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Small-scale fisheries (SSFs) are often undervalued and unmanaged as a result of a lack
of data. A study of SSFs in Menabe, western Madagascar in 1991 found diverse catches
and a productive fishery with some evidence of declining catches. Here we compare
data collected at the same landing site in 1991 and 2011. 2011 had seven times greater
total monthly landings due to more people fishing and higher individual catches. Catch
composition showed a lower mean trophic level in 2011 indicating overfishing, the true
extent of which may be masked due to changes in technology and fishing behaviours.
Limited management action since 2011 means these trends have likely continued and an
urgent need for both greater understanding, and management of these fisheries remains
if they are to continue providing food and income for fishing communities.

Keywords: trophic level, CPUE, fishing down marine food webs, overfishing, traditional fishers, participatory monitoring

INTRODUCTION

Small-scale fisheries make significant contributions to nutrition, food security, and coastal
economies, particularly in low-income countries (FAO, 2019). Yet there is often a lack of data
documenting their contribution, and importantly their composition and change over time (Jackson
etal,, 2001; Andrew et al., 2007; Jacquet and Pauly, 2008). Fishing activities are increasing worldwide
both as a result of a growing population and increased per capita consumption (Cai and Leung,
2017). This growing demand places additional pressure on the health of fish stocks. Although there
is evidence of improving trends in the stock abundance of well managed fisheries, this is not the case
for fisheries in much of the global south where effective governance, monitoring and management
are often lacking (Costello et al., 2016; Hilborn and Hilborn, 2019).

In addition to the threats of overfishing, climate change is expected to impact fish and fisheries
through a complex suite of linked processes (Brander, 2010). Larger declines are predicted
particularly in tropical regions and therefore likely to disproportionately impact the communities
that rely on the ocean for their livelihoods (Lam et al., 2016; Ding et al., 2017).

Madagascar is listed as the eleventh poorest country in the world (International Monetary Fund,
2019) and more than 77% of its people live on less than USD $1.90 per day (Alkire et al., 2019).
Similar to many countries in the global south, the country lacks the institutional and governance
capacity to monitor and manage the socially dynamic, multi-species and often geographically
remote fisheries effectively. Therefore, policy and management often remain largely uninformed,
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ineffective and unable to identify - let alone respond to - changes
in fisheries resources and sustainability (Le Manach et al., 2011;
Le Manach et al., 2012).

Madagascar’s marine capture fisheries production was
estimated to be around 125,000 tonnes in 2017 (FAO, 2019).
A study published in 2011 estimated that Madagascar’s small-
scale marine fisheries contributed as much as 65% of total
fish production (Le Manach et al., 2011), and this same study
highlighted that Madagascar’s national fisheries statistics were
under-reported by up to 200% between the 1950s and 2000’s (Le
Manach et al., 2011). In a country where coastal regions have
historically had a higher incidence of poverty than the rest of
the country as a whole (Horning, 2008; Moran et al., 2008), the
contribution of small-scale fisheries to the national economy and
food security is likely to be greatly undervalued.

In much of Madagascar, and particularly in the south-western
regions of Atsimo Andrefana and Menabe, fishing and associated
activities, including aquaculture and fish processing, are the
principal, and often only, source of income for many people
(Laroche et al., 1997; Lilette, 2006). This stretch of coastline is
home to the Vezo, a semi-nomadic ethnic group of traditional
fishers (Astuti, 1995; Sanders, 2005; Lilette, 2006; Cripps and
Gardner, 2016). With up to 95% of households in these coastal
communities being reliant on fishing as their primary source
of income (Barnes-Mauthe et al., 2013), effective fisheries
management is vital to ensure the livelihoods and food security
of people most at risk from overfishing as well as other human-
induced and external threats e.g. climate change.

In 1991, Laroche et al. (1997) surveyed the small-scale fisheries
in coastal cities of Toliara, Morombe and Morondava. They found
diverse catches, comprising of pelagic, reef and coastal species,
with differing species composition across the three main coastal
towns. Fisheries in Toliara and Morombe focused on reefs, while
in Morondava it primarily focused on sandy coastal areas, with
some hand line fishers targeting scattered coral banks. The town
of Morondava, also the focus of the current study, had the highest
diversity of catches, with a greater composition of high-value and
higher trophic level species than the other towns. Despite lower
catch rates, particularly noted for handlines, fishers were still able
to generate a good income from targeting high-value species in
the region in 1991.

Laroche et al. (1997) also highlighted that fishers consistently
reported that they were already adapting their activities to
mitigate impacts of declining catches on their lives. These
adaptations included increasing effective fishing effort (e.g.
more hooks, longer nets, and smaller mesh sizes), developing
technical solutions (e.g. using longer lasting nylon nets instead
of cotton), and seeking supplementary income sources (e.g.
farming or dockwork (boutry) in the nearby port). The authors
reflected on the reasons for fisheries declines, including changes
in the market forces across all of the towns, while specifically
focusing on the competition with the commercial shrimp-trawl
fishery in Morondava. They concluded that the fisheries were
overexploited and in need of improved management and called
for the integration of traditional management with government
policy, and attribution of exclusive access rights to traditional
fisher groups. They also noted that the use of marine sanctuaries

could be particularly useful for maintaining species diversity
and abundance and suggested that management would be most
effective if associated with strategies for supporting livelihood
diversification and stabilising population growth.

