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INTRODUCTION

The biophysical and socioeconomic changes that
occur over multiple and extensive spatial and tempo-
ral scales in the oceans make effective monitoring
especially costly and difficult (Ludwig et al. 1993,
Norse & Crowder 2005). Yet data-poor and over-
exploited marine species are priorities for evidence-
based conservation, with multi-year studies needed
to assess the biological or social effects of conserva-
tion projects (Sutherland et al. 2004). In addition to

the inherent complexity of marine systems, in con-
trast to terrestrial species, remarkably little is known
about the conservation of threatened fish species
(Hudson & Mace 1996, Polidoro et al. 2008), with
research emphasis in the past focusing only on the
exploitation of fish.

For exploited marine species, fisheries-dependent
landed catch data is generally the most logistically
feasible approach to monitoring changes in fish pop-
ulations over time (Murphy & Jenkins 2010, Pauly et
al. 2013). Data such as fish number and size reflect
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ABSTRACT: For many small-scale, tropical reef fisheries, landed catch may be the only data that
can be monitored to assess the impacts of management. This is true for seahorses Hippocampus
comes that are obtained as part of a multi-species fishery in the Philippines. Here, because sea-
horses are locally rare and depleted, it is difficult to attain large enough sample sizes to detect
changes over time using underwater surveys. We assessed changes in seahorse sales at 2 sites,
from 1996 and 2005 respectively to 2010. The study period covered local and national conserva-
tion initiatives that could affect seahorses and dependent fisheries: establishment of marine
reserves (1998 onwards), a community-led minimum size limit (MSL: 2002 to 2004) and a national
ban on seahorse fishing (from 2004). The MSL appeared to lead to increased sizes of seahorses in
trade, as hoped, while the national ban led, perversely, to more fishers selling seahorses. Declines
in overall take after 2004 or 2007 (depending on the site) is likely linked to declining seahorse pop-
ulations rather than reduced effort, especially when one considers the increased number of fishers
and the price per seahorse. It is notable that communities decided on the MSL, whereas the gov-
ernment imposed the ban on capturing seahorses. In this small-scale, multi-species fishery, moni-
toring a wide range of variables intensively over a relatively long time scale allowed us to identify
key differences between small-scale and industrial fisheries management, and also to document
the biological and social consequences of management action for a depleted, threatened species.
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fishing pressure and are comparatively cheaply
obtained. Moreover, techniques can be quickly and
effectively taught to non-professionals. Fisheries-
dependent surveys do have notable limitations, such
as the inability to monitor fish that are not captured
in size-selective fishing gear (Murphy & Jenkins
2010) or a tendency to confound increases in effort
with changes in abundance (Gillis et al. 1993). Still,
such sampling of catch allow monitoring of a much
greater number of individuals and over longer time
scales than could be obtained with fisheries inde-
pendent methods such as underwater visual surveys
(Roberts et al. 2001). Gaining sufficient sample sizes
for the necessary comparisons of change before and
after conservation interventions is a particular con-
cern for species that are severely depleted and
locally rare (Yasué et al. 2012).

Catch landings data may be an important source of
information for tropical multi-species reef fisheries,
which commonly are particularly data-poor and diffi-
cult to monitor and manage using conventional
 single-species fisheries management approaches
(Johannes 1998, Castilla & Defeo 2005, Vincent et al.
2007). These fisheries provide an important source of
food or income for often impoverished fishers
(Sadovy 2005) but they generally lack formal stock
assessments, national monitoring programs or man-
agement plans (McClanahan et al. 2007, Vincent et
al. 2007). The sheer number of fishers, however,
means that these fisheries have the capacity to harm
fish populations, including rare taxa (Sadovy & Che-
ung 2003, Dulvy & Polunin 2004).

We focus on the tiger-tail seahorse Hippocampus
comes Cantor, 1850, a Southeast Asian species that
has been assessed as Vulnerable on the IUCN Red
List and placed on CITES Appendix II, largely
because of inferred overexploitation (Vincent et al.
2011). Seahorses are commercially valued in the
global trade of dried seahorses for traditional Chi-
nese medicine, ornamental displays and curios
(Evanson et al. 2011). Log book analyses and inter-
views with fishers in the study region indicated
declines in populations of H. comes from direct
exploitation and incidental catch in this study region
and globally (Martin-Smith et al. 2004, Vincent et al.
2007, 2011, O’Donnell et al. 2010).

The present study was conducted at a time and
place that was subject to a number of conservation
initiatives, all of which had the potential to influ-
ence fishing effort (McClanahan & Mangi 2001,
Mangi et al. 2011), as well as the size and price of
seahorses that were sold to local buyers (Lemieux &
Clarke 2009, Machumu & Yakupitiyage 2013). First,

several locally enforced, no-take marine reserves
were established in the study area between 1996
and 2008 (see Fig. 1, Table S1 in the Supplement at
www.int-res. com/ articles/ suppl/ n027 p095_ supp. pdf).
Second, starting in 2002, an association of small-
scale fishers in the region also decided to adopt a
10 cm voluntary minimum size limit (MSL) for sea-
horses (Martin-Smith et al. 2004). Third, Philippines
domestic legislation resulted in a ban on all sea-
horse take in May 2004, whereas the country had
previously been one of the most important seahorse
exporters in the world. The ban was a default
national response to the global listing of all sea-
horses on Appendix II of the Convention on the
International Trade of Endangered Species (CITES)
in 2002, with implementation in 2004 (Vincent et al.
2011). Under an Appendix II listing, countries are
permitted to export species as long as they can
show that the trade is not adversely affecting wild
populations (Reeve 2006). Philippines domestic leg-
islation, however, imposes a national ban on the
exploitation and trade of any CITES listed species,
in a much more restrictive measure than CITES
itself requires for those on Appendix II.

