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First records of the megamouth shark Megachasma pelagios (Taylor, Compagno & Struhsaker, 1983) as bycatch in Peruvian small-scale net fisheries
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Abstract
Between October 2018 and October 2019, seven megamouth sharks were reported as bycatch in the small-scale surface and midwater gillnet fisheries operating from the ports of Mancora and Salaverry in northern Peru. Here we present details of these specimens and bycatch events that represent the first documented records of this species in Peruvian waters, confirming their occurrence as fisheries bycatch. We recommend continued monitoring programs in small-scale fisheries toward assessing the extent of this species’ occurrence in Peru and its vulnerability to fishery interactions.
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Introduction
The megamouth shark, Megachasma pelagios Taylor, Compagno & Struhsaker 1983, a large filter-feeder, was first described in 1983 based on one individual caught off Hawaii in 1976 (Taylor et al. 1983). It has a nearly global distribution in temperate and tropical waters (Compagno 2001), mainly reported from bycatch events from the Western Pacific Ocean: Taiwan, Philippines and Japan (Watanabe and Papastamatiou 2019) and occasionally from the Indian (White et al. 2004; Fernando et al. 2015) or Atlantic Ocean (Amorim et al. 2000; Rodriguez-Ferrer et al. 2017). The majority of these records derive from interactions with small-scale fisheries. A full understanding of the distribution and movements of the species is, however, still lacking (Watanabe and Papastamatiou 2019). In the southern region of the Eastern Pacific Ocean (EPO), megamouth sharks have been reported off the coast of Ecuador, with a total of 4 bycatch events between 2004 and 2016 (Romero and Liza-Santa Cruz 2004; Nakaya 2010; Martínez-Ortiz et al. 2017).
In Peru, megamouth sharks have not yet been officially reported (IMARPE 2019b). The aim of this paper is to document the first cases of bycatch of M. pelagios by the small-scale gillnet fishery in northern Peru. This information highlights the vulnerability of the species to fishery interactions and contributes to our understanding of its global distribution.
Methods
The observations reported in the present study are collected as part of a long-term small-scale fisheries monitoring project operating out of multiple fishing ports along the Peruvian coast. Fishermen participating in the project are trained to collect information about target and non-target catch species, and morphometrics. When possible, photographs are taken of catch or bycatch species to assist in species identification. However, one of the seven sharks included in this study (MP-3) was reported by a fisherman who did not take part in the monitoring program.
As part of this monitoring project, between October 2018 and October 2019, seven megamouth sharks were reported entangled in drifting surface and set mid-water gillnets by small-scale vessels operating in northern Peru. Capture dates and locations are summarized in Table 1. Six caught individuals were released alive after being disentangled in the water alongside the vessel, limiting the possibility of taking exact measurements. However, an average body length was estimated by comparing the size of the shark with the total length of the vessel. These measurements were verified using the mobile application FishFigure Photo, which takes as a measurement reference a selected section of the image, such as the mesh size of the nets. All reports, with the exception of MP-1, included photographic and video records to assist with species confirmation. The sex of four specimens was identified by the presence of claspers visible in photographs or videos of the interactions. Ocean depths at capture locations were extracted from the GEBCO_2014 Grid version 20,150,318 bathymetry data plotted using ESRI ArcGIS version 10.6.1. Descriptive statistics are provided as mean ± standard deviation.
Table 1Bycatch reports of Megachasma pelagios from October 2018 to October 2019 in northern Peru


	Animal
	Capture date
	Capture location
	Fishing gear & target species
	Specimen data

	Latitude
	Longitude
	Nearest Port
	Distance to coast (km)
	Ocean depth (m)
	Net type
	Stretched mesh (in)
	Target species
	Total Length (cm)
	Sex
	Condition
	Fate

	MP-1
	13-Oct-18
	05°10.000 S
	81°43.000 W
	Paita
	58
	3368
	Surface gillnet
	7 ¼
	Sharks
	> 500
	–
	Alive
	Released

