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ABSTRACT: The Critically Endangered largetooth sawfish Pristis pristis is one of the most threat-
ened elasmobranch species and is currently thought to be locally extinct in at least 27 countries.
Although largetooth sawfish information in Central America is scarce, recent records show that
this species is still present in Costa Rica, yet its distribution and current status remain unclear. This
study investigated the spatial and temporal distribution of the largetooth sawfish in Costa Rica and
identified local threats affecting the populations. We conducted 275 structured interviews in
coastal and riverine communities across the country, which resulted in 134 confirmed records in
the Pacific, 1 in the Caribbean and 51 in the northern region. Historical and recent records suggest
the largetooth sawfish has undergone significant reductions in abundance and distribution from
coastal and riverine areas, mainly due to interaction with fishing gear such as gill nets and hook
and line. Most sawfish captured by gill nets were reported in the Central Pacific region, whereas
hook and line records were more common in the northern region and the South Pacific. Although
largetooth sawfish populations in Costa Rica have followed the global decline trend, we found 2
main hotspots where recent sightings and captures appear to be more common, suggesting there
is still hope for the species to recover in Costa Rica and possibly in the region. Moreover, Costa
Rica recently became the 17" country to ratify national legal protection for sawfishes, which may
strengthen conservation efforts to protect populations locally and in the Central American region.
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1. INTRODUCTION

Sawfishes (Pristidae) are the most threatened
group of cartilaginous fishes (Dulvy et al. 2016), with
all 5 species listed as either Critically Endangered or
Endangered by the International Union for the Con-
servation of Nature (IUCN) Red List (Harrison &
Dulvy 2014). Throughout their distribution, sawfishes
have experienced significant population declines
(>95 %) and reductions in geographic range of up to
81 %, which has resulted in extirpation and/or local
extinctions (Carlson et al. 2013, Dulvy et al. 2014).
The Critically Endangered largetooth sawfish Pristis
pristis, once a circumtropical species, has become
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locally extinct in 27 countries, and the lack of data
from Central America has hindered management
and conservation efforts to ensure its long-term sur-
vival in the region (Dulvy et al. 2014, Mendoza et al.
2017). Sightings in Nicaragua, Panama and Costa
Rica over the past 10 yr suggest that the species may
still be present in Central America, but its current
distribution and status remain unclear.

Coastal fisheries, including bottom trawling and
gillnets, have played a major role in the decline of
the largetooth sawfish throughout its distribution
(Kyne et al. 2013, Harrison & Dulvy 2014). Fishing,
even at low levels of exploitation, has been identified
as the main driver of the global decline and extinc-
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tion risk of the largetooth sawfish (Kyne et al. 2013).
Given their slow growth rates, late maturity (8 to
10 yr), and low fecundity (7.3 mean litter size), large-
tooth sawfish have extremely low intrinsic rates of
population increase (0.03 to 0.07 yr™!) (Thorson 1976,
Simpfendorfer 2000, Peverell 2009). Moreover, this
species is characterized by its large size (>6.5 m total
length), slow-moving behavior and distinctive long
toothed rostrum, making it extremely vulnerable to
entanglement in nets and other fishing gear.

Substantial habitat loss and degradation of critical
habitats has also contributed to the decline of large-
tooth sawfish populations (Peverell 2009, Hossain et
al. 2015). As a coastal euryhaline species, the large-
tooth sawfish occurs in a wide variety of coastal and
riverine habitats. Adults are mainly found in marine
and estuarine environments, while juveniles have
greater affinity for rivers, mangroves and wetlands
(Kyne et al. 2013), all of which are substantially
impacted by human activities (e.g. agriculture, aqua-
culture, and dams) and/or rapid coastal or riverine
development (CITES 2007, Peverell 2009, Hossain et
al. 2015). The largetooth sawfish is also vulnerable to
climate change, as predicted changes related to sea
level rise and rainfall or runoff regimes could affect
the structure and function of their critical coastal and
estuarine habitats (i.e. mangroves, rivers and wet-
lands) (Chin et al. 2010, Polidoro et al. 2010, Wenger
et al. 2011, Kyne et al. 2013).

