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ARTICLE INFO ABSTRACT

Handled by B Arara There is a growing global concern for the conservation of manta and devil rays (Mobulidae). Populations of
mobulids are falling worldwide and fisheries are one of the main activities contributing to this decline. Mobulid
landings have been reported in Peru for decades. However, detailed information regarding the description of
mobulid captures is not available. This study provides an assessment of mobulid captures and fish-market
landings by small-scale gillnet fisheries from three landing sites in northern Peru. Onboard and shore-based
observations were used to monitor captures and landings respectively between January 2015 and February
2016. All mobulid species known to occur in Peru were recorded from landings, with immature Mobula japanica
as the most frequent catch. No manta rays (Manta birostris) were reported as caught although one specimen was
observed as landed. The mean nominal CPUE was 1.6 * 2.8 mobulids[km.day] ~1 while the average capture
per set (fishing operation) was 2.0 + 8.09 mobulids[set] ~1. Smooth hammerhead shark (S. zygaena) and yel-
lowfin tuna (T. albacares) were target species highly associated with mobulid captures. The majority of mobulid
captures occurred in nearshore waters and over the continental shelf off Zorritos and San Jose. Mobulid capture
showed a temporal trend, increasing between September 2015 and February 2016, with a peak in October 2015
(10.17 + 0.23 mobulids[km.day] ~%), reflected by landings that showed an additional peak in May. A gen-
eralized linear zero-inflated negative binomial two-part model (GLM ZINB) indicated that longitude and latitude
explained both the zero-inflated binomial model, as well as the count negative binomial model, which also
included season as a explanatory variable for differences in mobulid captures. The mean CPUE (mobulids
[km.day] ~ 1y and mean Variance values obtained from the fitted final model were 1.73 and 25.51, respectively.
Results also suggest that high mobulid captures could reflect an opportunistic behaviour of fishermen who catch
mobulids when target species are not as abundant. Considering the global conservation status of mobulids,
(Manta and Mobula), and acknowledging that M. birostris was the only species not recorded captured in the study
but is the only species legally protected in Peru, further studies are necessary to support the possible inclusion of
Mobula species in national management plans.

1. Introduction species, while the genus Mobula groups nine species. Both genera are

widely distributed in tropical and subtropical latitudes (40°N-40°S)

Mobulids are large planktivorous elasmobranchs from the family
Mobulidae, represented by manta (Manta spp) and devil rays (Mobula
spp). These rays are mostly identified by their large body sizes, with
disc widths (DW) up to 7 m for Manta spp and up to 5 m for Mobula spp
(Notarbartolo di Sciara, 1988; McClain et al., 2015), and the presence
of two cephalic lobes on the head. The genus Manta includes two
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where seawater temperatures are between 20 and 26 °C (Clark, 2010;
Canese et al., 2011; Croll et al., 2012). However, mobulid individuals
do not show large ranges of displacement (Camhi et al., 2007).
Although little is known about the ecology of this family (Couturier
et al.,, 2012), some studies have revealed the high vulnerability of
mobulids to anthropogenic threats such as fisheries, habitat loss and
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degradation, and climate change (Dulvy et al., 2008; Rohner et al.,
2013; Duly et al., 2014b). Their k-selected life histories may make
mobulids highly vulnerable to even small population depletions
(Couturier et al., 2012; Dulvy et al., 2014a; Croll et al., 2015). The
International Union for the Conservation of Nature (IUCN) Red List
categorizes four mobulid species as near threatened, four as vulnerable,
one as endangered, and two as data deficient. Some specific manage-
ment measures to protect mobulids have been applied worldwide. In-
ternational agreements such as the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (CITES) and the Con-
vention on the Conservation of Migratory Species of Wild Animals
(CMS) promote better regulations for trade and the establishment of
management plans for mobulids. However, there are still limitations in
conservation measures among the species, which experts are trying to
resolve (Lawson et al., 2017).

Fisheries interactions appear to be the main threat for sub-popula-
tions of mobulid species. Estimates of manta and devil rays catches in
Africa and Asia have increased from 931 mt in 2000 to > 4000 mt in
2014 (FAO, 2016), with a global catch estimate of ca. 94 000 ind/year
(Heinrichs et al., 2011). This information, together with the fact that in
some locations mobulid stocks are declining (Ward-Paige et al., 2013;
Lewis et al., in press), raises concerns about the status of manta and
devil ray populations and their capacities to respond to anthropogenic
threats such as fisheries.

Small-scale and recreational fisheries targeting mobulids have been
reported for centuries (Croll et al., 2015). Meat, skin, and, more re-
cently, gills, have been used as food, bait (for artisanal fisheries) and
leather, as well as in Asian traditional medicine (gills). While only nine
countries report having fisheries that target mobulids (Indonesia, Phi-
lippines, India, Sri Lanka, Mexico, Taiwan, Mozambique, Gaza Pales-
tinian States and Egypt), it is important to consider other areas where
incidental catches of mobulids are used as an “opportunistic catch” due
to the increasing values arising from international trade of gills
(Couturier et al., 2012; Hall and Roman, 2013; Lewis et al., in press). In
addition to directed and opportunistic catches, incidental catches (or
“bycatch”) of mobulids have also been reported by small- or large scale
fisheries from 30 countries (Croll et al., 2015). The fishing gears with
the highest reported quantities of mobulid bycatch were gillnets and
purse seines (Alava et al., 2002; Croll et al., 2015,). Of these, tuna purse
seine fishing had the highest catch with reports of over 4700 ind/year
for the Eastern Pacific Ocean between 1993 and 2009 (Hall and Roman,
2013).

