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Abstract

Mobula spp. are large planktivorous elasmobranchs that are endangered by overfishing
and often targeted for their gill plates: a high-valued product for the international
Traditional Chinese Medicine (TCM) market. The whole genus is currently listed in the
CITES Appendix II, with mantas listed since 2014, and devil rays subsequently listed in
2017. As Hong Kong is one of the major global importers and markets of gill plates, its
key dried seafood and TCM marketing areas were visited with extensive market surveys
after the implementation of the CITES listings in 2015. The current replication of market
surveys in 2022 found that market availability of gill plates in the Hong Kong market only
dropped slightly, while the market prices of gill plates rose significantly, especially for
manta gill plates. The corresponding impacts of such market changes and the CITES
listings on wild populations of Mobula spp. are yet unknown and in need of further
study. Six recommendations are proposed to enable a better understanding of the
market and trade status of gill plates, as well as to further improve CITES
implementation effectiveness concerning enforcement and monitoring efforts, especially
after the major taxonomic revision in the listing species.
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Mobula spp. are large-sized pelagic planktivorous elasmobranchs occuring in the tropical,
subtropical and temperate waters circumglobally (Sampson et al., 2010 Borrell et al.,
2011; Couturier et al., 2012; Burgess et al., 2016; Armstrong et al., 2020; Burgess et al.,
2020). According to the latest published taxonomic revision literature, the genus Mobula
currently includes nine species commonly referred to as “mantas” (M. alfredi, M. birostris)
and “devil rays” (M. eregoodoo, M. hypostoma, M. kuhlii, M. mobular, M. munkiana, M.
tarapacana, M. thurstoni) (Hosegood et al., 2020). A taxonomic revision in recent years
merged the two manta species from their former genus Manta into the genus Mobula
supported by genetic analyses (White et al., 2018). 

Unfortunately, high fishing pressure, direct or by-catch, has been the common major
threat to all Mobula species (Ward-Paige et al., 2016; O’Malley et al., 2016; Lawson et al.,
2017; Fernando & Stewart, 2021). Their long-lived and slow-growing biological
characteristics, in addition to the aggregative behaviours with predictable habitat use
make them naturally susceptible to overfishing (Ward-Paige et al., 2013; Dulvy et al.,
2014; Croll et al., 2016; Dulvy, 2016; Pardo et al., 2016). 

The branchial filaments, referred to as “gill rakers” or “gill plates” of the Mobula species
and also known as pengyusai (“膨⿂鰓” in Chinese), are the highly-priced target product
of the fisheries for international trade (Dulvy et al., 2014; Croll et al., 2016; Lawson et al.,
2017; O’Malley et al., 2017). The gill plates are used as a traditional Chinese medicine
(TCM) commodity with a range of purported functions, including detoxification, anti-
inflammation, exanthema treatment, child measles cure, boils remedy, anti-cancer and
prolactin (Wu, 2016; Zeng et al., 2016; O’Malley et al., 2017). On the other hand, other
body parts such as meat, skin and cartilage have relatively low market values, usually
consumed locally at the landing region (Lewis et al., 2015; Lawson et al., 2017; Abudaya
et al., 2018; Fernando & Stewart, 2021). Historically, gill plates were sourced from a wide
range of fisheries in China, Indonesia, India, Malaysia, Mexico, Mozambique, Palestine,
Sri Lanka and the Philippines (O’Malley et al., 2017). The key product of gill plates are
exported to different Chinese communities including Hong Kong, Malaysia, mainland
China, Singapore, Taiwan and Thailand (Wu, 2016; Zeng et al., 2016; O’Malley et al., 2017;
Wainwright et al., 2018). 

