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Abstract  The Mobulidae family comprises nine 
extant manta and devil ray (mobulid) species in the 
monogeneric genus Mobula, of which five occur in 
Peruvian waters. In this study, we assessed mobulid 
ray landings and trade along the coast of Peru by ana-
lysing historical captures, monitoring landing sites, 
and conducting interviews with fishers (n = 37) and 
traders (n = 21). A total of 7444.9 tons of mobulids 
were reported from 2000 to the end of 2023 in arti-
sanal fisheries through data collected by the Marine 
Institute of Peru. Between 2013 and 2023, mean 
yearly mobulid ray landings for northern Peru were 
approximately 11,520 individuals (7414  M. munki‑
ana, 3126 M. mobular, and 981 M. thurstoni) based 

on species-specific estimates of weight at maturity. 
This ranks Peru among the top mobulid fisheries 
globally. Of great concern was a 75.05% decline in 
mobulid ray landings between 2013 and 2023 relative 
to 2000–2012. Additionally, six key mobulid landing 
sites in the Tumbes and Piura region were monitored 
between April 2017 and February 2019, sampling 
257 mobulid ray specimens for detailed morphomet-
ric data. In these surveys, the most abundant spe-
cies was M. mobular (n = 156, 60.7%), followed by 
M. thurstoni (n = 47, 18.3%), M. munkiana (n = 24, 
9.3%), and M. birostris (n = 4, 1.6%). Interviews 
suggest the highest mobulid landings occur during 
the warm season (December to May). Although M. 
birostris has been protected in Peruvian waters since 
2016, and recent legislation extends protection to all 
mobulid species, this study reinforces that all mobu-
lid species are globally threatened. Therefore, the 
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large number of mobulid rays landed in Peru annu-
ally is a major concern and requires urgent attention 
by fisheries management authorities to determine 
the necessary regulations required to conserve these 
highly vulnerable species.

Keywords  Mobula · Bycatch · Small-scale 
fisheries · Landings · Interviews

Introduction

The global population of sharks and rays (Subclass: 
Elasmobranchii) is facing an unprecedented extinc-
tion crisis, with over 75% of species threatened 
primarily due to overfishing (Dulvy et  al. 2021). 
Among elasmobranchs, batoids (Batoidea, 633 
spp.; Last et  al. 2016), particularly mobulid rays 
and their relatives, are at severe risk (Dulvy et  al. 
2014; González-Pestana et al. 2022). In the Eastern 
Pacific, Peru plays a significant role in this crisis, 
ranking 15th globally in batoid landings and contrib-
uting 11% of worldwide landings between 2005 and 
2011 (González-Pestana  et al. 2022). Mobulid rays 
account for 28% of Peru’s total batoid catch, with 
the majority of landings occurring along the north-
ern coast, and gillnets are the primary fishing gear 
responsible for mobulid captures (González-Pestana 
et  al. 2016; Alfaro-Cordova et  al. 2017;  González-
Pestana 2022) .

The Mobulidae family comprises nine species 
within the genus Mobula (Couturier et al. 2012; White 
et al. 2018; Notarbartolo di Sciara et al. 2019; Hose-
good et  al. 2020). Five of these species have been 
recorded off Peru: the oceanic manta ray (M. biro‑
stris), the spinetail devil ray (M. mobular), Munk’s 
pygmy devil ray (M. munkiana), the sicklefin devil 
ray (M. tarapacana), and the bentfin devil ray (M. 
thurstoni) (Chirichigno and Cornejo 2001; Cornejo 
et  al. 2015;  González-Pestana  2022). These species 
are particularly susceptible to overexploitation due to 
their slow growth, late sexual maturity, and low repro-
ductive potential (Marshall and Bennett 2010; Dulvy 
et al. 2014; Stewart et al. 2018; Rambahiniarison et al. 
2018). This vulnerability has led to significant popula-
tion declines and indications of overfishing in landing 
hotspots worldwide (Moazzam 2018; Fernando and 
Stewart 2021; Carpenter et al. 2023; Carpenter 2023). 

However, long-term species-specific data remains 
scarce for most regions (Stewart et al. 2018).

The impact of fishing on mobulid populations is 
substantial. A study in northern Peru revealed that 
nearly 2000 mobulids were landed in Zorritos alone 
in 2015 in small-scale artisanal fisheries, with over 
97% being immature spinetail devil rays (Alfaro-
Cordova et  al. 2017). Mobulid catches have been 
reported in both small-scale and industrial fisher-
ies (Hall and Roman 2013; Alfaro-Shigueto et  al. 
2010; Alfaro-Cordova et al. 2017). The purse seine 
tuna fishery off Peru reported an average of more 
than 600 mobulids/year captured as bycatch between 
1994 and 2009 (Hall and Roman 2013). Moreover, 
the vulnerability of mobulid rays is exacerbated by 
their habitat preferences. These zooplanktivorous 
rays aggregate to feed in the rich upwelling sys-
tems off the Peruvian coast (Alfaro-Cordova et  al. 
2017; Guirkinger et  al. 2021;  González-Pestana 
et  al.  2022;  González-Pestana  2022), which over-
lap with fishing grounds of other oceanic species 
(Jabado et  al. 2023). This overlap results in large 
bycatch quantities, primarily by gillnets and other 
non-selective fishing gear (Croll et al. 2016; Stewart 
et al. 2017; Alfaro-Cordova et al. 2017; Guirkinger 
et al. 2021; González-Pestana et al. 2022; González-
Pestana 2022). While the retention of mobulid rays 
in many fisheries is driven by the demand for their 
gill plates in the Asian medicinal trade, particularly 
in mainland China and Hong Kong (O’Malley et al. 
2017; Palacios et al. 2024 in press), the situation in 
Peru is different. Here, mobulid rays are primarily 
retained for meat consumption, both fresh and dried, 
with no apparent commercialization of gill plates 
(Ayala and Romero 2016; Guirkinger et  al. 2021; 
Alfaro-Cordova et  al. 2017). Additionally, mobu-
lid meat is used in traditional cuisine in the Lam-
bayeque region of Peru (Rojas 2016).

Due to global concern over the extinction risk of 
mobulid rays caused by fishing pressure, the Inter-
national Union for Conservation of Nature (IUCN) 
categorises M. birostris, M. mobular, M. tarapacana, 
and M. thurstoni as ‘Endangered’ and M. munkiana 
as ‘Vulnerable’ on the Red List of Threatened Spe-
cies (IUCN 2024). In Peru, all mobulid ray species 
are subject to some level of protection derived from 
international and national agreements. Since 2014, 
all mobulid ray species have been listed in Appen-
dices I and II of the Convention on the Conservation 
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of Migratory Species of Wild Animals (CMS), pro-
moting conservation efforts in member states (CMS 
2015). Additionally, since 2016, all mobulid ray 
species have been included in Appendix II of the 
Convention on International Trade in Endangered 
Species of Wild Fauna and Flora (CITES), which 
requires Peru, as a member state, to ensure that 
international trade in these species is legal, sustain-
able, and traceable (CITES 2016). Regional efforts 
to reduce mobulid ray capture and promote their 
conservation have also been implemented. Peru, as 
a cooperating party of the Inter-American Tropical 
Tuna Commission (IATTC), is subject to Resolu-
tion C-15–04, adopted in 2015, which incorporates 
mobulid ray safe handling and release guidelines and 
retention bans in tuna fisheries. This resolution aims 
to minimise the impact of fishing activities on these 
species and promote their survival when incidentally 
caught. At the national level, Peru has implemented 
specific regulations for mobulid rays. Since 2016, 
M. birostris has been granted special protection sta-
tus in Peru (Produce 2015). This measure prohibits 
the capture, retention, and commercialization of M. 
birostris throughout the year. Building on this ini-
tial protection, Peru has recently taken a more com-
prehensive approach to mobulid conservation. In 
2024, the government amended the existing law to 
expand protection to all mobulid species (Produce 
2024). This comprehensive regulation, scheduled for 
implementation in January 2025, marks a significant 
advancement in mobulid conservation in the coun-
try. However, concerns raised by fishing communi-
ties regarding potential livelihood impacts have cast 
uncertainty on the law’s enforcement and long-term 
viability (Rojas pers. comm.).

Despite national and international measures, Peru 
continues to play a significant role in mobulid ray 
trade, particularly for meat consumption. The ongo-
ing high levels of domestic consumption and poten-
tial cross-border trade with Ecuador highlight the 
challenges in implementing and enforcing regulations 
effectively. This situation is exacerbated by the non-
selective nature of fishing gear, particularly gillnets, 
which often result in the incidental capture of mob-
ulid rays (Palacios et  al. 2024 in press; Zhou et  al. 
2024; Harris and Stevens 2024). Information regard-
ing Peruvian mobulid ray populations is increasing 
but remains relatively scarce and limited in scope, 
e.g. fisheries monitoring has often been restricted to 

specific landing sites over relatively short study peri-
ods (Alfaro-Cordova et  al. 2017), and species misi-
dentifications are very common which generates a 
significant bias in official capture data (Rojas 2016; 
Alfaro-Cordova et  al. 2017). Nonetheless, M. mobu‑
lar appears to be the most abundant species in the 
fisheries, with a high percentage of immature indi-
viduals caught in artisanal landings (Alfaro-Cordova 
et al. 2017). Indeed, due to the high proportion (82%) 
of immature individuals recorded, a potential nurs-
ery area for M. mobular has been proposed in the 
Tumbes and Piura region in northern Peru (González-
Pestana 2022). This area has also been officially rec-
ognised by the IUCN as an Important Shark and Ray 
Area (ISRA) since it functions as a reproductive area 
(Jabado et  al. 2023). Moreover, 15% (n = 8) of the 
documented M. munkiana caught in October 2015 
in Zorritos were gravid females according to Rojas 
(2016). In the small-scale gillnet fishery in north-
ern Peru, mobulid ray catches are considered oppor-
tunistic events, that is, their capture rates are high if 
one considers them a bycatch species, but relatively 
low for a target catch. Also, they are captured when 
the target species are scarce or during warm seasons 
(Alfaro- Cordova et al. 2017).

All previously mentioned factors contribute to a 
vulnerable environment for mobulids in Peru, making 
it necessary to expand our knowledge of their fisher-
ies, trade, and associated effects on population status. 
Therefore, the present study aimed to characterise 
mobulid fisheries and trade in Peru. The three differ-
ent information sources used to achieve these objec-
tives were (1) official long-term landing data reported 
in seven regions, (2) focused landing surveys at six 
hotspots, and (3) interviews with fishers and traders 
from three localities. This study is expected to pro-
vide relevant information contributing to decision-
making for the conservation of mobulid ray species in 
Peru and at a larger scale.

Methodology

Official public data

The Marine Institute of Peru (Instituto del Mar del 
Peru-IMARPE) has maintained a national landing 
monitoring system of artisanal fishing in the main 
landing sites since 1996 (Guevara-Carrasco and 
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Bertrand 2017). Even though total landings from the 
entire country are not registered, it is the largest sam-
ple in space and time available for all artisanal fisher-
ies in Peru. Data was collected across 24 landing sites 
along the coastline and covers all key fisheries off 
northern Peru. IMARPE has undertaken regular mon-
itoring of landings since 2000, and enumerator cover-
age has reportedly been stable since 2005 (R. Flores 
pers. comm.). However, in 2020–2021, COVID-19 
may have affected fishing and data collection to some 
extent, which we could not account for in this study.

Through requests for access to public information 
by transparency law No. 27806, IMARPE (https://​
www.​imarpe.​gob.​pe/​imarpe/​acces​oinfo​rmaci​on) and 
the Ministry of Production (PRODUCE) (https://​
trans​paren​cia.​produ​ce.​gob.​pe/​index.​php/​formu​lar-
ios-​de-​atenc​ion-​al-​ciuda​dano/​solic​itud-​de-​acceso-​a-​
la-​infor​macion-​publi​ca) were contacted to provide 
statistics on mobulid landings from 2000 to the end 
of 2023. IMARPE provided two overlapping data-
sets on mobulid landings: one covering 2000–2019 
and another spanning 2019–2023. For the year 2019, 
which appears in both datasets, there is a discrepancy 
in reported landings. The 2000–2019 dataset reported 
344.8 tons, while the 2019–2023 dataset indicated 
286.4 tons, a difference of 58.3 tons or 16.9% of the 
higher value. To address this inconsistency, land-
ings for 2019 were averaged using both reported fig-
ures. Mean yearly mobulid ray landings in numbers 
of individuals were estimated from the total mobu-
lid ray landings reported by IMARPE by weight (in 
kg), using average weight at maturity for each of the 
recorded species from 2013 to 2023. Mean DW at 
maturity (among males and females—Stevens et  al. 
2024) was used to estimate the weight at maturity 
using species-specific conversion formulas (Ehemann 
et al. 2017; Rambahiniarison et al. 2018). Mean yearly 
species-specific landings were then converted to a 
number of individuals using these estimated weights 
(M. mobular, 91.7 kg; M. munkiana, 9.4 kg; and M. 
thurstoni, 44.0 kg).

