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Highlights
· Abundance estimation of sea cucumber using state-of-the-art modelling techniques
· Analysis of the most intensive and longest sampling effort ever conducted in the region
· Awareness that ignoring its spatial distribution can lead to overestimate abundance
· Granting quotas on the basis of flawed estimations can lead to population decrease

Abstract
There is an increasing demand for fisheries resources worldwide. For example, the Asian markets have traditionally consumed sea cucumber as a delicacy and their buoyant economies have promoted demand for it in recent years. The brown sea cucumber Isostichopus fuscus is the most valuable species from the Eastern Pacific and it has been almost depleted due to overfishing. In this work, we analyzed data of sea cucumber abundance collected monthly (October 2014 – December 2016) along the west coast of the Gulf of California (29.95 oN – 28.05 oN) in 1,107 swath (25 x 2m) quadrats performed at 118 sites with the goal of determining if current fishing quotas are sustainable. We applied a Bayesian hierarchical modelling approach with integrated nested Laplace approximation (INLA) to this data to account for spatial structure in the data when calculating densities. The observed density ranged from a minimum of 0 to a maximum of 0.58 ind/m2, with an average of 0.03 ind/m2 in suitable habitat, defined as the habitat less than 30 m deep and with hard substrate. There are large spatial variations in abundance, but the overall mean suitable habitat is 15.7% (min = 7.8%, max = 28.8%) of the total fishing area. Current quotas are usually higher than 5% of the lower bounds of population density estimates. We propose, among other management measures, that quotas should be granted taking into account the spatial structure of sea cucumber densities as well as the proportion of suitable area within each estate. Given the high levels of illegal fishing within the Gulf of California, it is imperative that quotas are based on the lower bounds of spatially explicit density estimates – along with increased surveillance and enforcement – if the long-term commercial sustainability of the fishery is to be maintained. 
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Introduction
The traditional preferences of Asian consumers as well as the buoyancy of southeast Asian economies has increased the pressure on high-valued resources such as the sea cucumber and has led to overexploitation of more than 70 of these fisheries worldwide (Purcell et al., 2013). These echinoderms are a high-price commodity in the Asian market where they can reach prices of up to US$1,030 per kilo of dried product (Purcell et al., 2014), known as trepang or beche de mer. The main markets are Hong Kong, Singapore and Taiwan (Conand, 2017; To et al., 2018). The brown sea cucumber Isostichopus fuscus (Ludwig, 1975) is distributed along the Eastern Pacific from the Gulf of California in Mexico to the Galapagos in Ecuador and is the most commercially valuable species in Latin America (Conand, 2017).
The brown sea cucumber I. fuscus fishery in the Gulf of California, as with many other sea cucumber fisheries (see Conand, 1990; Purcell et al., 2012, Purcell et al., 2013; Uthicke et al., 2009), is characterized by a boom-and-bust cycle: it peaked in 1991 and three years later it was closed and I. fuscus was listed as endangered (DOF, 1994). 
More recently, five species of sea cucumber from the Mediterranean and NE Atlantic have gone from being classified as a new fisheries resource to over-exploitation in less than ten years (Gonzalez-Wanguemert et al., 2018).  The brown sea cucumber is very vulnerable to overfishing because it is a slow-growing species with late sexual maturity and low mobility, and it is found in shallow areas, making it easy to fish. Bahía de los Ángeles, our study area, has historically contributed most of the catch in the Gulf of California (Glockner-Fagetti et al., 2016). As January 2019, there are three active permits for a total of 41,264 pieces (approximately 13.58 tonnes). However, in spite of its economic, social, and ecological importance, there has been limited published research on this species in this area. This research has focussed on population density declines (Glockner-Fagetti et al., 2016); life-history traits (Pañola-Madrigal et al., 2017a; Reyes-Bonilla et al., 2018); and genetic diversity (Ochoa-Chavez et al., 2018). So far, no attempt to identify sustainable fishing quotas has been made. 
The overfishing of the sea cucumber may have consequences to the whole ecosystem. Purcell et al (2016) reviewed the ecological roles of exploited sea cucumber in regards to sediment health, recycling nutrients, seawater chemistry, and in terms of bolstering biodiversity through symbiotic associations and as a link in the food chain. These authors emphasize that an ecosystem based management approach is necessary due to the cascading effects due to over-exploitation of sea cucumbers (Purcell et al., 2016). The Galapagos Marine Reserve adopted an ecosystem-based spatial management (EBSM) approach at the end of the 1990s but so far has this has been unsuccessful in meeting its goals (Castrejón and Charles, 2013).  In Bahía de los Ángeles, Pañola-Madrigal et al (2017b) estimated the role of sea cucumber in the flow of carbonates in the sediments, concluding that unless some protection measures are urgently implemented, exhaustion of this echinoderm may affect the seawater chemistry.