In Peru, the catch and landing of mobulids has also been reported.
Gonzalez-Pestana et al. (2016b), ranks it as the 15th country in global
batoid landings, representing 11% of total landings worldwide between
2005 and 2011. The study indicates that mobulid landings were 28% of
total batoid landings in the country, with the largest proportion of
landings coming from the northern coast, and gillnets the main fishing
gear used for mobulid captures. Researchers have reported mobulid
catches in Peru both in small-scale and industrial fisheries (Ayala et al.,
2009; Alfaro-Shigueto et al., 2010; Hall and Roman, 2013). The purse
seine tuna fishery off the Peru between 1994 and 2009 reported an
average of more than 600 mobulids/year captured as bycatch (Hall and
Roman, 2013). Additionally, observations of mobulid bycatch have
been reported in the small-scale gillnet fishery operating along the
north coast of Peru (Castaneda, 1994; Ayala et al., 2009).

The lack of accurate data at the species level on mobulid landings
does, however, prevent a clearer understanding of the catch rates of
individual species. Data gaps such as these can lead to inaccuracies in
the development or implementation of conservation and management
measures. Since 2014, the five species of mobulids present in Peru
waters (M. munkiana, M. tarapacana, M. japanica, M. thurstoni and M.
birostris), have been included in the National Action Plan for
Elasmobranch Conservation (PAN-Tiburén) (Supreme Decree N° 002-
2014 PRODUCE). However, only Manta birostris is subject to specific
regulations, which establish the ban on its capture, landing, processing,
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and/or trade. In cases of bycatch, specimens are to be returned to the
water without injuries (Ministerial Resolution N° 441-2015 PRODUCE).

The main objective of the present study was to describe the mobulid
small-scale gillnet fisheries in three ports in northern Peru (Zorritos,
Mancora and San Jose). More specifically, we were interested in (1)
estimating the rate of mobulid captures by small-scale gillnet fisheries
in the study zone, (2) estimating the landing of mobulids and its fluc-
tuation along the year, and (3) evaluating if mobulid captures are in-
fluenced by temporal and/or spatial variables.

2. Methods
2.1. Study area

The study was conducted from January 2015 to February 2016 at
three landing sites in northern Peru: Zorritos (3°40’S, 80°40'W);
Mancora (4°06’S, 81°02’W) and San Jose (6°45’S, 79°58’W). These sites
comprise one of the areas with the majority of elasmobranch and mo-
bulid landings in the country (Ayala, 2014; Gonzalez-Pestana et al.,
2016a,b).

The marine ecosystem of Peru comprises the Northern Humboldt
Current System (NHCS), known for its unique oceanographic condi-
tions, characterized by strong upwelling and the confluence of many
currents, which generate high fishing productivity (Chavez et al.,
2008). In northern Peru, the NHCS borders with the Pacific Equatorial
System (PES), composed of warm waters and high biodiversity. The
study area corresponds to the convergence zone (4° — 7° S) between
these two systems (Strub et al., 1998; Flores et al., 2013).

2.2. Onboard observations

Five trained onboard observers collected information aboard small-
scale artisanal fishing vessels (maximum of 32.6m> GRT, up to 15m
length and operating manually, Supreme Decree N° 012-001-PE) from
the above-mentioned ports. Observers monitored the fishing activity of
eight surface driftnet vessels during 85 trips (331 individual fishing
sets). Skippers (N = 8) whose vessels were monitored participated
voluntarily in the project. The pelagic gillnet fishery in the study zone is
considered a multi-species activity mainly targeting sharks such as
smooth hammerheads (Sphyrna zygaena) and thresher sharks (Alopias
spp.), and pelagic bony fishes such as yellowfin tuna (Tunus albacares).
The net size is highly variable between vessels. Vessels typically set the
net during the afternoon and retrieved the following morning (soak
duration ~14.5 h) (Alfaro-Shigueto et al., 2010).

Data related to fishing activities, concerning fishing net dimensions,
fishing timing and position (using GPS) per set, and species caught in
numbers (target and not target) were recorded. Retained fish were
counted as catch since discards in this fishery are typically very low,
given its multi-specific nature. Observers did not take part in fishing
activities. When conditions allowed, biometric data, sex and weight of
mobulids caught were recorded. Identification to the species level was
attempted onboard using identification guides provided during this
study, as well as on land using pictures of the catch. Data were analysed
to the genus level (Mobula spp. or Manta spp) due to difficulties in
Mobula species identification (mainly between Mobula munkiana and
Mobula thurstoni) because of challenging sampling conditions at sea.

Observers worked every month (2-3 trips per month per observer)
over a total period of 14 months (from January 2015 to February 2016)
in order to account for any potential seasonal variability in catch rates.
Onboard observer data were managed in a Microsoft Access database.

2.3. Shore-based observations
In order to monitor total mobulid species landings by this gillnet

fishery, shore-based observers were also deployed in San Jose from
September 2015 to January 2016, and in Zorritos from January 2015 to
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February 2016. These shore-based observers collected data on the total
number of mobulids for each species landed per vessel per fishing trip.
Identification to the species level was attempted using ID guides. Since
large mobulids are mainly landed in pieces (pectoral fins without tail
nor head) species identification was made based on colour patterns on
pectoral fins and verified using mDNA barcoding through a parallel
study. When conditions allowed (whole animal or mobulid pieces with
the pelvic fins and reproductive organs visible), biometric data and sex
of mobulids landed were recorded. Individuals landed in pieces were
measured for disc width by doubling the length of the right fin. Data
collection was based upon daily monitoring of dockside activity.

Mobulid landings in Mancora could not be monitored during the
study period because the port was in the process of being rebuilt. Shore-
based data from Mancora collected by the local NGO ProDelphinus in
2013, which included data on mobulid landings (kg of mobulid per
vessel per trip), was used as a proxy to analyse mobulid fishing trends in
this zone.

2.4. Data analysis

To facilitate our objective of better understanding how mobulid
captures relate to other fish catch, and to simplify data analysis, capture
data recorded by onboard observers was split into two groups, based on
the species caught by fishermen: (1) Mobulids, which correspond to all
Manta and Mobula species, and (2) Target, corresponding to all other
commercial species, excluding Mobulids (mainly sharks and tuna).