To examine mobulid landings and fisheries in 
Peru, landing data was analysed from the IMARPE 
(2024a, b) public database instead of PRODUCE due 
to better data disaggregation. PRODUCE aggregates 
all ray landings data without distinguishing the genus 
Mobula and lacks continuous, time-series-specific 
data for mobulids.

Opportunistic monitoring and interview data

Study area

The study focused on six key artisanal fishing ports in 
northern Peru—Puerto Pizarro, Zorritos, Acapulco, 
Cancas in Tumbes, and Mancora and Los Organos in 
Piura—critical for mobulid landings due to significant 
fishing activity (IMARPE 2015; Rojas 2016; Vera 
et al. 2021; Gonzalez-Pestana 2022). Site selection was 
informed by local research and the author’s field expe-
rience, ensuring a contextually relevant approach. To 
complement the data on landings, semi-structured inter-
views were conducted with fishers and traders in Zor-
ritos, Mancora, and Chiclayo (Lambayeque region) to 
gather their perceptions on mobulids and to explore the 
dynamics of this fishery within the value chain (Fig. 1).

Data collection

The sampling methodology for monitoring mobulid 
landings between April 2017 and February 2019 was 
opportunistic. While the sampling was not uniformly 
distributed across the year, with more coverage dur-
ing the Austral winter than summer, sites were visited 
randomly during survey periods. During survey peri-
ods, random landing site surveys were complemented 
by notifications from local fishers about expected 
landings, which ensured that majority of total land-
ings were captured on survey days at each site. How-
ever, this methodology may have also skewed data 
collection towards relatively larger fishing events of 
the Austral winter. Additionally, landings per survey 
day were estimated for each site, enabling comparison 
among sites.

The data collection process was comprehensive, 
including species identification based on morpho-
logical characteristics (Stevens et  al. 2018), body 
size measurements (disc width, cm) from the tip 
of one pectoral fin to the other, sex, landing site, 
and fishing gear used. Because in most cases larger 
mobulid ray specimens were landed eviscerated and 
sectioned in half (with only pectoral fins and ver-
tebral columns), DW was estimated by measuring 
each half of the body and doubling these measure-
ments to estimate total DW. Also, it is important to 
note that according to fishers, approximately 20% 
of mobulid catches are discarded at sea to save 

https://www.imarpe.gob.pe/imarpe/accesoinformacion
https://www.imarpe.gob.pe/imarpe/accesoinformacion
https://transparencia.produce.gob.pe/index.php/formularios-de-atencion-al-ciudadano/solicitud-de-acceso-a-la-informacion-publica
https://transparencia.produce.gob.pe/index.php/formularios-de-atencion-al-ciudadano/solicitud-de-acceso-a-la-informacion-publica
https://transparencia.produce.gob.pe/index.php/formularios-de-atencion-al-ciudadano/solicitud-de-acceso-a-la-informacion-publica
https://transparencia.produce.gob.pe/index.php/formularios-de-atencion-al-ciudadano/solicitud-de-acceso-a-la-informacion-publica


729Environ Biol Fish (2025) 108:725–748	

Vol.: (0123456789)

space on vessels, with heads and viscera typically 
discarded. However, smaller individuals are often 
landed whole (Rojas, pers. comms.).

Fishers and traders interviews

Between June and July 2018, in-person semi-struc-
tured interviews were conducted with artisanal fish-
ers and mobulid meat traders in Mancora, Zorritos, 
and Chiclayo to gather information on fishing prac-
tices, species-specific trends, and trade dynamics. 
Interviewers explained how the results would be used 
and shared, and that data would be de-identified. To 
conduct the interviews, the study utilised non-prob-
ability sampling techniques, such as convenience, 
opportunistic, and snowball sampling methods, as 
described in previous research (Jabado et  al. 2015; 

Liao et  al. 2019; Patankar 2019). To enhance data 
reliability, different questions were repeated strate-
gically to confirm key data and to identify potential 
response biases. The questionnaires were designed to 
capture both qualitative and quantitative data through 
a variety of question types, including open-ended, 
closed-ended, and multiple-choice formats (Online 
Resource 1 and 2).

Interviews with fishers focused on fishing gear, 
target species, seasonal patterns, fishing locations, 
and perceptions of mobulid population trends, as 
well as historical changes in fishing practices and 
species abundance. For fishing areas, fishers iden-
tified locations by their common names; in some 
cases, GPS points were provided, while in others, 
locations were described based on their distance 
from the coast (Online Resource 1). Interviews 

Fig. 1   Study area: a mobulid landing regions reported from IMARPE dataset. b Landing sites and fishing areas in Tumbes and Piura 
from this study; c meat salt-drying processing centre, wholesaler, and local distribution markets
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with traders concentrated on trade practices, prod-
uct types (e.g. meat, fins, gills), pricing, and market 
destinations, offering insights into the seasonality of 
mobulid product demand and the structure of local 
supply chains (Online Resource 2). Both question-
naires emphasised anonymity and voluntary partici-
pation, encouraging honesty and completeness in 
responses. Visual aids, such as species identifica-
tion guides, were used to enhance the accuracy of 
reported species.

Data analysis

Official public data analysis

An exploratory analysis was conducted to compile 
and visualise data on mobulid landings from 2000 to 
the end of 2023. The raw dataset included monthly 
catch data according to six variables: regions (n = 7), 
landing sites (n = 24) (Supplemental Table 1), taxo-
nomic group (n = 1, ‘Peces’), common name (n = 3: 
manta diablo, manta de munk, diablo manta), sci-
entific name (n = 4: M. mobular, M. munkiana, 
M. thurstoni, and Mobula spp.), and fishing gears 
(n = 5): gillnets, purse seines, harpoon, longlines, 
and others. It is noteworthy that an additional dataset 
from IMARPE (2018), reporting landings from 1996 
to 2017 and that included some landings for M. biro‑
stris between 2014 to 2017, was available (Supple-
mental Table 2). However, this dataset was excluded 
from the analysis due to discrepancies in total counts 
and a lack of comprehensiveness across spatial and 
temporal scales.

Before 2013, all species caught were misreported 
as M. thurstoni, so in our analysis, all landings from 
2000 through to the end of 2012 were collectively 
reported as Mobula spp. to best utilise this data in 
the study. Species-specific catch analyses were con-
ducted across different regions and gear types over 
11  years (2013–2023) to illustrate landing trends. 
Additionally, to assess the significance in seasonal-
ity of mobulid landings in Peru, a chi-squared test 
was performed on monthly landings of three differ-
ent species (M. mobular, M. munkiana, M. thurs‑
toni) throughout the study period (2013–2023). The 
seasons that were considered in the analysis are as 
follows: warm season (December to May) and cold 
season (June to November).

Opportunistic landing data analysis

Size distribution analyses were performed on mobu-
lid landings data collected between 2017 and 2019. 
The frequency distributions of body sizes, measured 
as disc width (DW) in centimetres, were examined for 
M. mobular, M. thurstoni, and M. munkiana. Only M. 
birostris was not included in this analysis due to the 
small sample size of only 4 individuals recorded dur-
ing the study period. These analyses were conducted 
separately for each species and stratified by sex to 
investigate sex-specific size patterns. Descriptive sta-
tistics, including mean, median, and range of DW, 
were calculated for each species-sex combination. In 
addition, to evaluate potential deviations from a 1:1 
sex ratio in each species, a chi-square (χ2) goodness-
of-fit test was conducted. The null hypothesis posited 
that the sex ratio for each species did not significantly 
differ from parity. Observed frequencies of males and 
females were compared against expected frequencies 
derived from the hypothesised equal proportion. The 
significance level was set at α = 0.05, with degrees of 
freedom (df) = 1 for each test. Additionally, to com-
pare landings across sites, mobulid landings per sur-
vey day are reported for each site.

Interview data analysis

The analysis of interview data focused on three key 
aspects of the mobulid ray fishery and trade in north-
ern Peru. Firstly, the seasonality of mobulid ray cap-
tures in Mancora and Zorritos was examined based 
on fisher interviews. Responses were aggregated to 
identify peak fishing periods and potential patterns 
in capture rates throughout the year. This qualitative 
data was used to complement and contextualise the 
quantitative landing data.

Secondly, the salt-drying process for mobulid ray 
meat was documented through a series of images cap-
turing each step: (a) skin extraction, (b) cutting, (c) 
washing, (d) salting, and (e–f) sun drying. Interviews 
and these photos of the traditional preservation meth-
ods used in the region offer insights into the post-har-
vest handling and processing of mobulid ray meat.

Lastly, a descriptive analysis was conducted on the 
average prices of mobulid ray meat, categorised by 
processing method (fresh/dry), meat colour (white, 
pink, or black), and seasonality (high/low season). 
This analysis was performed separately for each 
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landing site (Zorritos and Mancora) and market (San 
Jose, Chiclayo, Morrope, and Moshoqueque). Prices 
were converted from Peruvian soles (PEN) to U.S. 
dollars (USD) using the average nominal exchange 
rate published by the Central Reserve Bank of Peru 
for June 2018 (1 USD = 3.27 PEN) to facilitate com-
parisons across sites and seasons.

Results

Official public data analysis

Catch trends in gear types and across regions

A total of 7444.9 tons of mobulid rays were landed 
over 24  years (2000–2023) according to the IMA-
RPE data, across all gear types. The highest landings 
were recorded in 2023 (635 tons, representing 8.5% 
of total landings recorded in the dataset), followed by 
2006 (568 tons, 7.63%) and 2003 (543 tons, 7.29%) 
(Fig.  2a). Species-specific data between 2013 and 
2023 indicated that M. mobular dominated landings 
across all gear types (3152 tons, 71.79%) (Fig.  2b), 
followed by M. munkiana (763 tons, 17.38%) and M. 
thurstoni (475 tons, 10.81%) (Fig. 2b–d). The average 
annual landings in number of individuals were 11,520 
mobulid rays per year from 2013 to 2023. Species-
specific estimates of annual landings in number of 
individuals were the highest in M. munkiana (7414 
individuals/year, 64.36%), followed by M. mobular 
(3126 individuals/ year, 27.14%) and M. thurstoni 
(981 individuals/year, 8.52%).

Over this time period, gillnets were responsible for 
the majority of landings in M. mobular (87.23%) and 
M. thurstoni (79.68%). For M. munkiana, landings 
from gillnets (47.41%) represented a similar volume 
to landings from purse seines (44.29%) (Fig.  2c). 
Purse seines were also responsible for a considerable 
amount of M. thurstoni landings (13.17%) (Fig. 2d), 
while harpoons were the second most important gear 
type capturing M. mobular (9.31%) (Fig.  2b). From 
2000 to 2012 when catches were not identified to the 
species-specific level, the majority of mobulid ray 
landings occurred in purse seines (Mobula spp.: 1975 
tons, 64.67%) (Fig. 2a).

For the top three gear types (gillnets, purse 
seines, and harpoons), species-specific mobulid ray 
landing trends were observed between 2013 and 

2023, totalling 3490 tons in gillnets (Fig.  3a), 472 
tons in purse seines (Fig.  3b), and 302 tons on har-
poons (Fig.  3c). Mobula mobular dominated gillnet 
(78.78%) and harpoon (96.93%, 294 tons) landings 
while M. munkiana dominated purse seine landings 
(71%, 338 tons) (Fig. 3a–c). While gillnets were the 
main gear responsible for M. thurstoni landings, har-
poons also occasionally caught this species (2.64%, 8 
tons). In addition, based on the analysis of purse seine 
landings from 2000 to 2023, distinct trends emerge 
between two defined periods: 2000–2012 (Fig.  2a) 
and 2013–2023 (Fig.  3b). The earlier period, span-
ning 2000 to 2012, exhibited a higher average annual 
landing of mobulid rays of approximately 150 tons, 
with notable peaks in 2003 (483 tons) and 2006 (453 
tons). In contrast, the latter period from 2013 to 2023 
(Fig. 3b) saw a significant decline in average annual 
landings to approximately 37.5 tons, reflecting a sub-
stantial decrease in landings of about 75.05% when 
compared with the period before species-specific 
identification began in Peru (2000–2012) (Figs.  2a 
and 3b).