Given the inherent complexity of this multi-species
fisheries, in an attempt to understand how temporal
changes in the fisheries may have correlated to these
conservation interventions, we monitored numerous
different social and biological indicators in the
landed catch of Hippocampus comes. First, we moni-
tored the number of fishers who sold seahorses to
buyers each day. In small-scale fisheries that use
basic technology and are essentially human-pow-
ered, the number of fishers can be used as a proxy for
fishing pressure or effort (Roberts et al. 2001, Hard-
man et al. 2013). Second, we monitored the number
of seahorses sold as well as seahorse size, because
both variables can act as an index of change of wild
fish numbers (Graham et al. 2005) or indicate re -
straint by fishers. Changes in size distribution of fish
populations (Graham et al. 2005) can help evaluate
the sustainability of a fishery because larger fish tend
to be more vulnerable to fishing pressure and are
also more fecund (Shin et al. 2005, Dzyuba et al.
2006, Morgan & Vincent 2013). Third, we examined
the price of seahorses in relation to the size of sea-
horses and inflation rates, as well as the daily income
of fishers in order to identify changing incentives for
fishers (McClanahan 2010). Such incentives can
affect the success or failure of conservation interven-
tions, especially when poverty may be one of the
drivers of unsustainable resource extraction (Geist &
Lambin 2002, Adams et al. 2004).
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MATERIALS AND METHODS

Study area

The present study took place on Danajon Bank, a
double-barrier reef system in the central Philippines.
The waters around the Philippines are among the
most biodiverse and the most threatened in the world
(Roberts et al. 2002). Danajon Bank covers 2350 km2,
with over 28 000 fishers in 234 coastal villages
(Christie et al. 2006). Although this region was histor-
ically rich in natural resources, overfishing and dyna-
mite and cyanide fishing have led to ecosystem de -
gradation and fewer natural resources for a rapidly
growing population (3.0% yr−1 between 1995 and
2000) (Christie et al. 2006). These families are
amongst the poorest in the Philippines (Green et al.
2003), with average family incomes less than $100 USD
mo−1 and average household sizes of 5.3 people
(Christie et al. 2006).

We selected the 2 fishing communities that fishers
reported had the largest catch of seahorses in this
region (Meeuwig et al. 2003). These 2 locations, sep-
arated by about 12 km of ocean and reef, are here-
after called Sites A and B to protect the seahorse and
preserve fishers’ anonymity. Site A is located on a
terrestrial island near the main island of Bohol, while
Site B (with about twice as many households) is
located on a coral atoll about 10 km from the main
island. Both communities make their living from gill-
net fisheries, gleaning, seaweed farming and lantern
fishing. People in Site A also sell water to nearby
communities, hold small agricultural plots and work
as caretakers of aquaculture ponds (Hill 2011).

The lantern fishery that captures most seahorses
is a multi-species, largely subsistence, open-access
fishery. Fishers work at night, swimming and towing
a boat; the boat either carries a low-slung kerosene
lantern at the bow (until 2009) or fishers wear an
improvised flashlight/headlamp (from 2009). When
they see a potential catch, they swim down to a depth
of about 5 m to spear food-fish or to capture inverte-
brates and seahorses by hand (Vincent et al. 2007).
Fishers reported that they began capturing seahorses
in 1966 at Site A, and the seahorse fishery spread
to other regions in the 1970s (A. C. J. Vincent & M. G.
Pajaro unpubl. data). Most seahorses are caught
opportunistically (rather than targeted catch) but
have been important to local fishers because they
could be reliably sold to local buyers for cash (Vin-
cent et al. 2007). Such local buyers, in turn, could sell
these seahorses to exporters in Cebu City for interna-
tional export (Evanson et al. 2011).

Conservation interventions

During our study period, fishing for seahorses may
have been affected by 2 community-based conserva-
tion interventions and 1 national legal change.

A key intervention was the development of no-
take, community-based marine reserves in the
region. From 1996 to 2008, Project Seahorse facili-
tated the implementation of 32 marine reserves in the
Danajon Bank, with sizes ranging from 3.6 to 256 ha
(Fig. 1). At least 9 of these marine reserves were cre-
ated with the explicit objective of protecting seahorse
habitat, among other objectives (authors’ pers. obs.).
Fishers would have worked near many such re -
serves. Specifically, 6 marine reserves were estab-
lished within 5 km of Site A between 1996 and 2003
(Hansen et al. 2011). The 2 marine reserves that are
immediately adjacent to Site A were assessed based
on the Coastal Conservation and Education Founda-
tion management rating system to be ‘institution-
alised with excellent management’ (White et al.
2006, Samoilys et al. 2007). A marine reserve was
also created adjacent to Site B in 2005. This reserve
was assessed to be ‘enforced and have good manage-
ment’ (White et al. 2006).

