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Abstract

Startingin 2019, the Fisheries Unit of the Wallis and Futuna
Department of Agriculture, Forestry and Fisheries has been
carrying out activities with its partners aimed at sustainable
coastal resource management. The unit started collecting
data as part of the Pacific Territories Regional Project for
Sustainable Ecosystem Management on landed fish catches
to assess the status of fisheries resources. The length-based
spawning potential ratio (LBSPR) methodology was ap-
plied to assess the spawning potential ratio (SPR) of fisher-
ies populations off of Wallis Island. The results suggest that
the species assemblage is less overfished than other Pacific
Islands. Species catch compositions, however, showed that
fishing occurred at lower trophic levels. Some 23 of the 45
species assessed are considered to be sustainably fished (SPR
>0.3), and 11 species had an SPR below the replacement
threshold of SPR>0.2 (i.e. below the threshold at which
species are able to renew their population). These species
may be vulnerable because of selective fishing pressure, such
as night spearfishing or fishing during spawning periods,
which prevents stocks from recovering. This fresh informa-
tion on Wallis Island’s resource status sheds new light for
discussions on fishing practices and management measures.
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Introduction

Small-scale coastal fisheries are essential to the food security
and subsistence of over 200 million people globally, and
over half the world’s catches are made by small-scale fisheries
(Garcia and Newton 1995). Unlike large-scale commercial
fisheries, which are regularly monitored for their economic
impact, small-scale fisheries lack the means required for
well-informed resource management (Prince et al. 2019).
This is the case in most Pacific Island countries and terri-
tories, where there are large numbers of reef fish species but
data on catch trends and biology are insufficient for apply-
ing standard methods for assessing trends in biomass (Prince
et al. 2019). The lack of biological information on reef fish
catches has been a long-term challenge for their assessment
and management (Andrew et al. 2007; SPC 2015).

A new methodology based on assessing reproductive poten-
tial in terms of length (LBSPR) has recently been developed
for determining the status of data-poor fisheries (Hordyk
etal. 2015). It combines the catch-length composition and
local estimate of length at maturity to provide the spawn-
ing potential ratio (SPR) of a given population (Prince et al.
2019). A stock’s SPR indicates its reproductive potential at a
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More than 14 youth gained valuable
skills in data collection and analysis
during the spawning potential survey in
Wallis. They were not afraid to dive into
their mission.
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given fishing rate as compared with its maximum reproduc-
tive potential (Mace and Sissenwine 1993). It can be used
as a population status indicator (Hordyk et al. 2015), pro-
viding an indication of whether the population is likely to
decline, increase or remain stable (Prince et al. 2020).

Unfished or lightly fished stocks complete their full life
cycle and reach 100% natural reproductive potential (SPR
= 1). Conversely, fishing shortens specimens’ average lifes-
pans, thus reducing their potential for spawning to below
100% of the natural unfished level (Prince et al. 2021).

At around 0.5, SPR is considered ideal and results in the best
catch rate for fishers (Prince et al. 2019). An SPR between 0.3
and 0.5 may be considered a fishing rate that could provide
maximum sustainable yields (MSY) leading to maximum
production long term (Prince et al. 2020). An SPR of 0.2 is
regarded as the replacement threshold (Mace and Sissenwine
1993). This is the internationally established benchmark
above which stocks must be maintained to reduce the risk of
long-term decline (Prince et al. 2019). Below this point, the
recruitment of young fish is expected to diminish.

Fishing has declined considerably in Wallis and Futuna.
In 2020, only 9% of Wallisian houscholds fished and ate
fresh fish compared to 35% in 2006 (Bouard et al. 2021).
Although these figures are related to a declining (human)
population (the territory lost 22% of its population from
2003 to 2018), they also reflect profound societal change
and possible dwindling resources (Jaugeon et al. 2022). De-
spite this, there are very few management measures address-
ing fishing methods, and the available data on Wallis and
Futuna are insufficient for providing an objective picture of
resource status. The perception surveys carried out by the
Fisheries Unit in 2018, 2019 and 2020, revealed varying
perceptions of resource status by stakeholders. Some fishers
reported dwindling lengths of fish and catches, but this ob-
servation was, however, only infrequently seen as a problem
and often came with a degree of fatalism and no expecta-
tion of any action to be taken. As far as most respondents
were concerned, there was no causal relationship between
fishing methods and diminishing resources. External fac-
tors, such as global warming and foreign ships were often
cited instead. In 2021, Jaugeon and Juncker recommended
developing resource monitoring and community-wide com-
munication on the link between the various pressures and

changes in resources as the first step towards setting up sus-
tainable, participatory coastal resource management in Wal-
lis and Futuna.

