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Abstract 


By-catch in gill net fisheries is a major threat to populations of small coastal cetaceans, but there are no published examples of communities tackling illegal fisheries responsible for by-catch. In the Inner Moray Firth Special Area of Conservation (SAC), Scotland, protected bottlenose dolphins (Tursiops truncatus) were caught in poachers' gill nets set for Atlantic salmon (Salmo salar) and sea trout (S. trutta) in the 1990s.
In response, the 2001 SAC management plan recommended the implementation of an experimental community-based poaching surveillance scheme. 'Operation Fish Net' (OFN) was established in 2002 as a partnership between statutory and non-statutory stakeholders in dolphin conservation, marine wildlife tourism and salmon fisheries. OFN mobilised tourists and local communities to report illegal netting activity to statutory authorities for investigation. In this paper we evaluate the impact of OFN. Based on principles of community-based natural resource management (CBNRM) we suggest that OFN created a deterrent by intensifying surveillance effort. However, we identify other factors which may also have influenced poachers' behaviour, highlighting the inherent difficulties of evaluating CBNRM. OFN demonstrated several design principles for effective CBNRM, including a cross-scale and multi-stakeholder adaptive co-management network and an economic incentive for stakeholders to conserve dolphins and salmon generated by tourism and recreational fisheries. We suggest possible improvements to OFN, and future considerations for the evaluation of community-based fisheries management.
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Introduction


Incidental entanglement ('by-catch') in gill net fisheries is one of the greatest anthropogenic threats to populations of small cetaceans worldwide [1], and coastal and freshwater populations are particularly impacted [2]. Examples include Hector's dolphins (Cephalorhynchus hectori) in New Zealand [3,4], Irrawaddy river dolphins (Orcaella brevirostris) in the Mahakam River, Kalimantan [5], and botos (Inia geoffrensis) and tucuxis (Sotaliafluviatilis) in the Amazon River [6].

While strategies can be implemented in commercial gill net fisheries to mitigate the threat they pose to cetaceans and other marine mammals [2,7,8], small-scale artisanal and illegal fisheries require a different approach due to their generally unregulated or clandestine nature [9,10]. In coastal or freshwater locations, community-based strategies may be one feasible option due to the close proximity and associations between cetacean and human populations. However, while there are instances of communities retrieving and monitoring fishing debris to protect marine fauna (e.g. discarded nets in northern Australia) [11,12], to our knowledge there are no published examples of community-based initiatives targeting illegal fisheries which threaten marine mammals. Consequently there is little published experience of the efficacy of this strategy, or insights with which to design and evaluate similar schemes. 


 
 
Because it empowers local stakeholders to manage resources which they utilise, community-based natural resource management (CBNRM) has gained interest internationally as a potential panacea for mitigating anthropogenic threats to biodiversity and endangered species [13,14], including the illegal exploitation or 'poaching' of natural resources [15-19]. One model of CBNRM established in the 1980s and 1990s is the 'enterprise approach', which became the foundation for integrated conservation and development projects in developing countries, usually related to protected area management. Under this model alternative livelihoods are introduced which depend upon species or habitats of concern, thus generating an incentive for communities to protect them, creating a synergy between conservation and livelihoods [20,21]. Linked enterprises often involve the sustainable utilisation of wildlife, for example through consumptive and non-consumptive tourism [22-28].

Armitage (2005) and Berkes (2007) subsequently argued that successful CBNRM is not determined by the implementation of 'blue-print' models such as the enterprise approach, but by the evolution of multi-scale partnerships and flexible governance networks tailored to the unique local social-ecological context. Similarly, common-pool resource theory suggests that while there are fundamental design principles for establishing effective CBNRM [29], there are no 'one-size-fits-all' solutions [30,31]. These are also characteristics typical of adaptive comanagement, where cross-scale institutions and social networks evolve amongst stakeholders in response to a resource crisis, combining management experimentation with iterative colearning and power-sharing suited to the local social-ecological system [32-36].