Since Laroche et al. (1997), a handful of isolated studies have
been conducted on Madagascar’s small-scale fisheries, notably
those involving finfish (Davies et al., 2009; Doukakis et al., 2009;
Brenier et al, 2011; Gough et al., 2020), marine invertebrates
(McVean et al., 2005; Barnes and Rawlinson, 2009; Bemiasa,
2009), sharks (McVean et al., 2006; Cripps et al., 2015; Humber
et al., 2017a) and marine turtles (Walker and Roberts, 2005;
Humber et al., 2011; Humber et al., 2017b), as well as monitoring
methods (Behivoke et al, 2021). However, the majority of these
studies provide only temporal ‘snapshots’ of fishery status; and
none have assessed medium term trends in small-scale finfish
fisheries. The current deficiency of accurate fisheries information
underlines the need to improve understanding of temporal trends
in small-scale fisheries in order to develop recommendations for
adaptive management.

Building upon the analysis presented in Gough et al. (2020)
that provided evidence of overfishing in the region in 2011, the
current study compares landings from 2011 with those from
the same fishing communities in 1991 (Laroche et al., 1997).
We look at what had changed over the two decades between
the two studies and interpret findings with a view to guiding
future research and management that will safeguard fisheries
livelihoods and human wellbeing.

MATERIALS AND METHODS

The Morondava Fishing Area

Morondava is a town of around 53,000 people situated on the
Menabe coastal region of western Madagascar (INSTAT, 2020)
(Figure 1A). It is characterized by a shallow underwater shelf,
which is around 30 km in width and less than 20m deep. A
scattered coral bank lies at the seaward periphery adjacent to the
continental shelf edge. Numerous rivers and extensive mangrove
forests result in high turbidity within the sandy-bottomed lagoon
(Cooke et al, 2003).

The study was carried out in Betania and Avaradrova, two
fokontany (a political and administrative subdivision equivalent
to a village or group of villages) within the urban commune of
Morondava (Figure 1B). Fishers in this region use two types
of wooden canoe, locally known as pirogue. The larger canoe
with outrigger (laka) is often used for offshore fishing trips and
customarily uses a sail (Astuti, 1995) (Figure 1D). The smaller
(molanga) is a simpler single hulled canoe usually powered by
paddle and more frequently used for nearshore fishing excursions
(Figure 1E).

Landings Data Collection

In 1991, Laroche et al. stationed surveyors at two landing sites in
the commune of Morondava on the west coast of Madagascar;
the first in the fokontany of Avaradrova, and the second in the
fokontany of Betania (Figure 1B). The monitoring was carried
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FIGURE 1| Map of study site (A) Location of Madagascar off the east coast of Africa in the Mozambique channel, and Morondava in the region of Menabe,

west Madagascar. (B) The two villages (fokontany) of Betania and Avaradrova where landing surveys were carried out in both 1991 and 2011, and the commonly
visited fishing sites recorded by fishers. (C) The number of fishers in each study as reported by village presidents (Note there was no village breakdown provided by
Laroche et al., 1997). The two types of traditional boat used by the Vezo in the region’s small-scale traditional fishery (D) laka, and (E) molanga.

out for 22 days a month over a 7-month period from April
to October 1991. Each day the surveyors recorded the total
fishing effort as the number of pirogues that went out to
sea from the landing site and sampled ten of the returning
pirogues for catch (although there is no record of sampling
strategy for these ten pirogues). For each pirogue sampled, the
surveyor recorded the number of individuals taking part in
the fishing operation, the name of the fishing sites visited, the
type of fishing gear employed and a visual estimation of the
weight of each species caught, with surveyors being trained
prior to sampling in estimating catch weights (Laroche et al,,
1997). The number of fish in catches was not recorded. Note
that only gillnet and handline fishing gears were recorded in
1991. The presence and recording of other gear types in the
same study in other locations (Morombe and Toliara) suggests
that if other gear types were being used in the Morondava
fishery they would have been recorded.

In 2011, as part of a wider participatory project to
understand fishing in the region (Gough et al., 2020), the
present study stationed fisheries surveyors at the same
landing sites as in Laroche et al. (1997). Two local surveyors
were recruited from each village and following training and
piloting of data collection in November-December 2010,
sampling was undertaken for a minimum of two days every
week at each landing site for the year (Jan-Dec) of 2011, with
a break over the month of June due to local celebrations.

Fisheries surveyors recorded total fishing effort for the landing
site as the number of boats (both laka and molanga) that went
out to sea from the landing site each day of surveying (between
2 and 4 days per week). As the boats returned to the beach, the
surveyors gathered information on each boat. The number of
fishers, time spent fishing and location were recorded for each
boat. Additionally, the weight of the total catch and the weight
and number of each species were recorded as described in Gough
et al. (2020). Surveyors received strong cooperation from fishers
allowing them access to their catches during the survey period.

While fisheries monitoring is ongoing elsewhere in the region,
monitoring in these two fokontany was not continued after 2011
following the cessation of project funding.

Raw data from the 1991 study were not available and so
comparisons are made with results as presented in the paper
published by Laroche et al. (1997).

Data Analysis

To ensure consistency and allow comparisons between the results
from Laroche et al . and data obtained in 2011, we calculated the
same five metrics for each fishing gear as Laroche et al. (1997)
using the same methods and equations.

Catch per unit effort (CPUE) is a measure of how much biomass
is caught by a single unit of fishing effort. Laroche et al. (1997)
reported CPUE in kg fisher! hr!, per the following formula.
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CPUE, = nzi(P,.k)/n.

i
k=1

Where P, is the capture weight (kg) and n, is the number
of fishing hours (# fishers x trip duration). Average CPUE,
(expressed as kg trip™!) was also calculated for each gear type per
calendar month.

Total fishing effort (f;) was also calculated as in Laroche et al.
(1997) by gear type.

f (txd)

S

Where ¢ is the number of fishing trips recorded per month
and d is the number of fishing days per month and s is the
number of days when surveys were conducted. In 2011, data
collectors reported observing only 60% of fishing trips. Therefore,
observation numbers were adjusted to provide an estimate of the
total number of trips.

