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Direct interactions with fisheries are broadly recognized as the leading conservation threat to small cetaceans. In open-ocean environments, one of the primary gear types implicated in these interactions is the pelagic longline. Unlike accidental entanglement in driftnets or deliberate entrapment by purse-seines, interactions between cetaceans and longlines are often driven by attraction of the animals to feed on bait or fish secured on the gear, a behavior known as depredation. Many small and medium-sized delphinid species have learned to exploit such opportunities, leading to economic costs to fisheries and a risk of mortality to the animals from either retaliation by fishermen or hooking or entanglement in fishing gear. Two pelagic longline fisheries in the United States experience depredation and bycatch by odontocete depredators: the Hawai‘i deep-set longline fishery, which is depredated primarily by false killer whales (Pseudorca crassidens), and the Atlantic pelagic longline fishery depredated primarily by short-finned pilot whales (Globicephala macrorhynchus). These fisheries are among the most intensively documented and managed pelagic longline fisheries in the world, with high levels of observer coverage, and bycatch mitigation measures required to reduce the mortality of seabirds, sea turtles and cetaceans. Both fisheries have active, multi-stakeholder “Take Reduction Teams,” enacted under the U.S. Marine Mammal Protection Act (MMPA), that are tasked to develop measures to reduce the bycatch of cetaceans below statutory reference points. Consequently, these two Teams represent model processes within which to address depredation and bycatch, having access to detailed, high-quality data on the nature and frequency of interactions with cetaceans, meaningful stakeholder involvement, resources to test potential solutions, and the institutional will to improve outcomes. We review how mitigation strategies have been considered, developed, and implemented by both Teams and provide a critical analysis of their effectiveness in addressing these problems. Notably, in the absence of straightforward avoidance or deterrence strategies, both Teams have developed gear and handling strategies that depend critically on comprehensive observer coverage. Lessons offered from these Teams, which have implemented consensus-driven management measures under a statutory framework, provide important insights to managers and scientists addressing other depredation problems.
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INTRODUCTION

Direct interactions with fisheries are broadly recognized as the leading threat to the conservation of small cetaceans worldwide (Mitchell, 1975; Read, 2008; Brownell et al., 2019). Bycatch in gillnets is the most pressing problem (Read et al., 2006; Reeves et al., 2013), currently contributing to declines of 11 of the 13 critically endangered small-cetacean populations (Brownell et al., 2019) in freshwater, estuarine, and coastal environments. The threat is different in pelagic waters, where one of the primary gear types implicated in direct interactions with cetaceans is the pelagic longline (Lewison et al., 2014). Whereas some bycatch problems are a function of cetaceans failing to perceive gear (e.g., gillnets) or being actively entrapped by fishermen (e.g., purse seines), interactions between cetaceans and hook and line gear, such as longlines, are often driven by attraction of the animal to feed on bait or fish secured on the gear, a behavior known as depredation (Gilman et al., 2007a; Read, 2008; Hamer et al., 2012). Many odontocete species are adept at depredation and can remove large quantities of catch, which can result in substantial economic costs to fishermen (Peterson et al., 2014; Tixier et al., 2020a). Switching from energetically costly, natural foraging on free-swimming prey to consumption of high-energy, restrained prey may provide energetic benefits to depredators and it has been shown that the reproductive output of depredating whales has increased in at least two populations (Tixier et al., 2015a; Esteban et al., 2016). However, this behavior also increases the risk of hooking or entanglement in fishing gear (e.g., Garrison, 2007; Forney et al., 2011) or lethal retaliation or harassment by fishermen (Guinet et al., 2015), both of which have led to negative population consequences for depredating populations (Poncelet et al., 2010; Guinet et al., 2015; Tixier et al., 2020b).

Interactions between cetaceans and pelagic longlines have been documented as a concern for fishermen since shortly after the establishment of industrial longline operations in the 1950s (e.g., Sivasubramaniam, 1964). An increase in published reports on depredation in the past two decades suggest that depredation is an increasing problem (Tixier et al., 2020b), and there has been strong interest in characterizing patterns of interactions between cetaceans and longlines to generate mitigation strategies (Werner et al., 2015; Tixier et al., 2020b). Numerous workshops involving fishermen, scientific experts, and fishery managers have assessed available mitigation strategies and considered approaches for research, testing, and implementation. These past efforts and general syntheses of odontocete-longline interactions and research have been summarized in several previous reviews (e.g., Gilman et al., 2007a; Hamer et al., 2012; Werner et al., 2015; FAO, 2018; Hamilton and Baker, 2019; Tixier et al., 2020b).

Many of these mitigation efforts have been motivated by a public desire to ensure that seafood is ethically and sustainably sourced (e.g., Roheim et al., 2018). In the United States, for example, statutes such as the Marine Mammal Protection Act (MMPA) require fisheries to reduce incidental mortality or serious injury of marine mammals during fishing operations to “insignificant levels” [16 U.S.C. §1387]. International bodies such as the Food and Agriculture Organization of the United Nations (FAO) and regional fisheries management organizations (RFMOs), international governance bodies that manage fisheries in respective geographic regions, are increasingly addressing the bycatch of cetaceans and other vulnerable species (e.g., Clarke et al., 2014; Juan-Jordá et al., 2018; FAO, 2020). Additionally, the mitigation of cetacean depredation and bycatch is motivated by a desire to reduce the direct economic impacts to the fisheries themselves (Werner et al., 2015; Tixier et al., 2020a).

Depredation and bycatch in pelagic longline fisheries are related, but separate and unique problems that have proven exceedingly difficult to solve. There has been little success in implementing effective strategies to protect target catch and reduce the economic costs of depredation to fishermen (Hamer et al., 2012; Werner et al., 2015; Tixier et al., 2020a). Likewise, it has been challenging to reduce injuries or mortalities due to hookings or entanglements of depredating cetaceans, even when mandated by legislation (e.g., Baird, 2019). In many parts of the world, data limitations and scarce resources make it difficult to characterize the nature of these interactions and understand the scope of the problem (Hamer et al., 2012; Tixier et al., 2020b). In cases where bycatch occurs as a result of depredation, management mandates typically extend only to reducing bycatch or minimizing injury of bycaught cetaceans (e.g., the U.S. MMPA). Reducing depredation would result in a mutually positive outcome for industry and cetaceans, but in the absence of an effective strategy to reduce depredation, fishermen may be faced with costly measures to reduce bycatch that limit fishing effort, in addition to experiencing losses from depredation (Werner et al., 2015).

In this paper, we briefly outline the nature of these interactions and the primary mitigation strategies available, including recent findings relevant to mitigation and impacts on depredating odontocetes. We then explore two case studies from the United States in which attempts have been made to address the depredation and bycatch of small cetaceans. In the U.S., the MMPA requires Take Reduction Teams (TRTs) to develop methods to reduce the bycatch of marine mammals when mortality exceeds a biological reference point, known as Potential Biological Removal (PBR) [16 U.S.C. §1362 (20)]. We situate these efforts in the context of global bycatch of odontocetes, in the hope that lessons learned from these well-funded, collaborative, and statutorily-mandated attempts may offer insights to other countries and international fisheries management bodies as they grapple with these complex issues.