	MP-2
	03-Mar-19
	03°59.300 S
	81°34.500 W
	Mancora
	48
	2593
	Surface gillnet
	7
	Yellowfin tuna (Thunnus albacares)
	470
	–
	Alive
	Released

	MP-3
	24-Jun-19
	08°22.500 S
	79°18.000 W
	Salaverry
	37
	66
	Midwater gillnet
	14
	Eagle rays (Myliobatis sp.)
	215
	–
	Dead
	Discarded

	MP-4
	04-Aug-19
	06°55.667 S
	81°32.832 W
	San Jose
	75
	5778
	Surface gillnet
	8
	Smooth hammerhead sharks (Sphyrna zygaena), blue sharks (Prionace glauca) and eagle rays (Myliobatis sp.)
	375
	Male
	Alive
	Released

	MP-5
	07-Aug-19
	06°53.462 S
	81°29.625 W
	San Jose
	99
	5184
	Surface gillnet
	8
	Smooth hammerhead sharks (Sphyrna zygaena), blue sharks (Prionace glauca) and eagle rays (Myliobatis sp.)
	400
	Male
	Alive
	Released

	MP-6
	14-Oct-19
	05°30.200 S
	81°17.200 W
	Paita
	29
	275
	Surface gillnet
	7
	Yellowfin tuna (Thunnus albacares)
	> 400
	Male
	Alive
	Released

	MP-7
	16-Oct-19
	04°53.200 S
	81°38.100 W
	Paita
	41
	2932
	Surface gillnet
	7
	Yellowfin tuna (Thunnus albacares)
	> 400
	Male
	Alive
	Released




Results
A total of seven megamouth sharks bycatch events are reported in this study (Figs. 1, 2 and 3). Six individuals were alive when captured and released. Only MP-3 was found dead, entangled in fishing nets, and was brought aboard the fishing vessel to facilitate disentanglement (Fig. 1c-d). This shark was eventually discarded after the crew determined that the meat had no market value. Reported specimens occurred at a straight-line distance from the coast of 55.3 ± 24.5 km (range: 29 to 99 km, n = 7) (Fig. 4) at water depths ranging from 66 m to 5778 m (2885 ± 2188 m, n = 7) (Table 1). Additional data of capture locations and fishing gear and target species are given in Table 1. The estimated total length (TL) of the individuals reported in Mancora (MP-1, MP-2, MP-6 and MP-7) is > 500 cm, 470 cm, > 400 cm and > 400 cm, respectively. Moreover, the estimated total length of the individuals reported in Salaverry (MP-3, MP-4 and MP-5) were 215 cm, 375 cm and 400 cm, respectively (Table 1). Four megamouth sharks (MP-4, MP-5, MP-6, MP-7) were identified as males.
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Fig. 1Megachasma pelagios individuals from Mancora (MP-2) and Salaverry (MP-3) bycaught by small-scale net fisheries: a Lateral view of MP-2 showing the white ventral surface of a pectoral fin with the characteristic black margin, b anterior lateral view of the head of MP-2 with the visible white band on the upper jaw and between the nostrils. c Dorso lateral view of MP-3 showing its tadpole-like body, d view of the large mouth, white band on the upper jaw and white ventral hue
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Fig. 2Megachasma pelagios individuals (MP-4 and MP-5) from Salaverry bycaught by small-scale net fisheries: a Anterior lateral view of the head of MP-4, b Dorsal view of MP-4 showing its tadpole-like body (c) Ventral view of the entangled MP-5 showing the white ventral surface of its body, d Lateral view of MP-5 showing a pectoral fin with the characteristic black margin and nets entangled around its body
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Fig. 3Megachasma pelagios individuals (MP-6 and MP-7) from Mancora bycaught by small-scale net fisheries: a Anterior lateral view of MP-6 showing the white band on the upper jaw and with nets entangled in its mouth, b ventral view of MP-6 with nets entangled by a side in its mouth. c-d Lateral views of MP-7 showing entangled nets by its mouth
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Fig. 4Locations of bycatch of megamouth sharks (Megachasma pelagios) in northern Peru