Monthly catch Estimation of the catch (C,) for each month by
fishing gear type was then calculated.

C, =CPUE,x f

The following metrics as reported by Laroche et al. (1997)
were also calculated for each gear;

FISHM: the number of people employed in the use of a
particular fishing gear

LENG: the average duration of a fishing trip (minutes)

ACTI: the estimate of the daily proportion of pirogues
fishing [ACTI = (number of trips during the whole survey
period x 100)/total number of pirogues x number of days
surveyed)].

Each of these results calculated for 2011 observations by
gear type was then compared with the results reported by
Laroche et al. (1997) for the data collected in 1991.

Raw data values and measures of variance were not
presented in the 1997 publication; therefore, summary
descriptive statistics are used to make comparisons between
1991 and 2011 metrics.

Laroche et al. (1997) provides a summary of the taxonomic
composition of catches reporting the major family groups
and their proportional contribution to catches. Laroche
et al. (1997) grouped sharks and rays as well as grouping
unidentified families and those with small contribution to
the total catch as ‘other’ The proportional contribution of
each family was calculated using 2011 data and then families
grouped in the same way as presented by Laroche et al. to
allow comparison. For each family/group the original (1991)
proportional contribution was then subtracted from the
present (2011) contribution to ascertain which families had
increased and/or declined in catches between the two studies.

Laroche et al. (1997) provided a summary of the trophic
group composition of reef and reef associated fish catches

in 1991. To compare the present study with Laroche, the
different fish species were classed according to their degree
of reef association (Bellwood, 1988) as described by Laroche
et al. (1997). Where new species were observed in 2011 but
were not assigned in Bellwood (1988), the degree of reef
association was taken from FishBase (Froese and Pauly,
2000). In order to allow direct comparison to Laroche et al.
(1997), data on the species designated as reef species or reef-
associated species were then retained and those on non-reef
species not considered. Each of the remaining species was then
allocated to one of five trophic groups: herbivore/detritivores,
planktivores, macroinvertebrate feeders, piscivores, piscivore/
macroinvertebrate feeder, or unassigned, using the same
references as Laroche et al. to ensure comparability (Hiatt and
Strasburg, 1960; Hobson, 1974). To be able to compare trophic
group composition for the entire catch, and not just reef and
reef associated species, trophic groups were assigned to the
composition data reported by Laroche et al. (1997). This was
then compared to the proportional composition for all species
catches in 2011.

Finally, in addition to comparing the metrics presented
in Laroche et al. (1997), trophic levels (TL) from FishBase
(Froese and Pauly, 2000) were assigned to each fish family
group (TL;) for both 2011 and 1991. The median trophic
level was calculated for both 1991 and 2011 by taking the
median value from the percentage frequency distribution, and
the mean trophic level of the catch for both years was then
calculated using the proportional composition of each family
group (Py).

Z(TfoPf)
2(2)

MeanTL =

RESULTS

In 2011, surveys were conducted 2-4 days per week (overall 34%
of total fishing days in Avaradrova and 40% of fishing days in
Betania). Data collectors observed a total of 18,304 boats going
fishing, with an average of 68 and 77 boats per day in Avaradrova
and Betania respectively, which was estimated by the data
collectors to represent 60% of the total number of boats out
fishing on any given day. They collected samples from a total of
1,555 fishing trips (570 in Avaradrova and 985 in Betania) which
indicates that samples were taken for between 6 and 8% of the
active boats. The number of fishers on a single fishing trip ranged
from 1 to 11 and catch surveys recorded 72,234 kg of fish landed,
comprising a total of 447,585 individual fish from 32 families. A
further 2,158 kg of crustaceans and 41 kg of holothurians was also
landed but excluded from this analysis as the study by Laroche
et al. focused solely on finfish. In the 1991 study, monitoring was
carried out on 22 days per month, with 10 pirogues sampled for
catch each day (Laroche et al.,, 1997). Although Laroche et al.
reports recording the number of pirogues, these data are not
published and so we do not know what proportion of the fleet,
or consequently, the catch this sample represented in the paper.
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Population of Fishers

Laroche et al. reported that, in 1991, of the estimated
40,000 inhabitants of Morondava, 235 reported fishing as
their primary activity in the communities of Betania and
Avaradrova. Official census data reports that the population
of Morondava was 64,071 in 1993 (INSTAT, 1997) and
has increased to an estimated 153,994 in the 2018 census
(INSTAT, 2020). Interpolation of the INSTAT population data
places the population of Morondava at an estimated 120,000
in 2011 with a growth rate slightly higher (3.5%) than the
national average of 3%. The presidents of the two villages
reported the population of fishers to total 1510 in 2011
(460/1300 inhabitants, in Betania and 1050/3250 inhabitants
in Avaradrova) suggesting an estimated 9.8% annual growth
rate (Figure 1C) and a 6.4 fold increase in the number of
fishers over the 2 decades.

Fishing Gears and Fishing Grounds

Fishing in Morondava in 2011 was still undertaken using
traditional fishing boats as described by Laroche et al. (1997)
(Figures 1D, E). Laroche et al. reported that in 1991 fishers
were using only handlines and fixed gillnets, with a distinct
contrast between the fishing grounds used for each gear type.
In 1991 handlines were commonly used in both inshore areas
and offshore coral banks, which can be up to 30 km out to sea
(Figure 1B), while gillnets were used close to the coast in the
sandy lagoon area near the town of Morondava.

In 2011, handline fishers appeared to be almost exclusively
fishing offshore. Gillnets and other nets, with the exception
of shark nets, were still being used mainly in the inshore
coastal waters, with a small increase in the use of gillnets in
offshore areas (Figure 2). In addition to the handlines and
gillnets reported by Laroche et al. however, the present study
also recorded the use of beach seines, longlines, mosquito
nets, shark nets, spears and spear guns in the Morondava
fishery (Figure 2). Gough et al. (2009) provides a summary
of the characteristics of each gear type used by Vezo fishers in
southwest Madagascar.