OVERVIEW OF THE PROBLEM


Depredation

There are two distinct types of longline fishing, each susceptible to interactions with cetaceans in different ways. Demersal, or bottom, longlining is common in temperate to sub-polar ecosystems, in which gear is deployed on the sea floor to target species such as halibut (Hippoglossus spp.) or sablefish (Anoplopoma fimbria) in the Northern Hemisphere (Sigler et al., 2008; Peterson et al., 2013) and toothfish (mostly Dissostichus eleginoides) in the Southern Hemisphere (Ashford et al., 1996; Hucke-Gaete et al., 2004; Roche et al., 2007). The primary depredating odontocetes in these demersal longline fisheries in both hemispheres are killer whales (Orcinus orca) and sperm whales (Physeter macrocephalus) (Ashford et al., 1996; Hucke-Gaete et al., 2004; Roche et al., 2007; Sigler et al., 2008; Hamer et al., 2012; Peterson et al., 2013). Due to the depths in which gear is fished (500–2,000 m), depredation occurs mostly during the hauling phase (but see Richard et al., 2020). Both odontocete species have been observed hooked or entangled in demersal gear, but bycatch appears relatively rare in demersal longline fishing (e.g., Ashford et al., 1996). Negative population impacts have been tied to active killing by fishermen. For example, killer whales in the Southern Ocean are thought to have experienced population declines from the use of explosive deterrents and lethal retaliation in Illegal, Unreported, and Unregulated (IUU) fishing in the 1980s and 1990s (Poncelet et al., 2010; Guinet et al., 2015). There are other important concerns related to the interaction, for example: (1) the economic and stock consequences of target catch lost to whales (Peterson et al., 2013, 2014; Peterson and Hanselman, 2017; Hanselman et al., 2018; Tixier et al., 2020a); and (2) possible indirect effects on depredator populations and their ecological communities driven by food subsidies (Tixier et al., 2017, 2019). Two long-term collaborations among scientists, managers, and fishermen, one in the Gulf of Alaska (e.g., Straley et al., 2015) and one in the Crozet and Kerguelen Island fisheries (e.g., Guinet et al., 2015), have provided important data on the nature of these interactions.

In contrast, pelagic longlines typically target wide-ranging, pelagic species such as tunas (Thunnus spp.), swordfish (Xiphias gladius), and dolphinfish (Coryphaenus hippurus) by suspending baited hooks in the water column (Watson and Kerstetter, 2006; Ward and Hindmarsh, 2007). The gear is fished at depths that range from tens of meters for species such as swordfish, to over 400 m for deeper species such as bigeye tuna (Thunnus obesus) (Watson and Kerstetter, 2006; Ward and Hindmarsh, 2007). Pelagic longline fishing is most common in tropical and sub-tropical habitats and is one of the primary gear types to interact with many species of oceanic cetaceans (Lewison et al., 2014). At least 20 odontocete species have been observed as bycatch in pelagic longline fisheries (Werner et al., 2015; Tixier et al., 2020b), including the false killer whale (Pseudorca crassidens), short-finned pilot whale (Globicephala macrorhynchus), killer whale, and, to a lesser extent, Risso’s dolphins (Grampus griseus) (Hamer et al., 2012; Werner et al., 2015). As fishing operations and solutions to depredation vary greatly between these two fishery types, and because direct mortality of small cetaceans is currently a greater problem for pelagic than demersal longlines, we focus on depredation and bycatch mitigation in pelagic longlines in this paper.



Potential Solutions

There are three, semi-hierarchical categories of approaches generally considered for addressing odontocete depredation and bycatch (Werner et al., 2015; Hamilton and Baker, 2019): (1) reducing the spatiotemporal overlap between whales and fishing operations to minimize encounters a priori; (2) deterring whales from the gear or reducing their ability to perceive, locate, or access bait or catch, for example by disrupting the echolocation abilities of whales or deploying protective sleeves around captured fish; and (3) reducing the probability of injury and mortality despite becoming hooked or entangled, for example with weak terminal gear or hooks that allow cetaceans to break free but retain target catch (Figure 1). Many potential solutions covering these three categories have been critically evaluated by both fishermen and scientists and these are reviewed in detail elsewhere (Gilman et al., 2007a; Hamer et al., 2012; Werner et al., 2015; Hamilton and Baker, 2019; Zollett and Swimmer, 2019; Swimmer et al., 2020). Here, we briefly consider the range of options and recent findings relevant to pelagic longline fishery interactions and our two case studies.
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FIGURE 1. Outline of the hierarchical categories of bycatch mitigation solutions available to longline fisheries affected by depredation; including the strengths and weaknesses of each category and specific applications implemented by each Take Reduction Team.


Avoiding overlap between whales and longlines while maintaining target catch rates and fishery profitability (i.e., Category 1 listed above), is an ideal scenario. Many pelagic predators, including longline fishermen, range widely while tracking oceanographic conditions, and identifying the ecological drivers of co-occurrence could allow fishermen to avoid overlap and subsequent interactions. This “dynamic ocean management” (Dunn et al., 2016) has been suggested as a means of reducing negative human-wildlife interactions, such as the bycatch of sea turtles (Howell et al., 2015) and ship strikes of migrating baleen whales (Hazen et al., 2017). Indeed, constantly improving oceanographic models and animal telemetry data have allowed unprecedented insights into habitat use by marine predators (Hays et al., 2019), including odontocetes that engage in depredation (e.g., Thorne et al., 2017; Anderson et al., 2020), and such information could be used to predict their overlap with pelagic longline fisheries. However, depredating whales may target similar oceanographic features as those sought by longline vessels. For example, short-finned pilot whales use the same shelf-break habitat and sea surface temperature patterns as the pelagic longline fleet along the U.S. east coast (Garrison, 2007; Thorne et al., 2017, 2019; Stepanuk et al., 2018). Similarly, false killer whale depredation and bycatch on Hawai‘i pelagic longline vessels is likely driven by whales and fishermen targeting the same prey species (Forney et al., 2011). In such instances, the use of spatial and temporal avoidance would require fishing effort to relocate to sub-optimal areas with reduced rates of depredation and bycatch, but also lower catch rates of target species.

When broad-scale avoidance of depredators is not possible, the next logical strategy is to reduce the probability of gear contact and bycatch by deterring depredators, limiting their ability to detect or access catch, or altering fishing operations to limit contact (Category 2) (Werner et al., 2015; Swimmer et al., 2020). These strategies are all challenging due to the strong attraction that odontocetes can have toward longline gear (Werner et al., 2015), potentially driven by energetic incentives to feed on captured fish (Esteban et al., 2016). Physical harassment (e.g., explosives) and lethal retaliation have been reported in longline fisheries (e.g., Poncelet et al., 2010) but have questionable effectiveness, in addition to obvious negative conservation outcomes (Werner et al., 2015). Acoustic deterrents have garnered much interest by fishermen but have thus far proven impractical (Werner et al., 2015), as depredating whales likely quickly habituate and may even be attracted to the presence of deterrents that notify whales of the location of catch (Tixier et al., 2015b; Werner et al., 2015). Strategies to disrupt echolocation abilities or otherwise mask detection of gear can similarly be susceptible to learning and habituation (Mooney et al., 2009). Protecting target catch with sleeves or other physical barriers has shown promise in demersal longline fisheries, where they can be triggered to protect captured fish during hauling, when most depredation occurs (Moreno et al., 2008). The nature of pelagic longline gear makes this much more challenging as depredation does not occur exclusively during hauling and thus protective devices must be triggered by fish capture (Werner et al., 2015). These devices must also be cost effective and easy to store and deploy, both of which remain significant challenges; although further research may improve efficacy and feasibility (Rabearisoa et al., 2012, 2015; Hamer et al., 2015).