The European Union-funded Pacific Territories Regional
Project for Sustainable Ecosystem Management (PRO-
TEGE) enabled the Fisheries Unit of the Wallis and Futuna
Department of Agriculture, Forestry and Fisheries to set up
its own coastal fisheries observatory. The unit was able to ap-
ply the LBSPR method to regularly collected landing data.
The method was specifically selected to conduct participa-
tory work with communities and provide objective data for
discussions about resource status in order to work towards
sustainable marine resources management.

The assessment of resources fished off Wallis and Futuna us-
ing the LBSPR methodology is a first. This report presents
the results, advantages and limitations of the method and the
various implications for introducing participatory sustainable
marine resource management on Wallis and Futuna.

Material and methods

Landing surveys

This study was carried out on Wallis Island in the French
overseas territory of Wallis and Futuna. Data collection oc-
curred from January 2020 to March 2023. A Responsible
Fishers contest was held in 2021 and throughout 2022 to
encourage fishers to take part in data collection. Several
prizes were offered to fishers to encourage them to complete
daily surveys. The database covered most fishing methods
and all fishing grounds off Wallis Island were sampled. Each
data collection exercise on catch lengths from a single fish-
ing trip was called a “survey”.

From January 2020 to March 2023 21,519 fish were meas-
ured. In all, 32 surveys were conducted, and 32 fishers took
part in them. Surveys were carried out at the fishers’ landing
locations, points of sale or at fishers” homes. Samples were
taken from some 20 landing sites, and surveys were conduct-
ed when fishers returned from their trips.

Data was gathered using the IKASAVEA app developed by
the Pacific Community (SPC) in Noumea, New Caledonia.

Table 1: Data collected on fishing trips and effort through landing surveys.

Trip data

Effort data

- Landing site

« Departure and return date and time

« Targeted fisheries

+ Reason for fishing

- Vessel information (name, vessel type, engine type)

+ Value (in French Pacific francs) of fuel used for each trip

« Fishing method

- Area (high seas, coastal waters, lagoon)

- Habitat (coral, seagrass, mangrove)

- Time spent fishing

- Fishing ground (defined by the Fisheries Unit)
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Collecting data and enjoying pleasant conversations with local fishers. ©Chloé Faure

Several data points were requested from the fishers and en-
tered into the app.

For each fishing trip, all of the caught fish were photo-
graphed on a special 100 cm x 70 ¢m tarpaulin developed
by SPC. A ruler and scales were also used. Specimens’ fork
lengths were measured to the nearest millimetre by image
analysis. Older length data had been measured manually to
the nearest half centimetre. All data collected were trans-
ferred to, and analysed using, a landing survey database and
coastal fisheries web application set up by SPC.?

LBSPR assessment method

The LBSPR assessment method is based on the fact that a
fished population is dependent on the F/M ratio, known as
relative fishing pressure, where F denotes fishing mortality
and M natural mortality, and both life history ratios — M/k
and L, /L.., where k is the von Bertalanfty growth coefh-
cient. L, which is also known as Ly, is length at maturity
(i.e. the length class in which 50% of individuals reach ma-
turity, and L., is asymptotic length (i.e. the length an indi-
vidual would reach if left to grow indefinitely (Hordyk et al.
2015). The model’s algorithms calculate SPR by comparing
catch lengths to length at maturity (Prince et al. 2020)
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The data inputs required for the LBSPR model are:

i catch size data, indicating fish lengths within a
population;
ii.  estimated length at maturity, defined by Ly, (or

L,.) and Lys, the lengths at which 50% and 95%
of the population become mature (Prince et al.
2020);

ii. the L,,/L.. ratio, which is the relative length value
obtained by dividing initial sexual maturity (Ls,)
by the length a specimen would reach if left to
grow indefinitely (L..);

iv. the M/k ratio, which is a measure of the speed at
which each species grows to asymptotic length
(L..) (Prince et al. 2021).

