and habitats (Astuti, 1991; Langley, 2006). Such knowledge 
(LEK) can contribute important components in the management of re-
sources like fisheries (Berkes et al., 2000), and can complement scien-
tific information for SSF management (Berkes, 2003). 

Ninety-nine percent of all fishers both in Ifaty and Toliara said that a 
disappearance of seagrasses would pose a serious problem to them. All 
fishers affirmed the importance of seagrasses as exemplified by the 
following selected quotes: “We, the Vezo, could not survive without 
seagrasses.”, “Our kids have something to eat as long as the seagrasses 
are there”, or “The water is always clear where the seagrasses are, this is 
where we go to fish.”. 

Beach seine use, increasing wave action and sea urchin overgrazing 
were also listed to be the current threats to local seagrasses (Fig. 4B). 

Fish catch trends were reported to be declining by 92% of the fishers 
in Ifaty and 98% in Toliara, which is a worrisome result. A majority of all 
fishers (52%, n = 120) mentioned increasing fisher numbers as a reason 
for the catch decline, followed by the decline of seagrasses (18%), 
overfishing (15%), the destruction of habitats like corals or seagrasses 
(13%), beach seine use (9%) and climate change (6%). Further, 77% of 
the fishers perceived the average fish size as declining. In accordance 
with the fishers’ perceptions, such trends of overfishing, habitat degra-
dation and decreasing resources have been described in scientific liter-
ature for (south-)western Madagascar (Brenier et al., 2011; Gough et al., 
2020; Harris et al., 2010; Le Manach et al., 2012). Reasons for increasing 
fisher numbers are fast growing populations (Harris et al., 2012) and 

Fig. 3. Seagrass ecosystem services and -functions, in percent of fishers who 
ascribed the highest importance to them (5 points on a ranking from 0-5). 
Provisioning services (MEA 2005) in light grey color. Based on the fishers’ 
responses, in percent of all fishers (n = 120). 

Fig. 4. A) Mentioned causes for a perceived seagrass decrease. Based on the 
fishers’ responses, in percent of fishers from Ifaty (n = 54) and Toliara (n = 55), 
multiple answers allowed. B) Mentioned threats to seagrasses in Ifaty (n = 44) 
and Toliara (n = 39). Based on fishers’ responses, in percent of fishers. 

Fig. 5. Perceptions of impacts of coastal development and fishing activities, as 
well as the esthetical value seagrasses in A) Ifaty (n = 60) and B) Toliara (n =
60). Based on fishers’ responses, in percent of fishers. 
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migration towards the coasts in search for occupation due to unreliable 
agricultural harvests inland (Cripps and Gardner, 2016). A perception 
study among fishers of the Toliara Bay reef fishery showed that fishers 
try to compensate for dwindling resources by intensifying their fishing 
effort (by using less selective gears with e.g. increasing net size and 
decreasing mesh size) and by keeping smaller proportions of their 
catches for subsistence consumption (Brenier et al., 2011). Alarmingly, 
these results suggest that food security among the fishers of south-
western Madagascar already might be at risk due to decreasing marine 
resources. 

Most fishers in both study sites were aware of the fact that seagrass 
ecosystems are affected by coastal development as well as fishing ac-
tivities (Fig. 5). Nearly all fishers appreciated the aesthetical value of 
seagrasses as “decorations of the ocean” and perceived them as 
beautiful. 

6. Conclusions 

This study empirically highlights the substantial importance of sea-
grasses and their ecosystem services in enabling SSF to maintain their 
contributions to food security and monetary income in Madagascar. We 
believe that these results are an important contribution towards 
improved coastal management and are relevant even for other tropical 
SSF, especially in high resource dependency contexts. The results further 
show that seagrass-associated goods and services are highly valued 
among local fishers. 

Seagrasses-derived fish contributes directly through consumption, 
and indirectly through the generation of income to food security and the 
livelihoods of local fisher households. As invertebrate collection activ-
ities (mostly by women) which bring important contributions to 
households in tropical SSF (Fröcklin et al, 2014; de la Torre-Castro et al., 
2017) have not been investigated in this study, it is possible that the 
importance of seagrasses in southwest Madagascar has been under-
estimated. Future studies addressing women contributions and gender 
aspects would enhance the current understanding of these SSF, and 
provide important information for ecosystem analysis as well as policy 
and management. 

The involvement of LEK of local fishers could benefit resource 
management greatly and should be valued and included in future ini-
tiatives. Traditional and spiritual beliefs concerning seagrasses exist, but 
are not extensive and do not seem to contribute to seagrass resource 
management or conservation in southwestern Madagascar. Anchoring 
new and/or local laws in traditional and ethic regulations might how-
ever contribute to their adoption and lead to higher compliance. 

The results of our study strongly suggest that management towards 
more sustainable SSF as well as livelihood diversification are urgently 
needed to secure local livelihoods. Management should highlight: a) the 
ecological importance of seagrasses in the seascape, b) the crucial so-
cietal benefits that these ecosystems provide to economically poor 
populations with scarce livelihood alternatives and, c) the need to pre-
serve all coastal ecosystems as a base for food production. A holistic 
seascape approach in research and management will be needed to build 
more resilient SSF which can sustain food security for future 
generations. 
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