Catch protection devices also do not protect against odontocete depredation of bait, which has long been suspected by fishermen in some pelagic longline fisheries (Ayers and Leong, 2020). The relative rate of depredation of bait vs. catch is unknown and likely varies among fisheries, although small cetaceans are likely to engage in this behavior (Gilman et al., 2007a; Werner et al., 2015). Recent video and acoustic evidence confirmed that false killer whales depredate pelagic longline bait in the daytime using both visual and audio cues (Thode et al., 2016). Garrison (2007) also showed lower bycatch rates of Risso’s dolphins in the U.S. East Coast pelagic longline fishery when fish bait was used in place of squid bait. These results suggest the potential for bait-focused mitigation strategies (e.g., chemicals to reduce palatability of bait or using artificial bait), although these techniques are untested and potentially challenging due to unintended impacts on target and non-target catch (Werner et al., 2015; Gilman et al., 2020).

Other avoidance strategies involve operational changes to limit opportunities for interaction, such as fishermen leaving areas of known depredation, a strategy formally known as “move-on rules” (Dunn et al., 2014; Werner et al., 2015). This is a challenging strategy as odontocete depredators are highly mobile and may be able to perceive acoustic signatures from vessels over large distances. For example, sperm whales depredating demersal longlines in the Gulf of Alaska are attracted to cavitation noises of a ship’s propeller when the engine is engaged to begin hauling gear and can detect these sounds at distances of several kilometers (Thode et al., 2007). Recent findings on interactions between false killer whales and the Hawai‘i longline fishery suggest this mode of detection likely occurs with pelagic longlines as well. Passive acoustic monitoring of longline gear deployments detected false killer whales most commonly during the hauling phase, with whales potentially moving along the mainline away from the vessel as gear was being retrieved (Bayless et al., 2017). In another study, a group of satellite-tagged false killer whales was observed to show directed movements toward fishing gear during the hauling phase of some sets, although there was no apparent reaction to gear during other sets despite likely being within detection range (Anderson et al., 2020). Reducing the amount of gear set has also shown modest reductions in interaction rates in pelagic longline fisheries (Garrison, 2007), and this technique could work synergistically with move-on strategies to limit possibilities for gear detection and contact by odontocetes (Tixier et al., 2015c). Together, these findings suggest that improved reporting of depredation interactions and communication among fishing vessels could help fleets avoid acoustic detection when depredation has been observed in a particular location.

If avoidance of depredators or minimizing contact with gear is not possible, modifying the terminal gear to release hooked animals or facilitating shedding of entangled gear may be the only option to mitigate bycatch impacts (Category 3) (Werner et al., 2015; Zollett and Swimmer, 2019; Swimmer et al., 2020). In longline fisheries, this strategy generally entails guidelines to encourage fishermen to remove gear from hooked or entangled animals, or the use of hooks with a targeted bending strength, such that hooks are weak enough to straighten and release toothed whales but sufficiently strong to retain target catch (Bayse and Kerstetter, 2010; Bigelow et al., 2012). This “weak-hook” strategy has been used successfully to reduce bycatch of large, non-target bluefin tuna (Thunnus thynnus) by 46% in the U.S. Gulf of Mexico pelagic longline fishery, with no statistically significant impact on catch rates of yellowfin tuna (Thunnus albacares) (Walter, 2017). Controlled mechanical tests of bending strengths and behavior of hooks under strain in the lip tissue of dead odontocetes have helped identify candidate weak hooks for minimizing cetacean bycatch (McLellan et al., 2015). Field trials in the U.S. Atlantic large pelagics longline fishery and Hawai‘i deep-set longline fisheries have tested similar hook designs under controlled conditions (Bayse and Kerstetter, 2010; Bigelow et al., 2012). The bycatch of cetaceans was too rare to determine whether weaker hooks had a positive influence on the outcome of such events, but weaker hooks were returned straightened more often than strong hooks in each study and one pilot whale was observed released by a straightened hook in the Atlantic (Bayse and Kerstetter, 2010; Bigelow et al., 2012). Comparable rates of target catch were recorded in each study, although the Hawai‘i study was not carried out during the season when the largest tuna are caught (Bigelow et al., 2012) and the size of swordfish was slightly smaller on weak hooks in some Atlantic trials (Bayse and Kerstetter, 2010). One obstacle to implementation of such measures is the understandable reluctance of fishermen to modify their terminal tackle, particularly if such changes might reduce the catch rates of large and valuable target species (e.g., Bigelow et al., 2012; Ayers and Leong, 2020). The post-release survival rates of animals hooked or entangled in pelagic longline gear are not well understood but have obvious and important implications for understanding population-level impacts (Garrison, 2007; Werner et al., 2015).



REGULATORY FRAMEWORKS TO ADDRESS ODONTOCETE-LONGLINE INTERACTIONS IN THE UNITED STATES


U.S. Marine Mammal Protection Act and Take Reduction Teams

The U.S. MMPA of 1972 regulates the “take” of marine mammals in commercial fisheries, with the term “take” defined as to harass, hunt, capture, or kill, or attempt to harass, hunt, capture, or kill any marine mammal [16 U.S.C. §1362 (13)]. The general prohibition on taking under the MMPA has exemptions for certain activities, including commercial fishing, and authorizes the National Marine Fisheries Service (NMFS) to enforce this prohibition for all cetacean species in U.S. jurisdictions. Amendments to the MMPA passed in 1994 provide a mandate to assess the magnitude of bycatch relative to biological reference points and to implement conservation actions when takes exceed these thresholds (16 U.S.C. §1387). The MMPA also requires assessments for all marine mammal stocks in the U.S. Exclusive Economic Zone (EEZ) to characterize, among other parameters, range and population structure, minimum population estimates, and the magnitude of bycatch in fisheries and other sources of human-induced mortality (16 U.S.C. §1386). In addition to observed mortality, entangled or hooked marine mammals are considered takes if they are “likely to die,” defined as experiencing a serious injury that presents a greater than 50% chance of death (NOAA Fisheries, 2014). Precise estimates of post-release mortality are not available for most cetacean species and types of interactions (NOAA Fisheries, 2014), but specific criteria for designating the probability of mortality to marine mammals due to fisheries interactions have been developed by NMFS in several workshops, using expert elicitation amongst marine mammal scientists and veterinarians (Angliss and Demaster, 1998; Andersen et al., 2008). These criteria have been formalized in NMFS’ Procedural Directive entitled “Process for distinguishing serious from non-serious injury of marine mammals (NOAA Fisheries, 2014),” which provides guidance for estimating mortality using the best available scientific information when follow-up on the condition of the injured animal is unavailable, as is the case in the vast majority of fishery interactions with small cetaceans, including those with pelagic longlines (NOAA Fisheries, 2014). Marine mammals experiencing either bycatch mortality or injury likely to lead to death are designated as Mortality and Serious Injury (M&SI). This parameter is then compared with a biological reference point, Potential Biological Removal (PBR) [16 U.S.C. §1362 (20)], calculated for each stock as a product of minimum population size, maximum rate of population increase, and a recovery factor (Wade, 1998). PBR represents the maximum number of individuals that can be removed while maintaining the stock at or above optimal sustainable population size [16 U.S.C. §1362 (9)], typically defined as half of carrying capacity. If human-caused M&SI for a particular stock exceeds PBR, a Take Reduction Team (TRT) [16 U.S.C. §1387 (f)] must be convened. A TRT is a stakeholder group which includes members of the fishing industry, environmental groups, academic scientists, and government managers and scientists.