Introduction

Conservation status

Targeted and by-catch fishing pressures have driven the Mobula spp. to be increasingly
threatened with extinction, and seven of nine species are now listed as “Endangered” on
the International Union for the Conservation of Nature (IUCN) Red List (Table 1).
Meanwhile, population depletions were recorded throughout their distribution ranges in
the last decade (Lewis et al., 2015; Abudaya et al., 2017; Rohner et al., 2017; Fernando &
Stewart, 2021; Table 1). 
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  Mobula alfredi Vulnerable (2010) as Manta alfredi Vulnerable (2018)

  Mobula birostris Vulnerable (2010) as Manta birostris Endangered (2019)

  Mobula eregoodoo
Near Threatened (2003) as Mobula

eregoodootenkee
Endangered (2020)

  Mobula hypostoma N/A Endangered (2018)

  Mobula kuhlii Data Deficient (2007) Endangered (2020)

  Mobula mobular N/A Endangered (2018)

  Mobula munkiana Near Threatened (2006) Vulnerable (2018)

  Mobula tarapacana Data Deficient (2006)/ Vulnerable (2016) Endangered (2018)

  Mobula thurstoni Near Threatened (2006/2016) Endangered (2018)

Species Previous status Current status
(assessment year) (assessment year)

Table 1. Previous and current statuses of the nine species in the genus Mobula listed in the IUCN Red
List.

Convention on International Trade in Endangered Species of Wild Fauna
and Flora (CITES)

Considering that the international trade of the Mobula gill plates poses one of the major
threats to Mobula spp., all species under the genus Mobula are currently listed in CITES,
the largest agreement with legal-binding power to signatory parties concerning
international trade in wildlife. Mantas (taxonomically Manta alfredi and Manta birostris at
the moment of listing, before updates in 2023) were listed onto CITES Appendix II in
2014, and devil rays were subsequently listed in 2017. 

In response to the taxonomic revision in the family Mobulidae, listed species were also
revised and adopted at CoP19 in 2023 (CITES CoP19 Doc.84.1) with reference to White &
Last (2016). The genus Manta was synonymized into the genus Mobula, and the species
Mobula rochebrunei was synonymized under Mobula hypostoma. Ten Mobula spp. are
accepted in the latest approved CITES listing, which is different from the latest nine
species classification used by the IUCN Red List and in literature (Mobula japanica
synonymized under Mobula mobular, and Mobula eregoodootenkee remained as a
synonym of Mobula eregoodoo, White et al., 2018). 
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During the visits to each shop, three key pieces of
information were collected. First, whether gill
plates were available in each shop. Second, the
identification of species groups of the gill plates
available (mantas or devil rays), with reference to
O’Malley et al. (2017). Third, the market price
(HKD per catty or tael) of gill plates in respective
species groups. 

Gill plates in Hong Kong Dried Seafood Market 

Hong Kong has been identified as one of the key destinations and markets of gill plates
in the international trade (Couturier et al., 2012; Wu, 2016; Zeng et al., 2016; O’Malley et
al., 2017). The city was also suggested to be an entrepot of gill plates re-exporting up to
70 – 80% of import volumes to the mainland China Guangdong and Guangxi areas (Zeng
et al., 2016; O’Malley et al., 2017). Extensive market surveys in Hong Kong for dried gill
plates were conducted from 2009 to 2016 (Hau et al., 2016; O’Malley et al., 2017). 

After almost a decade since the CITES listing of Mobula spp. and the last trials of market
surveys in Hong Kong, it is important to revisit the market to evaluate any changes,
especially in market availability and prices of gill plates, to understand impacts of CITES
listing on the trade of Mobula gill plates. Therefore, this resurvey of the Hong Kong gill
plate market aims to 1) evaluate the market status of gill plates in the Hong Kong dried
seafood market after the CITES listings of Mobula spp., 2) examine trends in the
availability and market prices of gill plates in the Hong Kong market following the CITES
listings, and 3) provide recommendations for optimizing CITES management and
conservation of Mobula spp..

Methodology

Extensive market survey

Photo credit: Stan Shea@BLOOM HK
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Extensive market surveys for Mobula gill plate availability and market prices were
conducted during late 2015 and late 2022 in Sheung Wan and Sai Ying Pun, the major
market area of dried seafood in Hong Kong. During each round of the market surveys,
each dried seafood and Chinese medicine shop in the area were exhaustively visited
given the dual perception of the gill plates as both
 (Hau et al., 2016; O’Malley et al., 2017).