To provide an empirical description of the data collected by ob-
servers, nominal captures per unit effort (CPUE) for mobulids and target
fish were calculated per set, based on net length (km) and set duration
(day). To analyse temporal trends in nominal CPUE, values per set were
grouped by month. Rates obtained were expressed in mobulids
[km.day] ~1 and fish [km.day] ~1, In order to broaden comparability to
other studies, average Capture of Mobulids per Set (CPS) was also
calculated and expressed in mobulids[set] ~1 and fish[set]-.
Descriptive statistics are presented as mean * standard deviation
(SD). Statistical tests were performed using R 3.1.3 (R Core team,
2016).

In order to standardize mobulids CPUE, using different covariates to
better understand their influence over catch rates, a Generalize Linear
Model (GLM) was applied (Minami et al., 2007; Amande et al., 2008).
The data for mobulid captures was recorded as counts (i.e. number of
individuals caught per fishing set). A first assessment of the frequency
distribution showed a long right tail and a large amount of zeroes
(80.25% of all sets, see supplementary material for a more detailed
model description). Thus, given the nature of the data, Generalised
Linear Models (GLMs) were applied, testing both the Poisson and Ne-
gative Binomial (NB) families. Due to the large number of zeroes in the
data, and further overdispersion issues, a zero-inflated negative bino-
mial (ZINB) distribution with a log link function was applied. The ZINB
GLM is a two-part model that combines the probabilities of measuring
positive integers and ‘true’ zeroes, with observations containing ‘false’
zeroes, which need to be accounted for (for example, mobulid disen-
tanglements), allowing for the assignation of different predictive vari-
ables to each part. The model was built and optimized as follows:
Mobulid captures was the response variable, whereas season (summer:
January-March, fall: April-June, winter: July-September, and spring:
October-December), longitude, latitude and target species catches were
selected as predictor variables. Effort was considered as an offset
variable. A top-down approach was followed in order to obtain a first
full significant model. For this approach, all covariates, as well as their
interactions, were first included and taken out in a step-wise fashion
according to each model’s significance. This first full model was further
tested to see if more terms could be dropped while improving the fit.
The process was done by removing all terms in turns and comparing
each resulting model against the full model (because the former were
all nested in the latter), using a likelihood ratio test, as well as the
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Akaike Information Criterion (AIC). The ZINB model was fitted in R
3.1.3 (R Core Team, 2016), using the zeroinfl function of the pscl
package (Zeileis et al., 2008).

Mobulid landings from shore-based data were analysed per month.
For Zorritos and San Jose, the mean of total mobulid individuals per
month were calculated. In the case of Mancora, the mean of total mo-
bulid weight (kg) per month were calculated. Rates obtained were ex-
pressed as mobulids[month] ! for Zorritos and San Jose, and as kg
[month] ~* for Mancora.

A Length-Weight relationship for specimens of M. japanica mea-
sured and weighed was obtained by applying the following equation:
TW = aDW?, where TW is the total weight of the Mobula in grams, and
DW is the disc width in cm. The resultant equation was used to estimate
the mean weight for captured individuals. The process was not applied
for other species due to the small number of samples.

3. Results
3.1. Summary of mobulid catches

A total of 657 mobulids were recorded as captured by onboard
observers during the study period across all study sites, representing
10.1% of the total catch (number of specimens). Thirty-three percent of
all the monitored trips and 19% of all sets had mobulid captures. In all
cases, captured mobulids were from the genus Mobula. There was only
one observation of a M. birostris entanglement, which was disentangled
and released alive. The mean nominal CPUE for Mobula spp. was
1.6 = 2.8 mobulids[km.day] "' (Range: 0-10.2), while the average
CPS was 2.0 + 8.09 mobulids[set] ~* (Range: 0-85). Eighty percent of
the mobulids captured were recovered alive. All the mobulids caught
(captured and retained) were landed and sold.

The nominal CPUE for target species (sharks and tuna) was
13.25 + 11.29 fish[km.day] -1 (Range: 0.69-35.57), while the
average CPS of target species was 17.6 + 37.7 fish[set] "' (Range:
0-310). Eighty-two sets had no catch. Twenty-two target species were
identified as associated with mobulid catches. The species most highly
associated with mobulid captures were the smooth hammerhead shark
(Sphyrna zygaena) which represented 16% of the total catch in sets with
mobulid captures and was present in 37% of all sets; and yellowfin tuna
(Thunnus albacares) which represented 13% of the total catch in sets
with mobulid captures and was present in 14% of all sets. In 19 sets,
mobulids were the only species caught (30% of sets with mobulid
catches), representing 55% of the total catch quantity of mobulids.

3.2. Spatial and temporal patterns and predictive variables

Mobulid captures primarily occurred in near-shore waters (65% of
sets with mobulid captures occurred within the first 50 km from the
coast, being the closest at 3.6 km off San Jose; see Fig. 1) and over the
continental shelf, with the highest nominal CPUE of mobulids in the
fishing grounds off Zorritos and San Jose (27% and 13% of all sets with
captures of mobulids, respectively. Fig. 1). Mobulid catches also
showed a temporal trend, rising between September 2015 and February
2016, with a peak during October 2015 (10.17 = 0.23 mobulids
[km.day] ~1). Catches of target species showed a different pattern, with
high values from January to March 2015, and December 2015 to Feb-
ruary 2016 (Fig. 2). In most cases, mobulid captures occurred when
target catches were low (Fig. 3).

The first full significant ZINB model was:

MobCatch ~ Season:Latitude + Season + Latitude + Longitude + offset
(log(Effort)) | Season + Latitude + Longitude + offset(log(Effort)).

