
R E S E A R CH A R T I C L E

Marine megafauna catch in Thai small-scale fisheries

Thevarit Svarachorn1 | Andrew J. Temple1,2 | Per Berggren1

1School of Natural and Environmental

Sciences, Newcastle University, Newcastle

upon Tyne, UK

2Red Sea Research Center, King Abdullah

University of Science and Technology, Thuwal,

Makkah, Saudi Arabia

Correspondence

Per Berggren, School of Natural and

Environmental Sciences, Newcastle University,

Newcastle upon Tyne, NE1 7RU,

United Kingdom.

Email: per.berggren@ncl.ac.uk

Funding information

Institute for the Promotion of Teaching

Science and Technology; Development and

Promotion of Science and Technology Talents

Project (DPST)

Abstract

1. Small-scale fisheries are a global conservation threat to marine megafauna (marine

mammals, sea turtles, and elasmobranchs). There is currently limited information

about marine megafauna catch in Thailand's small-scale fisheries, which is

required for effective management.

2. This study represents the first independent catch assessment of marine

megafauna in Thai small-scale fisheries. Data on catch and fisheries effort across

1 year (2016–2017) were collected from questionnaire interviews with 535 fishers

in 17 provinces along the Gulf of Thailand and the Andaman Sea coasts. Catch per

unit effort was calculated for marine megafauna by fishing gear types and

extrapolated to estimate annual catches using Thai official fisheries statistics.

3. The annual estimated catches were 5.66 million (95% confidence interval, CI:

4.10–7.82 million) rays, 457,864 (95% CI: 192,352–969,166) sharks, 2,400 (95%

CI: 1610–3,537) sea turtles, 790 (95% CI: 519–1,167) small cetaceans, and

72 (95% CI: 19–194) dugongs in Thai small-scale fisheries.

4. Gillnets had the highest catch per unit effort for all megafauna groups in both sea

areas except for sea turtles, where pound nets had the highest catch per unit

effort in the Gulf of Thailand. Further, among gillnets, crab gillnets had the highest

catch per unit effort for all groups except dugongs, where ray gillnets had the

highest catch per unit effort. Accounting for effort, crab gillnets and shrimp

trammel nets were responsible for most of the megafauna catch, where crab

gillnets contributed 72%–95% of the annual estimated marine megafauna catch.

Crab gillnets and shrimp trammel nets were used by 46% and 40% respectively of

the interviewed fishers and by 27% and 15% respectively of all small-scale fishers

operating in Thai waters.

5. Restrictions for gillnet fishing effort (crab gillnets specifically) are needed to

prevent extirpation of threatened megafauna species that are important for

ecosystem resilience and productivity.
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1 | INTRODUCTION

Marine megafauna (cetaceans, dugongs, sea turtles, and

elasmobranchs) are threatened by a range of anthropogenic activities

including: fisheries catch (i.e. catch and by-catch) (Reeves,

McClellan & Werner, 2013; Dulvy et al., 2014; Burgess et al., 2018),

habitat destruction (Muir et al., 2003; Karczmarski et al., 2017;

Balladares & Barrios-Garrido, 2021; Dulvy et al., 2021), and vessel-

based tourism (Christiansen & Lusseau, 2014; Schofield et al., 2015;

Healy et al., 2020). Catch and by-catch in fisheries (hereafter referred

to as ‘catch’) represent the greatest threat to marine megafauna

(Read, Drinker & Northridge, 2006; Lewison et al., 2014; Dulvy

et al., 2021) currently threatening a number of populations and

species with extirpation and extinction (Brownell et al., 2019). Thai

large-scale/industrial/commercial fisheries catches have been

recognized for their detrimental impacts on marine megafauna

(Krajangdara, 2014; Teh, Zeller & Pauly, 2015); however, impact from

catch in small-scale/artisanal fisheries (SSFs) have received

comparatively little attention to date (e.g. Temple, Westmerland &

Berggren, 2021).

Thai SSFs are likely to be an important contributor to the catch

of marine megafauna in Thailand. The average annual estimated

marine catch in the SSFs between 2015 and 2017 was 84,075 tons

in the Gulf of Thailand (9% of all fisheries catch in the Gulf of

Thailand) and 76,996 tons in the Andaman Sea (20% of all fisheries

catch in the Andaman Sea) (De Leon & Derrick, 2020). Thai SSFs are

primarily conducted for local subsistence and local commercial

purposes with <10 tons of vessel capacity, and they use a broad

range of hand-operated fishing gears, including gillnets and longlines,

known to catch marine megafauna (Pimoljinda, 2002; Lymer

et al., 2008). According to the Thai official fisheries statistics, the

dominant SSF gears in the Gulf of Thailand are crab gillnets (29% of

all gears used), other gillnets (25%), and squid falling nets (18%),

whereas in the Andaman Sea other gillnets dominate (39% of all

gears used), followed by shrimp trammel nets (24%) and crab gillnets

(21%) (DOF, 2016). SSFs are economically essential as sources of

income and livelihood for Thai coastal communities (Teh, Zeller &

Pauly, 2015).