CITES official trade data

Official trade data for legally traded Mobula gill plates were collected from the CITES
Trade Database (https://trade.cites.org/), which compiles trade data reported annually by
the Endangered Species Protection Division, Agriculture, Fisheries and Conservation
Department (AFCD), the corresponding CITES Authority of Hong Kong SAR. Specific
filtering criteria for data of interest were gathered covering the years of CITES listings
from 2016 to 2022, with “Term” specified as “gill plates”, with volume “Unit” as “kg” and
“Purpose” as “T (Trade”). Trade volumes of “Importer reported quantity” were used over
“Exporter reported quantity” if both were available, so as to capture the amount of gill
plates exported into the international trade from the source countries/territories when
discrepancies occurred between the two data sources.

Data analysis

Availability and market price data from 2015 and 2022 were pooled into three taxonomic
categories, 1) all, 2) manta and 3) devil ray gill plates. The data pooling was conducted in
order to make the data comparable to past studies and evaluate any differences
remained from this conventional classification, despite the taxonomic merge of the two
groups (Hau et al., 2016; O’Malley et al., 2017). All market price data points were
standardized to USD per kg for further analyses. Market price comparisons were
conducted between survey years and pooled taxonomic categories with Mann-Whitney
U tests.

Hong Kong illegal trade confiscation data

Confiscation cases of illegal trade involving gill plates in Hong Kong since CITES
implementation of Mobula spp. listing, from 2016 to June 2023, were provided by the
AFCD. The case details included the annual number of cases, seized volume (kg), trade
direction to Hong Kong (import/export) and the countries (sources/destinations)
involved.

Photo credit: Stan Shea@BLOOM HK
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  Total shops surveyed 387 (100%) 395 (100%)

2015 2022

Table 2. Total number of dried seafood and Traditional Chinese Medicine shops surveyed during the
2015 and 2022 market surveys, and the shop availability with gill plates present (in number of shops
and % surveyed shop number) for all, manta and devil ray gill plates.

Results

Market availability

  Shop availability

  All 110 (28.42%) 95 (24.05%)

  Manta 93 (24.03%) 69 (17.47%)

  Devil ray 48 (12.40%) 31 (7.85%)

Shop availability

Market price

  All 131.96 ± 55.18 140.39 ± 44.90 0.019

  Manta 138.25 ± 59.94 151.96 ± 45.31 0.007

  Devil ray 121.76 ± 44.60 114.64 ± 31.17 0.822

  Mantas vs Devil rays
  (p-value)

0.052 < 0.001

2015 2022 2015 vs 2022
(p-value)

Market price 
(USD/kg ± SD)

Table 3. Market prices (USD/kg ± SD) of all, manta and devil ray gill plates recorded during the 2015
and 2022 market surveys. Rightmost column: p-value of comparing market prices of all, manta and
devil ray gill plates between 2015 and 2022. Bottom row: p-value of comparing market prices between
manta and devil ray gill plates in 2015 and 2022. 
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Market price of gill plates were found to be significantly higher in 2022 than in 2015 (p-
value = 0.019). Significant price increase through the years was only recorded in manta
gill plates (p-value = 0.007) but not in devil ray gill plates (p-value = 0.822). Manta gill
plates were more expensive than devil ray gill plates (p-value < 0.001) in 2022 but not in
2015 (p-value = 0.052). 

Availability of gill plates in both mantas and devil rays in the Hong Kong dried seafood
market dropped in shop numbers and proportions from 2015 to 2022, despite the
increase in number of shops in the market. 



CITES official trade data
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Figure 1. Import volumes (tonnes) of Mobula gill plates into Hong Kong grouped by source
country/territory and species from 2018 to 2021. No consignments were recorded in 2022. (Data
source: CITES Trade Database)
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Trade volumes by source countries/territories

Trade records of gill plates were only found between 2018 and 2021, and none were
recorded in 2022. According to the CITES official trade data, Hong Kong was the only gill
plate importer of all 31 consignments. Sri Lanka and India were the major source
countries of gill plates, contributing to 62.22% and 33.14% of the total recorded trade
volumes respectively. Four consignments, in total 515.5 kg of gill plate from different
Mobula spp. were imported from the West African country Sierra Leone routing through
Sri Lanka. No re-export records were recorded in the CITES trade records. 