In Mexico, the management of fishery resources is the responsibility of the National Fisheries Commission (CONAPESCA) which depends on the Secretariat of Agriculture, Livestock, Rural Development, Fisheries and Food (SAGARPA). The two most valuable sea cucumber species harvested in Mexico are I. badionotus in the Gulf of Mexico and Caribbean, and I. fuscus in the Pacific, but Parastichopus parvimensis, Holothuria floridiana and other species are also fished (DOF, 2018). In 2015, 762 tonnes of sea cucumber were landed in Mexico, with a value of $30,434,000 Mexican Pesos (around US$1,623,146) (Anonymous, 2018). Although I. badionotus is managed by CONAPESCA, the special protection status of I. fuscus under official Mexican regulation NOM-059 (DOF, 2010) means that its management is the responsibility of another Secretariat (Secretariat of Environment and Natural Resources – SEMARNAT). Specifically, it is the responsibility of the General Directorate of Wildlife (DGVS). The regulations of general wildlife law do not provide for the use of fishing logbooks; therefore, it is more difficult to keep track of the catches. As this species is CITES Appendix III-listed, the Mexican government is committed to ensure that sea cucumber harvesting for export ‘will not be detrimental to the survival of that species’, and ‘export of specimens of any such species should be limited in order to maintain that species throughout its range at a level consistent with its role in the ecosystems’ (CITES, 2017). 
[bookmark: _gjdgxs]To obtain a fishing permit, the interested party (called permisionario) must first apply for the concession of an estate (the sea is federal property) and carry out an assessment of the abundance of cucumber on that estate. The applicants of an estate will seek it to be as large as possible because they will have exclusive fishing rights and because the authority grants the exploitation quotas based on a certain percentage (usually 10%) of the total abundance of the resource. In 2008 the first harvesting permits were granted in the area of Bahia de los Angeles (Glockner-Fagetti et al., 2016). Those permits were granted under the assumptions that the arithmetic mean density of sea cucumber from in situ sampling was a good estimator of the total abundance in a certain area and that the sea cucumber was uniformly distributed in certain proportion of the whole estate. 
[bookmark: _ian3j2h6pf8q]However, this assumption of a uniform distribution is almost certainly an overestimate, because it is based on two flawed assumptions: 1) the arithmetic mean abundance of samples is representative of the total abundance; and 2) the substrate is homogenous in the whole area. Benthic species are usually found in patches and therefore abundance data are highly skewed (Pennington, 1996). Habitat heterogeneity is the rule rather than the exception and this species is found in hard substrate (Maluf, 1988; Pañola-Madrigal et al., 2017a; Hermosillo-Nuñez et al., 2015). Indeed, the quotas granted in 2008 assumed minimum estimated densities of 0.68 (1.26 org per square meter), which is 2.5 times as high the observed average density (0.27) from 20 sampling sites (Glockner-Fagetti et al., 2016; supplementary material figure S1). 
In this work we estimate sea cucumber densities across fishing estates in the Gulf of California within areas of suitable habitat (< 30m depth). We compare estimates from an approach which assumes uniform distributions (the non-spatial approach used to assign quotas), and one which takes into account the spatial structure of the distribution of this species. We hypothesise that a modelling approach which takes into account the spatial structure of sea cucumber density will perform better than a non-spatial approach. We use our estimated densities to calculate sea cucumber abundance within estates, and compare these estimates to granted quotas. 
Methods
Study site
The Gulf of California is a large marine ecosystem (sensu NOAA, https://www.st.nmfs.noaa.gov/ecosystems/lme/). It is a semi-enclosed sea widely recognized for its high productivity and biodiversity (Lluch-Cota et al., 2007). This high productivity, mainly in the Midriff Island region, is due to intense tidal currents with high rates of tidal energy dissipation (up to >0.3 W m-2, Argote et al. 1995 cited by Alvarez-Borrego, 2008) because this intense water mixing generates nutrient-rich upwelling.  The west coast of the Gulf of California is part of the Baja California peninsula, which politically belongs to the Mexican states of Baja California and Baja California Sur. It is less populated than the east coast in mainland Mexico, with only some scattered towns (Figure 1). Nevertheless, the whole area is heavily fished by small-scale fishers from San Felipe and the Mexican mainland who fish clams, octopus, sea lobsters and sea cucumber, among many other high value species. Most of the study area is included in the biosphere reserve Bahia de los Angeles and Canales de Ballenas y Salsipuedes (Anonymous, 2007). Bahia de los Angeles itself is an impoverished small village with less than 1,000 habitants (590 persons in 2010, according to official figures; only 35% born there; Mexico’s National Institute of Statistics and Geography INEGI http://www.beta.inegi.org.mx/proyectos/ccpv/2010/). The main economic activity is small-scale fishing and seasonal tourism, including ecotourism (for example whale shark watching; Rodríguez-Dowdell et al., 2007). However, the village is blighted by conflicts for land, delinquency, and drug consumption and trafficking. Additionally, it has low levels of literacy and poor telecommunication links. 
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Figure 1. Study area showing the surveyed locations and measured densities. Current and/or last concessioned estates for sea cucumber harvesting are shown as light grey polygons with black outlines.