Discussion
The specimens of the megamouth sharks Megachasma pelagios detailed here are the first reports of bycatch interactions of this species for Peru. Most bycatch reports for this species, including this study, have come from small-scale fisheries (Miya et al. 1992; Romero and Liza-Santa Cruz 2004; Fernando et al. 2015; Martínez-Ortiz et al. 2017). Similarly, all seven megamouth sharks reported in the present study were captured in gillnets, the gear type most reported to interact with this species (Lavenberg and Seigel 1985; Miya et al. 1992; Romero and Liza-Santa Cruz 2004; Castillo-Géniz et al. 2012; Fernando et al. 2015; Martínez-Ortiz et al. 2017).
In northern Peru, the captures occurred between the coordinates 3–9°S, at a maximum distance of 99 km off the coast, which is an area where the northern region of the Peruvian Coastal Upwelling (PCU) develops (Pennington et al. 2006; Gutiérrez et al. 2014). Moreover, the Surface Equatorial Waters (SEW), Surface Tropical Waters (STW) and Peruvian Cold Coastal Waters (PCCW) all converge and mix in this region yielding high biological primary productivity (Gutiérrez et al. 2014; Pinedo 2014). This high productivity may attract megamouth sharks to this area. A similar pattern was observed for megamouth sharks in Ecuador and Mexico (Castillo-Géniz et al. 2012; Martínez-Ortiz et al. 2017). Under these conditions, these sharks are presumably foraging in productive areas that overlap with coastal fisheries and make them prone to bycatch interactions.
Studies have described M. pelagios as a specialized filter feeder, primarily consuming euphausiids (Taylor et al. 1983; Sawamoto and Matsumoto 2012; Liu et al. 2018; Watanabe and Papastamatiou 2019), but also copepods, jellyfish (Yano et al. 1999; Compagno 2001) and possibly small fishes, like Peruvian anchovy Engraulis ringens, reported as regurgitated food of M. pelagios in Ecuador (Romero and Liza-Santa Cruz 2004). The same prey groups occur in the northern region of the PCU (Gutiérrez et al. 2014; Pinedo 2014; Orosco and Ayon 2016; IMARPE 2019a; IMARPE 2019c), where the M. pelagios specimens are reported, which may indicate that this northern Peru zone represents a potential foraging zone for the species.
All seven reported megamouth sharks were bycaught by fisheries that use surface gillnets or relatively shallow midwater set nets which are set around dusk, soaked overnight, and collected around dawn the following day (Alfaro-Shigueto et al. 2010). Megamouth sharks seem to perform vertical migrations swimming shallow at night and up to 166 m during day (Nelson et al. 1997), possibly in pursuit of vertically migrating plankton. These migrations would bring them to surface waters at night when fishing nets are abundant, making them particularly vulnerable to fishery interactions. Subsequent discussions with fishermen from Mancora and Salaverry revealed that the local common name for the megamouth shark is “chirimoya shark” or “guanabana shark” (“tiburon chirimoya”, “tiburon guanabana”). Mancora fishermen indicated that it is captured sporadically and in most cases released alive, suggesting that fishery interactions with megamouth sharks are not entirely uncommon in the area. On the contrary, in Salaverry, this interaction was described as unusual, and may be related to (1) abnormal environmental conditions (e.g. shifting currents or temperatures, or variations in food availability) or (2) a poor awareness of the species by fishermen (e.g. not being able to identify the species, not reporting bycatch events). In addition, because they are large-sized animals (Compagno 2001), the majority of M. pelagios are disentangled and released while in the water, making it more difficult to document their bycatch. This is the first time such a high number of bycatch events' of megamouth sharks has been reported in such a relatively small area over a short time period. This proves the need for an extended and systematic study in similar ports along the Peruvian coastline. This would (1) improve our knowledge of the species presence and distribution within the PCU and (2) demonstrate the danger that fisheries present to the vulnerable megamouth sharks.
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