The largetooth sawfish has a global tropical or sub-
tropical distribution consisting of 4 subpopulations:
Eastern Atlantic, Western Atlantic (WA), Eastern Pa-
cific (EP) and Indo-West Pacific (Faria et al. 2013,
Dulvy et al. 2016). The WA and EP subpopulations
occurred in coastal and freshwater ecosystems of
countries in Latin America (Cook et al. 2005, Faria et
al. 2013). However, according to recent studies, pop-
ulations of largetooth sawfish have been decimated
from México (Bonfil et al. 2017), Peru (Mendoza et al.
2017), Colombia and Venezuela (Gomez-Rodriguez
et al. 2014). In some countries of Central America,
knowledge about its current distribution remains un-
certain due to the lack of studies and/or recent sight-
ings (Dulvy et al. 2014). In Central America, the WA
subpopulation presents scattered reports from Pana-
ma, Nicaragua, Honduras and Belize, while in the EP,
recent records are only available from Nicaragua and
Panama, and the species has been declared locally
extinct from Guatemala (Kyne et al. 2013).

Historically, the largetooth sawfish inhabited the
Pacific and Caribbean coasts as well as the northern
region of Costa Rica. However, most of the informa-
tion available on the species is from research expedi-

tions conducted in the 1970s and 1980s and is re-
stricted to a few locations in the northern region (San
Juan-Colorado river) and the Caribbean (Thorson
1976, 1982a,b). The species has also been reported in
the North, Central and South Pacific regions (Wine-
miller 1983, Chicas-Batres 1995, Bussing 1998), with
additional sightings in some of the main tributaries of
the San Juan river (Bussing 1998), including a report
from the Sarapiqui river by a Swiss settler in 1869
(Hilje & Fournier 2017). Although some interviews in
the South Pacific region from 2004 and 2011 suggest
that the Corcovado National Park and Térraba-
Sierpe National Wetlands (TSNW) may still hold
viable populations, fishers from Gulf Dulce (South
Pacific region) claim they have not seen a sawfish in
decades (Kyne et al. 2013).

Given recent global population declines and local
extinctions of largetooth sawfish, knowledge of their
distribution, abundance and threats impacting their
populations, particularly in data-poor countries, re-
mains crucial to developing effective management
and conservation approaches at both local and re-
gional scales. This study investigated the status of the
Critically Endangered largetooth sawfish in Costa
Rica by collecting local ecological knowledge through
interview data in coastal and riverine communities.
Our study addressed an important challenge previ-
ously identified in the literature, which was generat-
ing detailed data on the freshwater distribution of the
largetooth sawfish (Dulvy et al. 2016, Fernandez-Car-
valho et al. 2014). Moreover, we provided critical in-
formation on local threats affecting sawfish in the en-
tire country. This information is necessary to develop
effective conservation measures for the species in the
Eastern Pacific (Kyne et al. 2013). Specifically, we (1)
determined the current and historical distribution of
the species in the entire country; (2) identified local
threats affecting their survival; and (3) gathered in-
formation about the cultural importance and uses of
the species to locals. These outcomes provide a more
comprehensive understanding of the current status of
largetooth sawfish in Costa Rica and contribute to a
complete global evaluation of the species. In addition,
we documented some records of the smalltooth saw-
fish Pristis pectinata in the Caribbean of Costa Rica.

2. MATERIALS AND METHODS
2.1. Study area

The study was conducted in coastal and riverine
communities from the Pacific, Caribbean and north-
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ern region of Costa Rica. The Costa Rican Pacific
coastline is 1254 km in length and is characterized by
numerous bays, gulfs, estuaries and mangrove fo-
rests (Cortés & Wehrtmann 2009). Mangrove cover is
predominantly distributed near the mouth of large
rivers, including the Tempisque (Gulf of Nicoya in
the Central Pacific), and the Grande de Térraba and
Sierpe (South Pacific). The lowlands of the latter 2
rivers form the TSNW, a highly productive, diverse
and economically important wetland in Costa Rica
(Mainardi 1996). The Caribbean coastline is smaller
(212 km in length), less irregular and characterized
by a small number of mangrove patches located
mainly in the south (Gandoca-Manzanillo). In the
central and north Caribbean, there are coastal la-
goons associated with important rivers such as the
Tortuguero, Matina, Pacuare and San Juan-Colorado
(FAO 2004). The northern region of Costa Rica is
characterized by numerous rivers and lagoon sys-
tems such as Cafno Negro, one of the most important
wildlife refuges in this region. All of the freshwater
bodies in the region, including large rivers such as
Sarapiqui, San Carlos and Frio, are major tributaries
of the San Juan-Colorado river system (a natural
boundary between Costa Rica and Nicaragua),
which flows into the Caribbean Sea

(Barrientos & Chaves 2008).