Data
In order to assess the stock abundance of the sea cucumber, monthly surveys were conducted from October 2014 to December 2016 along the west coast of the Gulf of California (29.95 oN – 28.05 oN). Sampling followed a stratified sampling design in which strata were those places previously surveyed with a recorded presence of sea cucumber (Glockner-Fagetti et al., 2016). This approach was taken to avoid the large areas with a sandy substrate, as this species is only found on hard substrate (Maluf, 1988). Nevertheless, many sites included areas with soft substrate (sand, pebbles, and mud). At each site, we recorded spatial coordinates, air temperature, wind velocity, sea-water temperature, dissolved oxygen and depth. The abundance of sea cucumber was estimated by conducting two swath quadrats (25 x 2m) at three different depths (0-9 m; 10- 17; 18 -30 m) and this was repeated three times at each location. Collection was performed at night by professional well-trained divers using torches because during daylight sea cucumbers hide at crevices and are missed (Reyes-Bonilla et al, 2016). As such, 18 quadrats were performed per location for each visit, except when extreme meteorological conditions impeded the survey. In total, 118 locations were surveyed during the study period.
Historical quota data of 16 permit holders, the total area of the concessioned estate, as well as the locations of the last-permit holders were provided by the National Commission for Protected Areas (CONANP). 
Statistical analysis
Our goal here is to understand whether spatial modelling of sea cucumber densities provides a more reliable model than taking a uniform mean across the study area. In order to do this, we use a Bayesian hierarchical modelling approach with integrated nested Laplace approximation (INLA). The INLA approach is computationally efficient and allows us to fit models with a spatial effect (Rue et al., 2009) and has increased in popularity in species population models (see Martínez-Minaya et al., 2018 for a review). The random spatial field (modelled as a Gaussian random field) is a spatially indexed stochastic process that represents the unobserved spatial processes driving sea cucumber densities, such as variation in substrate type and sea cucumber gregariousness. This approach is a Bayesian equivalent to kriging (Banerjee et al., 2004). Spatial modelling in INLA has been successfully used in the marine realm to estimate bycatch hotspots (Cosandey-Godin et al., 2015), predator–prey interactions (Sadykova et al., 2017), fish distributions (Muñoz et al., 2013), and stable isotope concentrations in jellyfish (St John Glew et al., 2019). 
There were a large number of zero sea cucumber densities. In order to deal with this, we estimated sea cucumber density using a hurdle model where the hurdle was set at zero (Sadykova et al., 2017). The hurdle model allows us to separately estimate density (yijk) and occurrence (zijk) of sea cucumber on date i at transect j of site k. We estimated zijk using a binomial error family and yijk using a Gamma error family. We fitted two models: with (spatial, equation 1) and without (null, equation 2) a spatial random effect. 
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Here, abundance;  and  are the intercepts for the occurrence and abundance models, respectively. To account for structure in the data collection, we fitted site () and transect within site () as unstructured Gaussian random effects. Additionally, we included date () as a Gaussian random effect with a random walk structure. This accounted for multiple samples within the nested site/transect structure and uneven sampling across dates. 
Residual spatial correlation was modelled as a Gaussian random effect with Matérn structure. We used the barrier formation of the spatial Gaussian field (Bakka et al., 2019) to avoiding smoothing over land, and to take into account the barrier effect of islands. This was modelled using the stochastic partial differential equation (SPDE) approach (Lindgren et al., 2011). The spatial effect of the occurrence model () was included as a covariate in the abundance model with coefficient . The abundance model also had its own spatial effect (). This approach allows us to make predictions which take into account the spatial structure of sea cucumber densities. For the spatial field, we used penalised complexity priors (Fuglstad et al., 2018) with  and . We compared models using Watanabe’s information criterion (WAIC), which is a generalisation of Akaike’s information criterion (AIC) suitable for hierarchical Bayesian models (Watanabe, 2010). A smaller WAIC suggests a better model, with a difference of 10 or more providing strong evidence for the model with smallest WAIC.  
We used the resulting spatial model to estimate sea cucumber density into a 100 x 100 m resolution representation of all areas < 30 m depth. The 30 m depth was chosen because no sampling was conducted below 30 m depth for safety reasons, and because it is proposed as management measure to keep part of the stock unfished (see below). Bathymetry was obtained from GEBCO (https://www.gebco.net/; last visited on 12/06/2018) and fine-tuned by López (pers. com). Therefore, we consider as suitable habitat for harvesting purposes and abundance estimation the area within an estate that is shallower than 30 m.
Using our estimated sea cucumber densities at 100 x 100 m resolution, we calculated the total estimated abundances within nine estates and compared this to the granted. 
All analyses were performed in R version 3.5.0 (R Core Team 2018) using the INLA package (Rue et al., 2009). For fixed effects and non-spatial random effects, we used default priors. Code required to replicate these analyses are available at www.github.com/laurajanegraham/sea_cucumber. 
Results
The observed density of I. fuscus ranged from a minimum of 0 to a maximum of 0.58 org· m2, with an average of 0.03 org· m-2. The mean suitable fishing zones within the estates (defined as areas with a depth < 30 m) was 15.7% (minimum = 7.8%, maximum = 28.8%) of the total concession area (Table 1). If quotas were granted under the assumptions that the habitat is homogenous in the whole estate (i.e. ignoring bathymetry and type of substrate), and that the overall mean density (0.03 org· m-2) holds true for the whole study area, current quotas might be unsustainably large.
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[bookmark: _30j0zll]Table 1. Total area (ha) of each estate, total area < 30 m and estimated sea cucumber abundance (number of individuals) based on both the spatial and non-spatial models. Estimated sea cucumber abundance is the posterior mean from the spatial INLA model, LCI and UCI are the lower and upper limits of the 95% credible interval. 
	