This paper evaluates CBNRM of coastal cetaceans and illegal gill net fisheries in the Moray Firth, north-east Scotland, in 2002-2008. The region contains the only resident population of bottlenose dolphins (Tursiops truncatus) remaining in the North Sea [37], with approximately 195 animals using the Firth and other areas of the east coast [38]. Bottlenose dolphins are protected under the UK's Wildlife and Countryside Act 1981 and the Nature Conservation (Scotland) Act 2004, and the killing of a dolphin is a prosecutable offence. They are also listed in Annexes II and IV of the 1992 European Commission Habitats Directive (Council Directive 92.43/EEC) and are therefore considered threatened in a European context, and a European Protected Species requiring elevated levels of protection. Under the Directive governments are required to establish Special Areas of Conservation (SACs) for listed species, and in 1995 the Inner Moray Firth was designated an SAC to protect the dolphin population [39]. Dolphins are an iconic species in the Moray Firth, and since the 1980s the population has been the primary attraction for a growing marine wildlife tourism industry [40].

Rivers flowing into the Moray Firth support populations of anadromous Atlantic salmon (Salmo salar) and sea trout (S. trutta). During the 1990s there was concern about the status of some salmon sub-stocks in these rivers, with several failing to attain conservation targets of spawning adults over successive years [41]. Salmon and sea trout support recreational rod and commercial coastal net fisheries. While the netting industry has declined since the 1980s, rod fisheries have become increasingly popular, attracting anglers from across the UK and overseas [42,43], generating £28.8 million through angler expenditure in the Moray Firth in 2003 [44]. As throughout Scotland [43], salmon and sea trout poaching has been a long-established activity in the Moray Firth.

In 2001 the Inner Moray Firth SAC management plan identified three direct anthropogenic threats of mortality or injury to dolphins: boat collision, underwater explosions and entanglement in fishing gear and marine debris [44]. The latter was due to the confirmed by-catch and drowning of dolphins in salmon poachers' gill nets. Based on a preliminary risk assessment, the plan considered that the likelihood of further by-catch was 'moderate'. The consequence of by-catch was considered 'severe' because a population viability assessment suggested that the additional death of one adult female per annum from anthropogenic causes would decrease the median time to quasi-extinction to 29 years [45]. In response to this threat, the SAC management plan recommended that a community-based surveillance scheme should be trialled to enable dolphin-watching tourists, tour operators and local community members to report suspected poaching activity and illegal nets to statutory authorities.

In this paper we describe and evaluate the scheme in 2002-2008. We attempt to identify the factors responsible for its apparent suppression of poaching effort and reduction of by-catch risk in terms of principles for effective CBNRM, and illustrate the difficulty of isolating these from other potential drivers of poachers’ behaviour. Based on our results we discuss how the scheme could be improved to sustain its efficacy, and provide insights for the design of similar community-based strategies aiming to mitigate threats to coastal cetaceans from illegal or other unregulated fisheries.

Materials and Methods 

Study area

The Moray Firth (58° N, 3° W) is a large embayment in north-east Scotland with an area of approximately 5000km2. Between the extremities of Duncansby Head to the north and Fraserburgh to the east the coastline length is 523km (Figure 1). Seventeen major rivers drain into the Firth. Fisheries for salmon and sea trout are managed by statutory District Salmon Fishery Boards (DSFBs) under the Salmon and Freshwater Fisheries (Consolidation) (Scotland) Act (2003). DSFBs have delineated jurisdictions over catchments and up to 5km seaward from the mean low water spring tide line. They employ bailiffs with powers of arrest to apprehend and deter poachers through routine foot, vehicle and boat patrols of their catchment and coastal jurisdictions [43]. At the time of the study there were 12 DSFBs in the Moray Firth. 
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Figure 1:      The Moray Firth and the 17 major salmon rivers in the region. Also shown are the active commercial salmon netting stations, the Inner Moray Firth Special Area of Conservation (SAC) and the dolphins' core range (redrawn from Wilson et al., 1999).
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Figure 2:      Operation Fish Net, showing the statutory and non-statutory stakeholders differentiated by geographical scale, and the flows of resources (solid arrows) and information (dashed arrows) between them.