Landing trends of mobulid species between 2000 
and 2023 across seven regions in Peru (Ancash, 
Arequipa, La Libertad, Lambayeque, Lima, Piura, 
and Tumbes) were also analysed (Supplemental 
Table 3). For a more in-depth understanding at a spe-
cies-specific level, trends were observed across the 
three regions that had the highest landings between 
2013 and 2023: Tumbes, Piura, and La Libertad 
(Fig.  3d–f). The highest mobulid ray landings were 
recorded in Tumbes (1958 tons), followed by Piura 
(1486 tons) and La Libertad (36 tons). Across all 
three regions, M. mobular comprised the majority 
of the landings, representing 73.81% of total mobu-
lid landings in Tumbes, 53.21% in Piura, and 94.71% 
in La Libertad. In Tumbes, M. munkiana represented 
21.59% of mobulid landings, while 4.59% of landings 
were M. thurstoni. However, M. thurstoni was the 
second most-landed species after M. mobular in Piura 
(24.52%) and La Libertad (3.55%), and M. munkiana 
represented 22.26% of mobulid landings in Piura, and 
1.72% in La Libertad.

Between 2000 and 2004, mobulid landings in 
Tumbes increased significantly from 0 to 17.5 tons, 
and the average annual growth was approximately 3.5 
tons per year. In contrast, between 2005 and 2009, 
landings sharply decreased by about 83.9% overall, 
with an average yearly decrease of about 58.1 tons, 
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Fig. 2   a Total mobulid ray 
landings (tons) by gear type 
between 2000 and 2023 and 
gear used to catch Mobula 
spp., b Mobula mobular 
(2013–2023), c Mobula 
munkiana (2013–2023), 
and (d) Mobula thurstoni 
(2013–2023). The red trend 
line indicates the total catch 
amount for each mobulid 
species
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from 346 tons to 55.7 tons. The decline continued 
between 2010 and 2023, with landings decreasing by 
about 75.4% overall and an average annual decrease 
of approximately 17.5 tons. In Piura, landings 
increased significantly by 64.05%, with an annual 
growth of about 5.9 tons annually. However, there 
was a slight decline in mobulid landings of 23.9% 
(about 3.2 tons per year) between 2005 and 2009 and 
a substantial average annual increase of 21.2 tons 
from 2010 to 2023. It is important to note that there 
were no recorded mobulid ray landings in La Liber-
tad before 2015, and the data shows a sharp increase 
starting from 2017 of 13.8 tons per year on average 
(Supplemental Table 3). Mobulid landings in Ancash, 
Lima, and Arequipa were inconsistent and of a low 
magnitude (Supplemental Table 3). It is also notewor-
thy that 51.8 tons of M. birostris were recorded in the 
2000–2019 IMARPE dataset between 2014 and 2017 
from two regions (Tumbes and Piura) (Supplemental 
Table  2). However, no M. birostris was reported in 
the 2000–2023 IMARPE dataset, which was consid-
ered for the study’s public data analysis.

Seasonality trends in landings

Monthly landings over two different seasons (warm: 
Dec–May; cold: June–Nov) are shown in Fig. 4. There 
was no statistically significant difference in mobulid 
landings between the warm (December–May) and 

cold (June–November) seasons from 2013 to 2023 (χ2 
(2, 148) = 1.6189, P = 0.4451). However, it is impor-
tant to note that the descriptive data indicates some 
seasonal patterns. Mobulid landings were generally 
higher in the warmer season (55.93%, 2434.5 tons). 
Additionally, when comparing monthly mobulid land-
ings, March ranked highest (11.75%, 466.8 tons), fol-
lowed by February (10.80%. 470.1 tons) and Decem-
ber (10.72%, 466.8 tons). Peak M. mobular landings 
were observed in March (423.5 tons). For M. munki‑
ana, peak landings were observed in January (152.9 
tons), while for M. thurstoni, they were observed in 
July (78.5 tons).

Opportunistic monitoring of landings

Overview of landed specimens

Data on species composition, fishing methods, mor-
phometrics, and reproductive status were collected 
for 257 landed specimens from 2017 to 2019 in 
six landing sites in Peru (Table  1). Of these, 89.9% 
(n = 231) were identified at species level. One M. 
birostris and three M. munkiana gravid females were 
also observed. However, additional gravid mobulid 
ray specimens likely went unnoticed during our sur-
veys since fishers generally discard viscera at sea. 
The gravid M. birostris had one foetus, and Caba-
nillas-Torpoco (2019) described morphometrics for 

Fig.3   a–c Total mobulid landings (tons) between 2013 and 
2023 in top three gears (gillnets, purse seines, and harpoons) 
at species-specific level; d–f total mobulid landings (tons) 

between 2013 and 2023 in top three regions (Tumbes, Piura, 
and La Libertad) at species-specific level
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this individual. Additionally, the gravid M. munkiana 
specimens each had one foetus, with sex and body 
sizes as follows: male of 31  cm disc width (DW), 
female of 34 cm DW, and male of 34.5 cm DW.

Across landing surveys, M. mobular was the most 
abundant species (n = 156, 60.7%), followed by M. 
thurstoni (n = 47, 18.3%), M. munkiana (n = 24, 
9.3%), and M. birostris (n = 4, 1.6%) (Table  2). Sex 
ratios did not significantly differ from parity in M. 
birostris (1: 1; χ2 = 0, P = 1), M. munkiana (10: 

13; χ2 = 0.39, P = 0.53), and M. thurstoni (10: 19; 
χ2 = 2.79, P = 0.09). However, there were signifi-
cantly more males than females in M. mobular (39: 
60; χ2 = 4.45, P < 0.05). Overall, there was a predomi-
nance of males (40%) over females (26.8%), with the 
sex of approximately one-third (33%) of mobulid rays 
remaining undetermined.

The data show differences in species composi-
tion and abundance across sites. Zorritos and Man-
cora had higher mobulid ray landings per survey 

Fig. 4   Seasonal and monthly mobulid landings (tons) from 2013 (the year in which species-specific identification began) to 2023 at 
a species-specific level

Table 1   Number of mobulid rays sampled during the landing site surveys (2017–2019) by species and landing sites

Sample size

Landing site Region Moni-
toring 
days

M. birostris M. mobular M. munkiana M. thurstoni Mobula spp. Total Estimated land-
ings per survey 
day

Puerto Pizarro Tumbes 222 0 0 1 0 0 1 0.0045
Zorritos Tumbes 21 1 71 14 3 20 109 5.19
Acapulco Tumbes 34 2 38 7 4 6 57 1.68
Cancas Tumbes 191 0 9 2 0 0 11 0.06
Mancora Piura 38 1 36 0 40 0 77 2.03
Los Organos Piura 18 0 2 0 0 0 2 0.11

Total 524 4 156 24 47 26 257 0.49
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day relative to other sites and a higher species 
diversity, with M. munkiana particularly abundant 
in Zorritos (Table  1). Puerto Pizarro and Cancas 
had the fewest landings per survey day and a low 
species diversity (Table  1). Most landed individu-
als (n = 190) were captured using pelagic gillnets 
with a seven to eight-inch mesh (n = 166, 87.4%), 
followed by purse seine nets with a 1.5 to 3.5-inch 
mesh (n = 16, 8.4%), and coastal bottom gillnets 
(n = 8, 4.2%). At a specific-species level (n = 140), 
in pelagic gillnets, 79.2% of the catch was M. mob‑
ular, followed by M. thurstoni (17.8%), M. munki‑
ana (2.1%) and M. birostris (0.7%). In coastal bot-
tom gillnets, the catch was mainly composed of M. 
mobular (75%) and equal catch proportions for M. 
birostris (12.5%) and M. munkiana (12.5%). For 

purse seines, the catch was highest for M munkiana 
(87.5%), followed by M. birostris (87.5%) and M. 
thurstoni (6.25%).

Size frequency distribution

Disc width estimates obtained from mobulid rays 
landed eviscerated during surveys produced slightly 
overestimated DWs, which was apparent in 13  M. 
thurstoni specimens having an estimated DW above 
the maximum reported size for this species (189 cm 
DW for females and 177 cm DW for males—Stevens 
et al. 2024). For this reason, the proportions of juve-
niles are somewhat underestimated here, at least for 
M. thurstoni and M. mobular, but not in M. munki‑
ana since this species was usually landed whole. 

Table 2   Number of mobulid rays landed per species (n), mean disc width (DW), standard deviation (SD), and number of females 
(F), males (M), and unsexed individuals (U)

*3 foetuses measurements for M. munkiana was excluded from calculating the mean DW

Species n DW SD F M U

M. birostris 4 364.67 257.66 1 (25.0%) 1 (25.0%) 2 (50.0%)
M. mobular 156 168.48 26.22 39 (25.0%) 60 (38.5%) 57 (36.5%)
M. munkiana 24 100.4 * 17.72 10 (42.8%) 13 (52.4%) 1(4.8%)
M. thurstoni 47 167.25 31.27 10 (21.3%) 19 (40.40%) 18 (38.3%)

Fig. 5   a–c Size frequency distributions (disc width in cm) 
by sex were for M. mobular, M. thurstoni, and M. munkiana 
between 2017 and 2019. The vertical lines indicate the size at 

birth (black) and size at maturity for males (blue) and females 
(red) according to Stewart et al. (2018)
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Nevertheless, size distributions in Fig.  5 provide 
important insight into the size composition of mobu-
lid landings.

Mobula mobular body size ranged from 109  cm 
DW (n = 2; one male and one female) to 237 cm DW 
(male), with most specimens measuring between 
145 and 180  cm DW (Fig.  5). The majority of 
males (91.7%, n = 55) and all females (n = 39) were 
below the sizes at maturity (201.6 cm DW in males; 
236.0 cm DW in females—Stewart et al. 2018). Over-
all, 92.3% (n = 140) of the total M. mobular landings 
(n = 156) were juveniles, with very few specimens 
(7.69%, n = 12) exceeding the size at maturity (Fig. 5a 
and Table 2).

In M. thurstoni, body size ranged from 84 cm DW 
(male) to 200.6 cm DW (female), and most individu-
als measured 160–180  cm DW. Mature specimens 
(74.5%, n = 35) dominated the landings for this spe-
cies, comprising 19 males (78.9% above 158.4  cm 
DW) and ten females (80% above 163.6  cm DW) 
(Stewart et  al. 2018). One-third of the specimens 
(25.5%, n = 12) were below the size at maturity 
(Fig. 5b and Table 2).

In M. munkiana, body size ranged from 31 cm DW 
(male) to 115.5 cm DW (female), with most individu-
als measuring between 105 and 115  cm DW. Most 
specimens were mature (n = 24), with equal propor-
tions of males (n = 8 above 97 cm DW) and females 
(n = 8 above 98 cm DW) (Stewart et al. 2018). Three 
foetuses (below 35.5 cm DW) from 3 gravid females 
were excluded from the mean DW calculation 
(Table 2) and the size-frequency-distribution analysis 
(Fig. 5c).

Only four M. birostris specimens were recorded, 
measuring between 200 and 600  cm DW (not 
included in Fig.  5). Of these, two individuals were 
juveniles below 375  cm DW (one unsexed and one 
male), with the smallest recorded size at 207 cm DW 
for the male specimen. A gravid female measuring 
662 cm DW was the largest specimen observed.

Interviews with fishers and traders

A total of 37 semi-structured interviews were con-
ducted with artisanal fishers between June and July 
2018 in Zorritos (n = 17) and Mancora (n = 20), 
targeting or opportunistically capturing mobulids. 
Fisher age ranged from 18 to 67  years, with an 

average age of 41.6 years and a mean fishing expe-
rience of 23.8  years (ranging from 4 to 53  years). 
Additionally, 21 interviews were conducted with 
traders involved in processing mobulid products. 
These interviews took place in Tumbes (Zorritos, 
n = 3), Piura (Mancora, n = 3), and Lambayeque (San 
Jose, n = 5; Morrope, n = 2; Moshoqueque, n = 4; 
Chiclayo, n = 4) (Fig. 1b, c).

Boats and fishing gear

The boats that capture mobulids in Mancora and 
Zorritos have a storage capacity of three to six 
tonnes. The main fishing gear used by fishers 
interviewed were gillnets (87%), followed by bot-
tom longlines (8%) and purse seines (5%). Gillnets 
were further divided into pelagic gillnets (70%) and 
coastal gillnets (30%). The key difference between 
these gillnets lies in their size: coastal gillnets have 
a mesh size of 3 to 3.5 inches, while pelagic gillnets 
range from 7 to 8 inches. Additionally, coastal gill-
nets are primarily used within 5 nautical miles of the 
shore, whereas pelagic gillnets are deployed farther 
offshore.