These reserves would be expected to benefit sea-
horse populations, and perhaps seahorse fisheries
near the reserves. If reserves were effective, we would
expect increases in seahorse catch and size starting
from 1996 onwards at Site A, and from 2006 onwards
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right axis) of Project Seahorse-assisted marine reserves 
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at Site B. Our research on fish recovery in this suite of
marine reserves shows that seahorses did increase
slightly in size over this time period in areas immedi-
ately adjacent to marine reserves near Site A (Yasué
et al. 2012). Seahorses have steep growth curves,
short lifespans (1.3 to 3.0 yr) and quick generation
times (Morgan & Vincent 2013), so decreases in fish-
ing pressure can quickly lead to increases in seahorse
densities and the number of large seahorses. Larger
seahorses are more vulnerable to fisheries because
seahorses evade predators by camouflage, and larger
seahorses sell for more money (Evanson et al. 2011).

Catch data are needed to supplement underwater
research on recovery in marine reserves. Although
seahorse fishers were employed to assist biologists in
the visual underwater censuses for research on mar-
ine reserves (Yasué et al. 2012), seahorse sample
sizes outside the reserves were simply too low (47
seahorses over 8 yr surveying 2700 m2 at 3 sites) to
determine changes in size, with the rarity of animals
attesting to the great skill of — and vast expenditure
of effort by — seahorse fishers.

A second key intervention was the adoption of a
voluntary MSL restriction for seahorse fisheries.
Between 2002 and 2004, Project Seahorse began
leading community discussions and workshops to set
a MSL of 10 cm for landed seahorses to protect
against recruitment overfishing (Martin-Smith et al.
2004, Foster & Vincent 2005). There was more com-
munity support at Site A than Site B (A. Nellas pers.
obs.), presumably because of a much greater non-
governmental organisation (NGO) presence and
stronger community organisation at Site A. If this
community initiative had any effect on the fisheries,
it would be likely evidenced by a decrease in the
number of small seahorses (<10 cm) in the catch,
especially in Site A, from 2003 onwards.

A third critical change was the implementation of a
national ban on seahorse fishing, which took effect in
May 2004. The Philippines legislation mandates an
automatic national ban on extraction for any species
listed on CITES Appendix II (which itself allows con-
tinued, sustainable, trade). However, the regulation
is essentially not enforced in the study area and fish-
ers continue to exploit seahorses within the study
region (O’Donnell 2011). If this ban had some effect
on the fisheries, the most parsimonious outcome
would be declines in the number of fishers, daily
catch and income as fishers switched out of this ille-
gal activity. Because only few fishers would be will-
ing to catch seahorses illegally, seahorse sizes and
numbers sold per fisher per day would likely increase
as seahorse populations recovered from the reduced

fishing pressure. Prices of illegally sourced seahorses
would likely increase due to reduced global supplies
(Rivalan et al. 2007).

Data collection

The present study received human ethics research
ap proval (H06-80484) from the University of British
Columbia.

We hired and trained local assistants at the 2
study sites to record the daily seahorse catch at the
main seahorse buyer in each of these communities.
Each fisher was given a unique identifier code for
research purposes. Only the local assistant and the
Project Seahorse biologist could link the unique
code to the fisher. Local assistants used calipers to
measure the head and trunk length of seahorses as
fishers came to sell seahorses to the buyer (Lourie &
Randall 2003). The head and trunk lengths were
added together and then converted to height based
on an empirical relationship (Height = 0.8472 ×
10[log10(Head + Trunk length) × 0.8811 + 0.5531] + 0.01019)
between head and trunk length and seahorse
height (straight line from coronet to the tip of the
tail) (Morgan & Vincent 2013).

Beginning in 2002, local assistants also recorded
the prices per seahorse (in Philippines Pesos, PHP)
paid by the buyer to the fisher, and in 2005 local
assistants began recording the fishing ground where
each fisher worked.

Catch data were collected for half the year, during
the dry season (March, April and May) and the wet
season (August, September and October) for a total
of 1607 and 865 d at Site A and Site B respectively.
Logistic constraints and staffing limitations meant
that data were obtained on a mean (±SD) of 17 ± 10 d
mo−1 from 1996 to May 2004. No data were collected
between 1999 and 2001 inclusive, and in the wet sea-
son of 2004. Data collection increased to a mean of 28
± 3.0 d mo−1 from the dry season of 2005 to the dry
season of 2010 at both sites.

Even though the fisheries we examined became
illegal from 2004 onward, it seems unlikely that fish-
ers hid their catches from Project Seahorse because
(1) Project Seahorse has worked on multiple projects
within these communities for almost 2 decades and
has built relationships with community members; (2)
fishers are aware that Project Seahorse is not a law
enforcement organisation; (3) the research assistant
collecting the data was a local, known to the fishers;
and (4) we knew the one reliable and consistent
buyer in each of the communities.
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Data analysis

We conducted all data analyses on monthly aggre-
gated values (means, unless otherwise stated).

Daily number of fishers and number of seahorses sold

We calculated the mean daily number of unique
fishers per day (no. fishers d−1), the daily number of
seahorses sold per fisher (seahorses fisher−1) as well
as the mean daily number of seahorses caught by all
fishers. For the mean daily sales of seahorses per
fisher, we calculated means per day for all fishers
who sold seahorses on a particular day and then cal-
culated a mean of the daily averages for each month.
For the mean daily sales of seahorses per day, we
simply summed the catch for each day and then cal-
culated a mean for the entire month. These data are
limited in their validity as a measure of daily catch
rate (per fisher per day, or per day) because we do
not have data from fishers on days when (1) fishers
did not go fishing, (2) fishers failed to catch seahorses
despite targeting them, or (3) fishers caught sea-
horses but decided to stockpile them for a few days
before bringing them to buyers.

Size

Because mean size does not adequately represent
size distribution (with its management and conserva-
tion implications), we conducted analyses for size on
the mean monthly seahorse height (cm) as well as the
25th and 75th percentile seahorse heights (cm).