Operation fish net

Instigated by the Inner Moray Firth SAC management plan, a Wildlife Officer of the Highland Constabulary convened a series of meetings in 2001 between representatives of statutory and non-statutory stakeholders in the Moray Firth to design a trial community surveillance scheme, named 'Operation Fish Net' (OFN). Statutory bodies were the Grampian Police, Scottish Natural Heritage (SNH), the Scottish Fisheries Protection Agency (SFPA) and the 12 Moray Firth DSFBs. Primary non- statutory stakeholders involved in the planning were the Whale and Dolphin Conservation Society, the Scottish Agricultural College and the nine boat and two land-based marine wildlife tour operators active in the Moray Firth. Other non-statutory stakeholders were tourists, local communities and salmon fishery owners (Figure 2).

The scheme established a network of information-sharing and resourcing Figure 2). Tourists, tour operators and local communities reported sightings of suspected poaching activity and illegal nets via a 'free-phone' telephone service hosted by one of the partners, who wished to remain anonymous to avoid retribution from poachers. These details were immediately relayed to the relevant DSFB bailiffs in whose jurisdiction the incident occurred for investigation. The Highland and Grampian police supported bailiffs by charging arrested poachers, and the SFPA provided one aerial surveillance flight of the Moray Firth annually in July during the peak salmon and sea trout runs. Fishery owners funded bailiffs' anti-poaching activities through the annual levies raised by DSFBs under the Salmon and Freshwater Fisheries (Consolidation) (Scotland) Act (2003) to protect salmon and sea trout stocks. In 2003 and 2004 SNH also provided funding for DSFB coastal boat patrols. While there had been prior collaboration between some neighbouring DSFBs in the Inner Moray Firth, under OFN all bailiffs collaborated throughout the region to jointly patrol and share information across all 12 DSFBs’ jurisdictional boundaries.

In 1992 the Scottish Agricultural College's Veterinary Services Division established a monitoring program for stranded marine mammals. Carcasses reported by the public are retrieved from around the Scottish coast, and the college performs post mortems to diagnose the cause of death. As part of OFN, the local community and tourists reported stranded dolphins in the Moray Firth to the college, who monitored for fatalities caused by gill nets, and provided data to SNH.

OFN was launched in June 2002 with a media event at a popular dolphin-viewing location in the SAC. Posters and leaflets were published and distributed to tour operators and at coastal amenity sites (e.g. beach car parks, scenic viewpoints, visitor centres) highlighting the potential impact of illegal gill nets on dolphins, providing information on how to distinguish them from commercial salmon nets, and the free-phone number. This publicity exercise was repeated annually.

Evaluating the impact of OFN

Because DSFBs only began systematically recording net retrieval data in 2002 as part of OFN it was not possible to measure OFN's impact on poaching effort by comparing annual net interceptions before and after the scheme's introduction. It was also not feasible to interview poachers about the scheme's effect on their behaviour. Based on available data, we instead tested the following propositions regarding the effectiveness of OFN:

Proposition 1: Dolphin by-catch risk declined after the
introduction of OFN: We analysed the features of by-catch risk
before and after OFN's implementation using Harwood's (1999) framework developed to assess by-catch risks for small cetaceans in off-shore North Sea fisheries. This involves two stages: the identification of by-catch hazard, and an assessment of by-catch exposure, which when combined provide a risk characterisation.

A.	By-catch hazard: Scottish Agricultural College data on dolphin fatalities in the Moray Firth were collated and analysed for direct anthropogenic causes including by-catch in gill nets before (1992-2001) and after (2002-2008) OFN’s implementation.

B.	By-catch exposure: By-catch exposure is greatest where high fishing effort and cetacean densities coincide in time and space [46]. We examined this relationship by combining data on the temporal and spatial distribution of illegal gill nets (as a surrogate for poaching effort), salmon and sea trout (as the resource targeted by poachers) and dolphins:

I.	Illegal gill nets: DSFB coastal patrols are undertaken between April and October, when most salmon and sea trout runs reach the coast and ascend rivers [41]. Data on the dimensions, locations and months of retrieved nets were collated for 20022008. Net locations were recorded by bailiffs to an accuracy of 500m, and mapped using a Geographical Information System (ESRI ArcGIS9.2). Levels of surveillance were reported by all DSFBs to be consistent between years and months in 2002-2008. It was not possible to measure tourist or community surveillance effort, and we assumed this was also consistent between years.