Estimation of the Production Per

Gear Type

The mean monthly catch in Morondava in 1991 (Laroche et al,,
1997) was estimated at 16.8 tonnes per month and dominated
by handline catches (80%) over gillnets (20%), whereas in 2011
mean monthly catch was estimated as almost sevenfold greater
at 122.1 tonnes per month and dominated by gillnet catches
(35.8%) over beach seine catches (27.0%) and handlines (26.5%;
Table 1). Mean monthly landings from gillnets were estimated
to be twelve times higher in 2011 than observed in 1991, while
handline landings were estimated to have doubled since 1991.
The mean monthly catch from only gillnet and handlines in
2011 was estimated to be 4.5 times larger than in 1991. Taken
as a whole the overall mean monthly and daily catch per fisher
increased from 71kg/fisher/month and 2.4kg/fisher/day in 1991
to 81kg/fisher/month and 2.7kg/fisher/day in 2011.

M Offshore

100+
6%

90+
80+ 41%
70+
60+

86%

50+
94%

% of fishing trips

40

30- 54%

20
104

0 2%

1991 2011 1991 2011
GN HL

@ Inshore

FIGURE 2 | Proportional location of deployments of each gear in 1991 (Laroche et al., 1997) and 2011, this study (N/R, location not recorded; Gears, GN, gillnet;
HL, handline; BS, beach seine; LL, longline; MN, mosquito net; SN, shark net; and SP, spear/speargun) by each location type. Temporal comparison (left) shown
only for gillnet and handlines as other gears were not reported as being used in 1991.

ON/R

2011 only
BS LL MN SN SP
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TABLE 1 | Comparisons of estimated average monthly catch (+ 95% confidence
interval) by fishing gear between 1991 (Laroche et al., 1997) and 2011.

1991 2011
tmonth'+95% Cl % tmonth' +95% Cl  2011%

BS - - 32.9 (59.5) 27.0
GN 3.4 (2.6) 201 43.7(12.3) 35.8
HL 13.4 (5.7) 799 324 (13.1) 26.5
LL - - 10.0 (3.3) 8.2
MN - - 0.1(0.1) 0.1
SN - - 0.9(0.9) 0.8
SP - - 0.5(1.0) 0.4
Other - - 1.6 (1.7) 1.3
TOTAL  16.8(8.3) 100 122.1 (91.9) 100

Species and Trophic Composition

of Catches

In 1991, Laroche et al. reported 37 fish families amongst the
catch, with seven families accounting for 80% of the catch. In
2011, 37 fish families contributed to catch from all gears with six
families contributing more than 80% of the catch, with a similar
result for handline and gillnet catches only (Table 2). In the 1991
data, the authors grouped sharks and rays which contributed to
11.1% of the catch. An additional 5.8% was grouped as ‘Other),
referring to unidentified finfish families and those with small
contribution to the total catch with no further detail given on
the families present. Only the Istiophoridae (billfish family)
were known to be present in 1991 but absent in 2011, while only
Hemiramphidae (halfbeaks) which were absent in 1991 were
present in catches in 2011 although in small numbers (<0.1%
of catch). Since further information was not available on which

families comprised the “other” or “sharks” categories in the 1991
study, we are unable to know if there were further family groups
lost or new ones appearing between the two studies (Table 2 and
Figure 3).

Laroche et al. (1997) highlighted the diversity of catches, with
pelagic, reef, and coastal species represented. They further noted
that Serranidae (groupers) were particularly targeted by fishers
and comprised 10.6% of the catch. In the present study, this same
family had declined in its contribution to catches comprising just
6.5% of the catch from HL and GN, and 6.1% of catch from all
gear types (Table 2 and Figure 3). Indeed, of the top 10 fish groups
reported by Laroche et al. (1997), only Clupeidae (herring, shad,
sardine) and Sciaenidae (drums and croakers) had increased in
prevalence in 2011, while all other families decreased (Table 2
and Figure 3).

Laroche et al. (1997) highlighted that piscivores and piscivore/
macroinvertebrate feeders comprised a combined total of 91% of
catches of reef and reef associated fish in 1991 (Figure 4A). In
2011, these trophic groups made a much smaller contribution of
just 56% to the catches of reef and reef associated fish (Figure 4B)
and 53% to handline and gillnet catches of reef and reef associated
fish (Figure 4C). Assigning trophic groups to the non-reef
families reported by Laroche et al. (1997) (Table 2), piscivores
comprised an estimated 73% of the overall catch (including both
reef and non-reef species) in 1991 (Figure 4D), while in 2011 this
group comprised 62% of handline and gillnet catches (Figure 4E)
and 52% to catches from all gear types (Figure 4F).

The median trophic level (MTL) calculated from Laroche
et al. (1997) was 4.0 in 1991 (mean 3.9) while in 2011 (across all
gear types and for handline and gillnet catches only) the MTL
was 3.65 (mean 3.7) a drop of 0.35 over the two decade period.

TABLE 2 | The major fish families caught in Morondava (Avaradrova and Betania) and their percentage contribution to the total catch (by weight) in 1991 and 201 1with

arrows indicating the direction of the trend between the two studies.