Based on the assumed M/k and L., parameters and a given
targeted stock’s length composition, the LBSPR model es-
timates the species’ selectivity curve. This logistic curve is
defined by the selectivity parameters at lengths SLs, and
SLys and by relative fishing mortality, which are then used
to calculate SPR (Hordyk et al. 2015).
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Like many length-based methods, the LBSPR model relies
on a number of assumptions that need to be made arbitrarily
in data-poor fisheries. Such underlying assumptions include
asymptotic selectivity, growth as described by the von Ber-
talanfly equation, equal catchability between sexes, normal
length distribution, constant natural mortality among adult
age groups, and a constant growth rate among a stock’s co-
horts (Prince et al. 2015a).

The M/kand L,,/L..model input parameters used in the study
were estimated values taken from a meta-analysis conducted
by Jeremy Prince using available studies on age, growth and
maturity of Indo-Pacific reef species (Prince et al. 2023)

SPR assessments were carried out on RStudio software using

the LBSPR package.

Determining length at maturity

Two methods were used to determine Ls, and Lys lengths
at maturity. The first method, based on length frequency
was used for all species analysed. The method consists of
converting the left-hand side of the catch length-frequency
histogram into a cumulative frequency curve, as the 50H
percentile of that curve approximates histological estimates
of size at maturity. For this method, it is important to have
specimens from each length class. This may lead to problems
when immature specimens are not targeted or included in
catches. When only mature specimens are caught in every
length range, this can partially or totally distort the defini-
tion of the length-at-maturity curve (Prince et al. 2020).
When this occurs, Los is calculated as 15% above Ls,.

A second method, based on macroscopic gonad observa-
tion, was used. Because this method requires more time and
resources, it was used for the most heavily targeted and eaten
species. Macroscopically determined sizes at maturity were
used for LBSPR analysis for the following species: Caranx
melampygus, Chlorurus microrhinos, Epinephelus polypheka-
dion, Etelis coruscans and Lutjanus gibbus.

Results

More than 271 finfish species were recorded during the
study, showing the diversity of catches from Wallis Island.
Such diversity also revealed how unselective fishers were and
that the environment was ciguatera-free. Because the species
were so diverse and so many fishing methods were used, the
species recorded were very mixed. Samples of more than
1000 specimens were reached for only three species, namely
Acanthurus xanthopterus (2908), Lutjanus gibbus (2595)
and Crenimugil spp. (1866). Some 14 species had 300 to
1000 specimens, 18 species had 100 to 300 and 10 other
species had 50 to 100 specimens.

Fourteen fishing methods were recorded. Some 7460 fish
(38% of catches) were obtained by daytime spearfishing,
5197 (22%) by gillnetting and 4965 fish (21%) by handlin-
ing. The remaining fish were caught using manual or electric
droplines, cast nets, night spearfishing or line casting.

To ensure the results were viable, a minimum threshold
of 50 length measurements was set for each species. Spe-
cies for which distributions were not representative, or for
which SPR values were too variable (confidence interval or

A rulerand scale device was used to measure and weigh
fish like this Monotaxis grandoculis, the humpnose big eye
bream. ©Baptiste Jaugeon




Table 2: LBSPR assessment input parameters. Ideal fishing in green (SPR >0.5); fished at maximum sustainable yields (MSY) in
orange (0.3 <SPR <0.5), and overfished in red (SPR <0.3). Values with confidence intervals (95% Cl 95%. Average SPR = 0.42 (95% Cl
0.33-0.52).
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CI>0.5), were excluded. In total, 45 species were selected
for this assessment.