According to interview data, pelagic gillnets are 
primarily used to target ‘atún aleta amarilla’ (Yel-
lowfin tuna, Thunnus albacares), sharks such as 
‘tiburón martillo’ (Smooth hammerhead, Sphyrna 
zygaena) and Alopias spp., as well as billfish like 
‘pez espada’ (Swordfish, Xiphias gladius). In con-
trast, coastal gillnets are used to capture species 
including ‘pámpano’ (Paloma pompano, Trachino‑
tus paitensis), ‘sierra’ (Pacific sierra, Scombero‑
morus sierra), and ‘chiri’ (Pacific harvestfish, Pep‑
rilus medius).

Species and seasonality

The fishers interviewed catch mobulid rays year-
round (97%), with Mancora as a bycatch landing site 
and Zorritos as an opportunistic catch site for mobu-
lid rays in the absence of other more desirable target 
species. Their responses showed that most mobulid 
ray captures occurred during the Austral Summer 
(December–March), although they persist throughout 
the year (Fig. 6). The majority of fishers interviewed 
(67%) mentioned that, compared to 10 years ago, the 
abundance of mobulid species is lower.
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Fishing areas

Interactions with M. birostris are reported close to 
the oil platforms in Zorritos, La Cruz, and Puerto 
Pizarro, 2–7 miles from the coast (Fig. 1b). Moreo-
ver, Zorritos fishers pointed out that M. mobular is 
captured in front of Bocapan. Areas such as ‘Las 
Plateras’ and ‘Malpaso’ (Fig.  1b). Concurrently, 
those from Mancora indicated that Mancora, Punta 
Mero, and Acapulco are the main capture zones for 
M. mobular (Fig. 1b). No specific fishing grounds 
were reported for the remaining mobulid species, 
as they were usually recorded in the same areas as 
M. mobular.

Mobulid trade

Distribution and use

Mobulid rays are consumed domestically, with the 
Lambayeque Region being a key area of demand. 
Typically, only the pectoral fins are landed at fishing 
terminals across the country, while the heads, includ-
ing gill plates, are discarded at sea during fishing trips 
to optimise storage space. Fresh mobulid meat is often 
landed on beaches, where it is sold directly to interme-
diary buyers and sellers, commonly known as traders.

For small landings (less than one tonne), traders 
distribute fresh mobulid meat to nearby local mar-
kets. For larger landings or in cases where there is no 
local demand, the meat is transported to the ‘Empresa 
de Comercialización Mayorista de Productos Hidro-
biológicos de Santa Rosa’-ECOMPHISA (Company 
of Wholesalers of Hydrobiological Products S.A.) in 
Santa Rosa (Lambayeque). According to traders, a 
small portion of the fresh meat is sold to local markets 
in Chiclayo, while the majority is purchased by salt-
drying processors and transported to San José’s Cove, 
which hosts the largest salt-drying processing centre in 
the country. The dried meat is then distributed to local 
markets in Lambayeque, including Mórrope, Mochumí, 
Moshoqueque, Túcume, Chiclayo, and Santa Rosa, as 
well as in Lima. It is widely used in traditional Peruvian 
dishes such as tortilla de raya, guisado con papas, and 
ceviche (Fig. 1c). It is essential to mention that accord-
ing to interviews, tortilla de raya was initially prepared 
with Pacific guitarfish (Pseudobatos planiceps).

Salt‑drying processing

San Jose’s salt-drying processing centre is made up of 
30 different modules (small processing centres where 
5 to 6 workers process meat). Apart from mobulids, 

Fig. 6   Seasonality (warm 
season: Dec–May; cold sea-
son: Jun–Nov) of mobulid 
ray captures in Mancora 
and Zorritos based on fisher 
interviews
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the workers also process other species, such as 
‘caballa’ (chub mackerel, Scomber japonicus), ‘raya 
águila peruana’ (Peruvian eagle ray, Myliobatis peru‑
vianus), ‘pez guitarra’ (Pacific guitarfish, Pseudo‑
batos planiceps), and various shark species (mainly 
threshers, Alopias spp.).

The processing procedure of mobulid meat starts 
with gutting, removing pectoral fins from the car-
cass, and extracting skin (Fig. 7a). Thereafter, per-
pendicular (to the vertebral line) cuts are made on 
the pectoral fins, alternating between the dorsal 
and ventral sections (butterfly cuts) (Fig.  7b). The 
meat is then washed with seawater to remove excess 
blood (Fig. 7c) and liberally covered in salt for 24 h 
(Fig.  7d). This process removes excess water from 
the meat as the salt enters the tissue. Afterwards, 
the meat is washed to remove the excess salt, before 
drying begins (Fig.  7e, f). The sun drying of the 
pectoral fin meat can last from 3 to 7 days, depend-
ing on the weather. Therefore, for example, when a 
fresh mobulid, weighing 100 kg (complete individ-
ual including head), is processed, around 80% of the 
total body weight is utilised for human consump-
tion. This translates to 80 kg of the mobulid being 
usable in its fresh form. However, the drying pro-
cess significantly reduces the weight of the usable 
meat. Specifically, the 80 kg of fresh meat shrinks 

to 32 kg after drying, due to a 60% loss in weight. 
This dramatic reduction underscores the substan-
tial impact that the drying process has on the over-
all yield of consumable meat. Other than the meat, 
the skin of mobulids is sometimes extracted and 
dried with other fish products to make fertilisers for 
plants (Fig. 7).

Meat value

Price differences in meat value (fresh or dried) 
were influenced by the meat colour (white, pink, or 
black) and varied between the high catch (April to 
November) or low catch (December to March) sea-
sons. Meat prices also varied by location, with the 
lowest prices at Zorritos and Mancora, while in San 
Jose, the selling price was almost double. According 
to the interviewees, M. mobular is preferred for its 
white meat and enhanced flavour. M. thurstoni meat 
is classified as pink and M. birostris and M. munki‑
ana as black meat. The average selling prices (USD/
kg) of dry and fresh meat combined across high and 
low seasons are shown in Table 3. White meat had 
an average selling price of 2 USD for fresh meat 
and 5.1 USD for dry meat, pink meat was sold at 1 
USD for fresh meat and 3.6 USD for dry meat, and 
black meat was sold at 0.9 USD for fresh meat and 

Fig. 7   Salt-drying processing of mobulid ray meat. a Skin extraction, (b) cutting, (c) washing, (d) salting, and (e, f) and sun drying
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3.3 USD for dry meat. These price variations reflect 
market preferences and highlight the economic 
value of mobulid meat, particularly in regions like 
San Jose where the processing and commercializa-
tion of dried meat are significant (Table 3).

Discussion

Peru’s coastal waters are home to significant popula-
tions of mobulid rays, including oceanic manta rays 
(M. birostris) and four devil ray species (González-
Pestana 2022; Alfaro-Cordova et al. 2017). This study 
comprehensively analyses mobulid landing trends, 
gear use, catch demographics, landing hotspots, sea-
sonality, and trade and market pressures in Peru. By 
examining the spatial and temporal patterns of mobu-
lid landings within Peruvian waters, the study identi-
fies critical areas and periods of intense fishing activi-
ties. It delves into the types of fishing gear employed 
and their impacts on catch rates and bycatch. Addi-
tionally, the study assesses the demographic profiles 
of the caught individuals, including size, sex, and spe-
cies composition for mobulid rays, aiming to inform 
sustainable management and conservation strategies 
for these vulnerable marine species in this region.

Landing trends in gear types and across regions

The persistently large number of mobulid rays landed 
in Peru is concerning given their endangered status 
worldwide. Recent studies have highlighted the mag-
nitude of this issue, with González-Pestana (2022) 
reporting 270 mobulid individuals landed over 183 
survey days, and Alfarro-Cordova et al. (2017) docu-
menting 3673 individuals over 395 survey days. 
These findings translate to estimated annual catches 
of 539 and 3394 mobulid individuals in northern 
Peru (González-Pestana 2022  ; Alfarro-Cordova 
et  al., 2017). However, this study suggests that the 
mean annual landings in northern Peru were 11,520 
mobulid rays per year from 2013 to 2023, according 
to IMARPE data. This amount ranks Peru as one of 
the largest fisheries for mobulid rays globally, with 
annual landings above multiple mobulid fishery hot-
spots globally (Croll et al. 2016). Based on IMARPE 
data, total mobulid landings have generally increased 
in recent years, particularly in gillnet fisheries. How-
ever, trends differed across gears, and the absence of 
fishing effort data in the analysis could have obscured 
a decrease in mobulid ray catch per unit effort over 
time. This is supported by a notable reduction in mob-
ulid landings by 75.05% from purse seine fisheries 

Table 3   The average price in USD for buying and selling 
mobulid ray meat (fresh/dry) by kilogram according to meat 
colour (white, pink, or black) and seasons (high/low) at each 

site. Landing sites: Zorritos and Mancora; markets: San Jose, 
Chiclayo, Morrope, and Moshoqueque

Keys: BP buying price, SP selling price, fresh meat (italicised), dry meat (bold). Conversion rate: 1USD = 3.27PEN, Central Reserve 
Bank of Peru, June 2018

White meat (M. mobular) Pink meat (M. thurstoni) Black meat (M. birostris 
and M. munkiana)

Landing sites Seasons BP (USD) SP (USD) BP (USD) SP (USD) BP (USD) SP (USD)

Zorritos High season 1.38 1.83 0.92 0.86 0.46 0.78
Low season - - - - - -

Mancora High season 0.95 2.08 0.52 1.19 0.28 1.08
Low season - - - - - -

San Jose High season 2.32 5.32 1.74 3.85 1.47 3.50
Low season 0.95 3.70 0.98 2.54 0.49 2.31

Chiclayo High season 4.89 6.12 4.34 4.59 3.30 4.17
Low season 3.91 5.14 2.94 3.15 2.26 2.86

Morrope High season 5.66 6.12 4.28 4.28 3.82 3.89
Low season 3.98 4.28 3.67 3.06 2.60 2.78

Moshoqueque High season 5.75 6.06 4.31 4.28 3.91 3.89
Low season 3.98 4.37 3.79 3.18 2.84 2.89
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since 2013 (< 100 tons), with landings remaining 
low through 2022–2023 (318.74 tons). This decline 
could be due to several factors, including changes in 
fish stocks, regulatory measures, economic pressures, 
or environmental changes impacting fish availability 
or fishing practices. Nevertheless, similar declining 
trends in mobulid landings across their range suggest 
many populations are overfished (Moazzam 2018; 
Fernando & Stewart 2021; Venables et al. 2024).

In northern Peru, particularly in the Piura region 
which hosts the largest fishery community, gillnet 
fishing effort has generally increased over time. This 
increase is evident in the expansion of the small-scale 
fleet, with an 186% increase in the number of vessels 
and a 140% increase in fishers between 1996 and 2015 
(González-Pestana et al. 2024). Additionally, the aver-
age length of gillnets has grown substantially, from 
72–81  m in 1970 to 800–3300  m in 2005 (Alfaro-
Shigueto et  al. 2010). The extensive use of gillnets 
in Peru, with an estimated total length exceeding 
100,000 km per year in 2010 (Alfaro-Shigueto et  al. 
2010), has likely increased since then. For instance, 
in Tumbes alone, there were around 749 gillnets used 
by fishers in 2018 (Castillo et al. 2018). This growth 
in fishing effort has been accompanied by technologi-
cal improvements, resulting in larger fishing areas, 
longer fishing trips and reductions in the time spent 
searching for target species (De la Puente et al. 2020). 
Overall, the widespread use of gillnets, coupled with 
their effectiveness in mobulid entanglements and the 
targeting of various coastal species that share habitats 
with mobulid rays, significantly increases the chances 
of mobulid captures (Ayala and Romero 2016; Alfaro-
Cordova et al. 2017). However, it is essential to note 
that specific, detailed data on fishing effort in north-
ern regions, particularly for mobulid species, remains 
limited, hindering more comprehensive analysis 
(Alfaro-Shigueto et al. 2010; De la Puente et al. 2020; 
González-Pestana et al. 2024).