Price of seahorses

Seahorse price is size-dependent, so we calculated
a monthly mean ‘weighted’ price (PHP cm−1).
Because this price is not adjusted for inflation, we
refer to this as the nominal price. We used a similar
averaging approach as above to calculate mean
monthly prices.

To better understand the incentives that drive fish-
ing and complement statistical analysis on changes
in price over time, we also visually compared the
price per seahorse for all non-aggregated (non-aver-
aged) data to a national average consumer price
index (CPI), cited here as the inflation-adjusted price.
The CPI for the Philippines was obtained from the
International Monetary Fund (IMF) World Economic

Outlook Database (www. imf. org/ external/ pubs/ ft/
weo/ 2013/ 01/ weodata/ weoselser. aspx?c =566&t =1).

Daily and seasonal income from seahorses

We calculated the mean daily income generated
from the sales of seahorse per fisher (PHP d−1). Daily
mean incomes were calculated in the same manner
as the mean daily number of seahorses above. In
addition to statistical analysis on the daily income
from seahorses, we also present data on the total
 seasonal earnings (March, April, May [dry season]
or August, September, October [wet season]) from
 seahorses for each unique fisher in each year (see
Table 2) in order to examine annual seasonal income
over time despite the fractured nature of the data
(i.e. no data on some days, stockpiling). In addition
to mean seasonal income, we also include the total
number of fishers who sold seahorses for a given sea-
son, because seasonal data may be a better indicator
(than daily number of fishers) of the total pool of fish-
ers that go out and have the potential to spot and
catch seahorses (while targeting other species). In
this multi-species fishery, the decision to go fishing is
likely unrelated to the abundance of seahorses (Vin-
cent et al. 2007). Finally, we also calculated the
income for the individual fisher who gained the
greatest income from the seahorse fisheries for a
given season, as well as the total income gained by
all of the fishers within a season.

Statistical analyses

Independent and dependent variables

We conducted all statistical analyses on monthly
aggregated values using the R statistical software (R
Development Core Team 2013). Although outliers
were inspected to ensure that no single day or single
seahorse size had a disproportionate effect on a par-
ticular monthly mean, we did not remove any appar-
ent outliers because each point represented mean
values sampled over a month from several different
fishers, and thus ‘extreme’ high or low values likely
represent real fluctuations in the observations. The
independent variables in the present study were (1)
year (1996 to 2010 at Site A, and 2005 to 2010 at Site
B); (2) season (dry and wet); and (3) site (A and B).
Season was included as an independent variable in
the model because there is a breeding pulse during
the wet season (Morgan & Vincent 2013), and a fish-
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eries landings pulse in the dry season, partly due to
lower turbidity and improved visibility (to detect sea-
horses) in the dry season (Morgan & Vincent 2013).

The dependent variables in the statistical analyses
were (1) the daily number of different fishers who sold
seahorses to buyers; (2) the mean daily number of sea-
horses sold per fisher and total number of seahorses
sold for all fishers per site; (3) mean monthly seahorse
height, 75th and 25th percentile of seahorse height;
(4) the price of seahorse (in PHP cm−1); and (5) the
daily income generated from seahorses per fisher.

Modelling approach

We used generalised additive mixed effects (GAM)
models (Gaussian distribution, identity link, library
‘mgcv’ in R; Wood 2006) to examine the relationship
between the independent variables (year, site and
season) and the dependent variables. We used addi-
tive models rather than linear models because initial
data inspection and residuals of linear models sug-
gested that the relationships between year and the
various dependent variables were not linear. For the
additive models, year was fitted as a non-parametric
smoother based on a cubic regression spline, and we
included month as a random factor to account for
monthly variation in the dependent variables.

Model selection

To identify minimum adequate models, we began
with the ‘full’ model with all fixed effects. We were
only able to include interaction terms between site
and season because interaction terms between site
and season and the year smoothing terms led to con-
vergence errors. Thus, if visual inspection of data
suggested that there may be significant interaction
terms, we investigated the possible interaction terms
by examining the figures that differentiated between
sites and seasons, and also provide in the results the
significance of models that were run separately for
different sites or different season.

Based on examination of residual plots of the full
models, we identified appropriate variance struc-
tures (varIdent or varFixed in R) for the models by
comparing models with different variance structures
using likelihood ratios tests (α < 0.05). The variance
structures accounted for heterogeneity (different
spread of residuals) between years, months and/or
sites. We also examined autocorrelation plots of
residuals and included a lag 1 residual auto-correla-

tion structure (corAR1 in R, library ‘nlme’) in the
models to account for temporal autocorrelation.
Although there was weak temporal autocorrelation
in some of the data, adding an autocorrelation struc-
ture in the models did not improve the fit of any of the
models nor did it reduce the autocorrelation in the
model residuals.

To identify the minimum adequate model, we com-
pared progressively simplified models (in terms of
fixed effects or the interaction term) using likelihood
ratios tests (α < 0.05). We examined the difference in
deviance when we sequentially removed each of the
fixed effects (or interaction term) while retaining the
other variables. Any variables that did not signifi-
cantly improve the model (based on the deviance)
were removed. When we compared different models
with different random effects structures, we used
restricted maximum likelihood (REML) estimates of
variance components, but when we were comparing
different fixed effects structures, we used maximum
likelihood (ML) estimates of variance components
(Crawley 2007).