During model selection, eight new models were obtained (Table 1,
from A-H) from dropping terms out of the full model (model 0). The p-
values from the likelihood ratio tests showed that all new models were
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significantly different after dropping their respective selected terms,
meaning that model O could be improved if simplified. New models
were tested for validation and only model F showed significance when
applying a linear model to the observed vs. fitted values of each, though
the fit was not perfect (R%2=22.97%). The final model F differed from
the full model 0 in that it did not include the interaction between season
and latitude for the count model (i), and the cov'ariate season for the
binomial model (it;). The final model was:

MobCatch ~ Season + Latitude + Longitude + offset(log(Effort)) | Latitude
+ Longitude + offset(log(Effort)).

Using the estimated probabilities y; and mt;, from the count and the
binomial models, respectively, the parameters (i.e. mean and variance)
were calculated for the GLM ZINB: (i) mean CPUE = 1.73 mobulids/
km*d; (ii) mean Variance = 25.51 (summary table in complementary
material).
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3.3. Shore-based observations

Daily shore-based monitoring of mobulid landings indicated 1985
mobulids landed by 20 fishing vessels in Zorritos from January 2015 to
February 2016 (142 mobulids[month] -1 Range: 6-679). The months
with the highest landings were May and October (37% and 26% of
mobulid landed in 2015). In San Jose, 895 mobulids were landed by 16
fishing vessels between September 2015 and January 2016 (179 mo-
bulids[month] "}, Range: 90-256). September and December had the
highest reported landings (28% and 25% of mobulids during 2015)
(Fig. 4).

Mobula japanica was the most landed species in both ports, re-
presenting 97.0% and 99.8% of all mobulid landings in Zorritos and San
Jose, respectively. All five mobulid species were recorded for Zorritos
(one specimen each of M. birostris and M. tarapacana). In San José three
mobulid species were recorded (M. japanica, M. munkiana and M.
thurstoni) (Table 2).
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Trade of mobulid meat was observed in both ports. Prices per
kilogram fluctuated between 2.5 and 4 Nuevos Soles (0.75-1.20 US
dollars) in both ports, depending upon the colour of the meat (white
meat had higher prices than grey) and the other species available for
purchase. Mobulid meat from Zorritos was sold mainly in Chiclayo
(nearest city to San Jose port) while mobulid meat from San Jose was
sold in local markets. We also became aware of an apparent cross-
boundary market of mobulid meat between Peru and Ecuador, but we
did not investigate this in detail as it was beyond the scope of the
project.

Mobulid landings in Mancora during 2012 and 2013 averaged
28.1 = 13.9 kg[month] -1 (Range: 8.8-56.3). The highest numbers of
landings were recorded from March to May. Eighteen target species
were associated with mobulid landings, with yellowfin tuna as the most
common species (45.8% of total landings with mobulids), followed by
the smooth hammerhead shark and the thresher shark (10.9 and 10.4%
of total landings with mobulids, respectively). Mobulid landings re-
presented 31.6% of total landings. There were no landings reports in
which mobulids comprised the unique captured species.

3.4. Biological characteristics of caught mobulids

A total of 651 mobulids were measured and sexed (M. japa-
nica = 517, M. munkiana = 56, M. thurstoni = 56, M. tarapacana = 13,
Mobula spp. = 9). The mean DW for M. japanica was 173.0 = 32.1 cm,
for M. munkiana was 114.0 + 73.4cm for M. thurstoni was
142.2 + 29 cm, and for M. tarapacana was 235 = 29.1 (Fig. 5).

Seventy-six M. japanica (Ngemale = 37, Nyale = 35) were measured
and weighed, obtaining a Length — Weight relationship represented by
the following equation: TW = 0.025DW>73*7 (Rsq = 0.753). By ap-
plying this equation on all measured M. japanica, we estimated a mean
total weight of 35 *= 14.6 kg (Range: 0.78-89.8 kg).

4. Discussion
4.1. Mobulid captures

The high mobulid catch rates we report here could be reflecting a
higher relative abundance of mobulids along the northern Peru coast

Fig. 3. Correlation between captures of target spe-
° cies and mobulid species during observations on-
o board small-scale driftnet fishery vessels in northern
© Peru between January 2015 and February 2016.
) Each circle represents one fishing set.
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Results of the model selection. Models A-H are nested in the full significant Model 0, after dropping different terms for each. Chi-squared (X?) and p-values (p) are shown for the likelihood
ratio test for comparisons between the nested models against Model 0. df = degrees of freedom. AIC = Akaike Information Criterion.

Model Dropped term ZINB model component changed df AIC Likelihood ratio test

0 None 16 615.894

A Longitude Count NB model () 15 638.159 X? = 24.265 (df =1,p < 0.001)

B Season:Latitude 13 619.634 X2 = 9.740 (df = 3, p = 0.021)

C Season Zero-inflated Binomial model (it;) 13 621.704 X2 = 11.810 (df = 3, p = 0.008)

D Latitude 15 638.672 X2 = 24.778 (df =1,p < 0.001)

E Longitude 15 651.767 X% = 37.873 (df =1,p < 0.001)

F Season:Latitude from p; Both y; and m; 10 622.238 X2 = 18.344 (df = 6, p = 0.005)
Season from m;

G Season:Latitude + Latitude from g 9 622.236 X2 = 20.342 (df = 7, p = 0.005)
Season from ;

H Season:Latitude + Season + Latitude from y; 6 624.883 X2 = 28.989 (df = 10, p = 0.001)

Season from ;

and/or a higher consumption of mobulid species by the local coastal
population (i.e. higher mobulid captures). Even though the nominal
CPUE and CPS of mobulids obtained by this study were smaller than
those for the target species, they were higher than the bycatch reported
by other studies worldwide, including pelagic purse seines which had
the highest reported bycatch values (0.45 mobulids.[set] ™! in Hall and
Roman (2013), 1.67 mobulids.[set] ! in Molony, (2005)). It is im-

Table 2

Information on mean mobulid captures and landings recorded by observers for each port
during the study. Capture per unit effort (CPUE, in mobulids[km.day] ~*) and Capture per
set (CPS, in mobulids[set] ~1). Units for landings are in number of observed specimens in
the case of Zorritos and San Jose, and in kg for Mancora.