Costa Rica, we conducted interviews at 42 sites
across the entire country (Fig. 1). Interviews were
conducted by teams of 2 people after a training
period. Structured interviews aimed to target older or
more experienced fishers who could have more infor-
mation on historical or recent sightings, captures and
local threats that may have affected the populations
of largetooth sawfish. Interviews were conducted at
harbors, marine supply shops, bait shops, local fish
markets, restaurants, schools, fisheries cooperative
buildings or at the residence of the interviewee.
Although interviewees were selected as they
appeared, experienced fishers were the main target.
After completing the interview, interviewees were
asked to provide information about other people who
knew or had captured the species. Interviewers were
introduced as researchers from a Sawfish Conserva-
tion initiative at the University of Costa Rica, inter-
ested in documenting the species occurrence and
identifying local threats. Interviewees were shown
several pictures of the largetooth sawfish and asked
for permission to conduct the interview before start-
ing. A standard questionnaire was developed, based
on a survey conducted by Conservation International
and the Talking Oceans Foundation in Colombia.
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Fig. 1. Interview locations in Costa Rica, Central America. (A) Gulf of Nicoya;
(B) Térraba-Sierpe National Wetlands; (C) Gulf Dulce; (D) Boca San Carlos —
Boca Curena; (E) Barra del Colorado; (F) Gandoca, Manzanillo and Sixaola
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The questionnaire was adapted to include a series of
questions from the Florida Program for Shark
Research of the Florida Museum of Natural History.
The questionnaire was applied to all interviewees.

Through the interviews, we compiled a database
with historical and recent anecdotal records of saw-
fish sightings and/or captures for the entire country.
These interviews aimed to gather detailed informa-
tion on the most recent encounters by interviewees,
including the date, location (approximate areas with-
in Costa Rica), type of encounter (fished or sighted),
capture method (gill net, seine, long-line, etc.), status
of the animal (dead or alive), and uses (meat con-
sumption, trophy or decoration, etc.). In addition, we
documented interviewees' perceptions of the causes
of sawfish decline, why sawfish were once a rela-
tively common species in some areas of Costa Rica
but now seem rare or absent, and how local threats
have impacted sawfish populations.

Selection of fishing villages to conduct interviews
was based on historical records and proximity to suit-
able sawfish habitats, such as mangroves, large rivers
and other key coastal habitats such as those men-
tioned by Thorson (1976, 1982a,b), Winemiller (1983),
Chicas-Batres (1995), and Bussing (1998). Interviews
were also conducted in other locations of the country
when an interviewee who had had an encounter with
a sawfish did not live in a coastal or riverine commu-
nity. We conducted a total of 275 structured inter-
views from March 2016 to October 2017, covering a
large number of coastal and riverine communities
from Costa Rica (Table 1). Interviewees were catego-
rized in the following age groups: <30, 30-45, 46-60
and >60 yr. Most interviewees (n = 88) were in the
category >60 yr old, while 33 were <30 yr old. Out of
275 interviewees, 50 did not practice any type of fish-
ing; 18 were sport fishers, 98 were commercial fishers
(trawl, gill net, or longline) and 109 were subsistence
or artisanal fishers (hook and line). From the 275 in-
terviews, 259 interviewees knew the species in sev-
eral ways: 15 had only seen it on TV; 36 knew it from
stories, pictures or had seen dried rostra as
decoration. In total, 208 (80 %) of these 259 interview-
ees had had at least one encounter with a sawfish.

2.3. Species identification

Although our questionnaire aimed to gather gen-
eral information on sawfishes, we were able to clas-
sify most records at the species level based on the
species distribution and/or photographic records. Re-
cords from the Pacific were all assigned to the large-

Table 1. Total number of interviews (n = 275) by region in
Costa Rica, Central America

Regions No. of interviews
Pacific
Northern Pacific 24
Nicoya Peninsula 7
Gulf of Nicoya 94
Central Pacific 2
Southern Pacific 53
Northern region 75
Central Valley 4
Caribbean
Northern Caribbean 3
Central Caribbean 3
Southern Caribbean 10
Total 275

tooth sawfish P. pristis (P. pectinata's distribution is
restricted to the Atlantic; Faria et al. 2013). As for the
Atlantic (i.e. Caribbean coast), each record was
assigned to either Pristis sp., P. pristis or P. pectinata
depending on the quality of the evidence provided
by each interviewee and any other additional evi-
dence available.

