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A B S T R A C T 


To support optimal monitoring and enforcement investment, management aimed at minimizing disturbance to


wildlife requires an understanding of how regulatory compliance might vary spatially as well as across species


and human-user groups. In the Salish Sea, humpback whales (Megaptera novaeangliae) and two ecotypes


(southern resident and Bigg’s) of killer whales (Orcinus orca) now interact with a large and growing number of


small commercial and recreational vessels that partake in whale watching. Those vessels often approach close to


cetaceans and thus pose risk via collision, marine noise and pollution, exposure to which may result in distur-

bance, injury and death. The primary management tool for mitigating impacts is minimum distance regulations.


Compliance, however, is poorly understood. We examined commercial and recreational small vessel compliance


with viewing distances across two seasons (June–September 2018 and 2019) in over ≈404 h of on-water


observation. Overall vessel compliance was nearly 80%, but several distinct patterns emerged. Recreational


boats were significantly more likely to violate distance regulations and boaters were more likely to be non-

compliant around killer whales. Compliance did not vary with day of week or time of day. Spatially, non-

compliance was concentrated in waters closer to coastal communities. Collectively, these patterns suggest that


optimal enforcement could be targeted to identify areas of high non-compliance, especially for killer whales, with


effort spread across days and times. Finally, we discuss how investments in education could target recreational


boaters at a time when multiple and interacting stressors are accumulating in the Salish Sea.


1. Introduction


Non-consumptive encounters with wildlife can impose harm.


Accordingly, regulations to manage human-wildlife encounters are now


common, applied not only to hunting and fishing [1,2] but also outdoor


recreation [3,75]) and wildlife viewing [4,5]. The efficacy of regulation,


however, scales to compliance. Inadequate compliance can result in


adverse impacts [6–8]. Therefore, effective management requires an


understanding of what contexts predict compliance as well as potential

correlates [9,10]. Research has emphasized the need to consider human


behaviour. For example, people might vary in motivations and expec-

tations [11,12]. Similarly, social acceptability of non-compliance may


vary [13,14], as can knowledge of regulations [15]. Accordingly, man-
agers require knowledge about who engages in non-compliant behav-

iour, as well as where and when it occurs.


Understanding compliance is particularly important within marine


systems, where human and wildlife encounters are frequent, complex


and often poorly understood. Marine vessel activity, which has steadily


increased in coastal waters around the world [16] often overlaps with


wildlife habitat. The whale watching industry has become increasingly


popular; in 2008, the global commercial whale watching sector earned


$US2.1 billion [17]. In addition to commercial whale watching, recre-

ational vessels such as sailboats, fishing (including charter) boats and


kayaks also opportunistically watch cetaceans [18,19]. Collectively, this

presence increases the likelihood of whale-vessel encounters.


Encounters between vessels and cetaceans can potentially result in a


variety of negative impacts. These include ship strikes (lethal and non-

lethal; [20,21], exposure to and ingestion of pollutants [22], acoustic

impacts (chronic and acute; [23,64,24,68], and physical/behavioural


disturbances that might result in reduced fitness [25,26]. Several species
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of cetaceans such as killer whales (Orcinus orca) and humpback whales


(Megaptera novaeangliae) have exhibited changes in diving and resting


patterns [27,28], social behaviours [26,29], communication [23,24,30]


and foraging patterns [31–33] in the presence of vessels. These


short-term impacts may lead to increased energetic costs, with chronic


or repeated exposure to vessels having the potential to lead to long-term


population-level effects [34–36].


Given such potential impacts, management often aims to reduce

stressors associated with vessel movement in important cetacean areas.


Common measures include minimum approach distances, limits to the


number of vessels, restrictions on vessel positioning, and restrictions to


speed [37–40]. Across these management approaches studies have


generally identified high levels of non-compliance [18,37,39]. Exam-

ining vessel distance is particularly important because related distance


regulations are considered a key approach to minimizing impacts [27,


41].