II.	Salmon and sea trout: To assess the temporal abundance of salmon and sea trout (henceforth 'salmonids') we calculated catch per unit effort (annual or mean monthly total salmonid catch per net fished) in 2002-2008 for the five active commercial stake netting stations Figure 1), which fished in April-August annually. Although sweep nets were also active they only fished in June-August, and differences in gear type and hence units of effort prevented the aggregation of catch and effort data with stake nets.

III.	Dolphins: No data are available for the temporal occurrence of dolphins in 2002-2008, but in the 1990s Wilson et al. [37] recorded peak sightings in May-August in the Inner Moray Firth. Based on early studies of the dolphin population, 

the Inner Moray Firth SAC was delineated in 1995 Figure 1). Since the designation more information on the population's range became available, showing that they also utilise other areas of the Moray Firth and the Scottish east coast [38]. Within the Moray Firth Wilson et al. [47] identified an area of regular sightings which includes 70% of the SAC but also extends along the southern coast of the Outer Moray Firth (Figure 1), which we refer to as the dolphins' 'core range'.

Proposition 2: Annual poaching effort declined independently of salmonid abundance: Based on the positive correlation between monthly net interceptions and salmonid abundance in 2002-2008 (see Results) we predicted that annual poaching effort would also be positively correlated with annual salmonid abundance. Hence we hypothesised that OFN’s impact on poaching effort would be demonstrated by a decline in annual net interceptions that was independent of annual salmonid abundance.

Proposition 3: Public surveillance contributed substantially to net and poacher interceptions: We predicted that with the increased level of surveillance provided by tourists and local communities introduced by OFN, the proportion of nets and poachers intercepted by statutory authorities as a result of reports from the free-phone service would be substantial. We tested this hypothesis by comparing the total numbers of nets intercepted and poachers arrested in 2002-2008 as a result of free-phone reports with those apprehended independently by DSFB bailiffs and police through routine surveillance.

Data analysis
 
 For the  analy of by catch- risk,temporal relationship between the annual and monthly occurrence of illegal nets and salmonid abundance were assessed using Pearson's rank correlations. The relative spatial occurrence of illegal gill nets was compared between coastline within (192km) and outside the Inner Moray Firth SAC (331km), and between coastline within (230km) and outside the dolphins' core range (293km) using x2 contingency tables. We also compared the proportion of total nets intercepted due to public reports with those intercepted independently by statutory authorities using x2 contingency tables.

Results

Proposition 1: Dolphin by-catch risk declined after the introduction of OFN

A. By-catch hazard: In 1992-2008 a total of 39 dolphin fatalities were reported and examined in the Moray Firth. Cause of death was diagnosed for 18 (46%), of which two (11%) were found entangled and drowned in illegal salmon gill nets, in May 1996 and July 1999 (Table 1). They were both located in the dolphin core range at Findochty, one of five locations of concentrated poaching activity in 2002-2008 (see below). Of the diagnosed cases, these were the only ones caused directly by anthropogenic factors. Cause of death could not be determined for the remaining 21 (54%) of fatalities due to the advanced state of decomposition of carcasses. In 2002-2008 nine dolphin carcasses were retrieved from the Moray Firth. Cause of death was diagnosed for one, which was due to a chronic bacterial infection (Table 1); diagnosis of the remaining eight was impossible due to carcass decomposition (Table 2). Of these, seven occurred in June, July or August.


Table 1:    Details of the 18 diagnosed bottlenose dolphin fatalities retrieved in the Moray Firth in 1992-2008.
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Table 2:     Details of the eight undiagnosed bottlenose dolphin fatalities retrieved in the Moray Firth in June 2002 - December 2008 following the introduction of Operation Fish Net.
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Figure 3:     Annual total numbers of illegal gill nets intercepted (n = 122) in 2002-2008 relative to annual coastal salmonid abundance.