Peru plays a crucial role in the global crisis of batoid 
landings, ranking 15th worldwide and contributing 11% 
of global landings from 2005 to 2011 (Alfaro-Cordova 
et al. 2017; González-Pestana et al. 2022). Mobulid rays 
make up 28% of Peru’s total batoid catch, with most 
landings occurring along the northern coast. Gillnets 
are the primary fishing gear responsible for mobu-
lid captures in Peru (González-Pestana et  al. 2016; 
Alfaro-Cordova et  al. 2017; González-Pestana et  al. 
2022;  González-Pestana  2022). Recent studies have 

provided more detailed insights into the distribution 
and environmental preferences of mobulid species in 
the eastern Pacific Ocean. Lezama-Ochoa et al. (2019a) 
analysed observer data from the tropical tuna purse-
seine fishery, revealing spatial and temporal patterns 
in mobulid ray occurrences. Their findings showed 
that mobulid species, including the spinetail devil ray 
(Mobula mobular), are more frequently encountered 
in specific areas and seasons, which could inform con-
servation strategies. Furthermore, Lezama-Ochoa et al. 
(2019b) found that sea surface temperature, chloro-
phyll-a concentration, and bathymetry were significant 
factors influencing the spinetail devil ray’s distribution 
in the eastern tropical Pacific. Building on this work, 
Lezama-Ochoa et al. (2020) employed a Bayesian mod-
elling approach to predict the occurrence of M. mobu‑
lar, providing a more robust understanding of the spe-
cies’ habitat preferences and potential distribution.

In addition, there is substantial evidence of IUU 
fishing in northern Peru, particularly in the Tumbes 
region (López de la Lama and de la Puente 2023). 
Of primary concern is that M. birostris was recorded 
in landing surveys but not reported in IMARPE 
data, suggesting that the fishing impacts on this spe-
cies have persisted despite the prohibition on captur-
ing M. birostris since 2016 (Produce 2011). A study 
by Guirkinger et  al. (2021) supports these findings, 
with an estimated total annual interactions of 349 M. 
birostris in 2018 based on surveys conducted with 
artisanal fishers in Zorritos and Mancora. Moreover, 
illegal industrial and small-scale fishing continues to 
occur in this protected zone despite the 2011 prohibi-
tion of purse seines within the first 5 miles of the coast 
(Produce 2011). Numerous unregistered purse seiners 
and trawlers have been documented operating illegally 
within the 5-mile limit, using non-selective fishing 
gear and catching juvenile fish (López de la Lama and 
de la Puente 2023). This illegal activity likely results 
in significant unreported landings, including poten-
tial mobulid bycatch. Furthermore, gillnets have been 
observed to have both more frequent interactions and 
higher catch rates of mobulids compared to purse 
seines (Sarah Martin 2020). For example, studies from 
other regions, such as the Indian Ocean, have shown 
that gillnet fisheries are responsible for a significantly 
higher proportion of mobulid interactions (> 99%) 
compared to purse seine fisheries (0.1%) (Sara Martin 
2020). This trend appears to be consistent with obser-
vations in Peru (Alfaro-Cordova et al. 2017).
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Despite the opportunistic nature of mobulid cap-
tures reported in this study, consistent retention of 
mobulid rays in these fisheries suggests that realistic 
and practical incentives are needed to reduce mor-
tality. In particular, enforcing national mobulid ray 
protections will require addressing post-capture mor-
tality since most of the catch occurs in non-selective 
gear, and measures must be designed pragmatically 
and developed with active involvement from fish-
ers, who are the primary stakeholders in this activity. 
Because fishers may also target mobulid ray aggrega-
tion sites when using non-selective gear, it is impor-
tant to consider the socio-economic drivers of the 
fishery, such as the demand for mobulid meat region-
ally. Engaging fishers in the creation and implementa-
tion of these strategies not only ensures a more effec-
tive and adaptable approach but also promotes their 
cooperation and compliance. Also, a lack of effort 
data, declines in landing trends for certain gears and 
regions, and continued meat trade of highly vulner-
able mobulid ray species combine to raise concerns 
for the survival of these species in Peruvian waters. 
Also, as mentioned before, besides the protection of 
M. birostris (Produce 2015), more is needed to ensure 
all mobulid ray populations are sustained regionally. 
Given the non-selective character of these fisher-
ies, measures to prevent bycatch, retention and trade 
should be integrated into management plans.

Catch demographics

Based on size frequency distribution analysis, this 
study provides insights into the mobulid catch demo-
graphics in Peru. The body size distributions docu-
mented across the four mobulid species recorded 
indicate varied population structures. The study 
shows a wide range of body sizes in catches for M. 
mobular, which suggests that individuals of various 
life stages are being caught. Yet, the vast majority 
of specimens landed were immature (92.3%). The 
findings of this study align with and support the 
designation of northern Peru as an Important Shark 
and Ray Area (ISRA) by the IUCN, specifically rec-
ognising it as a crucial reproductive zone for the 
spinetail devil Ray (Mobula mobular) (Jabado et al. 
2023). The presence of a majority of juveniles in 
our study is consistent with the characteristics of 
a nursery area. Additionally, the catch data for M. 
mobular indicates that both males and females are 

being caught in relatively equal proportions, which 
suggests no sex-specific segregation in the areas 
where fishing occurs (Lezama-Ochao et  al. 2019a; 
Alfaro-Cordova et al. 2017; González-Pestana 2022; 
Carpenter 2023). Diverse size ranges, majority of 
juveniles, and balanced sex ratios support Gonzalez-
Pestana’s (2022) suggestion that northern Peru may 
serve as a potential nursery area for M. mobular. 
This corroborates the ISRA’s identification of north 
Peru as one of the three most important habitats for 
M. mobular in the Eastern Pacific. Furthermore, 
the species’ association with productive upwelling 
systems, of which Peru contains one of the largest 
aggregations, underscores the region’s importance 
for M. mobular’s life cycle (Jabado et al. 2023).

For M. thurstoni and M. munkiana, more adults 
were landed relative to juvenile specimens, and inter-
mediary life-stages were absent from each of their 
size distributions. This could indicate that the fish-
ing activities primarily intercept specific life stages 
or size classes of these species (Lezama-Ochoa et al. 
2019b; Alfaro-Cordova et al. 2017; González-Pestana 
2022). Adults and juveniles of both species may use 
different habitats, with fishing activities primarily 
occurring in areas frequented by one age group. Also, 
different life stages might be present in the fishing 
areas at different times of the year. Moreover, the fish-
ing methods used might be more effective at catching 
certain size classes of these species (Lezama-Ochoa 
et  al. 2019b; Alfaro-Cordova et  al. 2017; González-
Pestana et al. 2022; González-Pestana 2022; Carpen-
ter 2023). However, the skewed distribution of body 
sizes for adults in M. munkiana and M. thurstoni 
could also be a result of limited sampling or catch 
data for these species compared to M. mobular.

With very few data points (n = 4), M. birostris dis-
plays no pattern as both large and small individuals 
were recorded. More extensive sampling is required 
to accurately determine the population structure. 
However, due to its catch prohibition since 2016 (Pro-
duce 2015), obtaining a reliable estimation of popula-
tion structure is extremely challenging, as only ille-
gal landings may occur which is often not reported. 
These illegal landings often take place at night, par-
ticularly when inspectors are not present, as fisher-
men seek to take advantage of market demand for the 
species to sell it clandestinely (Rojas pers. comms.). 
Although there were some landings reported in an 
earlier IMARPE dataset between 2014 and 2017 
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(Supplemental Table  2), since the protection of this 
species in 2016, landings were not reported in the lat-
ter datasets (2000–2023) received from IMARPE.

These findings highlight species-specific differences 
in population dynamics and emphasise the need for tai-
lored conservation strategies to address the unique life 
history traits and maturity schedules of each species. 
The potential nursery area for M. mobular in northern 
Peru suggests that this region may be particularly impor-
tant for the species’ life cycle and population dynam-
ics. For M. thurstoni and M. munkiana, the narrow size 
distributions in catches could indicate that certain life 
stages are more vulnerable to fishing pressure in Peru, 
which may have implications for population sustainabil-
ity. To fully understand these patterns and their implica-
tions for mobulid conservation, further research would 
be needed to investigate habitat use, migration patterns, 
and the impacts of fishing practices on different life 
stages of these species in Peruvian waters.

Catch hotspots and seasonality

Northern Peru exhibits distinct seasonal patterns, evi-
dent in the distribution of species concerning sea-
surface temperature and chlorophyll levels (Lezama-
Ochoa et al. 2019b). The three most important landing 
sites (and their respective fishery areas) identified in 
this study (Tumbes, Piura, and La Libertad) overlap 
with important habitats for mobulid species, particu-
larly the spinetail devil ray (M. mobular) (Jabado et al. 
2023). Moreover, La Libertad and Piura are part of 
the Humboldt Current System and Transition Zone, a 
highly productive upwelling zone rich in zooplankton 
and small fish and are also in a temperature range pre-
ferred by mobulids (Francis and Jones 2017) thus host-
ing important feeding areas for mobulid rays (Lezama-
Ochoa et  al. 2019a, b; Alfaro-Cordova et  al. 2017; 
González-Pestana 2022; Jabado et al. 2023). This is fur-
ther supported by Coasaca-Céspedes et al. (2018), who 
conducted the only direct feeding study of mobulid rays 
in northern Peru. Their preliminary analysis of stomach 
contents revealed that mobulids in this region primarily 
feed on euphausiids and small teleost fishes, confirming 
the importance of the area’s rich zooplankton commu-
nities for these species’ dietary needs. These environ-
mental factors could also contribute to more mobulid 
catch in the northern Peru regions, as this study shows. 
Also, fishers’ interviews underscored Mancora as a pri-
mary catch site, supplemented by opportunistic catches 

in Zorritos during periods of low target species availa-
bility. This strategic identification of key areas and sea-
sons is pivotal as it enables focused studies on mobulids 
in Peru, and crucial information for management, align-
ing closely with the oceanographic dynamics of the 
Eastern Pacific Ocean as elucidated by previous studies 
(Lezama-Ochoa et al. 2019b; Jabado et al. 2023).

Distinct seasonal trends in mobulid ray catches 
were observed, with peaks in March, February, and 
December accordingly, the austral summer, closely 
followed by a notable increase in July, consistent with 
findings from fishers’ interviews indicating year-round 
catch activity, particularly during summer months. 
While M. mobular exhibited the highest landings in 
March, M. munkiana and M. thurstoni showed varia-
tions, with peak catches in January and July, respec-
tively. These patterns align with the observed sea-
sonality in mobulid ray fisheries, confirmed by a 
chi-square test indicating significant variation in land-
ings across seasons. Also, this could be a result of 
experiencing intense upwelling currents during this 
period, creating nutrient-rich waters that attract filter-
feeding species like mobulids (Fernando and Stewart 
2021; Alfaro-Cordova et  al. 2017; González-Pestana 
2022). Additionally, the seasonal increase in pro-
ductivity leads to larger feeding aggregations, mak-
ing them more susceptible to capture (Fernando and 
Stewart 2021; Alfaro-Cordova et al. 2017; González-
Pestana 2022). For M. munkiana, the highest catches 
in January, November, and July indicate a different 
pattern. This species may have specific migration pat-
terns that bring them closer to the Peruvian coast dur-
ing these months. Recent research by Palacios et  al. 
(2023) on Munk’s devil ray ecology in the Gulf of Cal-
ifornia and Mexican Pacific provides insights into the 
species’ behaviour and vulnerability to fisheries. Their 
study revealed that M. munkiana exhibits seasonal 
reproductive patterns and uses specific coastal areas 
as critical habitats for courtship and mating. While 
the Gulf of California is geographically distinct from 
Peru, this research suggests that M. munkiana may 
have similar seasonal movements and habitat prefer-
ences in other parts of its range, potentially explaining 
the observed catch patterns in Peruvian waters. The 
peak catches in July, January, and May for M. thurs‑
toni suggest a more complex pattern. This species may 
utilise different areas throughout the year, resulting 
in varied catch patterns. M. thurstoni might respond 
differently to seasonal changes in ocean currents and 



743Environ Biol Fish (2025) 108:725–748	

Vol.: (0123456789)

productivity compared to other mobulid species (Fer-
nando and Stewart 2021; Alfaro-Cordova et al. 2017; 
González-Pestana 2022; Sarah Martin 2020). Notably, 
bycatch events often occur at oceanographic fronts, 
such as those off Peru in March for M. mobular and 
the Galapagos Islands in December for M. thurstoni, 
indicating specific hotspots of vulnerability (Lezama-
Ochoa et  al. 2019a, b). This comprehensive analysis 
sheds light on the temporal dynamics and geographic 
preferences driving mobulid ray fisheries in Peru.