The fixed effects in the final minimum adequate
models are presented in the ‘Results’ section, and
model summaries are presented in Table S2 in the
Supplement at www.int-res. com/ articles/ suppl/ n027
p095 _supp. pdf.

RESULTS

Fishing locations (2005 to 2010)

Seahorses were caught in many locations. Fishers
from Sites A and B identified 59 and 38 different sea-
horse fishing grounds, respectively, between 2005 and
2010. A total of 14 fishing grounds were cited as the
source for more than 80% of the catch landed at Site A,
and 12 fishing grounds were cited as sourcing 87% of
the seahorse catch landed at Site B. Of these, 7 fishing
grounds were common to fishers from both sites.

Daily number of fishers

The number of fishers selling seahorses to buyers
each day appeared to increase from 2005 onwards
(Table 1, Fig. 2). Throughout the study period, a total
of at least 61 and 47 fishers sold seahorses to buyers
at Sites A and B, respectively. There were more fish-
ers capturing seahorses during the dry season than
the wet season; the increase in the number of fishers
was driven largely by increases in the wet season
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(Fig. 2). When we ran 2 separate additive models for
the dry and wet seasons, the smoother for year had a
statistically significant effect on the number of fishers
in the wet season (F1.8 = 5.4, p = 0.0107), but was mar-
ginally significant in the dry season (F1 = 3.5, p =
0.07). Site did not have a statistically significant
effect on the daily number of fishers.

Daily number of seahorses caught

The daily number of seahorses caught per fisher in-
creased until 2002 to 2004 and then decreased from
2005 at Site A, and from about 2006 at Site B. Visually,

it appeared that this trend may have been driven by
changes in Site A (Fig. 3). When we ran the GAM
models for the sites separately, the year smoother was
statistically significant for Site A (F1.9 = 58.4, p < 0.0001)
but only marginal for Site B (F1.6 = 3.8, p = 0.06). Fishers
sold more seahorses per day in the dry season than in
the wet season for both Site A and Site B (Table 1,
Fig. 3), and the changes over time were larger in the
dry season than in the wet season. Fishers sold more
seahorses per day Site A than Site B.

The year smoother did not have a statistically sig-
nificant effect (F1.8 = 1.7, p = 0.19) on the mean daily
number of seahorses caught by all fishers combined.
However, when we ran the GAM model separately
for the 2 sites, the year smoother became statistically
significant for both sites (Site A: F1.9 = 11.4, p <
0.0001; Site B: F1 = 11.4, p < 0.00023; Table 1, Fig. 4).
The total daily number of seahorses sold increased
and peaked in 2004 and declined from 2005 onwards
for Site A. At Site B, the total catch peaked in 2007
and declined from 2008 onwards in the dry season,
while in the wet season the total catch decreased
until 2007 and then increased from 2008 onwards.
Similar to above, the total daily catch for all fishers
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Dependent variable                          Independent variables

Number of fishers d−1                                            Year, Season
Seahorses sold fisher−1 d−1                                Year, Season, Site
Total seahorses sold d−1                                      Season, Site
Seahorse height (cm, average)              Year, Site
Seahorse height (cm, 75th percentile)    Year, Season, Site
Seahorse height (cm, 25th percentile)    Year, Site
Seahorse price (PHP cm−1)                     Year, Season, Site
Income (PHP fisher−1 d−1)                       Year, Season, Site

Table 1. Statistically significant fixed effects in the final
 generalized additive mixed-effects models. Detailed model
summaries are provided in Table S2 in the Supplement at
www.int-res.com/articles/suppl/n027p095_supp.pdf. Year:
non-parametric cubic regression smoother for year, and
month was included as a random factor in all models. PHP: 

Philippines Pesos (40 PHP = ca. 1 USD)
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Fig. 3. Daily number of seahorses caught per fisher between
1996 and 2010 for the (a) dry and (b) wet seasons. Each point
represents 408 ± 266 seahorses sampled over 24 ± 9.0 d at
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was greater in the dry season than in the wet season,
and at Site A than at Site B.

Seahorse size (height)

Mean monthly seahorse size, 75th and 25th per-
centiles followed roughly similar trends over time for
the 2 sites (Fig. 5). At Site A, seahorse sizes stayed
the same or increased slightly from 1996 to 1998,
decreased from 1998 to 2003, increased again from
2003 to 2006 and then decreased again slightly from
2006 onwards.

Inspection of stacked histograms for each year indi-
cated that the earliest period (1996 to 1998; Fig. 6) had
higher mean seahorse sizes as well as much larger

seahorses in the largest quartile. Fishers were only
selling very large seahorses (16 to 24 cm; Fig. 6a).
However, by 2002/2003, it appeared both that the
mean seahorse size had dropped substantially and
that fishers were catching smaller seahorses (4 to
18 cm; Fig. 6b). However, from 2005 onwards, it
appeared that at Site A fewer small seahorses
(<10 cm) were no longer being sold to buyers, even
though the mean seahorse size stayed low (11 to
16 cm; Fig. 6c−f).

Site B appeared to have a very slight decrease
over time from 2005 onwards. The largest (75th
percentile) seahorses were bigger in the dry season
than in the wet season, and seahorses were gener-
ally larger at Site A than Site B (Fig. 5). The differ-
ence in seahorse size between the 2 sites was
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greatest for the seahorses in the 25th percentiles (in
comparison to the mean or the 75th percentile sea-
horses). This appeared to be due to the larger pro-
portion of smaller-sized seahorses captured at Site
B compared to Site A. In general, from 2005 on -
wards, the range of seahorse sizes captured at Site
B was much greater than the range of seahorse
sizes captured at Site A (Figs. 5 to 7), and the size
distributions of catch for Site B in 2006 and 2009 (4

to 20 cm) were more similar to the size distribution
of seahorses for Site A in 2003.