B. By-catch exposure: In total 122 nets were intercepted in 2002-2008. Numbers declined from 31 in 2002 to 8 in 2008, an overall decrease of 74% (Figure 3). Nets were retrieved in April-October, with a peak of 40% occurring in July. Mean monthly salmonid abundance also peaked in July, and there was a statistically significant and positive correlation with net occurrence in April-August (r = 0.98, p < 0.005, n = 5; Figure 4).
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Figure 4:     The monthly frequency distribution of illegal gill nets intercepted (n = 122) relative to mean monthly coastal salmonid abundance SE) in 2002-2008.





All nets were manufactured from clear mono- or multifilament nylon and were set within 1km of the shore to fish statically from the water's surface. Forty-eight were measured, and had a mean length (±SE) of 48.3m (±3.0, range 20.0-137.0), depth of 3.7m (±0.1, range 1.8-5.5) and mesh size of 11.2cm (±2.0, range 7.5-25.0).
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Figure 5:      Locations of illegal gill nets intercepted (n = 122) in 2002-2008 relative to the Inner Moray Firth Special Area of Conservation (SAC) and the dolphins' core range.





Nets were intercepted at 35 locations (Figure 5). However, 45 (37%) were found at only five (14%) of the locations, the villages of Findochty, Burghead, Munlochy Bay, Avoch and Brora.Four of these were within the SAC, and four within the core range. Seventy-three nets (60%) were retrieved within the SAC and 49 outside, a statistically significant difference relative to the coastline length (x2 =21.86, df = 1, p<0.001). Eighty-three (68%) were found within the dolphins' core range and 39 outside, a significant difference (x2 =22.92, df = 1, p<0.001).


Proposition 2: Annual poaching effort declined independently of salmonid abundance

There was no statistically significant correlation between the declining trend in annual net interceptions in 2002-2008 and annual salmonid abundance (r = -0.36, p = 0.43, n = 7), which fluctuated over the same period (Figure 3).

Proposition 3: Public surveillance contributed substantially to net and poacher interceptions

Of the 122 nets intercepted, six (5%) were reported via the free-phone service and retrieved by bailiffs. The remaining 116 (95%) were intercepted independently by bailiffs, a statistically significant difference (x2 =72.69, df=1, p<0.001). Three poachers were arrested by bailiffs in the Inner Moray Firth in September 2003, August 2004 and July 2007 and charged by the Highland Constabulary. All were residents of the Inner Morey Firth area. They were convicted by the Inverness District Court under the Salmon and Freshwater Fisheries (Consolidation) (Scotland) Act (2003), and fined [image: ]100, [image: ]175 and [image: ]225, respectively, and their nets confiscated. No arrests resulted from information provided through the free-phone service. However, the third poacher had previously been arrested in August 2006 by bailiffs when he was sighted fishing and reported via the free-phone service, but the charges were dropped by the Inverness District Court due to insufficient evidence.

Discussion

In spite of limited data which restricted a more comprehensive analysis, there was some circumstantial evidence that OFN was effective in suppressing poaching effort. As indicated by illegal gill net interceptions, poaching activity appeared to decline considerably by 74% from 2002-2008, and with it by-catch risk, as corroborated by no further confirmed cases of dolphin bycatch. As a consequence, the SAC management plan's original assessment that the likelihood of by-catch was 'moderate' [44] could be redefined as 'minimal'.

While by-catch risk receded, dolphins were still exposed to illegal gill nets. Temporally, exposure was greatest in July when poaching effort peaked in response to salmonid abundance, followed by August, June and May. Spatially, exposure was significantly greater within the SAC and the core range than along neighbouring coasts. Exposure was not spatially homogenous within the SAC and core range, however, with the five locations of Findochty, Burghead, Munlochy Bay, Avoch and Brora appearing to be centres of poaching activity. These patterns of temporal and spatial risk are corroborated by the known cases of dolphinmortalities in 1996 and 1999, which occurred in May and July within the population's core range at the village of Findochty. Hence the risk of by-catch should remain a priority for the SAC management plan, particularly since illegal salmon gill nets were the only direct anthropogenic cause of fatalities diagnosed by the Scottish Agricultural College in 1992-2008.