Each mobulid species has unique life history traits, 
feeding preferences, and migration patterns, leading 
to different seasonal catch trends (Sarah Martin 2020; 
González-Pestana 2022). This is further supported 
by recent research on manta and devil ray aggrega-
tions, which highlights that mobulid species form 
seasonal aggregations ranging from a few to thou-
sands of individuals, often linked to environmental 
factors, food abundance, critical habitats, and repro-
duction (Palacios et  al. 2023). These aggregations 
facilitate key life history functions such as feeding, 
courtship, mating, predation avoidance, cleaning, and 
thermoregulation, which can vary among species and 
locations (Palacios et al. 2023). Furthermore, changes 
in fishing effort throughout the year may contribute to 
observed catch patterns (Carpenter  et al. 2023; Car-
penter 2023; Sarah Martin 2020; González-Pestana et 
al. 2022; González-Pestana 2022). For example, fish-
ers might target different species or areas depending 
on the season. The Humboldt Current system expe-
riences seasonal and interannual variability, which 
can affect the distribution and abundance of mobulid 
rays (Carpenter 2023; Sarah Martin 2020; González-
Pestana 2022). In previous studies, fishers have 
reported that mobulid ray presence is correlated with 
krill abundance, which may vary seasonally and by 
species (Carpenter 2023). Different fishing methods 
may be more effective at catching certain species or 
size classes, contributing to observed catch patterns 
(IOTC 2020; González-Pestana 2022). It is important 
to note that these trends may be influenced by sam-
pling biases or limitations in data collection methods 
(Sarah Martin 2020; González-Pestana 2022).

These species-specific seasonality trends high-
light the need for tailored conservation and manage-
ment strategies for each mobulid species in Peruvian 
waters. Further research is needed to better understand 
the drivers of these patterns and their implications for 
mobulid population dynamics and conservation.

Market pressures

Mobulid rays are commercialised in Peru primarily for 
national consumption, with evidence of illegal meat 
imports from Ecuador (Rojas, pers. comms.), where 
these species are protected (SRP 2010). Unlike other 
countries that utilise the gill plates, the trade appears 
to be restricted to meat (Croll et  al. 2016; O’Malley 
et al. 2017; Palacios et al. 2024 in press). The salt-dry-
ing process for fish is used in Peru as an ancient prac-
tice and the warm and arid environment of mid-north-
ern Peru is an ideal environment for this process, so 
fish can be preserved for months or up to a year (Turan 
2015; González-Pestana et al. 2024). It is important to 
note that commercialization and consumption are con-
centrated in northern Peru, particularly in regions like 
Tumbes, Piura, and Lambayeque. These regions are 
especially significant for elasmobranchs, as they serve 
as key hubs for the trade and consumption of marine 
resources. This pattern has been observed for other 
species such as sharks (Lopez de la Lama et al. 2018; 
Grillo-Núñez and Gozzer-Wuest 2019) and guitarfish 
(González-Pestana et al. 2024).

Commercialising dry meat for traditional dishes 
has been a cultural practice in Peru for millennia 
(González-Pestana et. al 2024). Processors indicate 
that the Pacific guitarfish (Pseudobatos planiceps) 
has been regularly consumed as a cultural tradition 
in Lambayeque; this information is corroborated 
by Jimenez et  al. (2024). However, a dramatic 98% 
decline in the Pacific guitarfish population in Peru, as 
González-Pestana et  al. (2024) reported, has forced 
processors to seek alternative resources. The authors 
suggest that mobulid ray meat has likely emerged as 
a replacement for Pacific guitarfish, primarily due to 
its lower cost and availability. González Pestana et al. 
(2024) highlighted that Pacific guitarfish maintained 
an average price of approximately 1.5 USD, with a 
range of 0.4 and 4.4 USD per kilogram between 2014 
and 2020. In contrast, as reported in this study, the 
average cost for mobulid ray fresh meat was notably 
lower, ranging between 0.78 and 2.08 USD (selling 
price in Zorritos and Mancora).

The cheapest meat is fresh and is consumed locally 
in the markets near landing sites. As the product 
moves further from the source of processing, the price 
per kg increases because of the costs of transporta-
tion and processing. Processing not only increases 
the shelf-life of the product, but it also improves the 
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calorific value per kg through the drying process that 
removes much of the water from the meat, reduc-
ing the weight and volume which contribute to its 
storage and transportation (González-Pestana et. al 
2024). The colour of the meat is also a determinant 
characteristic of the price. White meat (M. mobular) 
is considered the best quality because of its superior 
taste, resulting in a higher price, indicating a greater 
demand for this species (Alfaro-Cordova et al. 2017).

Study limitations

Despite the robust dataset and comprehensive 
approach, the study has several limitations. One signif-
icant area for improvement is the absence of detailed 
fishing effort data, which constrains the ability to fully 
understand the dynamics of mobulid ray landings and 
the impact of fishing intensity on these populations. 
Without this data, it is challenging to draw compre-
hensive conclusions about the sustainability of cur-
rent fishing practices. Also, it is important to note that 
before 2013, all landed mobulid species were recorded 
as a single species, whereas from 2013 onwards, IMA-
RPE began differentiating and reporting other mobu-
lid species in their landing records. This change in 
species identification practices should be considered 
when interpreting trends in species-specific landings 
data, particularly for the period before and after 2013.

Sampling limitations also affect the study’s find-
ings. For example, the sample size for species like M. 
birostris is too small to draw reliable conclusions about 
population structure and trends. Additionally, while 
the study covers key regions and seasons, there may be 
gaps in data from less-studied areas or off-peak seasons 
that could provide a more complete picture. This lack 
of comprehensive coverage limits the overall robustness 
of the study’s conclusions. While the study highlights 
the socio-economic importance of mobulid fisheries, it 
lacks a detailed analysis of the economic incentives and 
market forces driving the continued capture and trade of 
mobulid rays. A deeper understanding of these factors 
could provide valuable insights for developing more 
effective management strategies. Lastly, the study men-
tions evidence of illegal meat importation from Ecua-
dor but does not quantify or explore this issue in depth. 
This gap limits the understanding of its impact on local 
mobulid populations and markets. Addressing these 
weaknesses through more comprehensive data col-
lection, targeted research, and detailed analysis would 

enhance the understanding of mobulid ray fisheries and 
support the development of effective management and 
conservation strategies in Peru.

Future directions

Effective management of mobulid fisheries requires a 
multifaceted approach that integrates scientific research, 
policymaking, and stakeholder engagement (Roman 
and Hall 2022; Haque et  al 2021). Guirkinger et  al. 
(2021) emphasise the importance of addressing eco-
nomic hardship, corruption, and low social influence to 
enhance fishers’ compliance with fisheries legislation. 
Collaborative efforts between scientists, policymakers, 
and local communities are essential for implementing 
effective conservation measures and ensuring the long-
term viability of mobulid fisheries in Peru. Moreover, 
the association of mobulid captures within nearshore 
waters and continental shelf regions underscores the 
need for habitat-focused conservation strategies (Ward-
Paige et al. 2013; Stewart et al. 2018; Haque et al. 2021; 
Roman and Hall 2022). Understanding the interaction 
between oceanographic conditions, seasonality, and 
mobulid distributions, as highlighted by Lezama-Ochoa 
et al. (2019a, b), is crucial for identifying and protect-
ing key habitats. Dynamic hotspots, such as those near 
coastal upwelling systems, necessitate proactive spatial 
and temporal protective management measures to miti-
gate fishing pressure and preserve critical habitats and 
the species that rely upon them (Lezama-Ochoa et  al. 
2019a, b; Roman and Hall 2022).

Prioritising research on reproduction and feeding 
zones, contaminants’ impact, and population charac-
teristics are critical for informing conservation meas-
ures (Stewart et al. 2018). Due to the apparent global 
fishing pressures on mobulid populations and their 
conservative life history traits, implementing fisheries 
management for these species is vital to protect their 
populations. Some conservation efforts are present in 
the region (both in artisanal and industrial fisheries), 
such as the protection of M. birostris, a bycatch reg-
istration and release programme in the industrial tuna 
fishery, and the awareness work carried out by local 
NGOs in coastal communities. However, dynamic 
spatial management measures based on habitat use 
hotspots and seasonal trends are vital for reducing 
mortality and ensuring the sustainability of mobulid 
populations (Haque et al. 2021; Roman and Hall 2022) 
in the eastern Pacific Ocean (Lezama-Ochoa et  al. 
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2019a). By addressing these future directions, incorpo-
rating detailed research, and engaging stakeholders at 
all levels, it is possible to improve the conservation and 
sustainability of mobulid ray populations in Peru.

Acknowledgements  We want to thank the artisanal fishers and 
traders from Tumbes and Piura who participated in the inter-
views and the women workers of the salt-drying processing cen-
tre in San Jose. We thank the volunteers from ecOceanica (Ara-
celli Torrejón, Nias Hernandez, Nina Cristiano, Piero Uceda) 
and the observers Maria Isabel Sanjinez and Gerson Talledo for 
their support in field data collection. The team would like to give 
special thanks to our teammate Rosario ‘Charito’ Escobedo, who 
sadly passed away in 2021. Her dedication and passion for manta 
and devil rays will be dearly missed.

Author contribution  SR, KK, FR, and SK conceived and 
designed the study. SR, RE, RM, AM, and RF coordinated and 
carried out landings, market surveys, and interviews with fishers 
in Peru. SR, NGD, BL, RE, and SK analysed the data. SR, NGD, 
BL, GS, and SK wrote the paper with input from all co-authors.

Funding  Funding for fieldwork came from the Shark Con-
servation Fund, ecOceanica, Manta Trust, and the Ministry of 
the Environment of Peru. KK was supported by Universidad 
Científica del Sur (RDN° 009-DGIDI-CIENTIFICA-2023).

Data availability  The landing and sampling datasets used 
during the current study are available from the corresponding 
author on reasonable request.

Declarations 

Ethics approval  All applicable national guidelines for sam-
pling of organisms for the study have been followed. Informed 
consent was obtained from all individual participants included 
in the study.

Conflict of interest  The authors have no relevant financial or 
non-financial interests to disclose. Dr. Guy Stevens is a Guest 
Editor on this Special Issue, but he was not involved in the peer 
review of this article and had no access to information regarding 
its peer review.

Deceased or incapacitated authors  The authors have the 
legal approval of Rosario Escobedo’s direct relative (mother) to 
include her as a co-author as her work is reflected in the manu-
script.

Open Access  This article is licensed under a Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 Interna-
tional License, which permits any non-commercial use, shar-
ing, distribution and reproduction in any medium or format, as 
long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, 
and indicate if you modified the licensed material. You do 
not have permission under this licence to share adapted mate-
rial derived from this article or parts of it. The images or other 

third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a 
credit line to the material. If material is not included in the arti-
cle’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, 
you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecom-
mons.org/licenses/by-nc-nd/4.0/.

References

Alfaro-Cordova E, Del Solar A, Alfaro-Shigueto J et al (2017) 
Captures of manta and devil rays by small-scale gillnet 
fisheries in northern Peru. Fish Res 195:28–36. https://​
doi.​org/​10.​1016/J.​FISHR​ES.​2017.​06.​012

Alfaro-Shigueto J, Mangel JC, Pajuelo M et  al (2010) Where 
small can have a large impact: structure and characteriza-
tion of small-scale fisheries in Peru. Fish Res 106(1):8–
17. https://​doi.​org/​10.​1016/j.​fishr​es.​2010.​06.​004

Ayala L, Romero M (2016) The trade of mobulid rays in northern 
Peru. The International Marine Claims Conference, Dublin. 
https://​conbio.​org/​images/​conte​nt_​confe​rences/​IMCC4_​
Progr​am_​forWeb_​withA​ddend​um.​pdf

Cabanillas-Torpoco M, Forsberg K, Siccha-Ramirez R et  al 
(2019) First description of a giant manta ray fetus Mobula 
birostris (Walbaum 1792) from Tumbes, Peru (Southeast 
Pacific). Zootaxa 4603(2):397–400. https://​doi.​org/​10.​
11646/​zoota​xa.​4603.2.​12

Carpenter M (2023) Aspects of population biology and behaviour 
of mobulid rays. Dissertation, University of Cape Town. 
https://​open.​uct.​ac.​za/​items/​71231​cac-​e9aa-​43a3-​ae4f-​6041f​
251f0​18

Carpenter M, Parker D, Dicken ML, Griffiths CL (2023) Multi-
decade catches of manta rays (Mobula alfredi, M birostris) 
from South Africa reveal significant decline. Front Mar Sci 
10:1128819. https://​doi.​org/​10.​3389/​FMARS.​2023.​11288​19