Onboard observers Shore-based observers

portant to recognize, however, the potential impacts of the Port Fishing sets Captures  CPUE  CPS  Species Landings
2015-2016 El Nifio Southern Oscillation event (ENSO) (Quispe and Zorritos 74 567 55 7.66 Manta birostris 1
Vasquez, 2016; L’Heureux et al., 2017) in comparison with non-ENSO Mobula japanica 1927
years. It is known that during ENSO events that Pacific Tropical Surface Mobula 12
Waters (PTSW) migrate eastward reaching the southern Peruvian coast A";‘;Z’:&Z“a )
while displacing colder waters. This could be expanding habitat suit- tarapacana
ability for some mobulid species, since they are likely to occur in tro- Mobula thurstoni 44
pical and warm-temperature waters (Croll et al., 2012; Lawson et al., San Jose 171 64 0.5 0.37  Manta birostris 0
2017). Further studies in normal climatological conditions would help %"z”ﬁ“fapamca 51;93
clarify the influence of ENSO on this fishery. mZn;:iZna
The general trend we observed of higher mobulid and target cap- Mobula 0
tures between October and January could be reflecting a natural pat- tarapacana
tern in their abundance during warm and productive periods. The Mobula thurstoni 1
presence of hammerhead sharks and tunas as target species highly as- Mancora 75 26 0.6 0.34  Mobulidae 72754 (ke)
sociated with mobulid captures, agrees with Hall and Roman (2013) in
a global analysis of mobulid catches by tuna purse seines. These overlap
Fig. 4. Shore-based reports of total mobulid landings
800 - by small-scale driftnet fisheries in northern Peru:
San Jose Zorritos and San Jose, during the study period
(January 2015-February 2016).
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between mobulids and pelagic target species could be due to their ag-
gregations over high productivity marine zones (Couturier et al., 2012;
Croll et al., 2015). Despite the fact that ‘target fish captures’ was
dropped as a predictive variable from the GLM, some disparate tem-
poral fluctuations between mobulid and target captures suggest an
opportunistic behaviour by fishermen, meaning they aimed to capture
mobulids when target species captures were low. This negative corre-
lation between captures of mobulids and target species apparent in the
October 2015 values, where mobulid captures were at their highest and
target species catches were near their lowest (Fig. 3).

Opportunistic behaviour of fishermen related to mobulid captures
was described by Dulvy et al. (2014b) where they mentioned that
fishermen retained mobulids as a secondary catch when target species
were unavailable. Similarly, this opportunistic behaviour is comparable
to our finding that some fishermen indicated changing fishing grounds
towards catching mobulids when sharks or tuna were scarce.

4.2. Mobulid species composition

Despite the fact that we did not identify mobulids to the species
level during onboard observations, shore-based observations confirmed
that all five mobulid species known from Peru were landed and that M.
japanica comprised the vast majority of landings. This was previously
described by Ayala (2014) and Gonzalez-Pestana (2015) at these same
study areas. However, at least one other study based on analysing
historical reports of batoid landings suggests that M. thurstoni is one of
the primary mobulid species landed in Peru (Gonzalez et al., 2016).
This contradiction could be explained either by annual variations in
Mobula abundance, or by species misidentification during shore-based
evaluations, due to the morphological similarities between mobulid
species (Couturier et al., 2012; Poortvliet and Hoarau, 2013). Mobulid
species identification is even more challenging during shore-based
evaluations, where animals arrive butchered (i.e. in pieces or missing
diagnostic features).

The fact that no Manta birostris were caught and that only one was
landed, was explained by Ayala et al. (2009) and Castaneda (1994),
who described manta captures by gillnets as negative, meaning in-
cidental events in which fishermen lose time, and often fishing gear,
while they attempt to disentangle the animal. This has been described
also by Alfaro-Shigueto et al. (2012) who mentioned presence of ha-
zardous manta rays for small vessels as dangerous events. We corro-
borated these finding during the study period. In many cases, local
fishermen informed each other about where large mantas (Manta

M.tarapacana
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Fig. 5. Box plot of Disc width (DW) of all Mobula
species measured. M. japanica (n = 517), M.
munkiana (n = 56), M. thurstoni (n = 56), M. tar-
apacana (n = 13). Data was provided by on-board
and shore-based observers working with small-scale
driftnet fisheries in northern Peru.

M.thurstoni

birostris) had been observed in order to avoid subsequent entangle-
ments. On one occasion, we observed fishermen work for three days as
they attempted to free a M. birostris that had become entangled in eight
panes of their fishing net (they lost three panes in the end). Therefore,
the lack of retention or landings of mantas in our study reflects fisher
attempts at species avoidance.

During the study, we observed a poor understanding by fishermen
of mobulid species and their identification. Even when results showed
that the main genus of mobulids captured and traded were Mobula,
local people (fishermen, sellers and consumers) use the common name
“Manta” for every specimen. Given that species identification is a
challenge, it is recommended that likely misidentification be considered
in research designs (i.e. interview surveys), as well as enforcement and
management measures. Moreover, considering that the single regula-
tion in Peru about fishing and trade of mobulids is focused on M. bir-
ostris, it is important to acknowledge the fact that local common names
are not the best option when conducting product inspections.

4.3. Biological aspects of mobulids caught

Based upon the disc width at maturation for each measured species:
M. munkiana 180 cm, M. japanica 176 cm, M. thurstoni 178 cm, M. tar-
apacana 240 cm (Notarbartolo-di-Sciara, 1988; Villavicencio-Garayzar,
2016), our study results indicate that the majority of the catch of the
main mobulid capture species were juveniles. This has also been sug-
gested by Gonzalez-Pestana (2015). Despite the fairly limited spatial
and temporal scale of the study, this information could be reflecting an
important population of juvenile mobulids in northern Peru.