Depending on geographical area and fishery, marine megafauna

may be considered as either target or nontarget species in Thai SSFs,

and most have some commercial value as consumable and marketable

products (Krajangdara, 2014; Krajangdara, 2017). Elasmobranchs

(rays, skates, and sharks) are caught by a wide range of SSF gears,

including gillnets, long/hand lines, and traps (Krajangdara, 2017). Their

fins and meat are commercially valuable and are traded among

communities or sold to restaurants (Krajangdara, 2014). Elasmobranch

skins are also sold to the leather-wear industry (Krajangdara, 2014). In

contrast, intentional catches of cetaceans (toothed and baleen

whales), dugongs (Dugong dugon), and sea turtles are prohibited

(GG, 1992; GG, 2014; GG, 2019). However, fisheries incidental catch

has been identified as a cause for concern for cetaceans, as indicated

by the more than 550 recorded cases of strandings in Thailand during

the past three decades, where fishing gear entanglement and disease

were identified as likely causes of mortality (Adulyanukosol,

Thaongsukdee & Kittiwattanawong, 2012).

Understanding the current megafauna catch in Thailand is key to

assessing whether current levels of exploitation of the marine

environment are sustainable. As apex/mesopredators (cetaceans and

elasmobranchs), primary consumers (sea turtles), and mega-grazers

(dugongs), marine megafauna contribute to the stability and

productivity of marine ecosystems (Heithaus et al., 2008; Kiszka,

Heithaus & Wirsing, 2015; Tavares et al., 2019). Hence, the decline,

extirpation, or extinction of megafauna species risks destabilizing

and/or restructuring ecosystems through trophic cascade (Pinnegar

et al., 2000). There are currently 158 elasmobranch (82 rays and

76 sharks), 27 cetacean (22 toothed whales and 5 baleen whales),

5 sea turtle, and 1 sirenian (i.e. dugong) species known to occur in

Thai waters of the Gulf of Thailand and the Andaman Sea

(Adulyanukosol et al., 2014; Krajangdara, 2017). Despite the

relatively high diversity of marine megafauna in Thailand, there is

little available information on species abundance and fisheries

interactions. Basic data on SSFs catch and effort for the different

gear types used are essential for assessment and monitoring of

megafauna catch, fisheries management, and informing any need for

conservation action.

This study aims to provide the first independent assessment of

marine megafauna catch in Thai SSFs by combining catch

composition and catch per unit effort (CPUE) data derived from

interviews with SSF fishers in the Gulf of Thailand and the Andaman

Sea with official fisheries effort statistics from the Department of

Fisheries, Thailand.

2 | MATERIALS AND METHODS

2.1 | Study sites

Face-to-face questionnaire-based interviews (n = 535) were

conducted in Thai with fishers during September to December

2017 at 32 fishing communities across 17 provinces (Figure 1). The

535 fishers interviewed represented 5.1% of the 10,413 SSF vessels

in the 17 provinces (DOF, 2016) (Supporting Information Data S1)

where the questionnaire was implemented, with a 4.1% margin of

error at the 95% confidence level (https://www.surveymonkey.com/

mp/sample-size-calculator/). Of the total 535 interviews, 335 were

conducted in 11 provinces in the Gulf of Thailand and 200 in six

provinces in the Andaman Sea. The sample sizes of 335 and 200 for

the Gulf of Thailand and the Andaman Sea respectively represented a

5.2% and a 6.7% margin of error respectively at the 95% confidence

level of the populations of vessels in the two sea areas (7,661 and

2,752 respectively) (https://www.surveymonkey.com/mp/sample-

size-calculator/). In each fishing community, 30–35 randomly selected

fishers were interviewed (normally the captain and ensuring only one

respondent per vessel). Seven out of the 24 provinces were excluded

from the interviews due to low fishing effort and safety risk from

insurgency in some provinces.
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F IGURE 1 Location of the sites in the 17 provinces where 535 questionnaire interviews were conducted to assess marine megafauna catch
in the small-scale fisheries in the Gulf of Thailand and the Andaman Sea between September 2016 and December 2017.
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2.2 | Questionnaire interview and data

Before conducting the interviews, the respective community/village

leaders were contacted to ask for permission to conduct the

interviews. On the day of the interviews, the interviewer was

escorted by the community/village leader, or the leader's assistant, to

access the community areas, where the interviews were conducted.

The interviews took 5–10 min, depending on the level of detail in

which fishers reported their catches and fishing activities. Verbal

consent was obtained prior to the interviews. Fishers were advised

that they could choose not to answer any particular question and

that they could end the interview at any time. The interviews were

strictly confidential to protect fishers' identities (Supporting

Information Data S2).

The semi-structured interview protocol (Supporting

Information Data S2) was adapted from previously used protocols

(Moore et al., 2010; Alfaro-Shigueto et al., 2018; Temple et al., 2020)

and covered fishing activities conducted during the 12 months

(1 year) preceding when the interview took place. The interviews

included two sections: (1) fishing effort, and (2) marine megafauna

catch. The fishing effort section covered gear type and gear

configuration, effort (number of gears used per fishing day and

number of days fished per month/year), fishing location (including

kilometres from shore), and target species. The marine megafauna

catch section included species group caught, catch number of

each species group, month of catch, gear used, location, and

utilization of catch.

A marine megafauna species identification photobook

(Supporting Information Data S3), adapted from Adulyanukosol et al.