Group/Family Common name

1991 Laroche et al. (%) 2011 HL & GN (%)

2011 All (%) Increase 1 decrease |

Scombridae Mackerel and Tuna 25.4
Carangidae Jack and Trevally 1.8
Sharks and Rays* Sharks and Rays* 111
Serranidae Grouper 10.6
Lutjanidae Snapper 8.7
Istiophoridae Billfish 6.8
Clupeidae Herring, Shad and Sardine 6.5
Terapontidae Grunter or Tigerperch 4.4
Lethrinidae Emperor 2.6
Sciaenidae Drum or Croaker 1.7
Nemipteridae Threadfin bream 1.5
Haemulidae Swesetlips 1.4
Scaridae Parrotfish 11
Sphyraenidae Barracuda 0.4
Mugilidae Mullet 0.2
Gerreidae Mojarra 0.0
Hemiramphidae Halfbeak 0.0
Other** Other** 5.8

20.2 16.1 l
7.7 7.4 l
5.9 4.7 l
6.5 6.1 l
3.1 2.3 l
0.0 0.0 l
19.7 14.2 T
0.9 0.7 l
1.0 0.8 l
2.9 2.2 T
<0.1 <0.1 l
3.3 3.1 T
1.2 0.9 -
3.1 2.5 T
0.4 0.3 T
0.3 0.2 T
<0.1 <0.1 1
24.0 38.6 T

*Sharks and Rays included 3 families in 2011 (Carcharinidae, Dasyatidae, and Rhinobatidae), **Other included 19 families in 2011 (Acanthuridae, Albulidae, Ariidae, Belonidae,
Chanidae, Congridae, Diodontidae, Echeneidae, Engraulidae, Chirocentridae, Trichuridae, Synodontidae, Mullidae, Leiognathidae, Lobotidae, Kyphosidae, Muraenidae, Sillaginidae,
and Soleidae). No further information was given on the composition of the group ‘Others’ in Laroche et al. (1997). Arrows indicate the direction of the change (increase or

decrease); -, denotes no change.
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Family/Group

Scombridae (Mackerel and Tuna)
Istiophoridae (Billfish)

Sharks and Rays

Lutjanidae (Snapper)

Serranidae (Grouper)

Carangidae (Jack and Trevally)
Terapontidae (Grunter or Tigerperch)
Lethrinidae (Emperor)

Nemipteridae (Threadfin Bream)
Scaridae (Parrotfish)

Hemiramphidae (halfbeak)
Mugilidae (Mullet)

Gerreidae (Mojarra)

Sciaenidae (Drum or Croaker)
Haemulidae (Sweetlips)
Sphyraenidae (Barracuda)

Clupeidae (Herring, Shad and Sardine)
Other**

Difference

_UT ”,Hﬁﬂ"“ﬂ

-32.8 [N 132.8

i<

1100 -50 0.0 50 10.0 15.0 20.0 25.0 30.0 35.0

FIGURE 3 | Change in fish family composition between 1991 (Laroche et al., 1997) and 2011 (this study) for all gear types. Red bars indicate fish families that
reduced in proportional representation by weight in catches between 1991 and 2011 (e.g. sharks and rays dropped by 6.4% from 11.1% in 1991 to 4.7% in 2011,
while Istiophoridae comprised 6.8% in 1991 but was absent from catches in 2011. Those in grey appeared more frequently in catches in 2011 (e.g. Sciaenidae
increased by 0.5% from 1.7% in 1991 to 2.2% in 2011). **Other included 19 families in 2011 (Acanthuridae, Albulidae, Ariidae, Belonidae, Chanidae, Chirocentridae,
Congridae, Diodontidae, Echeneidae, Engraulidae, Kyphosidae, Leiognathidae, Lobotidae, Mullidae, Muraenidae, Sillaginidae, and Soleidae, Synodontidae and
Trichuridae). No further information was given on the composition of the group ‘Others’ in Laroche et al. (1997).

Main Characteristics of
Fishing Techniques

Laroche etal. (1997) provided a summary of the following four
variables for each of the landing sites; FISHM (the number of
fishers employed in the use of a particular fishing gear), LENG
[the average duration of a fishing trip (minutes)], CPUE

(the amount of fish caught per fisher per hour), and ACTI
(the estimate of the daily proportion of pirogues fishing). By

comparing the 2011 data with that reported by Laroche et al.
we found some notable change across the two decades.

There was little difference in the mean number of fishers
operating a particular fishing gear on a single trip (FISHM)

1991 2011

HL & GN
(reef sp)

Catches of all species

1991
HL & GN

(all sp)

HL & GN
(reef sp)

(all sp)

2011
HL & GN

Catches of reef and reef associated species only

Cc

2011

All Gears
(reef sp)

[J Unassigned

[ Herbivore /detritivores

[ Planktivores

F [ Macroinvertebrate feeders

M Piscivores

2011
All Gears

(all sp)

FIGURE 4 | Change in the proportional contribution of fish from each trophic group between 1991 reported by Laroche et al. (1997) and 2011. (A) reef fish only
reported by Laroche et al. and compares with (B) 2011 reef fish catches for handline and gillnets only, and (C) 2011 reef fish catches for all gear types. While

(D) compares proportions of trophic groups from all species in 1991 (E) all species in 2011 from handline and gillnet catches only and (F) all species from all catches
in 2011. Further breakdown of trophic group composition of catches by gear type are provided in Supplementary Data (S1).
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between 1991 and 2011. Although there was a drop in the
mean number of fishers using handlines in Avaradrova, from 2
(error not reported) in 1991 to 1.4 fishers (+ 0.5 SD) in 2011,
suggesting handline fishers are increasingly operating alone in
this village. The mean number of fishers on a trip employing gill
nets in both villages remained at 1.0 (+ 0.1 SD) in both villages,
and handlines in Betania remained stable from 2 fishers in 1991
(error not reported) to 1.9 fishers (+ 0.3 SD) in 2011 (Figure 5A).
Fishers appeared, however, to be spending a markedly longer
time at sea (LENG) in 2011 than in 1991 across all gear types
(Figure 5B). The difference in the length of fishing trips using
gillnets ranged from a mean of 36 minutes longer in Avaradrova,
from 260 minutes in 1991 (error not reported) to 296 minutes
(£ 4.2 SD) in 2011 to a mean of over two hours longer for gillnet
fishers in Betania from 200 minutes in 1991 (error not reported)
to 333 minutes (+ 87.4 SD). Handline fishers from both villages
spent between 50 minutes to an hour longer fishing in 2011
than in 1991, on average from 500 minutes in 1991 (error not
reported) to 550 (+ 123.0 SD) in 2011 in Avaradrova, and from

550 minutes in 1991 (error not reported) to 608 (+ 113.9 SD) in
2011 in Betania.