4.4. Spatial and temporal trends in mobulid captures and landings

Gonzalez et al. (2016) note an annual pattern concerning mobulid
landings between 2001 and 2010, with January, February and
November as the months with higher landings (in tonnes). The model
results in our study indicated a relationship between mobulid CPUE and
season, with higher CPUEs reported during the spring months (October,
November and December). Landings data also showed peaks in mobulid
captures for Zorritos between September and December, but also be-
tween April and May. This pattern could be due to a combination of (1)
low abundances of target fish (inducing fishermen to aim for mobulids)
and (2) seasonal variation resulting in greater presence of mobulids in
the study zone. The latter situation is likely related to the mid-range sea
surface temperature (SST) fluctuating between 21 and 23 °C (IMARPE,
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2016), which coincides with worldwide reports of habitat character-
istics (Clark, 2010; Canese et al., 2011; Croll et al., 2012). Furthermore,
the presence of an observed peak in mobulid landings during May (a
peak not observed in the onboard observer data) could be a signal of an
increase in fishing effort in terms of driftnet vessels in the zone. In other
words, CPUE values may be low during these months, but more boats
could be catching mobulids. Further studies are needed to better un-
derstand these dynamics, including larger scale tracking of fishing ef-
fort and catch.

The model results also indicate an influence of latitude and long-
itude on the probability of capturing mobulids (for both the binomial
and the count NB models). This became apparent when plotting the
data. We see sets with higher mobulid captures concentrated in front of
Zorritos (from 3.4° to 4° S) and north of San Jose (from 6.5° to 6.7° S),
with a gap in mobulid catch between 4° and 6.4° S. However, low in-
teraction rates with mobulids in these areas could be related to the
fewer sets reported in this region. While this study did not consider
fisher behaviour, it could be that fishers know that catches in general
are lower in this area, which, interestingly, coincides with a narrowing
of the continental shelf. Further studies could help determine the role of
particular fishing grounds and fisher’s decisions in the overall catches in
the area. Shore-based reports also indicated that there were more mo-
bulid landings in Zorritos. However, this tendency was not evident in all
months, such as in September, December and January, when mobulid
landings were higher in San Jose than in Zorritos. Ayala and Romero
(2016), described San Jose as an important artisanal port where mo-
bulid meat is commercialized. Therefore, higher landings could be re-
flecting more fishing vessels from other zones choosing to land their
catch in San Jose, giving the higher demand for mobulid meat.

We also see a clear concentration of mobulid captures near the coast
over the continental shelf. High concentrations of pelagic fishes could
be an indicator of high productivity (Pauly and Christensen, 1995). The
spatial distribution of interactions with mobulids could be a signal of
higher productivity in zones near the continental shelf (Bakun and
Weeks, 2008).

4.5. Conservation issues

Our study identified far greater pressure on Mobula spp. than on
Manta. Mobula capture rates by small-scale gillnet fisheries in northern
Peru are considerable, yet periodic, particularly when target fishes are
not abundant and during warm seasons. These capture rates are high if
one considers them a bycatch species but low for a target catch. As a
result, we suggest that mobulid captures be considered as opportunistic
events in these fisheries. All mobulid species known to occur in Peru
were captured and commercialized, with juvenile specimens of Mobula
japanica comprising the vast majority of landings. Manta birostris is a
species that fishers actively seek to avoid catching due to its large size
and capacity to damage fishing gear.

Considering the varying global conservation status of all the mo-
bulid species, further studies of their ecology and fishery interactions
are necessary. Accurate identification to the species level during cap-
ture or landing evaluations is a priority. A combination of measures to
ensure correct identification to the species level could be applied, in-
cluding morphological (e.g. identification guides) and molecular tools
(e.g. genetic barcoding). Legal provisions to require entire carcasses of
all or a proportion of landed mobulids could also help to better identify
mobulids morphologically. In addition, molecular kits of genetic bar-
codes could be used to verify morphological identifications. Although
Peru has recently included mobulids in its fishery regulations, this
measure only considers Manta birostris. Thus, even at the local level, for
improving knowledge about captures and trade, or for effective over-
sight of mobulid fisheries, correct identification is crucial. It is also
important to assess the local and international markets for mobulid
meat, and the socio-economic characteristics of this trade. Finally, a
better understanding of the population dynamics of mobulid species at
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regional levels, including their genetic diversity and migration patterns,
could provide information critical to the implementation of effective
management or conservation plans.

Acknowledgements

We would like to thank the members of the fishing communities
who participated in this study, in particular the fishers who were
willing to have an observer onboard. We also thank ProDelphinus staff
and members of the elasmobranch project: Adriana Gonzalez, Astrid
Jimenez, Diego Benites, Francisco Coérdova, Javier Coasaca,
Maximiliano Espinoza, Nicolas Acuna and Sergio Pingo for their help in
data collection. This study was funded by the governmental programme
FINCyT/INNOVATE (Contract N° 369 PIBA 2014), the Rufford Small
Grant (17953-1), Darwin Initiative and Whitley Fund for Nature.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in the
online version, at http://dx.doi.org/10.1016/j.fishres.2017.06.012.

References

Alava, M.N.R., Yaptinchay, A.A., Dolumbal, E.R.Z., Trono, R.B., 2002. Fishery and trade
of whale sharks and manta rays in the Bohol Sea, Philippines. In: Fowler, S.L., Reid,
T., Dipper, F.A. (Eds.), Elasmobranch Biodiversity, Conservation and Management:
Proceedings of the International Seminar and Workshop, Sabah, Malaysia, July 1997.
TUCN/SSC Shark Specialist Group. IUCN, Gland, Switzerland and Cambridge, UK. pp.
132-148.

Alfaro-Shigueto, J., Mangel, J.C., Pajuelo, M., Dutton, P.H., Seminoff, J. a., Godley, B.J.,
2010. Where small can have a large impact: structure and characterization of small-
scale fisheries in Peru. Fish. Res. 106, 8-17. http://dx.doi.org/10.1016/j.fishres.
2010.06.004.