Take Reduction Teams are asked to develop a Take Reduction Plan (TRP) to reduce M&SI to below PBR within 6 months of implementation and to a level approaching zero (the Zero-Mortality Rate Goal, ZMRG, defined as < 10% of PBR) within 5 years [16 U.S.C. 1387 (f) (2)]. To reduce the effects of inter-annual variation, a 5 year average of M&SI is applied against PBR. The Team is required to agree to a plan by consensus, and the plan is typically comprised of a suite of regulatory and non-regulatory measures. In the absence of a consensus plan, NMFS must generate a plan, so the impetus is on Team members to work together to craft a more effective strategy by consensus. Seven TRTs are currently active and their successes, failures, and the strengths and weaknesses of the TRT process have been reviewed elsewhere (McDonald and Rigling-Gallagher, 2015; McDonald et al., 2016; Borggaard et al., 2017; Punt et al., 2018).

Two of these Teams directly address odontocete interactions with pelagic longlines and are reviewed here: the Pelagic Longline Take Reduction Team (PLTRT), addressing short-finned pilot whale bycatch in the Atlantic pelagic longline fishery, and the False Killer Whale Take Reduction Team (FKWTRT), addressing false killer whale bycatch in the Hawai‘i pelagic longline fishery. Below, we describe these two teams, the strategies they have developed for addressing bycatch, and assess whether these measures are helping meet the goals of the MMPA. We draw on published peer-reviewed studies, NOAA technical documents, and summary information prepared following Team meetings that are publicly available through NOAA Fisheries1, 2.



Pelagic Longline Take Reduction Team

The U.S. large pelagics longline fishery targets pelagic fish species in the U.S. Atlantic and Gulf of Mexico EEZ. Both long-finned (Globicephala melas) and short-finned (G. macrorhynchus) pilot whales occur in the western North Atlantic, and both may depredate bait or catch from longlines and become hooked or entangled in gear as a result (Garrison, 2007). Concern over bycatch of pilot whales in pelagic longline fisheries emerged in the 1990s and 2000s (Waring et al., 2002), at a time when the demography and distribution of the two pilot whale species were not well understood. Initial stock assessments pooled abundance and takes of both species to calculate PBR and estimate M&SI (Waring et al., 2002). Subsequent research has identified the primary region of overlap to be along the continental shelf break between 38 and 40°N latitude, with long-finned pilot whales occurring mostly north of this area and short-finned pilot whales primarily to the south (Garrison and Rosel, 2017). Short-finned pilot whales make seasonal movements north of this area in summer months and are known to occur farther offshore into Gulf Stream waters (Garrison and Rosel, 2017; Thorne et al., 2017). Most takes occur in times and locations where long-finned pilot whales are unlikely to occur, and all bycatch is thus assigned to the short-finned pilot whale. When takes occur farther north, a logistic regression model is used to estimate the probability of species occurrence and apply the take to each species as appropriate (Garrison and Rosel, 2017; Hayes et al., 2019).

In June 2005 NMFS convened the first meeting of the PLTRT to develop a plan to reduce the bycatch of pilot whales to below ZMRG. The Team consists of approximately 20 members, including pelagic longline fishermen and other industry representatives, marine mammal and fisheries scientists, a representative from the U.S. Marine Mammal Commission, and representatives from environmental organizations and state and federal fisheries agencies. The Team held meetings every few months in 2005–2006, during which subject-matter experts provided briefings on pilot whale biology, fishery characteristics and experiences with interactions, and relevant mitigation research and efforts in other fisheries. Team members formed working groups to explore potential mitigation options in more depth and identify research priorities specific to the fishery. Discussions to clarify the goals and intended scope of the team and ensuing TRP were also conducted, e.g., whether to include Risso’s dolphins in the scope of the plan or focus only on pilot whales; ultimately both species were included, but with a greater emphasis on pilot whales3.

A draft TRP was agreed in June 2006, followed by a proposed rule open to public comment in 2008 and a final rule with regulations entering force in July 2009 (74 FR 23349) (Federal Register, 2009). The Final PLTRP comprised a series of three regulatory and four non-regulatory measures intended to significantly reduce M&SI of pilot whales and Risso’s dolphins in the Atlantic pelagic longline fishery (Table 1) (74 FR 23349) (Federal Register, 2009). The regulatory measures included the designation of a region of particularly high bycatch rates as a priority area for future research and monitoring. To fish in this “Cape Hatteras Special Research Area” (CHSRA), fishermen had to agree to carry observers who could conduct research targeted at bycatch reduction strategies (74 FR 23349) (Federal Register, 2009). The second measure was a 20 nm (37 km) upper limit on mainline length for pelagic longline sets in the Mid-Atlantic Bight (MAB), a region where bycatch is typically highest (74 FR 23349) (Federal Register, 2009). This measure was informed by analyses conducted by NMFS scientists, who identified higher bycatch rates on sets greater than 20 nm in length in the MAB (Garrison, 2007). Finally, an informational placard was required to be posted on every vessel outlining marine mammal careful handling and release guidelines (74 FR 23349) (Federal Register, 2009). This measure was also informed by the Garrison (2007) study, which suggested that approximately equal proportions of observed pilot whale bycatch interactions involved hooking vs. entanglement. In cases of entanglement, fishermen had some success in removing all trailing gear from animals using tools such as line cutters and, in such cases, entangled and released whales were typically not counted as serious injuries. Non-regulatory measures included a recommendation to increase observer coverage from ∼8 to 12–15% of all trips in the Atlantic pelagic longline fishery; encouraging vessel operators to communicate with each other regarding interactions with protected species; advising NMFS to update careful handling and release guidelines; and a requirement for more frequent (quarterly) reporting of marine mammal interactions (74 FR 23349) (Federal Register, 2009). Several additional research priorities were identified as well as an understanding that the PLTRT would regularly evaluate the success of the TRP and amend the Plan based on the results of ongoing research and monitoring (i.e., manage adaptively) (74 FR 23349) (Federal Register, 2009).


TABLE 1. Outline of objectives and policy actions relevant to each TRT.