Castillo G, Fernández J, Medina A, Guevara-Carrasco R 
(2018) Tercera encuesta estructural de la pesquería arte-
sanal en el litoral peruano. Resultados generales. Inf Inst 
Mar Perú 45(3):299–389. https://​repos​itorio.​imarpe.​gob.​
pe/​handle/​20.​500.​12958/​3300. Accessed Apr 2024

Chirichigno FN, Cornejo UM (2001) Catálogo comentado de 
los peces marinos del Perú. Instituto del Mar del Perú, 
Publicación Especial, Callao, Perú, p 314

CITES (2016) Convention on international trade in endangered 
species of wild fauna and flora. Consideration of proposal 
for amendment of appendices I and II. https://​cites.​org/​
eng/​cop/​19/​amend​ment-​propo​sals. Accessed Apr 2024

CMS (2015) Convention on the conservation of appendix I 
migratory species of wild animals (CMS) effective appen-
dices I and II of the convention on the conservation of 
migratory species of wild animals (CMS). https://​www.​
cms.​int/​en/​speci​es/​appen​dix-i-​ii-​cms. Accessed Apr 2024

Coasaca-Céspedes JJ, Segura-Cobeña E, Montero-Taboada 
R, Gonzalez-Pestana A et  al (2018) Preliminary analysis 
of the feeding habits of batoids from the genera Mobula 
and Myliobatis in northern Peru. Rev Biol Mar Oceanogr 
53:367–374. https://​doi.​org/​10.​22370/​rbmo.​2018.​53.3.​1216

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/J.FISHRES.2017.06.012
https://doi.org/10.1016/J.FISHRES.2017.06.012
https://doi.org/10.1016/j.fishres.2010.06.004
https://conbio.org/images/content_conferences/IMCC4_Program_forWeb_withAddendum.pdf
https://conbio.org/images/content_conferences/IMCC4_Program_forWeb_withAddendum.pdf
https://doi.org/10.11646/zootaxa.4603.2.12
https://doi.org/10.11646/zootaxa.4603.2.12
https://open.uct.ac.za/items/71231cac-e9aa-43a3-ae4f-6041f251f018
https://open.uct.ac.za/items/71231cac-e9aa-43a3-ae4f-6041f251f018
https://doi.org/10.3389/FMARS.2023.1128819
https://repositorio.imarpe.gob.pe/handle/20.500.12958/3300
https://repositorio.imarpe.gob.pe/handle/20.500.12958/3300
https://cites.org/eng/cop/19/amendment-proposals
https://cites.org/eng/cop/19/amendment-proposals
https://www.cms.int/en/species/appendix-i-ii-cms
https://www.cms.int/en/species/appendix-i-ii-cms
https://doi.org/10.22370/rbmo.2018.53.3.1216


746	 Environ Biol Fish (2025) 108:725–748

Vol:. (1234567890)

Cornejo R, Vélez-Zuazo X, González-Pestana A et  al (2015) 
An updated checklist of Chondrichthyes from the south-
east Pacific off Peru. Check List 11(6)1809 https://​doi.​org/​
10.​15560/​11.6.​1809

Couturier L, Marshall A, Jaine F et al (2012) Biology, ecology 
and conservation of the Mobulidae. J Fish Biol 80(5):1075–
1119. https://​doi.​org/​10.​1111/j.​1095-​8649.​2012.​03264.x

Croll DA, Dewar H, Dulvy NK et al (2016) Vulnerabilities and 
fisheries impacts: the uncertain future of manta and devil 
rays. Aquat Conserv 26:562–575. https://​doi.​org/​10.​1002/​
AQC.​2591

De la Puente S, López de la Lama R, Benavente S, Sueiro 
JC, Pauly D (2020) Growing into poverty: reconstruct-
ing Peruvian small-scale fishing effort between 1950 and 
2018. Front Mar Sci 7:681. https://​doi.​org/​10.​3389/​fmars.​
2020.​00681

Dulvy NK, Pardo SA, Simpfendorfer CA, Carlson JK (2014) 
Diagnosing the dangerous demography of manta rays 
using life history theory. PeerJ 2. https://​doi.​org/​10.​7717/​
peerj.​400

Ehemann NR, Pérez-Palafox XA, Mora-Zamacona P et  al 
(2017) Size–weight relationships of batoids captured by 
artisanal fishery in the southern Gulf of California. Mex-
ico J Appl Ichthyol 33(5):1051–1054. https://​doi.​org/​10.​
1111/​jai.​13421

Fernando D, Stewart JD (2021) High bycatch rates of manta 
and devil rays in the “small-scale” artisanal fisheries of 
Sri Lanka. PeerJ 9. https://​doi.​org/​10.​7717/​PEERJ.​11994

Francis M, Jones E (2017) Movement, depth distribution and 
survival of spinetail devilrays (Mobula japanica) tagged 
and released from purse-seine catches in New Zealand. 
Aquatic Conserv: Mar Freshw Ecosyst 27:219–236. 
https://​doi.​org/​10.​1002/​aqc.​2641

Gonzalez-Pestana A (2022) Catch composition of mobulid rays 
(Mobula spp.) in Northern Peru reveals a potential nursery 
area for M. mobular. Environ Biol Fish 105. https://​doi.​
org/​10.​1007/​s10641-​022-​013010

González-Pestana A, Kouri C, Velez-Zuazo X (2016) Shark 
fisheries in the Southeast Pacific: a 61-year analysis from 
Peru. Research 3:164. https://​doi.​org/​10.​12688/​f1000​resea​
rch.​4412.2

González-Pestana A, Vélez-Zuazo X, Alfaro-Shigueto J, Man-
gel JC (2022) Batoid fishery in Peru (1950–2015): magni-
tude, management and data needs. Rev Biol Mar Ocean-
ogr 58:258954081. https://​doi.​org/​10.​22370/​rbmo.​2023.​
58.0.​3442

Gonzalez-Pestana A, Alfaro-Shigueto J, Velez-Zuazo X, Man-
gel JC (2024) Natural history, fisheries, and conserva-
tion of the Pacific guitarfish: signs of trouble in Peruvian 
waters. Endanger Species Res 54:123–140. https://​doi.​org/​
10.​3354/​ESR01​329

Grillo-Núñez J, Gozzer-Wuest R (2019) La cadena de valor de 
la pesquería de tiburones en el Perú. Oceana. https://​peru.​
oceana.​org/​wp-​conte​nt/​uploa​ds/​sites/​22/​caden​avalo​rtibu​
ron_​final.​pdf. Accessed Oct 2024

Guevara-Carrasco R, Bertrand A (2017) Atlas de la pesca arte-
sanal del mar del Perú. Edición IMARPE-IRD, Lima, 
Perú, pp 183. https://​hdl.​handle.​net/​20.​500.​12958/​3167

Guirkinger L, Rojas-Perea S, Ender I et  al (2021) Motivations 
for compliance in Peruvian manta ray fisheries. Mar Pol 
124:104315. https://​doi.​org/​10.​1016/j.​marpol.​2020.​104315

Hall M, Roman M (2013) Bycatch and non-tuna catch in the 
tropical tuna purse seine fisheries of the world. FAO Fish-
eries and Aquaculture Technical Paper No. 568. Rome, 
FAO, pp 249. https://​www.​fao.​org/4/​i2743e/​i2743​e00.​htm

Haque AB, D’Costa NG, Washim M, Baroi AR et al (2021) 
Fishing and trade of devil rays (Mobula spp) in the Bay 
of Bengal, Bangladesh: insights from fishers’ knowl-
edge. Aquat Conserv Mar Freshw Ecosyst 31(6):1392–
1409. https://​doi.​org/​10.​1002/​aqc.​2641

Harris JL, Stevens GM (2024) The illegal exploitation of threat-
ened manta and devil rays in the Chagos Archipelago, one 
of the world’s largest no-take MPAs. Mar Pol 163:106110. 
https://​doi.​org/​10.​1016/j.​marpol.​2024.​106110

Hosegood J, Humble E, Ogden R et al (2020) Phylogenom-
ics and species delimitation for effective conservation 
of manta and devil rays. Mol Ecol 29. https://​doi.​org/​10.​
1111/​MEC.​15683

IMARPE (2018) Carta N° 195–2018-IMARPE/OGA. Solici-
tud de Acceso a la Información Pública de desem-
barques de M. birostris, desde el año 1996 al 2017 en el 
litoral peruano.

IMARPE (2024a) OFICIO N° 00192–2024-IMARPE/OGA. 
Solicitud de Acceso a la Información Pública de desem-
barques, desde el año 2000 al 2019, según puerto de 
desembarque, por mes y por arte de pesca de las sigu-
ientes especies M. birostris, M. munkiana, M. tarapa‑
cana, M. thurstoni y M. mobular (S-00773).

IMARPE (2024b) OFICIO N.° 331–2024-IMARPE/OGA. 
Solicitud de Acceso a la Información Pública de desem-
barques, desde el año 2019 al 2023, según puerto de 
desembarque, por mes y por arte de pesca de las sigu-
ientes especies M. birostris, M. munkiana, M. tarapa‑
cana, M. thurstoni y M. mobular (S-01621).

IMARPE (2015) Anuario Científico Tecnológico IMARPE. 
Instituto del Mar del Perú, Lima. https://​hdl.​handle.​net/​
20.​500.​12958/​3062. Accessed Oct 2024

IUCN (2024) IUCN red list of threatened species. https://​
www.​iucnr​edlist.​org/. Accessed Oct 2024

Jabado RW, Al Ghais SM, Hamza W, Henderson AC (2015) 
The shark fishery in the United Arab Emirates: an inter-
view-based approach to assess the status of sharks. Aquat 
Conserv 25(6):800–816. https://​doi.​org/​10.​1002/​aqc.​2477

Jabado RW, García-Rodríguez E, Kyne PM et al (2023) Cen-
tral and South American Pacific: a regional compendium 
of Important Shark and Ray Areas. IUCN SSC Shark 
Specialist Group, Dubai. Jimenez A, Pingo S, Gonzalez-
Pestana A, Alfaro-Shigueto J, Mangel JC (2024) Char-
acterization of a Peruvian coastal fishery targeting the 
Pacific guitarfish Pseudobatos planiceps. J Fish Biol 
104:1–6. https://​doi.​org/​10.​1111/​jfb.​15834

Jimenez A, Pingo S, González-Pestana A et  al (2024) Char-
acterization of a Peruvian coastal fishery targeting the 
Pacific guitarfish Pseudobatos planiceps. J Fish Biol 1–6. 
https://​doi.​org/​10.​1111/​jfb.​15834

Last P, Naylor G, Séret B et  al (2016) Rays of the world. 
CSIRO publishing, New York, p 800

Lezama-Ochoa N, Hall M, Román M, Vogel N (2019a) Spa-
tial and temporal distribution of mobulid ray species in the 
eastern Pacific Ocean ascertained from observer data from 
the tropical tuna purse-seine fishery. Environ Biol Fish 
102:1–17. https://​doi.​org/​10.​1007/​S10641-​018-​0832-1

https://doi.org/10.15560/11.6.1809
https://doi.org/10.15560/11.6.1809
https://doi.org/10.1111/j.1095-8649.2012.03264.x
https://doi.org/10.1002/AQC.2591
https://doi.org/10.1002/AQC.2591
https://doi.org/10.3389/fmars.2020.00681
https://doi.org/10.3389/fmars.2020.00681
https://doi.org/10.7717/peerj.400
https://doi.org/10.7717/peerj.400
https://doi.org/10.1111/jai.13421
https://doi.org/10.1111/jai.13421
https://doi.org/10.7717/PEERJ.11994
https://doi.org/10.1002/aqc.2641
https://doi.org/10.1007/s10641-022-013010
https://doi.org/10.1007/s10641-022-013010
https://doi.org/10.12688/f1000research.4412.2
https://doi.org/10.12688/f1000research.4412.2
https://doi.org/10.22370/rbmo.2023.58.0.3442
https://doi.org/10.22370/rbmo.2023.58.0.3442
https://doi.org/10.3354/ESR01329
https://doi.org/10.3354/ESR01329
https://peru.oceana.org/wp-content/uploads/sites/22/cadenavalortiburon_final.pdf
https://peru.oceana.org/wp-content/uploads/sites/22/cadenavalortiburon_final.pdf
https://peru.oceana.org/wp-content/uploads/sites/22/cadenavalortiburon_final.pdf
https://hdl.handle.net/20.500.12958/3167
https://doi.org/10.1016/j.marpol.2020.104315
https://www.fao.org/4/i2743e/i2743e00.htm
https://doi.org/10.1002/aqc.2641
https://doi.org/10.1016/j.marpol.2024.106110
https://doi.org/10.1111/MEC.15683
https://doi.org/10.1111/MEC.15683
https://hdl.handle.net/20.500.12958/3062
https://hdl.handle.net/20.500.12958/3062
https://www.iucnredlist.org/
https://www.iucnredlist.org/
https://doi.org/10.1002/aqc.2477
https://doi.org/10.1111/jfb.15834
https://doi.org/10.1111/jfb.15834
https://doi.org/10.1007/S10641-018-0832-1