Alfaro-Shigueto, J., Mangel, J.C., Dutton, P.H., Seminoff, J.A., Godley, B.J., 2012. Trading
information for conservation: a novel use of radio broadcasting to reduce sea turtle
bycatch. Fauna Flora Int. Oryx 46, 332-339. http://dx.doi.org/10.1017/
$0030605312000105.

Amande, M.J., Chassot, E., Chavance, P., Pianet, R., 2008. Silky Shark (Carcharhinus
Falciformis) Bycatch in the French Tuna Purse-seine Fishery of the Indian Ocean. Iotc
Wpeb - 2008/016 22. IOTC WPEB - 2008/016.

Ayala, L., Romero, M., 2016. The trade of mobulid rays in northern Peru. The
International Marine Claims Conference.

Ayala, L., Amor6s, S., Céspedes, C., 2009. Catch and Bycatch of Albatross and Petres in
Longline and Gillnet Fisheries in Northern Peru. Rufford small grants founda-
tionhttp://dx.doi.org/10.1017/CB09781107415324.004.

Ayala, L., 2014. First assessment of Mobulid rays fishery in Peru. Final Project Report to
the Save Our Seas Foundation. Asociaciéon Peruana para La Conservacion de la
Naturaleza (APECO).

Bakun, A., Weeks, S.J., 2008. The marine ecosystem off Peru: what are the secrets of its
fishery productivity and what might its future hold? Prog. Oceanogr. 79, 290-299.
http://dx.doi.org/10.1016/j.pocean.2008.10.027.

Camhi, D.M., Valenti, V.S., Fordham, V.S., Fowler, L.S., Gibson, C., 2007. The
Conservation Status of Pelagic Sharks and Rays, Report for the IUCN Shark Specialist
Groups Pelagic Shark Red List Workshop. 978-0-9561063-1-5.

Canese, S., Cardinali, A., Romeo, T., Giusti, M., Salvati, E., Angiolillo, M., Greco, S., 2011.
Diving behavior of the giant devil ray in the Mediterranean Sea. Endangered Species
Res. 14, 171-176.

Castaneda, J., 1994. La Pesqueria artesanal y biologia pesquera de especies de im-
portancia econémica en la caleta de San José. Tesis de Pregrado. Universidad
Nacional Mayor de San Marcos, Lima, Perd.

Chavez, F.P., Bertrand, A., Guevara-Carrasco, R., Soler, P., Csirke, J., 2008. The northern
Humboldt Current System: brief history, present status and a view towards the future.
Prog. Oceanogr. 79, 95-105. http://dx.doi.org/10.1016/j.pocean.2008.10.012.

Clark, T., 2010. Abundance, Home Range, and Movement Patterns of Manta Rays (Manta
Alfredi M. Birostris) in Hawaii. PhD Thesis. University of Hawaii, Manoa.

Couturier, L.I.E., Marshall, A.D., Jaine, F.R.A., Kashiwagi, T., Pierce, S.J., Townsend, K.A.,
Weeks, S.J., Bennett, M.B., Richardson, A.J., 2012. Biology, ecology and conservation
of the Mobulidae. J. Fish Biol. 80, 1075-1119. http://dx.doi.org/10.1111/j.1095-
8649.2012.03264.x.

Croll, D.A., Newton, K.M., Weng, K., Galvdn-Magana, F., O’Sullivan, J., Dewar, H., 2012.
Movement and habitat use by the spine-tail devil ray in the Eastern Pacific Ocean.
Mar. Ecol. Prog. Ser. 465, 193-200. http://dx.doi.org/10.3354/meps09900.

Croll, D.A., Dewar, H., Dulvy, N.K., Fernando, D., Francis, M.P., Galvan-Magana, F., Hall,
M., Heinrichs, S., Marshall, A., Mccauley, D., Newton, K.M., Notarbartolo-Di-Sciara,
G., O’'Malley, M., O’Sullivan, J., Poortvliet, M., Roman, M., Stevens, G., Tershy, B.R.,
White, W.T., 2015. Vulnerabilities and fisheries impacts: the uncertain future of
manta and devil rays. Aquat. Conserv. Mar. Freshw. Ecosyst. n/a-n/a. http://dx.doi.
org/10.1002/aqc.2591.

Dulvy, N.K., Baum, J.K., Clarke, S., Compagno, L.J.V., Cortes, E., Domingo, A., Fordham,



E. Alfaro-Cordova et al.

S., Fowler, S., Francis, M.P., Gibson, C., Martinez, J., Musick, J.A., Soldo, A., Stevens,
J.D., Valenti, S., 2008. You can swim but you can’t hide: the global status and con-
servation of oceanic pelagic sharks and rays. Aquat. Conserv. Mar. fresh water
Ecosyst. 18, 459-482. http://dx.doi.org/10.1002/aqc.975.

Dulvy, N.K., Pardo, S.a., Simpfendorfer, C.a., Carlson, J.K., 2014a. Diagnosing the dan-
gerous demography of manta rays using life history theory. PeerJ 2, e400. http://dx.
doi.org/10.7717 /peer;j.400.

Dulvy, N.K., Fowler, S.L., Musick, J.a., Cavanagh, R.D., Kyne, M., Harrison, L.R., Carlson,
J.K., Davidson, L.N.K., Sonja, V., 2014b. Extinction risk and conservation of the world
> s sharks and rays. Elife 1-35. http://dx.doi.org/10.7554/¢Life.00590.

FAO., 2016. Fishstat Capture Production Database 2000-2014. Available at: http://www.
fao.org/fishery/statistics/software/fishstat.

Flores, R., Espino, M., Luque, G., 2013. Environmental variability patterns in the Peruvian
waters. Rev. Peru.Biol. Nimero Espec. 20, 21-28.

Gonzalez-Pestana, A., Kouri, J.C., Velez-Zuazo, X., 2016a. Shark fisheries in the southeast
pacific: a 61-year analysis from Peru (version 2; referees: 1 approved, 2 approved
with reservations). F1000Research 3, 164. http://dx.doi.org/10.12688/
f1000research.4412.2.