2.4. Data analysis

To examine the spatial distribution of historical and
recent sawfish sightings or captures in Costa Rica, we
used the most accurate location of the last encounter
of each interviewee from the database. Spatial infor-
mation was categorized by region (North Pacific, Gulf
of Nicoya, Central Pacific, South Pacific, Northern
Region, and Caribbean), and habitat type (river,
brackish or estuarine, lagoon, inshore and offshore).
Sawfish records were also classified in the following
time periods: >20, 11-20, 5-10, and <5 yr ago, using
January 2018 as a reference date. Spatial data was
plotted and the distribution mapped based on the
time periods using ArcMAP 10.2® (ESRI 2014). These
maps provided important information on (1) historical
and recent changes in the distribution and abundance
of largetooth sawfish in the entire country and (2) po-
tential hotspots or critical habitats that may be impor-
tant for the conservation of this species in Costa Rica.

In addition to reports from local interviews, we in-
cluded 20 records from people who provided recent
pictures or information that could validate sawfish
records. Given that these records were not gathered
through interviews, they were only used to map saw-
fish distribution and were not included in the inter-
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pretations of population trends as they could bias the
analysis. Of the total records, 7 of the encounters took
place in Nicaragua, and the remaining 222 records
were within Costa Rican waters.

To assess if sawfishes were more frequently sigh-
ted or fished, and which fishing gear was responsible
for catching them, information was summarized by
type of encounter and fishing gear. Information on
the use of sawfish products (meat, rostra and rostral
teeth), people's perception towards changes in saw-
fish abundance through time and local threats driv-
ing sawfish decline or disappearance from Costa
Rican waters were also analyzed.

3. RESULTS

There were 206 confirmed records of the large-
tooth sawfish Pristis pristis across the entire country
and only 2 records of the smalltooth sawfish P. pecti-
nata in brackish waters from the Caribbean. Four-
teen additional records could not be classified to spe-
cies level. Given that most confirmed records (93 %)
corresponded to the largetooth sawfish, major find-
ings presented in the following sections are based
exclusively on this species, hereafter referred to as
sawfish.

Interview data revealed that sawfish have experi-
enced a substantial decline through time (Fig. 2A).
The number of sightings or captures declined from
89 historical records (>20 yr) to 24 in the past 5 yr; 8
interviewees did not specify a time period. Species’
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Fig. 2. (A) Interview records (n = 178) for number of sightings

of largetooth sawfish Pristis pristis through time in Costa

Rica, Central America. Eight interviewees did not specify a

time period for their encounter and are not included. (B)

Sawfish threats mentioned by interviews; only answers from

persons who had had an encounter in Costa Rican waters
were included

records decreased by 92% (Central Pacific), 80 %
(North Pacific), 54.5% (northern region) and 25%
(South Pacific) (Table 2). Even though sawfish re-

Table 2. Interview records (n = 178) for number of past sightings of largetooth sawfish Pristis pristis and additional reports (n = 20)
in major regions of Costa Rica (Central America) by time periods, taking January 2018 as the reference date. Eight interviewees
did not specify a time period for their encounter, so they are not included in this table. TSNW: Térraba-Sierpe National Wetlands

Region Time periods
>20 yr ago —11-20 yrago —— 5-10 yrago —— <5 yrago
Interviews Additional Interviews Additional Interviews Additional Interviews Additional
reports reports reports reports

North Pacific 5 4 2 1
Central Pacific

Nicoya Peninsula 2 2

Gulf of Nicoya 41 10 6 3 1

Central Pacific 7 2 1 1 1 1
South Pacific

TSNW 9 8 4 1 5 6

South Pacific 1 2 3 3

Dulce Gulf 2 2 1
Northern region 22 1 9 10 10 7
Caribbean 0 1 0 0 1
Total 89 3 37 0 28 1 24 16
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cords from the South Pacific and northern region
have decreased historically, records in both regions
remained stable when comparing the 11-20 yr and
<5 yr categories. Additionally, sawfish records from
the northern region remained stable in the 3 most
recent time categories (Table 2, Fig. 3).