747Environ Biol Fish (2025) 108:725–748	

Vol.: (0123456789)

Lezama-Ochoa N, Hall MA, Pennino MG, Stewart JD, López J, 
Murua H (2019b) Environmental characteristics associated 
with the presence of the Spinetail devil ray (Mobula mobular) 
in the eastern tropical Pacific. PLoS ONE 14(8):e0220854. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02208​54

Lezama-Ochoa N, Lopez J, Hall M, Bach P, Abascal F, Murua 
H (2020) Spatio-temporal distribution of the spinetail 
devil ray Mobula mobular in the eastern tropical Atlantic 
Ocean. Endanger Species Res 43:447–460. https://​doi.​org/​
10.​3354/​esr01​082

Liao CP, Huang HW, Lu HJ (2019) Fishers’ perceptions of coastal 
fisheries management regulations: key factors to rebuilding 
coastal fishery resources in Taiwan. Ocean Coast Manag 
172:1–13. https://​doi.​org/​10.​1016/j.​oceco​aman.​2019.​01.​015

López de la Lama R, De la Puente S, Riveros JC (2018) Attitudes 
and misconceptions towards sharks and shark meat consump-
tion along the Peruvian coast. PLoS ONE 13(8):e0202971. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02029​71

López de la Lama R, de la Puente S (2023) The ocean defenders 
project. In: Bennett N, López de la Lama R (eds) Small-scale 
fishers fight against illegal industrial fishing in Northern 
Peru. https://​ocean​defen​dersp​roject.​org. Accessed Oct 2024

Marshall AD, Bennett MB (2010) Reproductive ecology of the 
reef manta ray Manta alfredi in southern Mozambique. 
J Fish Biol 77:169–190. https://​doi.​org/​10.​1111/j.​1095-​
8649.​2010.​02669.x

Martin S (2020) A review of mobulid ray interactions with fish-
eries for tuna and tuna-like species in the Indian Ocean. 
IOTC-2020-WPEB16–19.  https://​doi.​org/​10.​13140/​RG.2.​
2.​34081.​43364

Moazzam M (2018) Unprecedented decline in the catches of 
mobulids: an important component of tuna gillnet fisheries 
of the Northern Arabian Sea. IOTC Working Party on Eco-
system and Bycatch, Cape Town, South Africa, pp 10–14

Notarbartolo di Sciara G, Adnet S, Bennett M et  al (2019) 
Taxonomic status, biological notes, and conservation of 
the longhorned pygmy devil ray Mobula eregoodoo (Can-
tor, 1849). Aquat Conserv 30:104–122. https://​doi.​org/​10.​
1002/​AQC.​3230

O’Malley MP, Townsend KA, Hilton P et  al (2017) Charac-
terization of the trade in manta and devil ray gill plates in 
China and South-east Asia through trader surveys. Aquat 
Conserv 27:394–413. https://​doi.​org/​10.​1002/​AQC.​2670

Palacios MD, Stewart JD, Croll DA, Cronin MR et  al (2023) 
Manta and devil ray aggregations: conservation challenges 
and developments in the field. Front Mar Sci 10:1148234. 
https://​doi.​org/​10.​3389/​fmars.​2023.​11482​34

Palacios MD, Weiand L, Laglbauer BJL et  al (2024) Global 
assessment of manta and devil ray gill plate and meat trade: 
conservation implications and opportunities. Environ Biol 
Fish. https://​doi.​org/​10.​1007/​s10641-​024-​01636-w(in press)

Patankar VJ (2019) Attitude, perception and awareness of 
stakeholders towards the protected marine species in 
the Andaman Islands. Ocean Coast Manag 179:104830. 
https://​doi.​org/​10.​1016/j.​oceco​aman.​2019.​104830

Produce (2011) Decreto Supremo 020–2011-PRODUCE: Aprue-
ban reglamento de ordenamiento pesquero de las activi-
dades extractivas artesanales y de menor escala del ámbito 
marítimo adyacente al departamento de Tumbes. https://​
faolex.​fao.​org/​docs/​pdf/​per11​0006.​pdf. Accessed Apr 2024

Produce (2015) Resolucion Ministerial 441–2015-PRO-
DUCE: Prohíbe la extracción de la especie Mantarraya 
gigante con cualquier arte o aparejo de pesca en aguas 
marinas de la jurisdicción peruana. https://​faolex.​fao.​
org/​docs/​pdf/​per15​3305.​pdf. Accessed Apr 2024

Produce (2024) Resolucíon Ministerial 362–2024: Incorporan 
nuevas especies dentro de los alcances de la Resolución 
Ministerial Nº 441–2015-PRODUCE, que prohíbe la 
extracción de la especie Mantarraya gigante con cualquier 
arte o aparejo de pesca y/o cualquier otro instrumento en 
todo el litoral Peruano. Ministerio de la Producción de 
Peru. https://​www.​gob.​pe/​insti​tucion/​produ​ce/​normas-​
legal​es/​59648​59-​362-​2024-​produ​ce. Accessed Oct 2024

Rambahiniarison JM, Lamoste MJ, Rohner CA et  al (2018) 
Life history, growth, and reproductive biology of four 
mobulid species in the Bohol Sea Philippines. Front Mar 
Sci 5:269. https://​doi.​org/​10.​3389/​fmars.​2018.​00269

Rojas S (2016) Estudio morfológico de batoideos del genero 
Mobula (Myliobatiformes: Myliobatidae) del mar peru-
ano. Universidad Ricardo Palma. Lima, Perú. https://​
repos​itorio.​urp.​edu.​pe/​server/​api/​core/​bitst​reams/​48004​
c42-​b528-​4873-​914d-​ea3fb​70077​f4/​conte​nt. Accessed 
Apr 2024

Roman M, Hall M (2022) Reducing the incidental catch of 
manta and devil rays in the tuna purse-seine fishery in 
the Eastern Pacific Ocean. Ecol Appl 32(4). https://​doi.​
org/​10.​1002/​eap.​2533

SRP (2010) Acuerdo Ministerial Nº 093 Prohibición de pesca 
dirigida de mantarrayas. https://​faolex.​fao.​org/​docs/​pdf/​
ecu15​3503.​pdf. Accessed Apr 2024

Stevens GMW, Fernando D, Dando M, Notarbartolo di Sci-
ara G (2018) Guide to the manta and devil rays of the 
world. Wild Nature Press, Plymouth

Stevens GMW, Barros N, Laglbauer BJ et  al (2024) Field 
guide to the manta and devil rays of the world. Wild 
Nature Press, Plymouth, pp 1–100 (in press)

Stewart J, Rohner C, Araujo G, Avila-Peltroche J et al (2017) 
Trophic overlap in mobulid rays: insights from sta-
ble isotope analysis. Mar Eco Prog Ser 580:131–151. 
https://​doi.​org/​10.​3354/​meps1​2304

Stewart JD, Jaine FR, Armstrong AJ et  al (2018) Research 
priorities to support effective manta and devil ray con-
servation. Front Mar Sci 5:314. https://​doi.​org/​10.​3389/​
fmars.​2018.​00314

Turan TT (2015) Ahumado, curado y secado: la guia com-
pleta para carnes y pescados. Lexus, Londres, pp 49–84

Venables SK, Rohner CA, Flam AL, Pierce SJ, Marshall AD 
(2024) Persistent declines in sightings of manta and 
devil rays (Mobulidae) at a global hotspot in southern 
Mozambique. Environ Biol Fish 1–1. https://​doi.​org/​10.​
1007/​s10641-​024-​01609-z

Vera M, Alemán S, Cobeñas M, Carrillo O, Flores R (2021) 
Captura incidental y mortalidad de tortugas marinas en 
la pesca artesanal de enmalle en Tumbes, Perú. Boletín 
Instituto Del Mar Del Perú 36(1):156–187. https://​doi.​
org/​10.​53554/​bolet​in.​v36i1.​325

Ward-Paige CA, Davis B, Worm B (2013) Global population 
trends and human use patterns of manta and Mobula 
rays. PLoS ONE 8(9):e74835. https://​doi.​org/​10.​1371/​
journ​al.​pone.​00748​35

https://doi.org/10.1371/journal.pone.0220854
https://doi.org/10.3354/esr01082
https://doi.org/10.3354/esr01082
https://doi.org/10.1016/j.ocecoaman.2019.01.015
https://doi.org/10.1371/journal.pone.0202971
https://oceandefendersproject.org
https://doi.org/10.1111/j.1095-8649.2010.02669.x
https://doi.org/10.1111/j.1095-8649.2010.02669.x
https://doi.org/10.13140/RG.2.2.34081.43364
https://doi.org/10.13140/RG.2.2.34081.43364
https://doi.org/10.1002/AQC.3230
https://doi.org/10.1002/AQC.3230
https://doi.org/10.1002/AQC.2670
https://doi.org/10.3389/fmars.2023.1148234
https://doi.org/10.1007/s10641-024-01636-w
https://doi.org/10.1016/j.ocecoaman.2019.104830
https://faolex.fao.org/docs/pdf/per110006.pdf
https://faolex.fao.org/docs/pdf/per110006.pdf
https://faolex.fao.org/docs/pdf/per153305.pdf
https://faolex.fao.org/docs/pdf/per153305.pdf
https://www.gob.pe/institucion/produce/normas-legales/5964859-362-2024-produce
https://www.gob.pe/institucion/produce/normas-legales/5964859-362-2024-produce
https://doi.org/10.3389/fmars.2018.00269
https://repositorio.urp.edu.pe/server/api/core/bitstreams/48004c42-b528-4873-914d-ea3fb70077f4/content
https://repositorio.urp.edu.pe/server/api/core/bitstreams/48004c42-b528-4873-914d-ea3fb70077f4/content
https://repositorio.urp.edu.pe/server/api/core/bitstreams/48004c42-b528-4873-914d-ea3fb70077f4/content
https://doi.org/10.1002/eap.2533
https://doi.org/10.1002/eap.2533
https://faolex.fao.org/docs/pdf/ecu153503.pdf
https://faolex.fao.org/docs/pdf/ecu153503.pdf
https://doi.org/10.3354/meps12304
https://doi.org/10.3389/fmars.2018.00314
https://doi.org/10.3389/fmars.2018.00314
https://doi.org/10.1007/s10641-024-01609-z
https://doi.org/10.1007/s10641-024-01609-z
https://doi.org/10.53554/boletin.v36i1.325
https://doi.org/10.53554/boletin.v36i1.325
https://doi.org/10.1371/journal.pone.0074835
https://doi.org/10.1371/journal.pone.0074835


748	 Environ Biol Fish (2025) 108:725–748

Vol:. (1234567890)

White WT, Corrigan S, Yang L et al (2018) Phylogeny of the 
manta and devil rays (Chondrichthyes: mobulidae), with an 
updated taxonomic arrangement for the family. Zool J Linn 
Soc 182:50–75. https://​doi.​org/​10.​1093/​zooli​nnean/​zlx018

Zhou X, Yang A, Miao Z, Zhang W, Wang Q, MacMillan DC 
(2024) Consumer characteristics and preferences for mob-
ulid gill plates in China. Conserv Biol 38:e14244. https://​
doi.​org/​10.​1111/​cobi.​14244

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1093/zoolinnean/zlx018
https://doi.org/10.1111/cobi.14244
https://doi.org/10.1111/cobi.14244

	Fisheries, trade, and conservation of manta and devil rays in Peru
	Abstract 
	Introduction
	Methodology
	Official public data
	Opportunistic monitoring and interview data
	Study area
	Data collection
	Fishers and traders interviews

	Data analysis
	Official public data analysis
	Opportunistic landing data analysis
	Interview data analysis


	Results
	Official public data analysis
	Catch trends in gear types and across regions
	Seasonality trends in landings

	Opportunistic monitoring of landings
	Overview of landed specimens
	Size frequency distribution

	Interviews with fishers and traders
	Boats and fishing gear
	Species and seasonality
	Fishing areas

	Mobulid trade
	Distribution and use
	Salt-drying processing
	Meat value


	Discussion
	Landing trends in gear types and across regions
	Catch demographics
	Catch hotspots and seasonality
	Market pressures
	Study limitations
	Future directions

	Acknowledgements 
	References