Compliance is especially important in areas that host endangered


and at-risk cetaceans, such as the Salish Sea. This waterbody comprises


the Strait of Georgia, the Juan de Fuca Strait, Haro Strait, and Puget


Sound, and straddles the boundary line between British Columbia,


Canada, and Washington State, U.S.A. [18,42]. Killer whales (KWs)


(both southern resident [SRKWs] and Bigg’s [BKWs] ecotypes) and


humpback whales (HWs) are two common cetacean species to frequent


the area and are listed under the Canadian Species at Risk Act (SARA)


and U.S. Endangered Species Act. In addition, the Salish Sea has been


designated as critical habitat for the SRKWs [43] and is increasingly


used by BKWs - now widely recognised as forming part of the key habitat


for many individuals in this population [44,45]. Impacts associated with


vessel activity have been recognised as key threats to the recovery of


both species [43,46–49]. Accordingly, mandatory marine mammal dis-

tance regulations (MMDRs) have been imposed in the Salish Sea.


MMDRs have varied from 100 to 400 m, depending on year, species,


jurisdiction and vessel type (Appendix, Table A1).


Despite the increasing potential for vessel-whale encounters and


recent amendments to regulations, there has been little examination of


vessel compliance in the Salish Sea. Seely et al., [18]; for example,


estimated that over 500,000 people annually interact with cetaceans via


either commercial or “recreational” (i.e. powerboats, sailboats, fishing


vessels, kayaks) whale watching vessels in the Salish Sea and that these


numbers are increasing. Accordingly, the objectives of this study were


to: (1) estimate the level of compliance with MMDRs, (2) identify po-

tential correlates of compliance (e.g. species involved, vessel type


[commercial and recreational]) and (3) examine temporal and spatial

variation in compliance. We conclude by offering evidence-based rec-

ommendations for management related to enforcement and education.


2. Methods


2.1. Data collection


We collected data aboard a commercial whale watching vessel


departing from Victoria, British Columbia, Canada. Data were collected


from June 17th to September 3rd, 2018, and from June 1st to September


2nd, 2019, which totalled 101 trips (≈404 h). Multiple encounters were


possible per trip. We observed 784 encounters with cetaceans, 198 of


which related to the vessel upon which observations were made (with


knowledge of captain and crew). To determine if vessels complied with


MMDRs, we used a handheld GPS and laser range-finding binoculars


(Safran, Vector 21) to measure vessel position and their respective dis-

tances to KWs and HWs. The binoculars included a digital compass,


which gave the azimuth (bearing), and range-finder to estimate distance


with 5-m accuracy. To estimate positions of other vessels and whales, we


used the bearing and distance from the research vessel. Individual vessel


identification was not recorded but vessels were broadly grouped as


either commercial or recreational whale watching. Finally, we tested


whether the vessel aboard which observations were made (also a


commercial whale watching vessel) differed in compliance with other


commercial vessels. Sampling was designed to examine potential vari-

ation in compliance. Data were collected once per day (on weekdays and


weekends), either on the morning (10:00) or afternoon (15:00) tours,


with each lasting approximately 4 h. Data collection alternated between


mornings and afternoons and only occurred when weather and visibility


allowed for distance measurements. We defined a vessel-whale


encounter as the period in which a vessel (including the research

vessel) appeared to be actively watching whales (i.e., as a focal point for


vessel attention) within 500 m, a distance over which vessel charac-

teristics could be reliably measured. If the research vessel was present


longer than 20 min, we recorded all vessel distances to cetaceans a


second time, which represented a new encounter. When measuring


distances to multiple cetaceans, a focal individual was selected; for KWs,


this was the individual with the most identifiable saddle patch or dorsal


fin. For HWs, the closest individual to the researcher’s position was


selected. Accounting for imprecision in range-finding, we defined non-

compliance as a vessel at a distance more than 5 m closer than the


MMDRs. The study area had multiple MMDRs that varied by year, spe-

cies, and jurisdiction (Appendix, Table A1).