The model results showed varied SPR values for the 45 spe-
cies assessed. The quality of the model estimates mainly de-
pends on the number of individuals measured. Values were
distributed around and above the average SPR value, which
was 0.42 (95% CI 0.33-0.52).

However, 11 species fell below the replacement threshold
set at 0.2, meaning that the species had a reproductive po-
tential that did not enable it to renew its population and so
an “overfished” status was assigned to these species, which
was the case for Caranx papuensis, Naso unicornis, Epinephe-

lus polyphekadion and Scarus ghobban.

Another 11 species had an SPR of 0.2 to 0.3. Although this
was above the international replacement threshold, some
authors consider that a stock cannot be sustainably fished
below a threshold of 0.3 (Ault et al. 2008). Species such as
Hipposcarus longiceps, Scarus rubroviolaceus, Scomberomorus
commerson and Chlorurus microrhinos were, therefore, also
classified as overfished.

A further 10 species, including Acanthurus xanthopterus
and Epinephelus fuscoguttatus, had an SPR of between 0.3
and 0.5, which may be considered a fishing level that is
conducive to maximum sustainable yields (MSY) (Prince
et al. 2020).

Thirteen species, including Lutjanus gibbus, Caranx ignobi-
lis and Crenimugil spp., could be considered as fished to ide-
al levels, with an SPR over 0.5 and were, therefore, classified
as well managed and/or moderately fished species, based on
the same international benchmarks (Prince et al. 2019).

Discussion

The LBPSR assessment method was used for the first time
on Wallis Island.

With the collaboration of some 30 local fishers, data gather-
ing was carried out over a period of three years and the data
collected was used to assess the stock status of the 45 most
heavily fished reef and lagoon species, 23 of which could be
considered as sustainably targeted (SPR > 0.3).

A tarpaulin, designed by SPC, was used to easily collect data at landing sites. ©Gabrielle Cotonéa
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Data collection efforts in Futuna increased in 2023. Findings should be
available by the end of the year. ©Gabrielle Cotonéa

Satisfactory outcomes for the region

The 0.42 average SPR value obtained (CI 95% 0.33-0.52)
fell within the international standard interval (0.3-0.4) used
as a proxy for fishing levels that may be conducive to MSYs
(Prince et al. 2020). The results were more satisfactory than
for other Pacific Island countries such as Palau, where the
average SPR was only 0.12 for 12 species considered in 2015
(Prince et al. 2015b), or Fiji where the average SPR was 0.19
for 29 species assessed in 2019 (Prince et al. 2019). The SPR
for Lutjanus gibbus species, for example, was 0.6 at Wallis
Island but only 0.09 in Fiji and 0.10 in Palau. Results were
closer to those observed in Solomon Islands in 2020, where
average SPR was approximately 0.35 (Prince et al. 2020).

Fishing pressure and methods that prevent
fish stocks from replenishing

The results nevertheless call for caution because,
of the 45 species considered, 22 may be consid-
ered overfished (SPR <0.3). This means that
current fishing pressure is preventing fish stocks
from replenishing themselves. The results also
agree with fishers™ testimonies of a fall in fish
lengths and numbers as well as fish being harder
to catch.

Off of Wallis Island, catch compositions indi-
cated that fishing was tending towards lower
trophic levels (Pauly et al.1998). Larger species,
such as Bolbometopon muricatum, Cheilinus
undulatus and  Plectropomus laevis appeared
less often in catches, while other species such
as Epinephelus polyphekadion, Scomberomorus
commerson and Sphyraena barracuda had SPRs
below 0.2. The fact that smaller species such as
Lutjanus gibbus, Lethrinus xanthochilus and Le-
thrinus barak appeared in catches also showed
that fishing effort was focusing on ever smaller
species.

Some species caught mainly by spearfishing
and netting in the parrotfish family (e.g. Scarus
ghobban, Scarus rubroviolaceus, Cetoscarus ocel-
latus, Chlorurus microrbinos and Hipposcarus
longiceps) and the Acanthuridac family (e.g.
Naso wunicornis, Acanthurus nigricanda and
Ctenochaetus striatus) had SPRs below 0.3.