(2014) and Krajangdara (2017), was used during the interviews to help

confirm the species identity of catches. Where possible, catches were

resolved to species or genus levels; in some cases, several genera

were grouped where identification before the family level was

difficult or inconsistent (Supporting Information Data S4). The gears

declared by the fishers were classified into the 21 categories

(Supporting Information Data S5) used in the Thai fishing vessels

statistics in 2014 (DOF, 2016) (Supporting Information Data S1).

2.3 | Data analyses

CPUE was calculated for each species group by gear type and

province using the data from the interviews. CPUEs were then raised

to the regional and national levels using total fisheries effort (number

of vessels using respective gear in each region: Gulf of Thailand and

Andaman Sea) from the official Thai fishing vessels statistics in 2014

(DOF, 2016).

2.3.1 | Catch per unit effort

CPUEs for each megafauna group by gear for each province were

calculated using the formula

CPUEP ¼
Xn

i¼1

Ci

Ei

where CPUEP is the CPUE by gear type generated from each province,

Ci is the total number of animals (for each megafauna group) caught

per year using the corresponding fishing gear type (as reported by the

respondents to the questionnaire interviews), and Ei is the number of

interviewees using the corresponding fishing gear type. A percentile

bootstrap procedure (IBM SPSS Statistics 25) was used to determine

the asymmetric 95% confidence interval (CI) for each CPUE value.

CPUEs were calculated separately for the two regions (Gulf

of Thailand and Andaman Sea). Regional weighted CPUEs were

calculated using the formula

CPUER ¼
Xn

i¼1

CPUEP�EP
ER

� �

where CPUER is the catch per year per vessel at the regional level,

EP is the total number of fishing vessels using the corresponding

fishing gear type in each province as reported by the Thai fisheries

statistics (DOF, 2016), and ER is the total number of fishing vessels

using the corresponding fishing gear type in each sea region (Gulf

of Thailand/Andaman Sea) as reported by the Thai fisheries statistics

(DOF, 2016). Regional asymmetrical 95% CIs corresponding to

their regional weighted CPUEs were calculated using the following

formulas:

LR ¼CPUER�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1

CPUEP�LPð ÞEP
ER

� �2
vuut

and

UR ¼CPUERþ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Xn

i¼1

UP�CPUEPð ÞEP
ER

� �2
vuut

where LR is the lower limit of CPUER, UR is the upper limit of CPUER,

LP is the lower limit corresponding to the CPUEP, and UP is the upper

limit corresponding to the CPUEP. Furthermore, CPUE per vessel per

trip and its corresponding 95% CI were calculated using the following

formulas:

CPUET ¼ CPUERPn
i¼1Er=n

LT ¼ LRPn
i¼1Er=n

UT ¼ URPn
i¼1Er=n

where CPUET is the catch per vessel per trip at the regional level, Er is

the total number of days each fishing gear type was used in each sea

region (Gulf of Thailand/Andaman Sea) as reported by the
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respondents to the questionnaire interviews, n is the number of

interviewees using the corresponding fishing gear type, UT is the

lower limit of CPUET, and UR is the upper limit of CPUET. All fishers

reported having one fishing trip per day.

2.3.2 | Annual estimated catch

Annual estimated catch was extrapolated for each sea region by

multiplying the calculated CPUER by the total number of fishing

vessels using the corresponding gear in the Gulf of Thailand and the

Andaman Sea, respectively as reported in the Thai fishing vessels

statistics (DOF, 2016) (Data S1). Annual estimated catches and

corresponding 95% CIs were calculated as:

AEC¼CPUER�ER

and

CIAEC ¼CIR�ER

where AEC is the annual estimated catch, CIAEC is the 95% CI

corresponding to the AEC, and CIR is the 95% CI corresponding to the

CPUER.

2.3.3 | Comparison of CPUEs among fishing gears

A generalized linear model (GLM) was used to investigate potential

variability of megafauna group reported CPUEs among fishing gears.

The GLM model is as follows:

Catch rate¼ β0þβ1 CPUEP : gear1ð Þþ �� �þβn CPUEP : gearnð Þ

where β0 is the intercept and β1 to βn are coefficients. The negative

binomial family was fitted to account for the overdispersion of the

catch data. The Huber–White standard errors (Huber, 1967;

White, 1980) approach was used to allow the fitting of a model that

does contain heteroscedastic residuals, and the Bonferroni correction

(Bonferroni, 1936) was applied in the post hoc tests to adjust

significance levels for multiple tests to avoid type I error. Post hoc

tests (pairwise comparisons; Shiraishi, Sugiura & Matsuda, 2019) were

conducted to investigate if there were significant differences in the

CPUEs between gears for each megafauna group using estimated

marginal means as a measure. All statistical tests were performed

using IBM SPSS Statistics 25.

3 | RESULTS

3.1 | Reported catches

The annual marine megafauna catches in 2016–2017 as reported by

respondents to the questionnaire were 419,821 rays, 28,920 sharks,

269 sea turtles, 47 small cetaceans, and 6 dugongs, of which 231,992

rays, 20,084 sharks, 246 sea turtles, 44 small cetaceans, and 5 dugongs

were reported for the Gulf of Thailand and 187,642 rays, 8,836 sharks,

23 sea turtles, 3 small cetaceans, and 1 dugong for the Andaman Sea.