Price of seahorses (inflation-adjusted and nominal
price) and daily income (2002 to 2010)

The unit price for seahorses of similar sizes
stayed roughly the same in 2002 and 2005 at Site A
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(Fig. 7a). However, seahorses were sold for more
money in 2008 than in 2005, even when accounting
for inflation (relative to CPI) (Fig. 7c). For example,
the inflation-adjusted price for a 16 cm seahorse
increased by 152% at Site A and 142% at Site B
between 2005 and 2008 (Fig. 7c,d). This increase in
price was greater (in terms of percent increase) for
larger seahorses than for small seahorses between
2005 and 2008 (Fig. 7).

These increases in prices for individual seahorses
were also reflected in the weighted nominal price
of seahorses (PHP cm−1) at both sites. The increase
in price began in 2006 and appeared to be steeper
at Site A than Site B (Table 1, Fig. 8). The nominal
price of seahorses was greater at Site A than Site B
from 2008.

Finally, these increases in per unit and nominal
price of seahorses were also reflected in the increase
in calculated daily income for seahorse fishers. Visual
inspection suggested that the effect of the year
smoother differed between the 2 sites with a steeper
increase in income at Site A than at Site B, though the
year smoother was statistically significant for both
sites (Site A: F1.9 = 142, p < 0.0001; Site B: F1.9 = 9.4, p <
0.0009; Fig. 9). The daily income increased throughout
the monitored time period from 2002 onwards at Site
A, and slightly from 2005 onwards at Site B (Fig. 9).
Note that 2002 and 2005 were the years in which
monitoring for daily income began in this study. For
both sites, the daily income appeared to peak and
then plateau in 2008. The daily income from seahorses
was greater in the dry season than in the wet season.
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Seasonal sales from seahorse
catch (2002 to 2010)

Overall, similar to the increase in
daily income, the amount that an
individual fisher earned from
 seahorses during our entire 6 mo
monitoring per iod increased for
both sites until 2008, and then
plateaued.
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Fishers varied greatly in the income they earned
from seahorses in each season’s catch. The majority
of fishers appeared to be earning small amounts that
likely represented about 5% of a ($126 USD) monthly
income in Bohol. However, a small number of fishers
earned significant amounts, approaching a quarter of
their monthly income. Although there were approxi-
mately 38 fishers at Site A selling seahorses in the dry
season in 2002, 40% of the seasonal income from sea-
horses was accrued by 1 fisher (Table 2). Similarly, in
the dry season of 2007, a single (different) fisher
accounted for 30% of the total seasonal sales from
seahorses. The income per season was greater at
Site A than Site B, and in the dry season than the wet
season (for both sites).

In contrast to the slight increase in the number of
fishers selling seahorses per day in the wet season
(Fig. 2), the number of different fishers selling sea-
horse per season did not appear to increase over
time. This suggests that though the total pool of fish-
ers stayed approximately the same, each fisher was
spending more time or a greater number of days per
month fishing.

DISCUSSION

Catch data allowed us to detect some correlations
between seahorse landings and management and
policy changes for some conservation interventions,

although not for all. We detected that seahorse size in
the catch increased with the agreement on minimum
size limits. It also appears, perversely, that the number
of fishers selling seahorses each day and the price per
seahorse increased after the ban on exploitation was
implemented. The dearth of exact matches between
management transitions and seahorse landings is not
surprising given the complexity of these natural and
human systems (Table 3). The discrepancies between
intention and outcome emphasise the difficulty in
managing, monitoring and understanding these small-
scale, multi-species fisheries. Nonetheless, our analy-
ses of these fisheries indicate that national agencies
should try to generate locally endorsed management
plans rather than impose arbitrary and unenforced (or
logistically unenforceable) bans on extraction.

The implementation of marine reserves — with their
total area increasing throughout the study — serves as
a backdrop for the 2 more punctuated events of a MSL
restriction and a national ban on extraction. It is diffi-
cult to determine the role these marine re serves
played, the effects of which might be felt quite slowly
and only close to the marine reserves. The number of
seahorses caught per fisher per day did increase in
the late 1990s at Site A and might (or might not) be as-
sociated with the reserves. The de crease in sizes of
seahorses during this time suggests that this increase
in catch was not caused by a re serve effect but rather
by fishers filtering less by size and catching more
smaller-sized seahorses. However, other research
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Year Dry Wet
Avg. fisher−1 Max. fisher−1 No. of Total Avg. fisher−1 Max. fisher−1 No. of Total

(USD) (USD) fishers (USD) (USD) (USD) fishers (USD)

Site A
2002 7 ± 14 108 38 265 4 ± 6 23 35 149
2003 4 ± 12 24 32 140 4 ± 4 16 22 81
2004 6 ± 16 24 32 198
2005 13 ± 18 68 33 448 10 ± 13 59 24 241
2006 13 ± 22 51 31 390 8 ± 11 45 31 251
2007 24 ± 24 111 35 826 14 ± 15 74 36 522
2008 29 ± 61 141 39 1123 24 ± 30 108 31 755
2009 21 ± 59 90 31 650 16 ± 26 94 31 500
2010 27 ± 65 82