One of the most widespread and harmful fish-
ing methods in Wallis and Futuna is undoubt-
edly night spearfishing. Although prohibited
by regulation, it is still deeply rooted in the cus-
toms and practices of many fishers. The method
brings a selective fishing pressure to bear on certain species,
often the most prolific breeders, which prevents populations
from rebuilding their numbers. It has also been demonstrat-
ed that it could have a major impact on parrotfish and on
grouper spawning aggregations (Gillett and Moy 2006). De-
spite the lack of data on this method, there is no doubt that it
has harmful effects on resources. Even during the day, spear-
fishing cannot be discounted from the methods contribut-
ing to overfishing in coastal waters, as it can have fast-acting,
deleterious effects on populations due to its effectiveness and
selection of species that are unable to withstand the pressure
(Gillett and Moy 2006). Stringent management, therefore,
needs to be introduced, especially as the method targets her-
bivorous fish, such as surgeonfish (Arcanthuridac) and par-
rotfish (Scaridae), both of which provide essential ecosystem
services for maintaining coral reefs.

39



40

Assessing resource status using length-based spawning potential ratio —
Afirst step towards sustainable resource management on Wallis Island

Gonad analysis at the DSA veterinary clinic. ©Baptiste Jaugeon

The camouflage grouper Epinephelus polyphekadion had the
lowest SPR at 0.07. At that stage, the stock can be consid-
ered collapsed, and E. polyphekadion is under heavy fishing
pressure (F/M >5) and can be caught either by spearfishing,
netting or handlining. Like other Serranidae family species,
E. polyphekadion populations appear to be sensitive to fish-
ing pressure, as seen in Fiji, where stock assessment results
highlighted the species’ fragility at SPR 0.03 (Prince et al.
2019). These low estimates may be due to the species’ breed-
ing method. During the breeding season, they form brief
spawning aggregations in which hundreds or even thou-
sands of fish gather and breed in the various inlets (Rhodes
and Sadovy 2002). Around Wallis, fishers regularly, even
systematically, fish in the inlets, which are passageways for
amultitude of species and large specimens that are less com-
monly found in the lagoon. Some fishers, however, increase
their fishing effort during spawning aggregations to catch as
many specimens as possible, which may affect breeding in
some species.

Prospects for sustainable participatory coastal resource
management on Wallis Island

One of the study objectives was to raise awareness among
local communities regarding the threats to their marine re-
sources. Such participatory work with fishers is a means of
informing them about the causal link between fishing and
dwindling resources. Marine ecosystems face many pressures
such as climate change, eutrophication of coastal waters,
habitat damage and pollution, all of which have increasingly
harmful effects on fisheries. Overfishing, however, remains

SPC Fisheries Newsletter #170 - January—April 2023

the main human-induced factor (Prince et al. 2021). Before
the Wallis and Futuna fisheries observatory was set up, the
local community did not seem to be particularly concerned
when faced with a decline in some species, and did not see
coastal resource management as a priority. Several measures
have now been taken under the Wallis and Futuna coastal
resource management strategy, enabling various stakehold-
ers (fishers, traditional leaders and managers) to rally around
ashared interest. The preliminary study results have recently
stimulated discussion over introducing resource restoration
management measures and provide a glimmer of fresh hope
for reef and lagoon resource management on Wallis Island.

Although some species are not directly in danger of col-
lapse, applying management measures, such as banning
night spearfishing, temporarily banning fishing on spawn-
ing grounds and imposing minimum catch sizes on Wallis
Island would help increase SPR levels to above 0.3, thus en-
suring that fishers gain better yields and stocks remain more
resilient to global environmental changes. Awareness and
communication campaigns in this area must continue in or-
der to ensure management measures are effectively applied.

Despite the limitations encountered, the LBSPR method
proved to be the best option for assessing small-scale fish-
eries on Wallis Island. A more accurate estimate of species
size at maturity and SPR can be achieved by collecting larger
samples. Data collection has begun on Futuna, and the data
gathered will ultimately provide the information required to
manage reef and lagoon resources for both islands.
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