3.2 | Catch per unit effort

3.2.1 | CPUE per vessel per year

In the Gulf of Thailand, crab gillnets (Supporting Information Data S6)

had the highest CPUE for rays (1,040 rays per vessel per year; 95%

CI: 608–1,631), sharks (86 sharks per vessel per year; 95% CI: 15–

224), and small cetaceans (0.22 cetaceans per vessel per year; 95% CI:

0.14–0.32), whereas pound nets had the highest CPUE for sea turtles

(7.6 sea turtles per vessel per year; 95% CI: 4.1–12.3) and ray gillnets

for dugongs (0.2 dugongs per vessel per year; 95% CI: 0.0–0.6)

(Figure 2 and Table 1). In the Andaman Sea, crab gillnets also had the

highest CPUE for rays (1,504 rays per vessel per year; 95% CI: 1,059–

2,047) and sharks (57 sharks per vessel per year; 95% CI: 23–118),

whereas squid trammel nets had the highest CPUE for sea turtles (0.5

sea turtles per vessel per year; 95% CI: 0.0–1.0). Shrimp trammel nets

(Supporting Information Data S6) were the only gear that caught small

cetaceans and dugongs, with CPUEs of 0.04 small cetaceans per

vessel per year (95% CI: 0.00–0.10) and 0.01 dugongs per vessel per

year (95% CI: 0.00–0.04) (Figure 3 and Table 1).

3.2.2 | CPUE per vessel per trip

In the Gulf of Thailand, ray gillnets had the highest CPUET for rays

(6.64 rays per vessel per trip; 95% CI: 1.89–13.04), sea turtles

(36.19 � 10�3 sea turtles per vessel per trip; 95% CI: 9.05 � 10�3–

69.94 � 10�3), small cetaceans (1.97 � 10�3 small cetaceans per

vessel per trip; 95% CI: 0.00–3.93 � 10�3), and dugongs (1.57 � 10�3

dugongs per vessel per trip; 95% CI: 0.00–5.25 � 10�3), whereas

shrimp trammel nets had the highest CPUET for sharks (0.45 sharks per

vessel per trip; 95% CI: 0.01–1.27) (Table 1). In the Andaman Sea, crab

gillnets had the highest CPUET for rays (7.29 rays per vessel per trip;

95% CI: 5.13–9.93), whereas fish bottom gillnets had the highest CPUE

for sharks (0.38 rays per vessel per trip; 95% CI: 0.10–0.93). Squid

trammel nets had the highest CPUET for sea turtles (11.11 � 10�3 sea

turtles per vessel per trip; 95% CI: 0.00–22.22 � 10�3), whereas

shrimp trammel nets were the only gear that caught small cetaceans

and dugongs, with CPUET of 0.26 � 10�3 small cetaceans per

vessel per trip (95% CI: 0.00–0.66 � 10�3) and 0.09 � 10�3 dugongs

per vessel per trip (95% CI: 0.00–0.28� 10�3) (Table 1).

3.3 | Annual estimated catches

The annual estimated catches for Thai SSFs were as follows:

5,662,024 (95% CI: 4,097,779–7,817,707) rays, 457,864 (95% CI:

192,352–969,166) sharks, 2,400 (95% CI: 1,610–3,537) sea turtles,
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790 (95% CI: 519–1167) small cetaceans, and 72 (95% CI: 19–194)

dugongs based on catches declared during a 12 month period

between September 2016 and December 2017 (Table 2). In the Gulf

of Thailand, the annual estimated catches of rays, sharks, sea turtles,

small cetaceans, and dugongs were 4,364,690 (95% CI: 2,829,717–

6,489,806), 391,711 (95% CI: 127,354–901,025), 2,279 (95% CI:

F IGURE 2 Mean catch per unit effort
(CPUE; number of animals caught per vessel per
year) of marine megafauna in small-scale
fisheries based on questionnaire interviews from
11 provinces in the Gulf of Thailand (n = 335)
covering the fishing activity over 12 months
during the period between September 2016 and
December 2017. Error bars represent
asymmetric 95% confidence intervals. Different

letters above the error bars indicate the gear
pairs with significant differences in estimated
marginal means reported CPUEs (P < 0.05). CG:
crab gillnets; CT: crab traps; FBG: fish bottomset
gillnets; FDG: fish drift gillnets; FRR: fishing rods
and reels; LL: longlines; MG: mackerel gillnets;
PDN: pound nets; PN: push nets; RG: ray
gillnets; STN: shrimp trammel nets.
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1,491–3,413), 765 (95% CI: 495–1,139), and 64 (95% CI: 11–184)

respectively. In the Andaman Sea, the annual estimated catches of

rays, sharks, sea turtles, small cetaceans, and dugongs were 1,297,333

(95% CI: 996,140–1,659,074), 66,153 (95% CI: 41,415–111,191),

121 (95% CI: 69–190), 25 (95% CI: 0–65), and 8 (95% CI: 0–28)

respectively (Table 2).