	
	
	Spatial model
	Non-spatial model

	Estate
	Total area (ha)
	Total area < 30m (ha)
	Estimated abundance
	LCI
	UCI
	Estimated abundance
	LCI
	UCI

	1
	2730
	791
	256329
	81270
	613743
	258715
	228531
	291928

	2
	8276
	900
	291548
	100177
	672912
	294366
	260023
	332156

	3
	17364
	2344
	929029
	403279
	1862389
	766660
	677215
	865081

	4
	14141
	1119
	418475
	149425
	948772
	365995
	323295
	412980

	5
	6577
	1201
	426698
	169417
	894961
	392815
	346986
	443243

	6
	17135
	2368
	766617
	274795
	1731653
	774510
	684149
	873938

	7
	10100
	1575
	440176
	142204
	1027565
	515141
	455040
	581272

	8
	34744
	3125
	872695
	268488
	2107759
	1022105
	902857
	1153318

	9
	2861
	520
	159560
	54347
	370257
	170078
	150235
	191912



There was more support for the spatial (WAIC = -3382 for the density model and WAIC = 1289 for the occurrence model) than the null model (WAIC = -3327 for the density model and WAIC = 1324 for the occurrence model) which suggests that spatial pattern of sea cucumber density should be accounted for when making predictions (Table 2).