Gonzalez-Pestana, A., Kouri, J.C., Velez-Zuazo, X., 2016b. Situacién de los batoideos en el
Perti: Lo que sabemos y lo que no sabemos. Libro de restimenes. V Congreso de
Ciencias del Mar del Perti, Lambayeque, Pert.

Gonzalez-Pestana, A., 2015. Aggregation areas of elasmobranches in Peruvian waters.
Final Report. Rufford Small Grants Foundation.

Hall, M., Roman, M., 2013. Bycatch and Non-tuna Catch in the Tropical Tuna Purse Seine
Fisheries of the World, FAO Technical Paper.

Heinrichs, S., O’Malley, M.P., Medd, H., Hilton, P., 2011. The Global Threat to Manta and
Mobula Rays. Manta Ray of Hope, WildAid, San Francisco, CA 21 pp.

IMARPE, 2016. Grupo de Trabajo Institucional El Nifio Informe de las Condiciones
Oceanograficas y Biolégico Pesqueras.

L’Heureux, M.L., Takahashi, K., Watkins, A.B., Barnston, A.G., Becker, E.J., Di Liberto, T.
E., Gamble, F., Gottschalck, J., Halpert, M.S., Huang, B., Mosquera-Vésquez, K.,
Wittenberg, A.T., in press Observing and Predicting the 2015-16El Nifio. Bull. Am.
Meteorol. Soc. BAMS-D-16-0009.1. 10.1175/BAMS-D-16-0009.1.

Lawson, J.M., Walls, R.H.L., Fordham V, S., Heupel, R., Stevens, G., Fernando, D.,
Budziak, A., Simpfendorfer, C.A., Davidson, L.N.K., Ender, I., Francis, M.P., Dulvy,
N.K., International, S.A., Foundation, T.O., Francisco, S., Trust, M., Science, E.,
Resources, B., Lanka, S., Margarita, R.S., Zealand, N., 2017. Sympathy for the devil: a
conservation strategy for devil and manta rays. PeerJ 5, e3027. http://dx.doi.org/10.
7717/peerj.3027.

Lewis, S.A., Setiasih, N., Fahmi, Dharmadi, Malley, M.P.O., Campbell, S.J., Yusuf, M.,
Sianipar, A., in press Assessing Indonesian manta and devil ray populations through

36

Fisheries Research 195 (2017) 28-36

historical landings and fishing community interviews. PeerJ preprint 1-9. 10.7287/
peerj.preprints.63v1

McClain, C.R., Balk, M.a., Benfield, M.C., Branch, T. a., Chen, C., Cosgrove, J., Dove,
A.D.M., Gaskins, L.C., Helm, R.R., Hochberg, F.G., Lee, F.B., Marshall, A., McMurray,
S.E., Schanche, C., Stone, S.N., Thaler, A.D., 2015. Sizing ocean giants: patterns of
intraspecific size variation in marine megafauna. PeerJ 3, €715. http://dx.doi.org/10.
7717 /peerj.715.

Minami, M., Lennert-Cody, C.E., Gao, W., Romén-Verdesoto, M., 2007. Modeling shark
bycatch: the zero-inflated negative binomial regression model with smoothing. Fish.
Res. 84, 210-221. http://dx.doi.org/10.1016/j.fishres.2006.10.019.

Molony, B., 2005. Estimates of the mortality of non-target species with an initial focus on
seabirds, turtles and sharks. EB WP-1. In: 1st Meeting of the Scientific Comittee of the
Western and Central Pacific Fisheries Commission Report No. WCPFC-SC1 EB WP-1.
Noumea, New Caledonia.

Notarbartolo-di-Sciara, G., 1988. In IUCN 2016. IUCN Red List of Threatened Species.
Version 2016.3. www.iucnredlist.org.

Pauly, D., Christensen, V., 1995. Primary production required to sustain global fisheries.
Nature 374, 255-257. http://dx.doi.org/10.1038/374255a0.

Poortvliet, M., Hoarau, G., 2013. The complete mitochondrial genome of the Spinetail
Devilray, Mobula japanica. Mitochondrial DNA 24, 28-30. http://dx.doi.org/10.
3109/19401736.2012.716051.

Quispe, J., Vasquez, L., 2016. Indice LABCOS para la caracterizacién de eventos El Nifo y
La Nina frente a la costa del Pert, 1976-2015. Estud. y Monit. los efectos del
Fenémeno El Nifio en el ecosistema Mar. frente al Pertipp. 1.

R Core Team, 2016. R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing. Vienna, Austria. URL. https://www.R-project.
org/.

Rohner, C.A., Pierce, S.J., Marshall, A.D., Weeks, S.J., Bennett, M.B., Richardson, A.J.,
2013. Trends in sightings and environmental influences on a coastal aggregation of
manta rays and whale sharks. Mar. Ecol. Prog. Ser. 482, 153-168. http://dx.doi.org/
10.3354/meps10290.

Strub, P.T., Mesias, J.M., Montecino, V., Rutllant, J., Salinas, S., 1998. Coastal ocean
circulation off western south america. In: Robinson, A.R., Brink, K.H. (Eds.), The Sea.
11. John Wiley and Sons, pp. 273-313.

Villavicencio-Garayzar, C.J., 2016. In IUCN 2016. IUCN Red List of Threatened Species.
Version 2016.3. www.iucnredlist.org.

Ward-Paige, C.a., Davis, B., Worm, B., 2013. Global population trends and human use
patterns of Manta and Mobula rays. PLoS One 8, e74835. http://dx.doi.org/10.1371/
journal.pone.0074835.

Zeileis, A., Kleiber, C., Jackman, S., 2008. Regression Models for Count Data in R. J. Stat.
Softw 27. pp. 1-25. http://dx.doi.org/10.18637/jss.v027.i08.