2.2. Analysis


We evaluated how compliance might vary across a number of con-

texts. To determine the potential influence of vessel type, species,


weekdays vs weekends, and morning vs afternoon, we used nonpara-

metric Kruskal-Wallis tests in RStudio (Version 1.2.1335 – © 2009–2019


RStudio, Inc). BKWs and SRKWs were grouped together due to relatively


few encounters of SRKWs (n = 60). By scaling the varied regulations


across years and jurisdictions (both Canadian and U.S. waters), we


estimated compliance for the entire period. Vessel positions were plotted


in ArcMap 10.1 with NAD 1983 UTM 10 coordinate system and Trans-

verse Mercator projection. We used the kernel density tool to produce


kernel density estimations (KDE) for pattern visualization of vessel non-

compliance using a cell size of 342.756 and the default bandwidth[76,


77].


3. Results


Compliance rates were moderate and varied in several important


ways. Overall compliance over the period was 79.9% (n = 625 of 784


encounters) and did not differ significantly between years, morning vs


afternoons or weekdays vs weekends (Table 1). Among all vessels


pooled, non-compliance was more frequent with KWs than HWs (n =


118 of 159 non-compliant encounters; Kruskal-Wallis, P = 0.007;


Table 1). Pooled across years, commercial vessels were non-compliant


more frequently than recreational vessels (n = 115 of 159 non-

compliant encounters Kruskal-Wallis, P = < 0.001). However, when


scaled to encounter rate, 18.6% of commercial whale watching en-

counters around KWs and 14.4% around HWs were non-compliant,

while recreational vessels did not comply with MMDRs during 45.5%


of encounters with KWs and 20% with HWs (Table 1). Vessel distances in


relation to MMDR thresholds also differed; recreational vessels on


average approached closer around both species (μ = 20.2 m to minimum


distance) and KWs (μ = 3.08 m past minimum distance) than com-

mercial vessels (μ = 94.4 m, μ = 84.7 m, respectively; Fig. 1). Recrea-

tional vessels also showed higher variation in distance around both


species (SD = 181; CV = 8.96%) and KWs (SD = 175; CV = 56.82%) than


commercial vessels (SD = 113; CV = 1.20%; SD = 111; CV = 1.31%,


respectively). After pooling years and species, we found no evidence for


a significant difference in compliance between the research vessel and


other commercial whale watching vessels (Kruskal-Wallis, P = 0.72,


Appendix A, Table A.2). Accordingly, we retained data on compliance


from all sources in analyses.


Finally, we detected distinct spatial distributions associated with


whale-vessel encounters and incidents of non-compliance. Most HW
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encounters occurred in the Juan de Fuca Strait, whereas KW encounters


were more dispersed (Fig. 2). Non-compliant encounters around KWs


(for all vessel types) clustered near populated areas, such as Victoria,


San Juan Island, Sooke, Salt Spring Island and North/South Pender


Islands (Fig. 2). In contrast, non-compliant encounters around HWs


predominantly occurred in the Juan de Fuca Strait (Fig. 2).


4. Discussion


4.1. Vessel compliance to MMDRs in the Salish Sea


Our results revealed distinct patterns in how compliance with


MMDRs differed with vessel type, species and space. Compliance did not


differ between 2018 and 2019, despite amendments to MMDRs across


years. Recreational vessels were significantly less compliant around


KWs. Violations of distance regulations by all vessel types occurred more


frequently around KWs than HWs, with distinct spatial variation. We


detail below how our findings can inform strategies to monitor, enforce


and educate about MMDRs, and consequently aid in minimizing vessel


impacts on cetaceans.


Finding no difference between years allows for inference into man-

agement efficacy. This study was conducted during a period when


several amendments were made to MMDRs in both the US and Canada


(Appendix, Table A1). Despite these changes, which increased legal

viewing distances, the level of compliance remained unaltered. On one


hand, and assuming a consistent cohort of boats between years, the fact


that non-compliance did not rise with increased legal viewing distances


suggests an overall awareness of amendments. On the other hand,


commercial operators would be expected to have increased compliance


as they have a vested responsibility to follow amendments, and as such,


little change in compliance might suggest the opposite. Such a pattern


suggests that modifying regulations are likely insufficient without other


management means [50].