Table 2 Watanabe’s Information Criterion (WAIC) for the occupancy and density models. Occupancy was modelled with a binomial distribution, and density with a Gamma distribution. Both null and spatial models included site, transect and date as random effects. The spatial model included an additional spatial random effect using the Gaussian random effect with Matérn structure. 
	Model
	Occupancy
	Density

	Null (site, transect and date as random effects)
	1324
	-3327

	Spatial (site, transect, date and spatial random effects)
	1289
	-3382



We used the spatial model to estimate sea cucumber density across all 30m depth zones in the study area (Figure 2; estimates of occurrence are shown in Supplementary Material 1 Figure 2). 
[image: ]
Figure 2. Mean density of sea cucumber (org·m-2).
Using the non-spatial model, all granted quotas are reasonable. However, when using the spatial model, three of the nine estates (6, 7, 9) have a greater quota than the lower credible interval of 10% of the total estimated abundance, while in three of them the quota is close to this limit (1, 2, 8). 


[image: ]
Figure 3. Quota (in number of pieces of sea cucumber) granted to each estate (see figure 1 for location of each estate). The estimated quota from the spatial (circles) and non-spatial (triangles) models assuming that the quota is 10% of total abundance. Lower 95% credible intervals for both models are shown for each estate as error bars. Under a precautionary approach allowable catch should consider the lowest estimate of abundance, so the upper 95% credible interval is not shown.