F IGURE 3 Mean catch per unit effort
(CPUE; number of animals caught per vessel per
year) of marine megafauna in small-scale
fisheries based on questionnaire interviews from
six provinces in the Andaman Sea (n = 200)
covering the fishing activity over 12 months
during the period between September 2016 and
December 2017. Error bars represent
asymmetric 95% confidence intervals. Different

letters above the error bars indicate the gear
pairs with significant differences in estimated
marginal means reported CPUEs (P < 0.05). CG:
crab gillnets; CT: crab traps; FBG: fish bottomset
gillnets; FDG: fish drift gillnets; FRR: fishing rods
and reels; HL: handlines; LL: longlines; MG:
mackerel gillnets; QT: squid traps; QTN: squid
trammel nets; RG: ray gillnets; STN: shrimp
trammel nets; XG: other gillnets; XT: other traps.
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Crab gillnets generated the highest annual estimated catches for

all marine megafauna groups in the Gulf of Thailand (Table 2) with

83%, 77%, 80%, 98%, and 81% of total catch contributions for rays,

sharks, sea turtles, small cetaceans, and dugongs respectively

(Figure 4). In the Andaman Sea, shrimp trammel nets were responsible

for the highest annual estimated catches for sharks (50%), small

cetaceans (100%), and dugongs (100%), whereas crab gillnets had the

highest annual estimated catches for rays (67%) and sea turtles (81%)

(Figure 4 and Table 2).

The species groups in each megafauna group that had the

highest annual estimated catch in the Gulf of Thailand were small

sting/whip rays (Brevitrygon spp.; 91%), bamboo sharks

(Chiloscyllium spp.; 80%), green turtle (Chelonia mydas; 70%), listed

as Endangered (Seminoff, 2004) by the IUCN Red List of

Threatened Species, and Indo-Pacific bottlenose dolphin (Tursiops

aduncus; 45%), listed as Near Threatened (Braulik et al., 2019)

(Figure 5 and Table 3). In the Andaman Sea, they were small sting/

whip rays (94%), bamboo sharks (94%), hawksbill turtle

(Eretmochelys imbricata; 52%), listed as Critically Endangered

(Mortimer & Donnelly, 2008), and Indo-Pacific finless porpoise

(Neophocaena phocaenoides; 67%), listed as Vulnerable (Wang &

Reeves, 2017) (Figure 5 and Table 3).

TABLE 2 Annual estimated catch (AEC) plus/minus 95% confidence interval (CI) of marine megafauna per gear type in small-scale fisheries in
the Gulf of Thailand and the Andaman Sea between September 2016 and December 2017. Only gear types for which official Thai fishing vessels
statistics were available are included (DOF, 2016).

Marine megafauna Gear

Gulf of Thailand (GOT) Andaman Sea (AS)

AEC 95% CI AEC 95% CI

Rays CG 3,626,897 2,119,886–5,686,797 872,231 613,976–1,187,379

LL 78,113 19,399–139,997 3,603 1,449–5,572

MG 242,377 2,638–720,363 2,299 421–6,020

PN 185 28–397 — —

STN 417,118 261,747–618,677 400,058 245,943–576,639

XG — — 19,143 2,948–37,571

Total 4,364,690 2,829,717–6,489,806 1,297,333 996,140–1,659,074

Grand total 5,662,024 4,097,779–7,817,707

Sharks CG 299,501 51,030–780,285 32,793 13,494–68,459

LL 97 0–324 56 13–90

MG 374 0–1,121 267 107–409

PN 28 0–67 — —

STN 91,711 1,450–259,779 33,038 17,560–60,538

Total 391,711 127,354–901,025 66,153 41,415–111,191

Grand total 457,864 192,352–969,166

Sea turtles CG 1,815 1,098–2,759 98 49–160

LL 5 0–16 — —

MG — — 6 0–14

PN 32 0–67 — —

STN 428 102–1,055 18 0–44

Total 2,279 1,491–3,413 121 69–190

Grand total 2,400 1,610–3,537

Small CG 751 482–1,124 — —

cetaceans STN 14 0–46 25 0–65

Total 765 495–1,139 25 0–65

Grand total 790 519–1,167

Dugongs CG 52 0–169 — —

STN 12 0–38 8 0–28

Total 64 11–184 8 0–28

Grand total 72 19–194

Note: Dashes indicate no reported gear efforts.

Abbreviations: CG: crab gillnets; LL: longlines; MG: mackerel gillnets; PN: push nets; STN: shrimp trammel nets; XG: other gillnets. Grand

total = GOT + AS.
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3.4 | Comparison of CPUEs among fishing gears

In the Gulf of Thailand, ray gillnets had the highest catch rate on

ray CPUE (GLM, χ2 = 7.96, df = 1, P = 0.005). Pound nets had

the highest catch rate on sea turtle CPUE (GLM, χ2 = 23.31,

df = 1, P < 0.001). Ray gillnets had the highest catch rate on

small cetacean CPUE (GLM, χ2 = 7.26, df = 1, P = 0.007)

(Supporting Information Data S7). In the Andaman Sea, crab

gillnets had the highest catch rate on ray CPUE (GLM, χ2 = 29.26,

df = 1, P < 0.001) and sea turtle CPUE (GLM, χ2 = 4.34, df = 1,

P = 0.037) (Supporting Information Data S7). Comparisons

among gears with significant differences (P < 0.05) in estimated

marginal means reported CPUEs with corresponding P-values

based on the GLM are summarized in Supporting

Information Data S8.