[image: Table 1]Following implementation of the Plan, the Team continued to meet regularly to assess progress toward meeting the MMPA goals, industry compliance with regulations, and outcomes of ongoing mitigation research projects. Pilot whale bycatch remained below PBR from 2009 until 2015, when the estimated 5 year average from 2010 to 2014 exceeded PBR for the first time (M&SI 192/year; PBR 159) (Hayes et al., 2017). Updated abundance estimates resulted in an increase in PBR from 159 to 236 in 2016 (Hayes et al., 2019). The most recent 5 year annual average of M&SI (2015–2019) of 136 (Garrison, personal communication) is thus below PBR, although it is still above ZMRG (Figure 2).
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FIGURE 2. Annual estimated mortality and serious injury (M&SI), 5 year moving average of M&SI, and potential biological removal (PBR) for short-finned pilot whales taken in the U.S. large pelagics longline fishery off the U.S. East Coast. The dashed red lines indicate the year of Pelagic Longline Take Reduction Team establishment (left, 2005) and year of publication of the final regulatory rule implementing the Pelagic Longline Take Reduction Plan (right, 2010).


Compliance with the mainline rule was less than 50% for the first 2–3 years of Plan implementation4. Compliance improved between 2012 and 2014, as fishermen began making sequential sets in which individual mainlines were less than 20 nm in length but separated by less than one nautical mile5. Considerable discussion has been devoted to whether this fishing strategy will lead to the intended reduction in bycatch rates and possible alternative strategies to limit mainline length. A modified consensus recommendation was reached in 2016, stipulating that a vessel may set no more than 30 nm of active gear, with only one piece of gear in the water at a time, and that any mainline more than 20 nm long must include at least 1 nm of hookless line6.


[image: image]

FIGURE 3. Annual estimated mortality and serious injury (M&SI), 5 year moving average of M&SI, and potential biological removal (PBR) for three false killer whale stocks taken in the U.S Hawai‘i pelagic longline deep-set fishery: (A) pelagic stock inside of the U.S. EEZ; (B) pelagic stock outside of the U.S. EEZ (no PBR available); and (C) insular, main-Hawaiian Islands stock. The dashed red lines indicate the year of False Killer Whale Take Reduction Team establishment (left, 2009) and year of publication of the final regulatory rule implementing the False Killer Whale Take Reduction Plan (right, 2012).


Even with full compliance, the Team has recognized the mainline rule and other measures do not appear sufficient to meet ZMRG7. Thus, the Team has also discussed implementing a weak-hook approach to further reduce mortality and serious injury. This culminated in consensus recommendations at the 2015 meeting for the adoption of weak terminal gear (1.8 mm leaders, 300 lbs breaking strength, 16/0 circle hooks with maximum 4.05 mm diameter or 18/0 circle hooks with maximum 4.4 mm diameter) and to convene a workshop to develop better handling guidelines8. The Team also decided to repeal the CHSRA requirements, which has frustrated fishermen, as they have been required to call NMFS prior to fishing in the CHSRA to facilitate increased observer coverage in this area. However, no observers have been assigned for this purpose in over 5 years since the original recommendation9. In December 2020 NMFS published a proposed rule to reflect these changes (85 FR 81168) (Federal Register, 2020).



False Killer Whale Take Reduction Team

The FKWTRT was convened in January 2010, when the 5 year average of M&SI of false killer whales in the Hawai‘i-based, pelagic longline fishery exceeded PBR (Carretta et al., 2009; Table 1). False killer whales are social, mobile, apex predators that occur in tropical and subtropical oceans worldwide (Baird, 2018). They are pursuit predators, known to feed on a range of pelagic fish species including tunas, dolphinfish, and wahoo (Acanthocybium solandri) (Baird et al., 2008), all of which are commonly captured in the Hawai‘i longline fishery. Three partially overlapping stocks of false killer whales occur around the Hawaiian Islands: an endangered, insular stock around the main Hawaiian Islands (MHIs) (Baird et al., 2008; Bradford et al., 2018), an insular stock closely associated with the Northwestern Hawaiian Islands (NWHIs) (Baird et al., 2013), and a pelagic stock that ranges broadly within and beyond the U.S. EEZ (Bradford et al., 2015; Anderson et al., 2020). Most false killer whale bycatch in the Hawai‘i longline fleet is from the pelagic stock, as vessels are currently restricted from fishing within the core range of the MHI population and not permitted to fish in the Papah[image: image]kea Marine National Monument, which encompasses the NWHIs. In rare cases of takes occurring in areas of overlap, bycatches are prorated to each stock based on relative stock occurrence and fishing effort (Carretta et al., 2019).

There are two distinct, Hawai‘i-based, pelagic longline fisheries (WPRFMC, 2020). Most effort is in the “deep-set” fishery, which targets bigeye tuna year-round to the north and south of the Hawaiian Islands, both inside and outside of the U.S. EEZ. A smaller number of vessels fish with a “shallow-set” configuration, targeting swordfish mainly north of the Hawaiian Islands. Both fisheries have experienced regulatory actions due to bycatch of several protected species. High bycatches of sea turtles led to closure of shallow-set operations in 2003–2004 (Gilman et al., 2007b), and both fisheries have enacted operational and gear changes to mitigate the bycatch of sea turtles and seabirds (Gilman et al., 2007b, 2008). Odontocete depredation and bycatch involving multiple species, but primarily the false killer whale, is a more common problem for the deep-set fishery (Forney et al., 2011) and is the main focus of the FKWTRT. Detailed bycatch information on bycatch and depredation is provided by on-board, independent observers present on approximately 20% of all deep-set trips (McCracken, 2019).

NMFS convened and coordinated a series of meetings for the FWTRT, beginning with the first official in-person meeting in February 2010. At the time of Team formation, it was only possible for NMFS to calculate a PBR value for pelagic false killer whales inside the U.S. EEZ, so there was concern that fishing effort would increase outside of the EEZ to avoid punitive measures from the TRT (Federal Register, 2010, 2012). Thus, in addition to the standard MMPA goals of reducing M&SI below PBR in 6 months and below ZMRG in 5 years, the FKWTRT had a third goal that fishery M&SI for the high-seas component of the pelagic false killer whale stock (i.e., outside the U.S. EEZ) should not increase (Federal Register, 2010, 2012). As with the PLTRT, early meetings provided team members with essential background information on the fishery, false killer whale biology and ecology, and the latest research findings regarding possible depredation and bycatch mitigation options (Federal Register, 2010).

Additional research specific to the deep-set fishery was commissioned by NMFS to inform team deliberations. One analysis assessed the influence of environmental and operational covariates on the occurrence of interactions of false killer whale depredation and bycatch between 2003 and 2009 (Forney et al., 2011). This research identified few clear patterns, except a seasonal incidence of lower depredation rates in summer months when the fleet typically fishes to the north, likely beyond the core range of pelagic false killer whales, and that sets were more likely to experience odontocete depredation if the preceding set was depredated, with a slight (∼16%) decrease in risk by moving > 100 km following previous depredation. There was also some evidence that circle hooks may slightly reduce false killer whale incidental takes. A concurrent field-based, weak-hook study (Bigelow et al., 2012) determined that smaller, weaker circle hooks had no effect on bigeye tuna catch rates in the longline fleet, although fishermen on the Team disputed these results, because the trials were not conducted in spring when the biggest tuna are caught. These studies strongly influenced subsequent Team deliberations, which focused on gear changes and strategies to reduce mortality and serious injury after hooking or entanglement.