Compliance was related to vessel type, likely a function of captain


knowledge and professional accountability. Commercial whale watch-

ing accounted for most encounters. The data, however, might reflect


surveys occurring aboard a whale-watching vessel and the popularity of


the activity in the area; in 2015 an estimated 93 commercial whale


watching vessels operated in the region [18]. Whereas commercial


vessels comprised most non-compliant encounters, once scaled to


encounter rate, they were proportionally more compliant with MMDRs


than recreational vessels (Table 1; Fig. 1). Unlike recreationists


(including non-whale-watching commercial vessels) who may oppor-

tunistically engage in whale watching, commercial whale-watching


operators rely on cetaceans to ensure the viability of their businesses


and are potentially more incentivized to be compliant [50]. However,


how compliance might correlate to shorter-term incentives, such as


positive reviews and tips from clients (which might scale positively with


approach distance), is currently unknown.


We also found that recreational boats showed greater variation in


approach distance. This pattern likely relates to variation across vessel


operators in knowledge about regulations, an interpretation supported


by other studies [19,38]. Seely et al. [18]; for example, surveyed rec-

reational boaters in the Salish Sea and identified that 61% of operators


were unaware of MMDRs. Additionally, viewing experi-

ence/expectations among both commercial and recreational passengers


– which might vary substantially, especially among the latter - could


lead to increased pressure on some vessel operators to provide intimate


experiences with cetaceans [51–53]. This work also provides new

insight into how encounters with vessels might differ between species.


Most encounters and non-compliant encounters occurred around KWs


and average vessel distance to KW MMDRs was smaller (Table 1; Fig. 1).


This demonstrates a potential preference for KW viewing for both rec-

reational and commercial vessel operators. Collectively, this area pro-

vides one of the most reliable locations in the world to view this species


and commercial operators often focus their marketing efforts on KWs


[42]. In addition, commercial whale watching advertising may display


whales at close proximity or engaged in particular behaviours (i.e.


breaching) [51], which can lead to passenger misperception and


dissatisfaction and pressure on captains and crew to deliver these ex-

periences [54,55]. We suggest marketing adjustments could aid in


tempering commercial and recreational whale watching passenger ex-

pectations (on preferred species, viewing distances and behaviours).


Higher compliance rates around HWs for commercial and recreational


operators could be associated with closer allowable distances (Appen-

dix, Table A1). Regulations governing distances around HWs in the


Salish Sea have not changed since the inception of MMDRs, while


several amendments have occurred for KWs. As such, standardized


regulations between species could potentially reduce close encounters


and promote compliance related to both species.


Understanding which correlates might influence non-compliance can


inform decisions for spatial management measures and help prioritise


the deployment of monitoring and enforcement resources. We have


identified areas with increased frequency of whale-vessel encounters


and where non-compliance with MMDRs is higher (Fig. 2). The Salish


Sea is a substantial area to cover (~17,000 km2 [56]; managers could


Table 1


Percent and frequency of compliance associated with different variables. Bold


text identifies significant differences (P < 0.05).


Variable Killer whales 

(KWs) 

Humpback 

whales (HWs) 

Both


Species


Encounters


2018 246 115 361


2019 260 163 423


Total 506 278 784


Non-compliant encounters


2018 (P = 0.090) 58 19 77


2019 (P = 0.015) 60 22 82


Total (P = 0.007) 118 41 159


2018 non-compliant encounters # % # % # %


Vessel type (P < 0.001)


Commercial 41 70.7 19 100.0 60 77.9


Recreational 17 29.3 0 0.0 17 22.1


Vessel type (scaled for encounter rate)


Commercial 41 20.0 19 16.8 60 18.9


Recreational 17 42.5 0 0.0 17 40.5


Day of week (P = 0.300)


Weekday 32 55.2 12 54.5 44 57.1


Weekend 26 44.8 7 45.5 33 42.9


Time of day (P = 0.083)


Morning 27 46.6 12 63.2 39 50.6


Afternoon 31 53.4 7 36.8 38 49.4


2019 non-compliant encounters


Vessel type (P < 0.001)


Commercial 36 60 19 86.4 55 67.1


Recreational 24 40 3 13.6 27 32.9


Vessel type (scaled for encounter rate)


Commercial 36 17.1 19 12.7 55 15.3


Recreational 24 48.0 3 23.1 27 42.9


Day of week (P = 0.475)