4 | DISCUSSION

4.1 | Dominant catching gears

This study presents the first estimates of annual catch of marine

megafauna species (rays, sharks, sea turtles, small cetaceans, and

dugongs) and their respective CPUE in Thai SSFs. Crab gillnets

and shrimp trammel nets contributed most of the megafauna catch

in the Gulf of Thailand and the Andaman Sea. Crab gillnets

were responsible for 79%, 73%, 80%, 95%, and 72% of the annual

estimated catches for rays, sharks, sea turtles, small cetaceans, and

dugongs respectively, whereas shrimp trammel nets were

responsible for 14%, 27%, 19%, 5%, and 28% of the annual

estimated catches of the respective groups. The high annual catch

in crab gillnets was a product of high CPUE and relatively high

effort, whereas the high annual catch in shrimp trammel nets was

mainly driven by a very high effort in the gear type compared with

other gears. Crab gillnets and shrimp trammel nets were used by

46% and 40% of the fishers interviewed respectively and were

used by 27% and 15% of all SSF fishers operating in Thai waters

(DOF, 2016) respectively.

Gillnets are globally recognized as the gear type responsible for

the highest catches and mortalities of elasmobranchs (Ramírez-

Amaro et al., 2013; Dulvy et al., 2014), sea turtles (Wallace

et al., 2013; Lewison et al., 2014; Alfaro-Shigueto et al., 2018), and

cetaceans (Reeves, McClellan & Werner, 2013; Brownell

et al., 2019; Temple, Westmerland & Berggren, 2021). As the two

dominant gears contributing the majority of the Thai SSF

megafauna catch, crab gillnets and shrimp trammel nets represent

the greatest threat to marine megafauna in Thailand and should be

considered priority gear in need of mitigation and management in

the context of marine megafauna catches (e.g. see Wade

et al., 2021).

F IGURE 4 Percentage of catch contribution by fishing gear to
annual estimated marine megafauna catch in small-scale fisheries in
the Gulf of Thailand and the Andaman Sea between September 2016
and December 2017. Annual estimated catch is displayed in the
centre of each chart.
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4.2 | Concerns regarding ray and shark catches

This study further indicates that Thai SSFs affect populations of

threatened species of rays and sharks. Ray catches were dominated

by small sting/whiprays (92%), which are commonly found in Thai

waters (Krajangdara, 2017). The remaining 8% consisted mainly of

butterfly rays (Gymnura spp.) and eagle rays (Aetobatus spp. and

Aetomylaeus spp.), genera that include a number of species listed as

threatened (Vulnerable, Endangered, or Critically Endangered) by the

IUCN Red List of Threatened Species such as the Endangered

zonetail butterfly ray (Gymnura zonura) (Sherman et al., 2021) and

mottled eagle ray (Aetomylaeus maculatus) (Rigby et al., 2020).

Bamboo sharks and reef sharks (Carcharhinus spp.) also included

several species listed as Endangered (Simpfendorfer et al., 2020;

VanderWright et al., 2020b) and Vulnerable (VanderWright

et al., 2020a; Rigby et al., 2021), which contributed 82% and 16% to

annual estimated shark catch, respectively. The remaining 2% was

contributed by nurse shark (Nebrius ferrugineus), listed as Vulnerable

(Simpfendorfer et al., 2021), zebra shark (Stegostoma fasciatum),

listed as Endangered (Dudgeon, Simpfendorfer & Pillans, 2019), and

hammerhead sharks (Sphyrna spp.), listed as Critically Endangered

(Rigby et al., 2019). The high annual estimated catches of rays

(5,662,024; 95% CI: 4,097,779–7,817,707) and sharks (457,864;

95% CI: 192,352–969,166) indicate that the SSFs in Thailand have

negative impacts in general and more specifically for the species that

are already threatened with extinction.

TABLE 3 Annual estimated catch (AEC) plus/minus 95% confidence interval (CI) per marine megafauna group based on species groups in
small-scale fisheries in the Gulf of Thailand and the Andaman Sea between September 2016 and December 2017.

Marine megafauna species group

Gulf of Thailand Andaman Sea

AEC 95% CI AEC 95% CI

Rays

Butterfly rays — — 38,513 28,233–50,731

Devil rays — — 5 1–14

Eagle rays 3,966 2,902–5,410 7,582 5,508–10,110

Guitarfish 35 20–54 475 334–646

Numbfish 46,151 26,975–72,362 12,331 8,740–16,713

Small sting/whip rays 3,972,401 2,548,463–5,947,778 1,218,089 931,326–1,562,156

Sting/whip rays 342,080 242,478–474,307 20,316 10,521–31,389

Wedgefish 58 34–90 21 15–31

Sharks

Bamboo sharks 314,297 105,918–715,228 62,380 39,107–104,732

Gummy sharks — — 363 149–758

Hammerhead sharks — — 90 57–150

Nurse shark 3,949 1,444–8,720 1,088 679–1,831

Reef sharks 72,985 18,099–179,120 1,456 847–2,576

Sand tiger shark 211 54–356 — —

Whale shark 46 16–102 — —

Zebra shark 222 80–495 776 492–1,290

Sea turtles

Green turtle 1,590 1,039–2,395 58 33–94

Hawksbill turtle 514 339–768 63 31–103

Olive ridley turtle 175 106–266 — —

Small cetaceans

Indo-Pacific bottlenose dolphin 346 222–518 8 0–22

Indo-Pacific finless porpoise 24 15–36 17 0–43

Indo-Pacific humpback dolphin 72 46–107 — —

Irrawaddy dolphin 324 212–481 — —

Dugongs

Dugong 64 11–184 8 0–28

Note: Dashes indicates no reported catch.
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It is also important to note that rays and sharks hold a market