Sawfish records varied by region, with most sight-
ings or captures recorded in the Central Pacific (41 %),
northern region (29 %) and South Pacific (23 %) re-
gions. Locally, most records occurred in the Gulf of
Nicoya (32%), San Juan River (21%) and TSNW

(16 %). Sawfish were sighted or captured more fre-
quently in rivers (35 %), brackish waters (34 %) and
inshore habitats (17 %), while there were fewer re-
cords from offshore sites (7 %) and lagoons (3 %).
Eight interviewees did not specify the habitat at the
time of the encounter.

Based on our interviews and additional data, hook
and line (32%) and gill net (31 %) were responsible
for capturing most sawfishes (Table 3). The remain-
ing sawfish encounters were mainly sighted or har-
pooned, the latter was found to be a common practice
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Fig. 3. Estimated historical and current distribution of the largetooth sawfish Pristis pristis (@) in Costa Rica (Central America)

from interview data (n = 186) and additional records (n = 20), taking January 2018 as the reference date. Eight interviewees

did not give information on time period; therefore, those records were not included in the analysis. Fourteen sawfish Pristis sp.
records (@) in which the species could not be identified are included
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Table 3. Total largetooth sawfish records in major regions of Costa Rica where fish-
ing gear and type of habitat was confirmed (n = 185). Only records that have asso-
ciated data on fishing gear, habitat, or both are included in this table. ‘Other’ in-
cludes a variety of situations in which sawfish were reported: poisoned by an
unknown chemical; poisoned or suffocated after a massive molasses spill; en-
tangled in barbed wire, roots and tree branches; and found dead at the beach

fish. A total of 12 interviewees re-
ported cutting the saw at the time
of the encounter; 2 of these inter-
viewees were retired shrimp trawl
captains who discarded the saw-

less sawfish while it was still

Fishing gear = Habitat Regions of Costa Rica Total alive.
type North Central South Northern Carib- In terms of sawfish uses, 200
Pacific Pacific Pacific region bean interviewees said that sawfish
Hook and line Brackish 10 8 18 rostra W?re kept and used as tro-
Inshore 1 4 1 6 phies. Fishers from the Gulf of
Lagoon 2 2 Nicoya mentioned that they his-
Offshore 1 3 torically (>20 yr) used to keep
River 1 9 26 1 38 .
) _ rostra for national customers who
Gill net Brackish 35 5 40 had previously ordered them.
Inshore 7 8 2 17 . K
Lagoon 1 1 However, our interview results
Offshore 1 1 1 3 indicate that this was also a re-
River 1 1 2 cent practice in the northern
Sighted Brackish 2 2 region, as several interviewees
Inshore 1 1 1 3 reported a Panamanian buyer re-
Lagoon 2 2 gularly visited the area in search
Offshore 1 2 3 ) )
River 1 6 7 of rostra to use as decoration in a
Harpoon Brackish 1 1 hotel in his home country. Tradi-
River 14 14 tional medicinal uses of sawfish
Longline Brackish 1 1 2 rostra were only mentioned by 7
Offshore 2 2 4 interviewees. Medicinal proper-
Trawl Brackish 1 1 ties, such as curing headaches
Inshore 2 2 4 and prevention of baldness, did
Offshore 1 1 2 not involve the consumption of
Other Inshore 1 1 the rostrum; instead, the rostrum
River 9 9 , .
Total " 69 15 58 5 185 was used to comb one's hair to
ot cure the illness. Another medici-

in the northern region in recent years. Ten other saw-
fish were poisoned by an unknown chemical in the
San Juan River (northern region); poisoned or suffo-
cated after a massive molasses spill in the San Carlos
River (northern region); entangled in barbwire, roots
and tree branches; or found dead at the beach. Nine-
teen persons did not give information about fishing
gear. Most sawfish captured in the northern region
and South Pacific regions were by hook and line,
whereas in the Central Pacific region, most sawfish
were caught in inshore and brackish waters with gill
nets (Table 3).