No. of cases
(import/export)

1
(import)

0
1

(import)
1

(import)
3

(import)
4

(import)

1
(re-export)

Seized gill plate 
volume (kg)

0.825 0 1.32 277.6 51.4 52.4

Countries 
involved
(source/
destination)

Mainland
China

(source)
N/A

Senegal
(source)

Somalia
(source),
mainland

China
(destination)

Bangladesh
(source),

South Africa
(source),

United Arab
Emirates
(source)

Ghana
(source),
Thailand
(source)

Trade volumes by species

Only five taxa, with four specific species, were recorded from the CITES Database trade
records. No dominant taxa of gill plate sources and taxa-specific proportions varied
between years. Mobula spp. classification contributed to 32.87% of the recorded trade
volume. Mobula japonica, M. tarapacana and M. mobular were contributing to 26.88%,
24.43% and 9.12% respectively. The trade volume of manta M. birostris was the smallest,
contributing to only 6.70% of the total recorded trade. 

Hong Kong confiscation data

2018

(as of June 2023)

Table 4. Number of confiscation cases (trade direction), seized gill plate volume (kg) and
countries/territories involved (source/destination) annually from 2018 to June 2023.

2019 2020 2021 2022 2023
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No confiscations were found before 2018 and in 2019. Among the 11 confiscation cases,
illegal imports contributed to the majority. The only illegal export (or re-export) case
destinated for mainland China occurred in 2022, and involved 186 kg of gill plates, and
was the largest among all confiscations. Interestingly, mainland China played as both
source and destination of smuggling gill plates. 



The average market price of gill plates in the Hong Kong market rose significantly (p-
value = 0.019) from 2015 to 2022. Such an increase was mainly contributed to by the rise
of the manta gill plate market price (p-value = 0.007) over the years, which was also
significantly higher than the rise for devil ray gill plates in the 2022 survey (p-value <
0.001), and the significant rise in market price was not recorded in devil rays. This trend
is possibly due to the low trade volumes of gill plates from Mobula birostris relative to
other devil ray species, even if assumed to include the trade volume of the
conglomerated Mobula spp. group (Fig. 1). The market price of manta gill plates may also
rise with its rarity value given the smaller supply, due to their distinctive morphology
making them readily distinguishable and classifiable from other gill plates (Courchamp et
al., 2006; Holden & McDonald-Madden, 2017). 

The availability of gill plates in the Hong Kong market reduced slightly after CITES listings
since 2015, yet the import volume into the city remained at about four to five tonnes per
year through the years, with Hong Kong being the only recorded destination of gill plates
in the CITES trade records. However, without specific trade categories designated for gill
plates in Hong Kong, no official customs information is available for comparison with
CITES records or between import and re-export records. In addition to the inability for
legal trade flows to be recorded comprehensively, illegal trades were also known to
occur, both for smuggling the products into Hong Kong and out to mainland China with
other lucrative and controlled dried seafood products (Table 4). The actual level of
exploitation and trade of the Mobula spp. stocks for gill plates are very likely to be
underestimated with the presence of illegal, unreported and unregulated fisheries and
trade. 

Discussion 
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Gill plates remain the key product for trade for Mobula spp. contributing to 32 of the 50
consignments for trade of the taxa recorded in the CITES Trade Database from 2016 to
2022. Meanwhile Mobula alfredi and M. munkiana remained classified as Vulnerable on
the IUCN Red list, and another seven of the nine species in the genus were listed as
Endangered in 2020. Given that supply for the international trade remains one of the key
drivers for the Mobula spp. fisheries, optimization in CITES implementation and other
additional measures are crucial to conservation of the species. The following
recommendations are proposed from trade evaluation, monitoring and management
aspects relevant to Mobula spp. conservation.