Discussion
The analysis of the spatial patterns of benthic organisms is not novel (Andrew and Mapstone, 1987). Indeed, Orenzans et al (2005) defined most sea cucumber fisheries as "S-fisheries": small-scale, spatially-structured and targeting sedentary stocks. 
However, accounting for spatial patterns in abundance estimates is often missing from stock assessment of fishery resources, such as clams and sea cucumber. In fact, the total abundance (or biomass, β) of the resource in a certain area (A) is estimated assuming that the arithmetic mean  of some replicates of the density holds for the whole area, i.e., . If CPUE (catch per unit effort) data is used as an index of abundance (N) assuming that CPUE = qN, where q = catchability coefficient, the abundance is frequently overestimated in the case for diving fisheries in which the fisher can actually see the target, because catchability (q) is close to 100% of available stock which is not the case for trawling nets and other non-selective methods of fishing (King, 2007).
In this work we have shown that extrapolation of the mean abundance from sampling to the whole area of the concessioned estate (non-spatial model estimates) may lead to overestimation of the sea cucumber abundance. If quotas are granted on the basis of a certain proportion of the total abundance without taking into account that just a fraction of the estate area is suitable for harvesting (i.e, less than 30 m deep), they will result in overfishing. Indeed the huge quotas granted in 2008 (2,110,240 pieces to 10 permit holders) may be responsible of the drastic decline of the population which forced severe reductions in quotas as well as the number of permit holders thereafter. Moreover, Purcell (2010) pointed out that because most sea cucumber species are long-lived and with low productivity as is the case for I. fuscus, removing a very small fraction (2-4%) may deplete breeding stocks. Uthicke (2004) documented that annual catches < 5% of virgin biomass depleted populations of Holothuria nobilis in the Great Barrier and suggested an extremely cautious approach in the management of beche-de-mer fisheries. 
An important additional issue in the Gulf of California that needs to be considered when setting quotas is illegal fishing. Brown sea cucumber commercial harvesting was forbidden between 2000 and 2007 (Glockner-Fagetti et al., 2016). However, evidence exists to suggest that illegal fishing has always occurred in the region. Unreported and illegal fishing is by far the most important threat to sea cucumber fisheries. Poaching is rampant all over the region, in part because there are many isolated, scattered and uninhabited islands where poachers, who predominantly come from mainland, prepare the product for the market (Cisneros-Montemayor et al., 2013). During the surveys that were conducted to gather abundance data, we frequently saw poachers camping at the islands. Illegal, unreported and unregulated fishing is a significant issue all over the world (Agnew et al., 2009). The high value of sea cucumber makes it a target for illegal fishing globally (Conand, 2018; Gonzalez-Wanguemert et al., 2018). In Mexico, it is estimated that illegal fishing accounts for twice the reported catches (Cisneros-Montemayor et al., 2013). Between 2013 and 2018, 1,024,813 pieces of sea cucumber were confiscated in the region (Calderon-Aguilera, 2019), which suggests the illegal catch is certainly much larger. This illegal activity means it is crucial that conservative estimates of total abundance are used in setting sea cucumber quotas in the Gulf of California. We therefore argue for the use of lower bounds, rather than means, of modelled estimates in setting quotas. While current quotas are more reasonable than those set in 2008, most are still above sustainable levels of harvesting as estimated by the lower credible interval from the spatial models.
A further reason to err on the side of caution when setting these quotas is that both in current system and in our models, it is assumed that all areas contain suitable substrate. In our modelling approach, we did not have data on substrate type for the full study area, only the sampled locations. This means that although substrate type will play a part in driving species abundances, we were unable to use knowledge of the relationship with substrate type to make predictions. Based on our observations, this species is only found in hard substrate. However, Kerstitch (1989) reported it on reefs, rocks, coralline algae, coral, sand and mud too. Future study focus on the substrate – abundance relationship would give valuable information on this issue.
A possible explanation for the very large confidence intervals in our density estimates is due to temporal variation of abundance due to harvesting. The fishing season regularly goes from September to April, so surveys conducted close to the end of the season might result in lower abundances and vice versa at the beginning of the season. Due to logistic constraints, surveys were not conducted randomly, but rather from north to south, with 4 months between repeats of sampling at any given a site. As such, there is a potentially an additional spatial harvest-driven signal in the data that we are unable to statistically correct for, which reduces the certainty around our density estimates. In addition, all surveys were conducted at night because the sea cucumber hides inside crevices during daylight (Reyes-Bonilla et al., 2016). As such, some individuals could have been missed, but we estimate that this accounted for less than 5% of individuals.  
Setting sufficiently conservative quotas is not the only management action that is required to ensure the long-term sustainability of the sea cucumber fishery in the Gulf of California. This should be considered along with a diversity of additional management actions. Firstly, a suggestion has been made to restrict harvesting to daylight and prosecute anyone fishing at night (Glockner-Fagetti et al., 2016). Fishing during daylight would ensure that around 15% of the stock remains untouched, as concluded by a study comparing quadrats between day and night surveys (Reyes-Bonilla et al., 2016). They found that during daylight 15% of sea cucumber was not sampled because they were hidden between crevices. 
Secondly, limiting harvesting to 30 m depth would have two-fold benefits: (1) it would preserve part of the sea cucumber population for reproduction and recruitment; (2) it would ensure the safety of the fishers. The assumption is that below harvestable depths, the remaining stock may act as a consistent reservoir to replenish the shallows with recruits. Conducting surveys deeper than 30m using remotely operated vehicles (ROVs) to estimate abundance of sea cucumber would give a more accurate idea of how depleted is the population as well as taking samples for genetic analysis. A recent work found that the genetic diversity of this species in the study region is high in spite of the drastic reduction in abundance (Ochoa-Chavez et al 2018). The most plausible explanation is that there must be some part of the stock deeper that replenishes the population, as predicted by the ‘deep reef refugia’ hypothesis. (Bongaerts, Ridgway, Sampayo, & Hoegh-Guldberg, 2010)(Bongaerts et al., 2010). Moreover, diminished shallow stocks have resulted in collectors adopting increasingly deeper high-risk bounce diving. There are no official figures of the number of fatalities and permanently disabled fishers, but this is a matter of local concern. In the sea cucumber fishery in the Yucatan peninsula, a 35-old dive fisher died due to cardiopulmonary decompression sickness. This incident suggests that fishers should have formal dive training (Mendez et al., 2017).
Thirdly, we propose that quotas should be  2% of the lower credible interval of the estimated abundance at each estate and considering the spatial distribution of this species. That quota might be not profitable for the fisher but it is critical for the conservation of this resource. 
Finally, a management strategy currently under consideration is sea ranching of this species. As a part of this project, suitable locations for mariculture were identified in the area, selected based on substrate, primary productivity and accessibility. At present, artificial fertilization has succeeded but total mortality occurs at later larval stages (S. Gonzalez, pers. comm.). Therefore, smaller individuals could be collected and kept in semi-enclosed conditions for growing and later harvesting.
Understanding the potential causes of sea cucumber loss and/or current population structure in the Gulf of California requires further research on reproduction, settlement and recruitment success, as well as of ecological and environmental parameters. This species is listed as endangered by the IUCN, which points to the need for more research (Mercier et al., 2013). Taking into account the spatial structure of this species will improve the process of granting quotas, but still more research must be conducted in order to achieve sustainable management of this species.
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