The team met in person to develop a draft TRP with the Team’s recommendations, which was ultimately published as a Final Rule in December 2012 (77 FR 71260) (Federal Register, 2012) with regulatory and non-regulatory measures and a suite of research recommendations. The primary regulatory measure aimed at reducing the M&SI of false killer whales was to make the hook the weakest part of the terminal tackle, intended to release large animals (i.e., false killer whales) with minimal trailing gear. Specifically, the fishery is required to use circle hooks with round wire and a maximum wire diameter of 4.5 mm. Monofilament leaders and branch lines must be a minimum of 2.0 mm in diameter and 400 pounds breaking strength (77 FR 71260) (Federal Register, 2012). Several additional regulatory measures were added to improve handling and release of bycaught false killer whales, such as expanding the content of existing Protected Species Workshops, requiring marine mammal handling and release informational placards to be displayed on all vessels, and requiring the captain to be notified by crew and to supervise all marine mammal bycatch interactions (77 FR 71260) (Federal Register, 2012). Finally, two space-time management measures were included: a permanent longline exclusion zone around the MHI (previously a seasonal closure area only) and a “Southern Exclusion Zone” (SEZ) to be closed when specified levels of M&SI within the U.S. Hawaiian EEZ are exceeded (77 FR 71260) (Federal Register, 2012).

The Team has continued to meet regularly to assess progress toward goals, fishery compliance, and research outcomes since Plan implementation. Annual M&SI for the pelagic stock inside the EEZ initially dropped from a pre-TRP 5 year average of 13.3 (2008–2012) (Carretta et al., 2016) to 4.92 (2013–2017) (Carretta et al., 2019; Oleson, 2020). It is currently 9.8 (2015–2019) and thus remains below PBR but above ZMRG (Table 1 and Figure 3; Oleson, 2020). M&SI outside of the EEZ has shown a different pattern. In 1 year following Plan implementation, estimated M&SI for the pelagic stock outside of the U.S. EEZ rose from 6.6 whales in 2013 to 35.8 in 2014 (Carretta et al., 2019). With some annual variation, this level has remained relatively high (and generally increasing), with the 5 year average currently at 28.8 takes per year (2015–2019) (Oleson, 2020) compared to the pre-TRP average of 10.0 (2008–2012) (Figure 3). This increase is consistent with an ongoing trend of a fleetwide shift in fishing effort to the north and east, outside of the EEZ. This shift may be due to tracking of oceanographic conditions for improved target-species catch rates, rather than a reaction to the TRP (i.e., to avoid takes inside the EEZ that would lead to SEZ closure) (Woodworth-Jefcoats et al., 2018). Nonetheless, the third goal of takes not increasing outside of the EEZ is not being met. Also problematic is that closure of the SEZ (triggered by 2 or more false killer whale takes inside the EEZ in a calendar year) occurred in two consecutive years (2018 and 2019).

There has been some progress to mitigate false killer whale bycatch, but the Team has recognized that the weak-hook and handling guidelines are not fully adequate, at least as currently executed10. The Team has been provided with detailed reports of each observed false killer whale bycatch interaction in the deep-set fleet, assessing the details of the interaction and important outcomes such as captain and crew behavior, gear performance, and the fate of the animal11. Of 49 observed false killer whale interactions in the deep-set fishery between 2013 and 2018, the line was cut by captain or crew 19 times (39%) and broke 14 times (29%)12. In only four instances did the hook straighten as intended (∼8% of interactions)13. In roughly half of the interactions the captain was not on deck, because the interaction was over before he reached the working deck or he was not notified of the interaction at all (Baird, 2019).

The final regulation for a 4.5 mm hook is not as “weak” as the initial Team consensus or hooks tested by Bigelow et al. (2012), which was 4.0 mm. This may partly explain observed hook performance, and the Team is now considering a transition to even weaker hooks and stronger branch line (4.2 mm hooks and 2.3 mm branch line), pending an additional field study to evaluate the impact of these measures on target catch rates and profitability14. There have also been concerns raised by Team members about captain and crew behavior during interactions. In particular, Baird (2019) has argued that the main bycatch reduction strategy of handling gear in a way to allow hooks to bend and release bycaught cetaceans is fundamentally flawed in the absence of full (100%) observer coverage. Even when observers were present, the line was cut in 39% of interactions and the captain was not present to supervise half of the interactions. Baird argues that appropriate handling methods or captain involvement are even less likely in the remaining 80% of trips when an observer is not present, and thus that the estimated M&SI levels are almost certainly biased low. This argument has led the scientific and conservation caucus to argue for increased electronic monitoring (EM) in the fleet15, which has been trialed successfully for a small number of Hawai‘i longline vessels (Stahl and Carnes, 2020).

At time of writing, negotiations are ongoing but have been complicated by the emergence of the novel coronavirus which has caused large disruptions in the Hawai‘i fleet and the observer program. Importantly, the fleet intended to execute a weak hook trial in 2020 but this experiment will now be delayed at least until 2021. Nonetheless, future Team discussions will likely, in some capacity, address the weak hook rules, EM, and the details of the SEZ agreement. NMFS is also working toward properly accounting for takes for the entire pelagic population (i.e., not just the portion inside the EEZ). Bradford et al. (2020) estimated, for the first time, pelagic false killer whale abundance for the entire central Pacific. A derivation of PBR for this portion of the population, as well as accounting of foreign fishery effort and potential takes in non-US fisheries, are still forthcoming. These results, when available, have the possibility to substantially alter the current PBR and M&SI situation and change the dynamics of the Team negotiations.



DISCUSSION

Odontocete depredation and bycatch continue to be challenging management problems, despite strong interest of fishermen in avoiding depredation (Ayers and Leong, 2020) and serious conservation concerns regarding bycatch (Read, 2008). The nature of odontocete behavior and realities of longline fishing contribute to the complexity of the issue. We have summarized two attempts to reduce odontocete bycatch in U.S. pelagic longline fisheries. These two Take Reduction Teams have achieved some of their goals, but even with robust funding, political will, and collaborative stakeholder involvement, and under the authority of a robust marine mammal protective statute, neither Team has fully achieved their bycatch reduction targets, nor resolved the depredation issue. Nevertheless, we hope that our description of these collaborative processes, their common struggles, and considered solutions may provide insight to other managers and scientists working on depredation and bycatch issues around the world.