value as raw materials for restaurants and leather-wear industries

(Krajangdara, 2014), and also being consumed and sold locally by 87%

of the fishers interviewed. Although rays and sharks are generally

considered as nontarget species in Thai SSFs, and it has previously

been stated that there are no specific gears to catch rays and sharks

in Thailand (Krajangdara, 2014), the results of this study indicate

otherwise. Many of the fishers interviewed reported using ray gillnets

and longlines to target rays (and possibly sharks). These were also the

gear, in addition to crab gillnets, with the highest CPUEs for rays.

However, longlines contributed relatively little to the annual

estimated catch due to low effort (DOF, 2016).

4.3 | Concerns regarding sea turtle catch

The results indicate that gillnets, including pound nets and ray and

crab gillnets, are of particular concern and threat to sea turtles in

Thailand. These results resonate with assessments in other regions;

for example, Ecuador, Peru, and Chile (Wallace et al., 2013; Alfaro-

Shigueto et al., 2018). Although crab gillnets appeared to dominate

the sea turtle catch with respect to the annual estimated catch, pound

nets and ray gillnets (which had relatively higher CPUEs than crab

gillnets) may also have a significant catch, but these gears were

excluded from the total catch extrapolation since effort for these

gears was not available in the Thai official statistics (DOF, 2016).

Beside gillnets, longlines have been reported as another major SSF

gear responsible for sea turtle catch with high sea turtle mortalities in

many regions; for example, the south-eastern Pacific (Alfaro-Shigueto

et al., 2011; Alfaro-Shigueto et al., 2018), the North Pacific (Peckham

et al., 2007), and the south-western Indian Ocean (Temple

et al., 2018). In contrast, the results in this study showed that both

CPUEs and annual estimated catch of sea turtles in longlines were

low, indicating that this gear is of lesser concern to sea turtles in Thai

waters. Longlines were used by 8% of the fishers interviewed and

only 1% of all Thai SSF fishers (DOF, 2016).

Given the current lack of information about sea turtle species

found in Thai waters, this study cannot conclude if the estimated sea

turtle catch is sustainable. However, the annual estimated catch

(2,400; 95% CI: 1,610–3,537) is a serious cause for concern given that

all species caught, namely green turtle (69%), hawksbill turtle (24%),

and olive ridley turtle (Lepidochelys olivacea) (7%), are listed by the

IUCN Red List as Endangered (Seminoff, 2004), Critically Endangered

(Mortimer & Donnelly, 2008), and Vulnerable (Abreu-Grobois &

Plotkin, 2008) respectively. Moreover, it is possible that the fishers

may have underreported their catch to avoid potential legal

prosecution even though the interviews were strictly confidential.

Despite being experienced in how to utilize sea turtles (e.g. meat,

shell, and egg), all the fishers interviewed were aware of the Wild

Animal Reservation and Protection Act (GG, 1992; GG, 2014;

GG, 2019), and 92% reported that they released any live caught sea

turtles and the remaining 8% reported discarding any sea turtles

found dead in the nets.

4.4 | Concerns regarding small cetacean and
dugong catches

The annual estimated catches presented in this study—790 (95% CI:

519–1167) small cetaceans and 72 (95% CI: 19–194) dugongs—

indicated that SSFs represent potential serious threats to both small

cetaceans and the dugongs. As the dugong and a number of small

cetacean species in Thailand are coastal inhabitants (Adulyanukosol

et al., 2014), and coupled with intrinsic factors of slow growth and

low fecundity rates, they are particularly vulnerable to fisheries catch

(Pusineri et al., 2013; Brownell et al., 2019). There are concerns for

the species that are already listed as threatened by the IUCN Red List

of Threatened Species, including Irrawaddy dolphin (Orcaella

brevirostris), listed as Endangered (Minton et al., 2017), Indo-Pacific

humpback dolphin (Sousa chinensis), listed as Vulnerable (Jefferson

et al., 2017), Indo-Pacific finless porpoise, listed as Vulnerable

(Wang & Reeves, 2017), dugong, listed as Vulnerable (Marsh &

Sobtzick, 2015), and Indo-Pacific bottlenose dolphins, listed as Near

Threatened (Braulik et al., 2019).

According to the responses during the interviews, 77% of the

small cetaceans and 100% of the dugongs caught in fishing gears

were released alive by the fishers, although the fate of the animals

post-release were unknown. The remaining 23% of the small cetacean

catches were discarded dead and represent an anthropogenic

mortality of concern for the species affected. Furthermore, the annual

estimated catches of small cetaceans and dugongs reported in this

study should be considered as minimum estimates. Notwithstanding

that most fishers were positive and cooperative during the interviews,

signs of anxiety and defensiveness were expressed by many. Potential

fear of prosecution, despite assurances of confidentiality, may have

influenced some fishers to not report their catch, since cetaceans and

dugongs are legally protected from hunting, possessing, and importing

and exporting without a permit in Thailand (GG, 1992; GG, 2014;

Ezekiel, 2018; GG, 2019).