This risk is exacerbated by the predation of adult salmonids by dolphins in the Moray Firth [48,49]. Dolphins congregate around confined coastal channels in the Inner Moray Firth, and also along the southern Outer Moray Firth coast to intercept migrating shoals during the summer months [50-53], often within 1km of the shore [37,54,55] where all gill nets were intercepted. Hence, in the summer months dolphins and poachers appear to target the same aggregations of salmon and sea trout in similar locations. As for other examples of gill net impacts on small cetaceans [5,6,9,46], it is this coincidence of high cetacean densities and intensive fishing effort in time and space which is generating by-catch risk in the Moray Firth.

DSFB bailiffs reported consistent effort between years and months, and hence the net retrieval data are likely to be a representative index for both annual and monthly patterns in poaching effort and by-catch risk. However, it is possible that the results were distorted by geographical variations in surveillance effort. Bailiffs with jurisdictions within the Inner Moray Firth may have patrolled more regularly and efficiently than those along the Outer Moray Firth coast due to more sheltered sea conditions, increasing the likelihood of net encounters and hence biasing our estimates of spatial by-catch exposure towards the SAC and dolphins’ core range. Similarly, tour operators focus their activity in the Inner Moray Firth and the dolphin's core range where dolphin sightings are most likely (author's unpublished data), but since only 5% of net interceptions were derived from reports by the public, this is unlikely to have had a major influence on our results.

While by-catch risk appeared to recede, it was difficult to clearly determine the influence of OFN on this trend without comparative net retrieval data collected prior to the scheme’s inception. Data gathered from poachers could also have clarified the influence of OFN on their fishing effort, but it was impractical to obtain this, an inherent problem for studies of illegal wildlife exploitation [56,57]. Instead, the clearest but only circumstantial indication of OFN's impact was that in 2002-2008 annual net occurrence was not correlated with coastal salmonid abundance, indicating that the decline in poaching effort was potentially influenced by OFN rather than the diminished availability of fish.

While OFN may have reduced by-catch risk, this was not clearly demonstrated by the Scottish Agricultural College's stranding data. For the nine carcasses retrieved since June 2002, cause of death could only be established for one, and this was not due to entanglement in fishing nets. It is feasible that some of the undiagnosed fatalities were caused by illegal gill net by-catch, since seven occurred in the months of June-August when by-catch exposure was highest. As well as the difficulty of diagnosing cause of death due to carcass decomposition, utilising carcass retrieval information to monitor the impact of OFN is problematic because poachers may dispose of dolphins found entangled to avoid prosecution under the Wildlife and Countryside Act 1981 and the Nature Conservation (Scotland) Act 2004. This factor may have also have resulted in an underestimate of dolphin fatalities prior to 2002, and hence the SAC management plan’s initial assessment of the threat posed by gill nets. Hence annual gill net retrieval rates, rather than dolphin fatalities, may be the most representative and practical method for evaluating the efficacy of OFN or similar schemes.

It is not clear how OFN contributed to the decline in poaching effort. Relative to the situation prior to 2002, the primary change induced by OFN has been increased collaboration between stakeholders, and the mobilisation of additional surveillance effort through the involvement of tourists, tour operators and communities. Yet only 5% of nets were intercepted as a result of reports from the public, and none of the three convictions of poachers resulted from these, although one was previously arrested due to a community report. An alternative explanation is that OFN had an indirect effect by creating a deterrent to poaching. Common-pool resource theory proposes that an important pre-requisite for effective CBNRM is the monitoring of rule compliance by community members, which internalises social sanctions and promotes cooperative behaviour, and this is enhanced by the employment of guards such as bailiffs [29].

Other factors unrelated to OFN may also be involved. Criminology suggests that illegitimate behaviour is driven by trade-offs between the benefits of illegal activity relative to legal opportunities [58]. In communities bordering African protected areas, wildlife poaching is negatively correlated with sources of income from other available livelihood strategies [59,16]. While the livelihood profiles of Moray Firth poachers are not known, it is feasible that the emergence of alternative economic opportunities have reduced the incentive to fish illegally. Linked to this is the likelihood that the black market for wild salmon has been undercut by the growing availability of farmed salmon. Since its establishment in the 1980s, by 2002 Scottish salmon aquaculture production had increased to more than 120 000 tonnes per annum [60], potentially providing a cheaper substitute for wild salmon. The flooding of markets with captive- bred wildlife products is a well-established strategy for reducing the incentive to poach [61].