There was an increase in the total fishing effort (ACTI) for
gillnets in both Avaradrova (from 0.3 in 1991 to 0.6 in 2011)
and Betania (increasing from 0.2 in 1991 to 0.8 in 2011). Total
effort exerted by handline fishers appeared to have declined in
Avaradrova (0.4 in 1991 to 0.1 in 2011) but increased slightly in
Betania (0.3 in 1991 to 0.5 in 2011) (Figure 5C).

Mean catch rate for an individual fisher on a fishing trip
(CPUE) was higher for gillnets in both villages in 2011 when
compared to 1991. CPUE was 2.2 kg/fisher/hr (£ 2.4 SD) in
2011 for gillnets in Avaradrova and 2.1 kg/fisher/hr (+ 1.8 SD) in
Betania compared to 1.4 kg/fisher/hr and 0.7 kg/fisher/hr (error
not reported) for each of these two sites respectively in 1991.
Handline catches were also higher in 2011 in Avaradrova (1.4 kg/
fisher/hr + 1.4 SD) compared to 1991 (0.6 kg/fisher/hr error not
reported). The only exception was that CPUE was slightly lower
in 2011 in Betania (0.8 kg/fisher/hr + 0.6 SD) compared to 1991
(1.1 kg/fisher/hr error not reported).
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FIGURE 5 | Comparisons between the 4 main fishing effort variables used by Laroche et al. (1997). (A) Average number fishing by gear type (FISHM). (B) Average
duration (minutes) of a trip (LENG). (C) Average daily activity (ACTI - the estimate of the daily proportion of pirogues fishing), and (D) Average catch per unit effort (kg
person' h'') (CPUE). Error bars indicate standard deviation. Variation was not reported by Laroche et al. (1997) and thus error bars are not shown for 1991 values.
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DISCUSSION

This paper provides a useful snapshot of the temporal change in
the small-scale fishery of Morondava focusing on the changes
that occurred between 1991 and 2011. The main results of the
comparison point towards overexploitation of the resources
revealing that; 1) the catch composition had changed between
the two studies, with fewer high-trophic level species in catches
in 2011 than in 1991 (Figures 4A, B and Table 1) the estimated
total monthly landings had dramatically increased between
the two years. The seven-fold increase in catches appear to be
explained by the substantial increase in the population of fishers
between the two study periods (Figure 1C) and diversification of
fishing gears, signified by the introduction of gears such as beach
seines and long lines that were not reported in the 1991 study. We
observed that gillnet and handline fishers were fishing further
afield, spending more time fishing (Figure 5B) and returning
with a slightly higher catch weight per fisher for a single fishing
trip (CPUE) (Figure 5D). We examine each of these findings
below and discuss what may be contributing to these results and
what they may mean for the fishery and fishers of Morondava.
In 2011, Morondava fishers continued to catch a large diversity
of demersal and pelagic species from offshore reef and sandy
lagoon habitats, similar to that observed in 1991 by Laroche et al.
(1997). While the number of fish families remained similar, some
fish families that were present in 1991 became reduced or absent
in the 2011 study. The reduction in the proportional contribution
from families such as Istiophoridae (sailfish), and Serranidae
(grouper) as well as sharks and rays was notable, as well as that
from Lethrinidae (emperor) and Nemipteridae (sea bream), again
larger and slow maturing species that show high vulnerability to
fishing pressure (Cheung et al., 2005). Since many of these species
are from high trophic levels, it explains the observed decline in
median trophic level (MTL) of the catches. The 0.35 decline in
trophic level (TL) observed in the Morondava fishery between
1991 and 2011 is higher than the reported global average of 0.1
TL per decade (Pauly et al., 1998). This provides evidence that the
fishery may have been experiencing the phenomenon commonly
referred to as ‘fishing down marine food webs’ and is considered
indicative of a fishery under unsustainable exploitation (Pauly
et al., 1998). A similar trend has been documented in the small-
scale fishery of Toliara, southwest Madagascar (Brenier et al.,
2011) as well as in a number of other small-scale tropical coastal
fisheries (McClanahan and Mangi, 2004; Mangi and Roberts,
2006). Although change in trophic level could be explained by
other factors besides resource overexploitation (Branch et al.,
2010; Sethi et al., 2010) in this case the change is most likely
associated with the change in catch composition (see below).
Essington et al. (2006) additionally defined ‘fishing through’
marine food webs describing how the MTL may decline due to
the sequential addition of low TL catches rather than simply the
decline of high TL species. The increased contribution of some
low TL families, such as Clupeidae (sardine) in 2011 may reflect
changes in markets and targeted fish species but is also likely a
reflection of the introduction of new fishing gears, in particular
the increased use of beach seines in the region over the 20 year
period. The increased abundance of these species in catches has

also been noted in a similar comparison conducted in the small-
scale fishery of Toliara a region ca. 400km from the current site
(Brenier et al., 2011).