Of the 206 records, most sawfish (66 %) were re-
ported dead at the time or as a result of the en-
counter, whereas 24 % were reported alive or the
person did not give any information about the fate of
the animal. Interview data regarding deceased saw-
fish indicate they were sold in local markets or used
for consumption; 6 interviewees discarded the saw-

nal property was the extraction of
calcium to make a supplement
used for bone strengthening, but the process was not
known by the interviewee. Additional uses for the
rostral teeth were also reported, including making
arts and crafts, fabrication of cock-fighting spurs, and
to prepare invigorating beverages for pregnant
women by grinding the sawfish teeth to a fine powder.
A large proportion (72 %) of interviewees who had
had an encounter with a sawfish mentioned that
overfishing was the major threat responsible for saw-
fish decline. Other threats such as habitat loss or
degradation (15%) and climate-related changes
(7 %) were also considered important. Ten intervie-
wees mentioned that other causes such as emigration
(n = 3), low reproductive success (n = 2), limited food
sources (n = 2), low natural abundance (n = 1), preda-
tion by crocodiles (n = 1), and introduced species
(e.g. loricariid fishes in the San Juan river watershed)
were also impacting sawfish populations in Costa
Rica (Fig. 2B).
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4. DISCUSSION

Based on our findings, the distribution and abun-
dance of the largetooth sawfish Pristis pristis in
Costa Rica has experienced a significant reduction,
mainly due to fishing pressure in both coastal and
riverine habitats. Nonetheless, we documented at
least 2 hotspots in which recent sawfish sightings or
captures were more common than in other areas:
the TSNW in the South Pacific and the San Juan
river watershed in the northern region. Sawfish had
a broader distribution in the country than previously
understood, including a wide range of freshwater,
brackish, inshore and offshore habitats not previ-
ously reported as sawfish occurrence areas by Thor-
son (1976, 1982a,b), Winemiller (1983), Chicas-
Batres (1995), Bussing (1998) and Hilje & Fournier
(2017). These results highlight that some areas of
Costa Rica may need special attention and that
additional conservation efforts on key estuarine and
freshwater habitats are needed in order to assist in
recovery of populations of this critically endangered
species.

Changes in the number of historical (>20 yr) and
recent (<5 yr) records of largetooth sawfish in Costa
Rica suggest there have been significant declines in
both the Eastern Pacific and Western Atlantic sub-
populations. The decline of largetooth sawfish in
Costa Rica is consistent with global decline trends
(Dulvy et al. 2014, 2016, Harrison & Dulvy 2014).
Moreover, similar regional patterns have been de-
scribed, as population reductions of largetooth saw-
fish have been reported in Mexico (Bonfil et al.
2017), Nicaragua (Thorson 1982b), Colombia (Cal-
das et al. 2017), and Venezuela (Gémez-Rodriguez
et al. 2014). The largetooth sawfish was declared
locally extinct in Guatemala, Peru and Ecuador;
however, recent records suggest there may be a
population remnant in the latter 2 countries (Men-
doza et al. 2017).

Our study showed that most historical records
(>20 yr ago) were from the Gulf of Nicoya in the Cen-
tral Pacific, one of the largest and most important
estuaries of Costa Rica (Lizano & Vargas 1993, Var-
gas 1995). This estuary has been subject to intensive
marine resource extraction (Lizano & Vargas 1993,
Zanella et al. 2009) and is considered to have been
overfished since the 1990s (Chacén et al. 2007,
Tabash-Blanco 2007), which coincides with the time
frame of most captures in this estuary. In this period
('>20 yr'), most sawfish captured in the Gulf of
Nicoya were entangled in gill nets, which are still the
most widely used fishing gear in the estuary (Chacén

et al. 2007). According to fishers, some sawfish cap-
tured in this gulf during the rainy season were preg-
nant females, and, in some instances, they aborted
their fetuses when captured. This suggests that the
Gulf of Nicoya and possibly the Tempisque River
were likely a sawfish pupping ground.