Conclusion and recommendations

Survey on community acceptance of gill plates

A community-based study on the awareness and acceptance of gill plates, as dried
seafood and TCM is recommended to evaluate the demand for gill plates in the Hong
Kong community. This could also give reference to the inference of whether the
reduction in market availability of the gill plates is a bottom-up response driven by
decreasing demands. 

1.

Consistent classification and species identification among fisheries,
trade management, and conservation authorities and parties

Currently, the accepted Mobula spp. classification by the management regime (CITES),
major global conservation assessment institute (IUCN Red list) and literature (e.g. White
et al., 2018 and Hosegood et al., 2020) are not synchronized. Such fundamental
inconsistencies could induce confusion and miscommunication among fisheries, trade
management, and conservation authorities and parties.

Following the latest classification updates in CITES, the identification guidelines for gill
plates should also be updated accordingly, with training offered to enforcement officials
on the revisions. This can support the timely adaptation of CITES implementation and
facilitate accurate records of traded species by inspection officials. One of the key
revisions that must be addressed is the morphology of gill plates for the formerly Mobula
mobular which included the currently invalid M. japonica, and in which the gill plate
morphology of the latter is identified but not for the former. These should therefore be
re-examined.

2.
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Review of Significant Trade (RST) for Mobula spp.

Despite CITES listings, species in Mobula spp. were up-listed in the most recent round of
IUCN Red List assessments, suggesting that threats to the species persist. An RST was
recommended in the thirty-second meeting of the Animals Committee to
comprehensively assess the trade in Mobula spp., especially concerning gill plates (AC32
Com. 3). The RST is an instrument in CITES designed to identify problems and solutions
for the effective implementation of CITES [ Conf. 12.8 (Rev. CoP18) ], in
countries/territories for specific listed species. In the Mobula spp. RST, Sri Lanka will be
one of the focus Parties as the key source country of gill plates. Meanwhile, re-
assessment of the mainland China markets should be included to evaluate the major
market demand. The completion of this identified RST process for Mobula spp. must be
supported. 

3.

Non-detriment Finding (NDF) with science-based assessments

The NDF for different Mobula spp. should be produced by the Parties involved in the
trade of the species with support of science based assessments as recommended by
CITES [Conf. 16.7 (Rev. CoP17)]. This is essential for the quantification and justification of
the exploitable extent of wild populations under sustainable levels. Communication of
scientific justifications for NDFs, through existing channels[1],[2], among important
traders for Mobula spp. involving many look-alike and sympatric species, with similar
assessed extinction risks sharing overlapping areas of occurrence is recommended. 

4.
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Information resources from Parties and other stakeholders. 
Available at: https://cites.org/eng/prog/shark/resource_Parties_stakeholders

CITES Virtual College Non-detriment findings. 
Available at: https://cites.org/eng/virtual-college/ndf

[1]

[2]



Establish protocol for managing stockpiles of gill plates

The stockpiling issue, that pre- and post-CITES listing gill plates are indistinguishable, has
made this study difficult to evaluate and explain any changes in the market, including
availability and prices, with the listing. For instance, observations in changes of
proportions and volumes of pre- and post-CITES gill plates through time would help in
assessing the market demands of gill plates, and subsequently the inducers of price
changes by analysing both the gill plate demands and supplies under the CITES-listing.
Therefore, comprehensive labelling and management systems of pre-CITES listing gill
plates is crucial for further monitoring and enforcement in the trade of gill plates for
effective implementation of CITES in the future. Feasible protocol for managing
stockpiles of gill plates can be adapted to the species-specific and local context from
existing guidelines and examples such as shark fins (Lau & Sant, 2022).

6.
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Categorizing specific Harmonized System (HS) codes for Mobula
spp. and gill plates 

The official CITES trade data is the major trade data source enabling a brief
understanding for the routes, volumes, purposes, and forms of the international trade
patterns for Mobula spp. and gill plates. However, specific HS codes for Mobula spp. or
gill plates are still currently lacking. Such codes are crucial for tracking and monitoring
the international trade, and giving resolution to the goods in manifest and clearance
processes for traders and customs officials uses. More importantly, by updating HS
codes the legal trade of the gill plates between Hong Kong and mainland China can be
made visible.

5.
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