Conversely, there may be some ‘fishing up’ the marine food
web (Branch et al.,, 2010; Stergiou and Tsikliras, 2011) that is
not captured by the overall change in TL as a number of higher
TL families that were absent from the 1991 study were present
in our 2011 surveys (although they may have been included in
Laroche’s ‘other’ family group). Again, these are also likely to have
appeared as a result of the introduction of new fishing gears and
sites (Figure 3), for example Lobotidae (tripletails), being caught
primarily by longline fishers at offshore sites, and Trichuridae
(cutlassfish), and Chirocentridae (wolf herring) being caught by
small mesh gillnets in inshore waters.

Fishers in Avaradrova, particularly those using handline, were
fishing for longer periods (Figure 5B) and more frequently at
offshore sites in 2011 than in 1991 (Figure 2). This may reflect
the targeting of some of these larger bodied high trophic level
fish families found predominantly in offshore areas, such as
Scombridae (tuna and mackerel), or reef fishes such as those of
the Serranidae (grouper), Lutjanidae (snapper) and Lethrinidae
(emperor) families found on and around offshore reefs. Since
these were some of the main families targeted in 1991 and
their contribution to catches has declined (Figure 3), it is likely
that this shift may be due to reduced catches of these species
on nearshore reefs, driving fishers further afield. In addition,
the diversification of fishing gears, such as the introduction of
shark nets and longlines to target sharks and scombrids, as well
as fishing further afield in deeper or previously less exploited
waters may also be partially maintaining catches and masking
the decline in higher trophic level value (Morato et al., 2006).
The fish families caught by small-scale fishers are targeted for
both local consumption and export markets. Increases in fishing
effort across these families is therefore likely linked to both the
requirements of feeding a growing local population and meeting
the growing demands for export. A socio-economic survey
carried out in the region in 2011 reported that 63% of fishers
identified a large decrease in the abundance of fish in catches,
and that they subsequently fished further away (26%) or more
frequently (7%) to compensate for the changes (Dewar, 2012).
These behavioural responses have been observed in numerous
other small-scale fisheries around the tropics (Padilla et al., 2003;
Eder, 2005; Sadovy, 2005; Fabinyi, 2010) and are often driven
by declining catches and can sometimes mask trophic declines
(Stergiou and Tsikliras, 2011).

Beyond the absence of some fish families in catches, intensive
fishing has been demonstrated to lead to imbalances in ecosystem
function, which has ramifications for community structure
overall (Jennings and Kaiser, 1998; Jennings et al., 1999). Fishery
removals may induce indirect trophic (food web) interactions,
and thus fishing can have many effects on community structure
(Botsford et al., 1997). These interactions become increasingly
more complex in multispecies fisheries where multiple gear types
are deployed (Jennings et al., 1999; Jennings, 2005) as observed
in this study.

In addition to the changes in trophic composition, the overall
average monthly landings for the Morondava landing sites in 2011
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were estimated to be 700% higher than estimated by Laroche in
1991 (Table 1). It is likely that the increase in landings is due in
part to increases in total fishing effort, particularly the number of
fishers operating within the fishery. The population of Morondava
has more than doubled from Laroche’s estimate of 40,000 to an
estimated 120,000 in 2011. However, the population of fishers
has increased more than 6-fold in this same period. This high
growth is likely due to a combination of high fertility rates as well
as the migration of fishers from communities to the south, who
travel north as fisheries resources decline further south, attracted
by the growth of export markets for shark fin and sea cucumbers
and more plentiful resources further north (Cripps and Gardner,
2016). There is also a strong flow of agro-pastoralists and others
from inland communities towards the coast as crop yields
decline and communities face rising food and physical insecurity
(Marikandia, 2001; Chaboud, 2006; Bruggemann et al., 2012).
Migrants therefore have variable experience and expertise in
fishing livelihoods depending on where they originated. Small-
scale fisheries continue to make an important contribution to
the livelihoods, income and food generation of the Vezo people
living in the coastal town of Morondava and the wider south-west
region of Madagascar. Yet with increasing numbers of people
operating in the fishery, fishers often cite the number of fishers
as being an important contributor to the changes they have seen
in their catches over time, alongside the presence of an industrial
shrimp-trawl fishery (Jones, 2011; Dewar, 2012).

Higher total monthly landings are, in part, explained by the
diversification of fishing gears. Our results show the presence
of shark nets, longlines, beach seines and mosquito nets in the
Morondava fishery in 2011 (Figure 2 and Table 2), yet these
gears were absent in the records from 1991. The absence of these
gears in the 1991 study however, may not indicate absence in the
fishery, but may be a result of the limited geographic and temporal
scope of the original study. While these gears may not have been
routinely employed in the fishing communities of Betania and
Avaradrova, it is likely that these gears were being employed in
the wider Menabe region in 1991 as they were reported to be
common at the time in other Vezo fisheries, e.g. Toliara and
Morombe (Laroche and Ramananarivo, 1995; Laroche et al.,
1997). Other anthropological studies in the Menabe region
also note the use of mosquito nets (Astuti, 1995) and shark nets
(Sanders, 2005). However, it is likely that these gear types were
not used as extensively in the study villages at the time of the
original study or because they were used seasonally and outside
of the Laroche et al. (1997) study period (Apr-Oct). Beach seines
and Mosquito nets for example, were used between October
and December, and mosquito nets were previously reported to
be used only seasonally to target a small shrimp known locally
as patsa (Acetes erythraeus) (Le Reste, 1970) rather than finfish.
Shark nets, which were used in the present study between August
and December, and Longlines (used all year round), may have
previously only been more commonly used by migrant fishers
operating on the nearby islands of Nosy Andriangory and Nosy
Andramitaroky (Sanders, 2005).