Weekday 34 56.7 12 54.5 44 55.0


Weekend 26 43.3 10 45.5 36 45.0


Time of day (P = 0.641)


Morning 40 66.7 22 100.0 62 75.6


Afternoon 20 33.3 0 0.0 20 24.4


2018/2019 combined non-compliant encounters


Vessel type (P < 0.001)


Commercial 77 65.3 38 92.7 115 72.3


Recreational 41 34.7 3 7.3 44 27.7


Vessel type (scaled for encounter rate)


Commercial 77 18.6 38 14.4 115 18.9


Recreational 41 45.5 3 20.0 44 41.9


Day of week (P = 0.896)


Weekday 66 55.9 24 54.5 90 56.6


Weekend 52 44.1 17 45.5 69 43.4


Time of Day (P = 0.140)


Morning 67 56.8 34 82.9 101 63.5


Afternoon 51 43.2 7 17.1 58 36.5
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therefore benefit from knowledge to focus efforts on ‘high risk’ areas


[57]. Furthermore, given the ability of commercial whale watching


vessels to reliably find whales, it is likely that on one hand, the distri-

bution of encounters we documented is broadly representative of HW


and KW distribution in this area during summer months. HW sightings


were for the most part concentrated within the Juan de Fuca Strait - a


primary feeding ground from May to October [47] and align with a


known high degree of site fidelity [58]. By contrast, encounters with


KWs showed greater spatial variability, which again aligns with their


more mobile spatial ecology [44,59]. Despite this broader distribution,


we found that encounters with KWs were more frequently


non-compliant near populated coastal communities. On the other hand,


encounters may be related to where the research vessel accessed, rather


than a reflection of KW and HW spatial distribution relative to proximity


to coastal communities.


4.2. Management recommendations


To improve compliance, we recommend greater on-water presence


by government enforcement officers. A prior study in the area found


that, when enforcement vessels were present, vessel compliance sub-

stantially increased [18]. However, in 101 days of on-water observa-

tions (≈404 h), we observed government patrol vessels on only three


occasions. If resources are limited, we suggest that enforcement be


focussed on areas with higher rates of non-compliance, such as Sooke


and the Southern Gulf Islands. Additionally, given no temporal pattern


in non-compliance, patrols should be conducted throughout the week.


We note that our findings and subsequent recommendations differ from


other studies that recommended a focus on weekend and holiday


enforcement [38,50]. Such contrast highlights the importance of


considering site-specific factors that can influence the effectiveness of


management measures.


The transboundary nature of some waterways adds complexity. This


is especially so when managing mobile stressors and protecting wildlife


that does not recognize borders [60]. In the Salish Sea, multiple gov-

ernment agencies impose distinct distance regulations for different


species, ecotypes and vessel types. Specific details of the varying MMDRs


can be confusing, especially for recreational boaters who are generally


non-specialists. Uniform regulations may simplify management mea-

sures. For instance, the same required distance regulation for all boaters,


cetacean-types and jurisdictions could benefit enforcement through


reducing ambiguity and confusion. Recreational boaters often use


commercial vessels as their guides when viewing cetaceans [38]. Thus,


at present, having different distance regulations for the same animals (e.


g. 200 m for BKWs for commercial operators and 400 m for recreational


boaters in Canadian waters in 2019; Appendix, Table A1) could cause


recreational boaters to unknowingly infract. Currently, recreational


boaters may be able to defend non-compliant behaviour by not knowing


the difference between SRKWs and BKWs. In addition, vessels and


whales invariably cross the Canada-U.S. border. Cross-jurisdictional


consistency would allow for boaters engaged in whale watching to

keep the same distance during the same encounter [18]. Lastly, our


recommendation of consistent and integrative MMDRs would allow for


simplified educational messaging and materials.


Lower compliance rates by recreational boaters suggests that in-

vestments into education could benefit cetaceans. Given lower compli-

ance and higher variation, recreational boaters appear variable but


generally less aware of regulations. They might also surmise that,


especially with limited visible enforcement, non-compliance will bear


little or no consequences. Educational efforts could therefore provide an


important means by which to improve vessel conduct around cetaceans.