Site B
2005 4 ± 4 20 20 70 4 ± 7 43 32 140
2006 8 ± 8 29 32 244 3 ± 3 9 26 72
2007 16 ± 29 124 26 410 5 ± 4 15 33 154
2008 29 ± 35 101 22 628 7 ± 6 19 29 213
2009 20 ± 14 41 20 404 12 ± 13 40 27 335
2010 15 ± 13 38 20 303

Table 2. Summary statistics of the fisheries for the entire dry (March, April, May) and wet (September, October and November)
seasons monitored from 2002 to 2010 for Sites A and B. Columns are (left to right): the mean ± SD (Avg. fisher−1) of the seasonal
earnings for each unique fisher in a season, the seasonal income for the fisher that earned the most for a given season (Max.
fisher−1), the total number of fishers selling seahorses within a season, and the total income generated for all the fishers selling
seahorses to the monitored buyers for each dry or wet season (Total). The final column indicates the total value of seahorses for
both the monitored dry and wet season. To provide context, the average monthly income in Bohol in 2000 was $126 USD mo−1

(Republic of the Philippines, National Statistics Office www.census.gov.ph/content/2009-average-annual-family-income-and-
expenditure-province). Blank cells indicate no data

Intervention Predictions Actual trend Fig.
Marine reserves 10 cm MSL National ban

(from 1998) (2002−2004) (May 2004)

No. of fishers No change No change Large decrease Slight increase from 2005, wet season 2

No. of SH sold Increase (if Slight decrease Large decrease Slight increase at Site A from 1996−2003, then
(total d−1) spillover is (of SH <10 cm) decreased from 2005 onwards 4

working) Increased at Site B until 2007, then decreased from
2007 onwards in dry season. In wet season, decrease
until 2007 then increase from 2007 onwards

SH size in Increase (especially Increase Increase Slight increase 1996−1998 5, 6
the catch maximum size) Decrease 1998–2003

Slight increase 2003−2006
Decrease in small <10 cm SH for Site A only from 2005
Slight decrease 2006 onwards

Price No change No change Increase (for illegal Increase from 2005 7, 8
(PHP cm−1)a trade because Steeper increase at Site A than at Site B

catches declined)

Daily income Small increase Small decrease Increase (for Increased at both sites until 2008, then plateaued 9
initially (because people that still

of lost income fish illegally)
from small SH)

aData only available from 2002, not from 1996

Table 3. Most parsimonious predictions of how the 3 conservation interventions would affect dependent variables measured in this study.
‘Actual trend’ indicates the changes over time observed in each of the sites and seasons. SH: seahorse; MSL: minimum size limit; PHP:
Philippines Pesos. Years in column headings represent when a particular intervention began. Given rapid seahorse growth rates and 

generation times, we would expect changes in dependent variables to occur the following year
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 indicated that size of seahorses increased inside the
reserves (Yasué et al. 2012). This study nonetheless
suggests that these larger seahorses were not spilling
out of the reserves at a rate that affected landings.

The promotion in 2002 of a voluntary MSL of 10 cm
— intended to ensure that seahorses were able to
reproduce before being fished — may have had some
effect. The number of seahorses sold per fisher per
day stabilised from 2002, even while the total num-
ber sold per day continued to increase. The mean
size of the seahorses in trade also increased from
2003, with an apparent and abrupt selection for sea-
horses larger than 10 cm. Fishers clearly do filter for
size: underwater visual censuses in this region that
employed seahorse fishers between 2002 and 2008
indicated that 15% of seahorses were <10 cm in
height (Yasué et al. 2012), whereas between 2003
and 2008 only 2% of landed seahorses were less than
10 cm at Site A. The effect was greater at Site A than
Site B, probably because Project Seahorse was much
more active at Site A, both in terms of communica-
tions and monitoring. Consequently, the community
appears to have complied with this MSL to a much
greater extent than at Site B. MSLs are a well-tested
approach to managing fisheries that are data limited,
largely because they do not require elaborate assess-
ment or enforcement (Foster & Vincent 2005). This is
probably because in contrast to large seahorses, the
opportunity cost of leaving small seahorses is rela-
tively small (Martin-Smith et al. 2004). In comparison
to this small opportunity cost, since the minimum size
limit was part of a community agreement, individuals
going against this agreement and selling seahorses
may incur a greater cost in terms of community social
capital (Pretty & Smith 2004).

The national ban on seahorse extraction in 2004
correlated with several changes in the seahorse fish-
ery, some of them surprising. Given that there were
more fishers selling seahorses each day after the ban
than before, it seems likely that the decline in the
number of seahorses per fisher and in total take were
a consequence of overfishing rather than of absti-
nence from fishing. On the other hand, mean size of
seahorses in trade increased from 2004 to 2005 at
Site A, albeit with a subsequent slow decline. Given
the increase in the number of fishers selling sea-
horses each day and the much greater increase in
size for 25th percentile (rather than the 75th per-
centile) seahorses, this increase in mean size is more
likely to be related to fishers catching fewer small
seahorses due to the MSL rather than increased
mean sizes due to the national ban and the resulting
recovery of the populations. The sharp price in -

creases after the ban, particularly for larger sea-
horses as well as increased catch per day from 2002
to 2004, helped to explain why daily income per
fisher from seahorses in creased until 2008. This price
increase may also reflect a shortage of seahorses in
trade at a national or global scale, regardless of local
rates of extraction. Economically, in terms of daily
income per fisher, after 2008 it appeared that the
higher prices for seahorses (PHP cm−1) were just able
to compensate for the increased number of fishers
selling seahorses each day, the lower daily catch and
the progressively smaller seahorses. Ecologically,
however, this is a conservation concern.