Additionally, the slightly higher catches observed for gillnets
and handlines may also suggest that they have improved in
efficiency between the two studies. Observations were already

reported in 1991 that fishers were using nets with smaller mesh
sizes and increased numbers of hooks to compensate for declining
catches (Laroche et al.,, 1997). However, since the 1997 paper
does not report on net lengths or mesh sizes, it is not possible to
quantify the change in more precise measures of fishing effort.
Fisher interviews conducted in 2011 showed that they had been
increasingly deploying nets with mesh sizes as small as 10 mm,
and with numerous lengths of nets spliced together, forming
barriers of up to 1 km in length in attempts to maintain catches
(Dewar, 2012). This phenomenon of “technology creep” may also
have allowed fishers to maintain or increase catch rates despite a
declining ecological condition, through the use of increasingly
effective and often destructive fishing gears (Rijnsdorp et al.,
2006; Eigaard et al., 2014).

The authors of the 1991 study already noted that the fisheries
of Morondava were showing signs of overexploitation and were
in need of management intervention (Laroche et al., 1997). Yet
it is notable that with reduced abundance of high trophic levels
and a much larger monthly catch, overfishing has continued in
these fisheries since the original study, with further evidence of
overfishing highlighted by a wider analysis of fisheries catches
in the region (Gough et al., 2020). The 1997 paper specifically
noted the contribution that the commercial shrimp-trawl fishery
made to declining catches through large bycatch rates and high
discards, and this fishery continues to operate in the same area as
the small-scale fishery and continues to be cited by local fishers
to be contributing to fisheries declines in the region (Jones, 2011;
Dewar, 2012). However, it is not possible to determine the impact
of the trawl fishery on the small-scale fisher catches without
investigating the trawl fishery itself.

We were unable to perform statistical comparisons due to the
absence of raw data from 1991, but wherever possible we have
noted where variation in 2011 overlaps with 1991. This highlights
an issue around access to data needed in order to inform fisheries
management. Data deficiency is often cited in respect to small
scale fisheries, and this is often due to data not being collected.
However, this study highlights that even where data exists it may
not be accessible to fisheries managers in a form that enables
further analysis. This is changing however with increasing
innovation in fisheries data collection and management (Bradley
et al,, 2019) including new tools and methods that could be
incorporated to allow more precision in understanding changes
to effective fishing effort (Behivoke et al, 2021) and a growing
trend in sharing of data for transparency, reproducibility and
verification purposes (Pendleton et al., 2019).

Due to both studies providing a snapshot of the fishery
across a single year we are unable to assess the contribution that
inter-annual variation makes to the differences observed. While
additional data have not been collected from the villages of
Betania and Avaradrova since 2011, socio-economic assessments
conducted in 2018 in 10 villages to the south of Morondava
reported that 71% of fishers reported declining catches. Of those
reporting declines, 31% attributed this to increasing numbers of
fishers, and a further 21% to growing use of destructive fishing
gears and methods (Blue Ventures, 2018, unpublished data). The
villages in the 2018 study were located not more than 60 km
south of Morondava and so it is likely that these results reflect the
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ongoing situation of overfishing and fisheries declines across the
region, particularly given the management situation in the study
villages has not changed dramatically since the 2011 study.

The original Laroche et al. (1997) paper highlighted the
need for integrating traditional management with government
policy and attributing exclusive access rights to traditional fisher
groups and noted that the use of marine sanctuaries could be
particularly useful for recovery of overexploited populations and
for maintaining species diversity and abundance. While there isn’t
yet any formal management in place in the Morondava fishery
where this study was conducted, since 2003 a growing network
of locally managed marine areas, which also include a number
of permanent no-take-zones, have been established across the
country. There is also growing evidence from the Toliara region
that these no-take-zones are helping the recovery of fish biomass
(Gilchrist et al., 2020).

A number of fishing villages to the south of the study
location have been trialling periodic closures of their
mangrove mud crab fisheries with strong social support
from fishers (Rocliffe et al, in review), similar management
could be supported in the communities engaged in this study.
Additionally, the MIHARI (MlItantana Harena Ranomasina
avy eny Ifotony — translated as marine resource management
at the local level) network, a civil society network established
in 2012 by locally managed marine area leaders and
supporting NGOs, put forward three position statements
on three key issues, documented as motions during the
2017 national LMMA forum. These motions advocate for
the formalisation of local management (MIHARI network,
2017b), the regulation of gears used in small-scale fisheries
(MIHARI network, 2017¢) and finally, to address the issue
of spatial overlap with commercial shrimp-trawl operations
and, the instalment of an exclusive fishing zone for small-scale
traditional fishers (MIHARI network, 2017a). These motions
are a significant first step towards LMMA leaders having a
greater voice in management of their fisheries. These motions
are under consideration by the Government, particularly as it
aims to triple the area in marine protected areas (World Parks
Congress, 2014), and would contribute to the management of
the fisheries included in the study.

In conclusion this comparison between the fisheries data
collected in 1991 and 2011 highlights a concerning trend in
the small-scale fisheries of Morondava and given the lack
of management in the region since the study it is likely that
this trend has continued. A substantial increase in estimated
total monthly landings for the fishery, as well as changes in
family and trophic composition of catches supports other
evidence of overfishing within the region’s fisheries (Brenier
et al,, 2011; Gough et al.,, 2020). It is likely that technological
advancement, increases in effective fishing effort, and
employment of less selective methods such as beach seining
is contributing to larger catches in addition to masking some
of the effects of overfishing by enabling fishers to continue
to catch target species despite their reduced abundance.
Failure to respond to the challenge of managing this and other
comparable small-scale fisheries in western Madagascar may
have enduring consequences for local food security in one

of the poorest countries in the world, particularly as climate
change is expected to cause further fisheries declines in the
tropics. Regular monitoring, in addition to improvements in
the precision of monitoring including the addition of length
based measures (Gough et al., 2020) and improvements in
monitoring effective fishing effort (Behivoke et al., 2021)
would all support improvements in understanding the trends
in the fishery and address some of the limitations of the
current study.
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