Recent largetooth sawfish sightings are concen-
trated in 2 main regions. One of these is the north-
ern region, specifically the San Juan watershed
which represents a natural boundary between Nica-
ragua and Costa Rica. Together with Lake Nicara-
gua and the Colorado River, the San Juan water-
shed was considered to have one of the greatest
freshwater concentration of sawfish in the world
during the 1960s (Thorson 1982b). However, in the
1970s, an intense commercial netting fishery operat-
ing in Lake Nicaragua was responsible for a rapid
decline of the largetooth sawfish population (Thor-
son 1982b). After the population was decimated,
Nicaragua placed a 2 yr moratorium on the capture
of sawfish in 1981 and an indefinite no-take status
since 2002 (Thorson 1982b, McDavitt 2002, Ministe-
rio del Ambiente y los Recursos Naturales 2002).
Recent sawfish sightings along the border with
Nicaragua may suggest a potential recovery of the
population due to the no-take status in Nicaragua
for >15 yr. Conversely, local enforcement of fishing
regulations is still a major problem in this region as
exemplified by the use of illegal fishing gears, such
as harpoon and gillnets. Harpoon fishers in the San
Juan River watershed target Atlantic tarpon Mega-
lops atlanticus for commercial use, but due to lim-
ited visibility conditions, they likely kill sawfish
incidentally; for example, nearly all recent sawfish
records from this region were from harpoon fishers
(Fig. 4). Furthermore, hook and line fishers reported
3 sawfish in 2018 from the San Juan River and 1
gillnet capture in April 2019 from a small Costa
Rican tributary of the San Juan. These encounters
highlight the need to conduct further research in
this region.

In addition to the San Juan River, recent large-
tooth sawfish records were documented in the
TSNW region. This region holds one of the largest
mangrove forests in Central America, comprising
17737 ha of protected mangrove area or 43 % of all
mangroves in Costa Rica (Mainardi 1996). While
the TSNW does not hold a no-take status, it does
offer protection to its mangrove forest and to
certain sections of both major rivers, as regulations
only allow small-scale subsistence agriculture and
prohibit large-scale touristic or commercial devel-
opments (Ministerio del Ambiente y la Energia
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2013). Collectively, these regulations have pre-
served sawfish habitats within the TSNW, by
reducing threats such as pollution and synergistic
effects from changes in land use due to deforesta-
tion for cattle grazing and extensive crops (e.g.
pineapple and bananas). The vast extension of pre-
served sawfish habitats in the TSNW serves to ex-
plain the continuous sawfish records in this parti-
cular area. However, recently discovered illegal
clearing of a marsh surrounding the Sierpe Lagoon,
apparently for rice plantations in the upper reaches
of the Sierpe River, uncontrolled fishing activities
in surrounding inshore areas (J. A. Valerio-Vargas
pers. obs.), and the loss of mangrove forest due to
coastal sedimentation (Silva-Benavides et al. 2015)
are threats that need to be addressed.

Sawfish meat has been reported to be sold in mar-
kets around the world (McDavitt 2002, 2014, Hossain
etal. 2015, Leeney 2017). Based on our findings, saw-
fish meat was historically found (>20 yr) in some
markets, sold primarily by gill net fishers. According
to fishers from the Gulf of Nicoya, it was marketed
under names such as ‘posta’, which could be trans-
lated to fish meat; ‘posta blanca’' (white fish meat);
and ‘tiburén’ (shark). One retired fisher from the
North Pacific of Costa Rica, mentioned that in the
1970s, a truck, mainly loaded with sawfish but also
with shark meat, travelled weekly from Lake Nica-
ragua to fish markets in the capital of Costa Rica.

Fig. 4. (A) Largetooth saw-
fish killed by harpoon fish-
ers in Boca Curena in 2017,
northern region of Costa
Rica (unknown photogra-
pher). (B) Harpoon tip made
out of a 3-sided file (picture
by J. A. Valerio-Vargas).
The file has been sharp-
ened and grooves cut into it
to hold to the flesh of tarpon
or sawfish. This tip is fixed
at the end of a long wood
stick; once the harpoon is in
the body of the animal, the
tip detaches from the stick,
and the animal can be
traced by the floating plas-
tic bottle acting as a buoy

Thorson (1982b) mentioned that sawfish meat was
exported to several countries in Central America,
although the countries were not mentioned.

Sawfish parts used in traditional medicine (e.g. res-
piratory ailments, vision problems, rheumatism, or
general pain) were described from 9 countries by
McDavitt (2014). Our findings on the use of sawfish
parts in Costa Rican traditional medicine differ
largely from those records. One of the main differ-
ences is that the most commonly mentioned medici-
nal use requires the physical action of the saw to
obtain cure or relief from headaches and baldness,
rather than the ingestion of a sub-product of the ros-
trum to obtain the supposed benefits.