Both take reduction teams invited participation from experts in marine mammal behavior, ecology, and bycatch as well as fishermen with practical knowledge of bycatch interactions and the respective fisheries. Together, they identified a comprehensive suite of potential mitigation solutions (e.g., Werner et al., 2015) that were considered carefully along with the specific nuances of each fishery. Additional research was commissioned to inform deliberations, much of which depended on high-quality, observer data on both depredation and bycatch events. Both Teams first prioritized options in Categories 1 and 2 (Figure 1), that is, limiting overlap with depredating odontocetes or preventing their contact with gear. For example, PLTRT analyses suggested that longer mainline length led to an increased interaction risk, and so the Team implemented a physical cap on mainline length. A high-interaction region was also designated a priority area for research, although no effort limitations were included that might directly reduce takes. The FKWTRT established a permanent area closure to protect the endangered, insular Main Hawaiian Island false killer whale stock, but no robust strategies for limiting overlap and avoiding interactions with the most commonly caught pelagic stock were identified. The other space-time measure (SEZ), in which high bycatch rates trigger closure of a large area important to the fishery, was meant as an incentive to limit bycatch more broadly. Interestingly, recent false killer whale density models suggest this may actually be an important area for the pelagic false killer whale population, and thus the SEZ may take on a new significance in future negotiations (Bradford et al., 2020). In general, fishermen in both Take Reduction Teams were reluctant to agree to any measure that restricted their ability to fish in particular times and areas, considering such measures as both punitive and unfair.

Ongoing research has continued to improve understanding of the overlap and nature of interactions between these fisheries and species. Recent studies comparing the distribution of short-finned pilot whales and pelagic longline fishing effort suggest that there might be some limited possibility of using extremely fine-scale spatial measures to avoid pilot whale bycatch, although areas of high bycatch generally correspond with high target catch rates (Stepanuk et al., 2018; Thorne et al., 2019). No clear environmental patterns have been identified that would help reduce false killer whale bycatch in the Hawai‘i fleet (Forney et al., 2011). More recent research has begun to elucidate fine-scale behavior of false killer whales in the vicinity of deep-set longline gear, but thus far no clear mitigation strategies have emerged for reducing depredation or bycatch rates (Bayless et al., 2017; Anderson et al., 2020).

These research efforts have helped understand spatial and operational patterns of bycatch and suggest that avoidance strategies such as “move-on rules” could help fishermen respond more effectively when interactions occur. However, none of these mitigation measures are considered likely to reduce interactions sufficiently to meet Team goals, and without clear options for limiting odontocete contact with gear (Categories 1 and 2), both Teams have resorted to reducing the number of serious injury determinations of bycaught animals (Category 3). The PLTRT initially specified guidelines for careful handling and release of marine mammals, although it did not include gear changes in its recommendations. Now, after several years with little progress in reducing pilot whale M&SI, a weak-hook strategy has emerged as the most acceptable solution. Together with plans for developing further improved handling guidelines, this measure is currently pending under a public comment period in a new set of proposed regulations (85 FR 81168) (Federal Register, 2020).

The FKWTRT, with the advantage of learning from the PLTRT experience, adopted weak hook measures in its first round of recommendations in 2013. However, the implemented measures were not as stringent as initially agreed to by the Team (4.0 mm initially agreed on, 4.5 mm adopted in Final Rule), and are not meeting management objectives. Between 2013 and 2018, the most frequent outcome during false killer whale interactions was that the line was cut before straightening could occur. The line also broke nearly four times as often as the hook straightened. These patterns indicate that the hook is not weak enough, the captain and crew are not handling the line as intended in the regulations, or most likely, a combination of both. The Team is now exploring options for moving to even weaker hooks and improving handling guidelines.

The next few years will be important as both fisheries may implement these new or altered gear requirements. Yet, as Baird (2019) pointed out for the FKWTRT, weak-hook regulations for cetaceans depend critically on proper handling which, in the Hawai‘i longline fleet, does not seem to occur, even in the presence of an independent observer16. Concerns over crew safety and economic expediency mean that the preferred reaction to a hooked odontocete is often for a crew member to cut the line. Thus, there must be adequate incentives to ensure the necessary steps are taken, when safe and appropriate to do so, so that these interactions are resolved safely and effectively. Without comprehensive observer coverage to monitor the behavior of fishermen during interactions, this “fatal flaw” (Baird, 2019) in weak-hook and handling approaches for reducing bycatch mortality will be present in any fleet.

It is also worth noting the importance of specific statutory language and NMFS’s “Process for distinguishing serious from non-serious injury of marine mammals (NOAA Fisheries, 2014)” in shaping the resulting regulatory directives for each Team. The MMPA specifies that incidental mortality or serious injury of marine mammals occurring during commercial fishing operations must be reduced to insignificant levels (16 U.S.C. §1387). NMFS defines serious injury for marine mammals as one that is more likely than not to lead to mortality (NOAA Fisheries, 2014). However, determining the fate of hooked or entangled cetaceans released alive from gear is exceedingly difficult and likely varies with species and gear type (NOAA Fisheries, 2014). Odontocete interactions on pelagic longlines occur quickly and can be dangerous for the crew, providing little opportunity for fishermen or observers to collect identifying information (e.g., dorsal fin photos for photo-identification) or deploy location satellite-linked tags. This reduces the opportunity to collect data on survival outcomes of released whales (NOAA Fisheries, 2014), as has been done for other taxa captured accidentally on longlines such as sea turtles (Swimmer et al., 2014), billfish (Musyl et al., 2015), and sharks (Musyl and Gilman, 2019). In the absence of such empirical information, the criteria NMFS uses to categorize serious vs. non-serious injury for these fleets (NOAA Fisheries, 2014) have been developed almost entirely from expert opinion generated in a technical workshop held in 2007 (Andersen et al., 2008). The guidelines are based on scenarios that would lead directly to a determination of SI for a released marine mammal (e.g., an ingested hook) and have influenced the proposed strategies developed by each Team. For example, fishermen have been encouraged to remove hooks rather than minimizing the extent of trailing fishing line and leaving the hook in the animal. We note the importance of these 2014 guidelines for context, as they have been influential during the development of consensus recommendations by each Team. They also illustrate the challenges of understanding the population-level consequences of non-lethal bycatch which, in the case of the MMPA, provides the legal basis for fisheries management action on marine mammal bycatch. Further research on handling techniques and post-release mortality of odontocetes remains an important priority, so that the impacts of bycatch on cetacean populations can be more fully assessed (NOAA Fisheries, 2014; Zollett and Swimmer, 2019).

The examples presented here are specific to U.S. fisheries management under the auspices of the MMPA, but depredation and bycatch in pelagic longline fisheries are a global challenge. Some international instruments indirectly acknowledge the issue and, in some cases, charge fishing nations to address it. Foundationally, the United Nations Convention on the Law of the Sea obligates signatories to sustainably use and conserve marine living resources on the high seas and minimize impacts to other marine life, among other duties [UNCLOS, 1982; e.g., Articles 61, 192, 194(5)]. Other international instruments and agreements include non-binding measures and suggested guidelines to reduce marine mammal bycatch, such as, the Convention on the Conservation of Migratory Species (CMS) of Wild Animals (e.g., CMS Resolution 12.22 on Bycatch, CMS, 2018), the FAO International Guidelines on Bycatch Management and Reduction of Discards (FAO, 2011), and the draft FAO Technical Guidelines to Reduce Bycatch of Marine Mammals in Capture Fisheries (FAO, 2020). The International Whaling Commission’s recent Bycatch Mitigation Initiative is also currently working to reduce small cetacean bycatch globally. RFMOs also have authority and many have responsibilities to limit fisheries bycatch in their areas of jurisdiction. The tuna-based RFMOs have held joint meetings over the past decade, most recently in December 2019, to address bycatch in their fisheries (Joint t-RFMOs Bycatch Working Group, 2019) and some have adopted conservation and management measures with relevance to reducing cetacean bycatch (Gilman et al., 2014; Juan-Jordá et al., 2018).