Despite more than 550 dead cetacean stranding cases recorded in

Thailand from 1993 to 2009 where gillnet entanglement was identified

as the likely cause of mortality (Adulyanukosol, Thaongsukdee &

Kittiwattanawong, 2012), there is currently no monitoring, mitigation

or management in place in Thailand to investigate and address the

issue of cetacean catches. There are 27 cetacean and one sirenian

species identified from Thai coastal waters (Adulyanukosol

et al., 2014), but published information regarding population size and

abundance is limited to a few species within a few areas

(Jaroensutasinee, Jutapruet & Jaroensutasinee, 2010; Hines

et al., 2015; Jutapruet et al., 2015). To date, the results presented in

this study represent the only available assessment of cetacean catches

in SSFs in Thailand.

4.5 | Recommendations and future works

Questionnaire interviews with local fishers have been demonstrated

as a quick initial method to assess and provide useful information of
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fishery catch in regions where catch information is lacking (Amir,

Berggren & Jiddawi, 2002; Moore et al., 2010; Temple et al., 2020;

Mustika et al., 2021). Furthermore, questionnaire interviews can be

logistically and financially feasible for gathering catch data in SSFs

where there may be limited resources available (Moore et al., 2010;

Alfaro-Shigueto et al., 2018; Mustika et al., 2021). However,

questionnaire interviews rely on fishers' memories, which may cause a

cognitive bias in the data by either increasing or decreasing the

reported catches. In this study, fishers were asked to report their

catches for the past (preceding) 12 months and used a relatively large

sample size to mitigate the potential bias that likely occurs in

questionnaire studies.

The annual estimated catches reported in this study should likely

be considered as minimum estimates. This is due to the fact that the

Thai official fisheries statistics (DOF, 2016) used for the extrapolation

of annual catch estimates represents minimum SSF effort as it only

included 14,946 SSF vessels classified by gear types (Supporting

Information Data S1), whereas there was an average of 56,001 SFF

vessels operating in the Gulf of Thailand and the Andaman Sea

between 2005 and 2018 as reported to the Food and Agriculture

Organization (FAO, 2020).

The questionnaire interviews reported that megafauna catches

occurred in 21 SSF gear types used by fishers in 2016–2017;

however, only six of the 21 gears reported had vessel numbers/

efforts available in the official statistics (DOF, 2016). Hence, we were

unable to include catch estimates for 15 other gears in the

extrapolated annual total catch estimates. Gillnets have been

identified as the gear type with the highest catch numbers of

megafauna in many other regions (Kiszka et al., 2009; Reeves,

McClellan & Werner, 2013; Alfaro-Shigueto et al., 2018). In this study,

fish bottomset gillnets, fish drift gillnets, and ray gillnets were

examples of the SSF gears that had high CPUEs according to the

questionnaire data but lacked effort data in the official statistics

(DOF, 2016) and which, if included, may substantially add to the

annual estimated catches presented here. However, it is possible that

these three gillnet types are included in the official statistics category

‘other gillnets’ and the extent to which these gears increase the

annual estimated catch is unclear. Therefore, in future research it is

recommended that systematic assessment and documentation

(whether these are official or independent) should cover all the SSF

gears used by the fishers. In future investigations, it is further

recommended to include these additional gear types to allow more

comprehensive assessment; however, this would also require that the

official statistics are extended to cover all gears used by Thai SSFs.

The next step following this study should be to start recording all

marine megafauna catch at landings sites. Following this, an onboard

vessel sampling scheme could be initiated with independent observers

or using remote electronic video monitoring (WWF, 2017;

Bartholomew et al., 2018). Furthermore, future research would also

benefit if the official Thai fisheries efforts and catch per gear type were

made available and/or published to allow comprehensive assessments.

To reduce the annual catch of marine megafauna in SSFs, the use

of crab gillnets and shrimp trammel nets needs to be restricted and

ideally replaced by other gear to catch the target species without

catching marine megafauna. Traps and pots are potential alternative

fishing gears for gillnets and trammel nets because of their relatively

low CPUE for marine megafauna. Light-emitting diode lights on

gillnets (Lucas & Berggren, 2022), acoustic deterrent devices or

‘Pingers’ (Gazo, Gonzalvo & Aguilar, 2008; Dawson et al., 2013), by-

catch reduction devices, and turtle excluder devices (Willems

et al., 2016) can reduce megafauna catch and should be considered as

part of future mitigation methods and regulations. Furthermore, if

training is provided for the fishers and marine/coastal officers on best

practice to release any live caught cetacean, dugong, sea turtle, or

elasmobranch, this may substantially decrease by-catch mortality

and increase post-capture survival (Zollett & Swimmer, 2019;

Hamer & Minton, 2020). This requires collaboration from fishers,

manufacturers, and fisheries managers. As demonstrated in other

areas, despite strict enforcement, success for any mitigation method

or fisheries restriction is dependent on fishers' willingness,

collaboration, and compliance (Alava et al., 2019).

The research and results presented in this study provide the first

crucial data and estimates of marine megafauna catch in Thai SSFs

necessary to build future conservation and management actions. It

further highlights that some threatened megafauna species may be at

risk in Thai coastal waters and warrants immediate attention to

reduce catch in SSFs to prevent species extirpation or extinction.
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