The use of sawfish rostral teeth to fabricate cock-
fighting spurs has been mainly reported from South
American countries (Kyne et al. 2013, McDavitt
2014, Ogden 2015); however, the present study pro-
vides the first evidence of this activity in Costa Rica.
Although countries like Brazil, Ecuador, Panama,
and several Caribbean nations are the main sources
of sawfish rostral teeth, Costa Rica is possibly an-
other major source of these valued items which find
their way into the international cockfighting market.
More recently, one of our team members was con-
tacted by a dealer in Ecuador requesting sawfish
rostral teeth for the cockfighting industry, which
provided further evidence that illegal international
trade may be common in the Latin American region.
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The illegal sawfish parts trade in Costa Rica, namely
rostra and rostral teeth, represents a serious threat
to the remnant sawfish populations, as the interna-
tional market still creates a demand that may exert
greater targeted fishing pressure to the already
affected populations. Evidence of this illegal trade
in Costa Rica demonstrates the need to monitor this
type of activity, educate and create awareness
among local authorities, and enforce international
regulations such as CITES and CMS agreements.
Local and regional efforts are urgently needed to
address illegal sawfish trade.

Ongoing research efforts to define critical habitats
for sawfish in Costa Rica, and the evidence that
their populations have experienced significant
declines in their distribution and abundance over
the past 20 yr helped secure their legal protection
by national authorities. The decree AJDIP/366-2017
(INCOPESCA 2017) protects both smalltooth P. pec-
tinata and largetooth sawfish in Costa Rican waters
in several ways: (1) a permanent fishing ban for
both species, except for research purposes; (2) if a
sawfish is caught incidentally, it must be reported to
the authorities; and (3) sanctions will be applied if
regulations are not followed. In November 2017,
Costa Rica became one of 17 nations in which saw-
fish species have some level of legal protection.
These measures respond to the urgently needed
conservation efforts in its Eastern Pacific distribution
(Kyne et al. 2013).

Knowledge about largetooth sawfish occurrence
in riverine habitats and how local threats may affect
the species’ populations remains a top priority for a
more comprehensive understanding of the global
distribution of this species (Fernandez-Carvalho et
al. 2014, Dulvy et al. 2016). According to Dulvy et
al. (2016), 75% of the global historical largetooth
sawfish distribution range is now regarded as pres-
ence uncertain (PU), which means the species was
formerly known or thought to occur in the area, but
it is no longer known if the species still occurs. At a
regional scale, part of the Central American coun-
tries were considered as PU (Dulvy et al. 2016);
however, recent records from this study confirm the
presence of the largetooth sawfish in Costa Rica,
which is now part of the extant distribution of both
the Eastern Pacific and Western Atlantic populations
(Faria et al. 2013). Similarly, studies from 2017 and
2018 in data-poor regions (Mendoza et al. 2017,
White et al. 2017, Leeney et al. 2018) have demon-
strated the persistence of the species where it was
thought to be extinct or PU. This shows that there
are other beacons of hope outside of Australian pro-

tected areas where sawfish are found more fre-
quently than any other country in their historical
range. Nevertheless, even though there are some
countries in the region where extinction has pre-
vailed (Gémez-Rodriguez et al. 2014), we may still
be in time to protect the species.

The finding of recent records and recognition of
sawfish hotspots together with the achievement of
legal protection measures for this Critically Endan-
gered species gives hope for its conservation and
serves to strengthen conservation actions in Costa
Rica. Moreover, these outcomes will aid in inter-
national negotiations with Nicaragua and serve to
increase enforcement cooperation now that both
nations protect sawfish species. Back in the 1980s,
Thorson (1982a) confirmed downstream and coastal
movements of sawfish in the Lake Nicaragua—San
Juan River system and Barra del Colorado surround-
ing areas in Costa Rica. This demonstrates that com-
mercial netters at the river mouth could have an
important effect on sawfish in the region; thus, saw-
fish conservation depends on actions from both nat-
ions. Finally, more than 30 yr after Thorson's obser-
vation, both countries support the protection of
sawfish, which could provide the means for a slow
and long-term population recovery plan to save
sawfish.
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