The apparent success of OFN may also be attributable to its manifestations of the enterprise approach to CBNRM. Generating livelihoods from threatened species or habitats can create a positive feedback loop between livelihoods and conservation [20,21] (Figure 6a). In the Moray Firth, the recent establishment of a dolphin tourism industry has generated an added incentive for their protection beyond their intrinsic biodiversity value. OFN is also strengthened by the additional linkage to the protection of salmonid stocks. Recreational salmon and sea trout fisheries are of even greater value to the local economy than marine wildlife tourism [41]. This awareness may therefore have created an added incentive for local fishery owners to fund DSFB coastal patrols, and community support for surveillance. Hence OFN demonstrates a double linkage between the utilisation and conservation of dolphins, salmon and sea trout (Figure 6b). With the emergence of these linkages through the growth of Moray Firth tourism, poaching may have become an activity directly juxtaposed to contemporary community interests. 
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Figure 6:     Conceptual representations of (a) the enterprise approach to community-based natural resource management (adapted from Salafsky et al., 1999, and Salafsky and Wollenberg, 2000), and (b) the role of Operation Fish Net in the double linkage of conservation incentives created by dolphin tourism and recreational salmon and sea trout fisheries. Hexagons represent enterprises based on biodiversity, and boxes represent outcomes.





OFN also exhibits a network of information-sharing and resourcing linking statutory and non-statutory stakeholders in dolphin and salmonid management across the local (catchment), regional (Moray Firth) and national scales (Figure 2), which are characteristic features of adaptive co-management [32-34]. This governance network is mirrored by the Moray Firth Seal Management Plan, an initiative established in 2005 by several of the OFN stakeholders to manage conflict between harbour (Phoca vitulina) and grey (Halichoerusgrypus) seal conservation, tourism and salmon fisheries [36,41,62-65]. Both initiatives have benefitted from an enabling environment provided by SNH and the Scottish Government which has encouraged informal and nested institutions to develop autonomously, supported by appropriate coordination and resourcing, such as training of DSFB bailiffs in seal management [42] and funding for DSFB boat patrols. The adoption of such an enabling role by government is another important design principle for effective CBNRM [29], and is a central to the formation of stakeholder partnerships required to implement SACs [65].

Conclusion

In the terms of the 2001 Inner Moray Firth SAC management plan, our results indicate that the likelihood of dolphin by-catch receded from 'moderate' in 2002-2008, but the consequences remain 'severe' for the small population. Hence surveillance should be maintained, and effort should be targeted in June- August where the dolphins' core coastal range overlaps the remaining locations of concentrated poaching activity.

Evaluating the impact of CBNRM is notoriously problematic due to the coincidental occurrence of multiple factors which also influence outcomes [13,20,66,67]. This is also evident for OFN, where it was impossible to isolate the scheme's impact from other possible influences on poachers' behaviour. Evaluating OFN's impacts was also constrained by the lack of net retrieval data prior to the scheme's inception, the difficulty of surveying poachers, and the limitations of using dolphin fatalities as an indicator of success. All of these issues are likely to be inherent in the evaluation of CBNRM schemes which aim to mitigate illegal by-catch of marine mammals [68-70].

Nonetheless, it is probable that OFN at least partially contributed to the observed decline in poaching effort. This may be attributable to the fact that OFN exhibits several characteristics of effective CBNRM, including the enterprise approach and a cross scale and multi-stakeholder governance network, and these may also be pre-requisites for the success of other schemes. However, principles of adaptive co-management suggest that the longevity of the scheme could be enhanced by the deliberate introduction of a learning forum to maintain and promote social networks, information sharing and adaptive learning. As such, OFN provides useful insights for the establishment and evaluation of similar community-based strategies to protect coastal or freshwater cetaceans from illegal or unregulated fisheries.
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