Despite these existing frameworks, these case studies represent, to our knowledge, two of the most direct, regulatory attempts to mitigate bycatch of small cetaceans caused by depredation on pelagic longlines. They offer important insights as other management bodies consider implementing their own strategies to reduce depredation and bycatch. They may also be relevant to non-U.S. pelagic longline fleets and in harvesting nations that export fisheries products into U.S. markets. The 2016 MMPA Import Provisions Rule (81 FR 54389) (Federal Register, 2016) requires nations exporting fish and fish products to the U.S. to be held to comparable standards for reducing marine mammal incidental mortality and serious injury in fisheries as those stipulated by U.S. regulations. As countries work to comply with the Import Rule to continue exporting fish and fish products into the U.S., the TRT case studies presented here offer the current U.S. standard in regulatory and consensus-driven management that harvesting nations can consider in their own management.

Looking ahead: Depredation and bycatch are complex issues and will require a careful balance of monitoring, mitigation, and political will to reduce economic losses to fishermen and ameliorate population consequences for odontocetes. No mitigation measure will fully eliminate the problem, but there are a variety of mitigation and regulatory options that other fisheries can consider. We emphasize that, first and most importantly, high-quality observer programs are a crucial part of any mitigation strategy. Unbiased, independent, and representative data on fishing operations, catch, cetacean depredation, and bycatch are essential to accurately understand patterns of interactions and identify potential opportunities for mitigation. When mitigation strategies depend on gear changes and handling techniques, as in the two case studies considered here, such data are critical to ensure compliance across the fleet. It is unrealistic to expect full observer coverage across the world’s pelagic longline fleets, most of which currently operate at 5% observer coverage or lower (Ewell et al., 2020). However, rapidly improving electronic monitoring technologies can fill these gaps in highly capitalized fisheries. Addressing and acknowledging the issue of bycatch, including depredation, in fisheries regulations and incorporating a variety of stakeholder perspectives, will be a step forward for fisheries that encounter depredation. This will help the world’s pelagic longline fisheries reduce the economic cost of depredation and ameliorate the impact of bycatch on small cetaceans.
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average)/PBR, when
convened

e Risso’s dolphins: 20/129

e Pelagic Stock, outside EEZ: 11.2/PBR not determined
o MHI Stock: 0.5/0.3

M&SI (5 year
average)/PBR, most
recent

eShort-finned pilot whales: 136/236 (2015-2019)

e Long-finned pilot whales: 21 (includes takes from non-longline
fisheries)/306 (2013-2017)

e Risso’s dolphin: 54.3/3083 (2013-2017)

e Pelagic Stock, inside EEZ: 9.8/16 (2015-2019)

e Pelagic Stock, outside EEZ: 28.8/PBR not determined (2015-2019)

e MHI Stock 0.01/0.3 (2011-2015)

Initial Plan

Regulatory measures:

o Cape Hatteras Special Research Area (CHSRA)

e 20-nm upper limit on mainline length within MAB

o Informational placard for careful handling and release of marine
mammals in wheelhouse and on working deck.
Non-regulatory measuress Increase observer coverage of all
Atlantic pelagic longline fisheries that interact with pilot whales
or Risso’s dolphins to 12-15%

e Encourage captains to communicate with other vessels about
protected species interactions

e Update careful handling/release guidelines

e Provide quarterly reports of marine mammal interactions to the
PLTRT

Regulatory measures:

o Circle hooks with maximum wire diameter of 4.5 mm, 10 degree
offset or less, round wire

o Minimum 2.0 diameter for monofilament leaders and branchlines,
with minimum breaking strength of 400 Ibs (181 kg)

e Longline exclusion zone around the MHI closed year-round

e Expand existing, mandatory Protected Species Workshop to
include marine mammal interaction mitigation techniques

e Informational placard on marine mammal handling and release
posted on vessel

e Captain must supervise handling and release of any hooked or
entangled marine mammal

e Require placard instructing crew to notify captain in event of MM
interaction

o Establish “Southern Exclusion Zone” (SEZ) closed when takes of
FKWSs meet thresholds
Non-regulatory measures:

e Increase precision of bycatch estimates

o Notify team of observed interactions

o Expedite process for species ID and injury determination

e Make changes to observer training and data collection

o Expedite processing 2010 HICEAS Il survey data

e Reconvene Team at regular intervals

New or proposed
recommendations

e Implement weak hook approach
¢16/0, 4.05 mm or 18/0 4.4 mm round circle hooks
e 1.8 mm leaders with terminal tackle > 300 lbs breaking
strength
o Modified mainline requirements
e < 30 nm of active gear, continuous more than 20 nm
must be separated by at least 1 nm of mainline
e Repeal CHSRA
e Working group for handling training
e Better observer reporting of depredation, collect straightened
hooks

See Figures 2, 3 for timelines and specific bycatch estimates.

o Further gear modifications
e 4.2 mm diam. hooks
e 2.3 mm diam. branchline
e Electronic monitoring (EM)
e Pending hook adoption and/or EM, removal of SEZ
e More handling training
e Move-on guidelines and research
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Category 1: Reduce spatiotemporal overlap a priori

(e.g. time-area closures, dynamic ocean management)

Strengths: Challenges:
‘Win-win’ if depredation/bycatch avoided and Habitats of target species and whales often
minimal impact on fishery profitability; low up- overlap; likely costs to fishery (e.g. reduced
front costs; straightforward enforcement fishing effort or fishing in sub-optimal areas)

Take Reduction Team applications:
PLTRT: Cape Hatteras Special Research Area (prioritized for research, no fishing restrictions).
FKWTRT: Permanent longline exclusion zone and Southern Exclusion Zone.

If cannot avoid
overlap...

Category 2: Reduce likelihood of gear contact and bycatch

(e.g. acoustic deterrence, catch protection, operational changes, move-on rules)

Strengths: Challenges:
May address depredation and bycatch; fishermen | Habituation or learning may reduce effectiveness;
may continue fishing in high CPUE areas; ideally often logistically challenging; potential harm to
minimal changes to fishing operations animal; potentially large up-front costs

Take Reduction Team applications:
PLTRT: Limits on mainline length due to higher bycatch recorded on longer sets.
FKWTRT: Non-regulatory recommendations for move-on rule research. /

If cannot avoid
bycatch...

Category 3: Reduce injury or mortality of bycaught whale

(e.g. weak hooks, handling guidelines)

Strengths: Challenges:
Potential for reducing bycatch without impacts on Up-front costs to change gear; reluctance of
target catch or fishery operations; low costs after fishermen to implement; does not reduce
initial investment depredation; may require high observer coverage

Take Reduction Team applications:
PLTRT: Proposed weak hook and handling requirements.
\ FKWTRT: Weak hook and handling requirements. /







OPS/images/fmars-08-618031-i000.jpg
anaumokua





OPS/images/logo.jpg
’ frontiers
in Marine Science