We encourage future examination of how passenger expectations may


act as a potential driver for reduced compliance, and whether increased


understanding and awareness might counteract this behaviour.


Regardless of the reasons, a persistent lack of compliance will ultimately


be detrimental to cetaceans [39]. Therefore, we add to existing calls by


others for greater investment into not only enforcement but also edu-

cation [19,38]. Such investments are important given that threats to


Fig. 1. (A)Vessel distance in relation to Marine Mammal Distance Regulations (MMDRs) around killer whales and humpback whales; (B) around humpback whales,


and (C) killer whales. Positive values are additional distance observed from MMDRs whereas negative values indicate the magnitude of non-compliance. Dashed lines


show MMDRs threshold (red), mean distance for commercial (grey) and recreational (yellow) vessels. (For interpretation of the references to colour in this figure


legend, the reader is referred to the Web version of this article.)
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cetaceans from multiple stressors are accumulating.


Declaration of competing interests


The authors declare the following financial interests/personal re-

lationships which may be considered as potential competing interests:


The lead author, Molly Fraser, declares a declaration of interest as she


was employed by the company (Eagle Wing Tours, Victoria, Canada)

who provided the research vessel during the period of data collection


(2018–2019). Presently, she no longer works at this business. To address


the potential bias that captains and crew had knowledge about the


research being conducted, we provide analyses that found that there was


no significant difference in compliance between research vessel and


other commercial whale watching vessels. This research was also partly


funded by Eagle Wing Tours.


Acknowledgements


This work was funded by the Wild for Whales Foundation, Eagle


Wing Tours, and the MITACS Accelerate Program. We thank Tyler Jes-

sen for sharing R code for Fig. 1. CTD was supported by the Raincoast


Conservation and SkyeMikko Foundations as well as the Natural Science


and Engineering Research Council (NSERC) Discovery Grant


(#435683).


Appendix A. Supplementary data


Supplementary data to this article can be found online at https://doi.


org/10.1016/j.marpol.2020.104171.


References


[1] A. Arias, Understanding and managing compliance in the nature conservation

context, J. Environ. Manag. 153 (2015) 134–143, https://doi.org/10.1016/j.

jenvman.2015.02.013.


[2] C. Bragagnolo, R. Correia, A.C.M. Malhado, M. De Marins, R.J. Ladle,

Understanding non-compliance: local people’s perceptions of natural resource

exploitation inside two national parks in northeast Brazil, J. Nat. Conserv. 40

(2017) 64–76, https://doi.org/10.1016/j.jnc.2017.09.006.


[3] T.A. Schlacher, M.A. Weston, D. Lynn, R.M. Connolly, Setback distances as a

conservation tool in wildlife-human interactions: testing their efficacy for birds

affected by vehicles on open-coast sandy beaches, PloS One 8 (9) (2013) 71200,

https://doi.org/10.1371/journal.pone.0071200.


[4] D.A. Duffus, P. Dearden, Non-consumptive wildlife-oriented recreation: a

conceptual framework, Biol. Conserv. 53 (1990) 213–231, https://doi.org/

10.1016/0006-3207(90)90087-6.


Fig. 2. Spatial patterns of non-compliant encounters around humpback whales in 2018 (A) and 2019 (B), and around killer whales in 2018 (C) and 2019 (D).


M.D. Fraser et al.                                                                                                                                                                                                                               

AR010638

https://doi.org/10.1016/j.marpol.2020.104171
https://doi.org/10.1016/j.marpol.2020.104171
https://doi.org/10.1016/j.jenvman.2015.02.013
https://doi.org/10.1016/j.jenvman.2015.02.013
https://doi.org/10.1016/j.jnc.2017.09.006
https://doi.org/10.1371/journal.pone.0071200
https://doi.org/10.1016/0006-3207(90)90087-6
https://doi.org/10.1016/0006-3207(90)90087-6
https://doi.
org/10.1016/j.marpol.2020.104171
https://doi.
org/10.1016/j.marpol.2020.104171
https://doi.org/10.1016/j
https://doi.org/10.1016/j.jnc.2017.09.006
https://doi.org/10.1371/journal.pone.0071200
https://doi.org/
10.1016/0006-3207(90)90087-6
https://doi.org/
10.1016/0006-3207(90)90087-6


Marine Policy 121 (2020) 104171


6


[5] K. Smith, M. Scarr, C. Scarpaci, Grey nurse shark (Carcharias taurus) diving 
tourism: tourist compliance and shark behaviour at fish rock, Australia, Environ. 
Manag. 46 (5) (2010) 699–710, https://doi.org/10.1007/s00267-010-9561-8. 