Our study suggests that in order for domestic regu-
lations to be effective, regulations must have legiti-
macy in the eyes of the local people who are exploit-
ing the resources (Western & Wright 1994, Naylor
2005). Taken together, it appears that the local MSL
affected fisher behaviour, whereas the national ban
had little traction with the fishers. These 2 manage-
ment actions differed in their provenance and the ex-
tent to which they were communicated. The MSL was
much discussed and eventually adopted by a local al-
liance of small-scale fishers as a precautionary meas-
ure that still allowed continued seahorse extraction.
The national ban on seahorse extraction was an auto-
matic result of a global decision to manage seahorse
exports. It had no local backing, not even from Project
Seahorse as catalysts for conservation in the region,
and there were no  evident direct communications
from government of this change. Community support
for interventions becomes especially important in re-
gions where there is limited enforcement, or if the il-
legal trade is especially difficult to detect (Western &
Wright 1994). Thus, fishers apparently continued to
extract seahorses despite their limited dependency
on income from this species, and its declining finan-
cial reward. Interviews with seahorse fishers in 1995
suggested that fishers were generating one-third of
their annual income from seahorse fishing and up to
100% of their income in the peak season (A. C. J. Vin-
cent & M. G. Pajaro unpubl. data). In 2009, even in
the most profitable months fishers only made a small
fraction of their annual income.

A national ban on taking seahorses was always
likely to be problematic in a context where there
was high, continued global demand for seahorses.
Changes in supplies as global markets adjust to
export controls and changes in prices for seahorses
would certainly be expected to affect how fishers in
Philippine villages responded to an arbitrary national
ban. We know that supplies continued to flow from
the Philippines to Hong Kong in 2006, at higher
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prices (Lam et al. in press). It is notable that the arbi-
trary national ban on extraction of the humpback
wrasse Cheilinus undulatus in the Philippines after it
was listed on CITES Appendix II was also linked to
rampant illegal trade (Chen & Justin 2009, Poh &
Fanning 2012).

Our study casts into sharp relief the enormous dif-
ficulties in attributing changes in catch landings for
small-scale fisheries to particular management inter-
ventions. Ours is the most extensive study of a sea-
horse fishery to date, both in the number of landed
animals it embraces and in the duration of the study.
Nonetheless, we find it difficult to discern how man-
agement and policy changes affected landings. A
key challenge to understanding this fishery is that
these seahorses are only one species in a highly
diverse multi-species fishery, in which most marine
life that a fisher encounters has value and will be
extracted. The decision on whether to fish on a par-
ticular day, where to fish, what taxa to seek most
energetically, and what taxa to take is made (and
continuously revised) by the fisher based on myriad
of socio-economic or ecological variables that may be
unrelated to seahorse densities (Vincent et al. 2007).
The decisions of fishers to target particular (non-
 seahorse) fish will influence catch rate of seahorses
because seahorses are cryptic enough that a fisher
focusing on mid-water taxa may or may not spot
them when swimming very near them (Vincent et al.
2007). Another factor contributing to the challenge of
understanding this fishery and how it has been
affected by management interventions is the sheer
number of fishing grounds where seahorses were
caught — and of fishers who caught them.

Our work helps in exploring the differences in
management between industrial and subsistence
fisheries. In industrial fisheries, there is an assump-
tion that key changes in laws, such as a national ban
on a particular gear or fisheries, would influence the
decision of fishers (Pondella & Allen 2008). In places
such as our study area, however, where there is no
enforcement and fishers may be unaware of the
national ban (Christie et al. 2011), the effect of
national management restrictions may be very
muted at best. Moreover, one can assume that fish-
ers’ decisions to fish in industrial single-species fish-
eries can be predicted using economic models based
on variables such as catch per unit effort, price or
daily income from the targeted catch (Tidd et al.
2011). In contrast, these types of variables may have
little impact on subsistence fishers in multi-species
fisheries whose take depends on what they happen
to encounter. Indeed, rare or threatened species

caught in such contexts or even as bycatch in indus-
trial fisheries (Vincent et al. 2011) may be driven to
local extinction by fishers who are targeting other,
more abundant species (Branch et al. 2013). The situ-
ation may, indeed, be even more complex as most
fishing families also draw their support from other
employment in an unpredictable mosaic of income-
earning opportunities (Hill 2011); fisheries regula-
tions may play little part in their decisions.

This study has demonstrated how measuring a
wider range of biological and social variables inten-
sively and over a long period of time can allow us to
cross-validate different data and gain insight into a
complex fishery. In addition, this study has allowed
us to critically assess some of the key assumptions of
fisheries management (Tidd et al. 2011, Hilborn &
Hilborn 2012) through a small-scale, multi-species
lens. Future studies could consider examining from a
broader spatial scale the decisions and prices paid by
regional buyers and sellers of seahorses, as well as a
more detailed assessment of how the decisions made
by fishers to target different (no-seahorse) fish trans-
lates to different catches of seahorses.

The reality is that landings data, flawed and incon-
clusive as they are, are often the best available infor-
mation for exploited marine fish of conservation con-
cern. Working on the basis that all advice is imperfect
(Johannes 1998), our findings here should be de -
ployed to encourage national authorities to manage
seahorse exploitation for sustainability (e.g. through
MSLs) rather than hoping such fisheries have ended.
This advice is particularly relevant in the current
context, when a number of CITES member countries
have recently opted to ban seahorse catch or exports
in lieu of managing their exports for sustainability as
they are required to do under the Convention.
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