[6] M.B. Orams, Feeding wildlife as a tourism attraction: a review of issues and 
impacts, Tourism Manag. 23 (2002) 281–293, https://doi.org/10.1016/S0261- 
5177(01)00080-2. 

[7] B. Worm, R. Hilborn, J.K. Baum, T.A. Branch, J.S. Collie, C. Costello, D. Zeller, 
Rebuilding Global Fisheries, Science 325 (2009) 578–585. 

[8] S.J. Campbell, A.S. Hoey, J. Maynard, T. Kartawijaya, J. Cinner, Weak compliance 
undermines the success of No-take zones in a large government-controlled marine 
protected area, PloS One 7 (11) (2012) 50074, https://doi.org/10.1371/journal. 
pone.0050074. 

[9] P. Cross, F. St John, S. Khan, A. Petroczi, Innovative techniques for estimating 
illegal activities in a human-wildlife-management conflict, PloS One 8 (1) (2013) 
53681, https://doi.org/10.1371/journal.pone.0053681. 

[10] K.M. Abrams, K. Leong, S. Melena, T. Teel, Encouraging safe wildlife viewing in 
national parks: effects of a communication campaign on visitors’ behavior, 
Environ. Comm. 14 (2) (2020) 255–270, https://doi.org/10.1080/ 
17524032.2019.1649291. 

[11] M.L. Gore, The science of conservation crime, Conserv. Biol. 25 (4) (2011) 
659–661, https://doi.org/10.1111/j.1523-1739.2011.01701.x. 

[12] M. Pieraccini, S. Coppa, G.A. De Lucia, Beyond marine paper parks? Regulation 
theory to assess and address environmental non-compliance, Aquat. Conserv. Mar. 
Freshw. Ecosyst. 27 (1) (2017) 177–196, https://doi.org/10.1002/aqc.2632. 

[13] N. Jones, Investigating the influence of social costs and benefits of environmental 
policies through social capital theory, Pol. Sci. 43 (3) (2010) 229–244, https://doi. 
org/10.1007/s11077-009-9107-1. 

[14] A. Thomassin, C.S. White, S.S. Stead, G. David, Social acceptability of a marine 
protected area: The case of Reunion Island, Ocean Coast Manag. 53 (2010) 
169–179. https://doi.org/10.1016/j.ocecoaman.2010.01.008. 

[15] A.M. García-Cegarra, A.S. Pacheco, Whale-watching trips in Peru lead to increases 
in tourist knowledge, pro-conservation intentions and tourist concern for the 
impacts of whale-watching on humpback whales, Aquat. Conserv. Mar. Freshw. 
Ecosyst. 27 (5) (2017) 1011–1020, https://doi.org/10.1002/aqc.2754. 

[16] M.K. Pine, A.G. Jeffs, D. Wang, C.A. Radford, The potential for vessel noise to mask 
biologically important sounds within ecologically significant embayments, Ocean 
Coast Manag. 127 (2016) 63–73, https://doi.org/10.1016/J. 
OCECOAMAN.2016.04.007. 

[17] B.A. Chalcobsky, E.A. Crespo, M.A. Coscarella, Whale-watching in Patagonia: what 
regulation scheme should be implemented when the socio-ecological system is 
changing? Mar. Pol. 75 (2017) 165–173, https://doi.org/10.1016/j. 
marpol.2016.11.010. 

[18] E. Seely, R.W. Osborne, K. Koski, S. Larson, Soundwatch: eighteen years of 
monitoring whale watch vessel activities in the Salish Sea, PloS One 12 (2017), 
https://doi.org/10.1371/journal.pone.0189764. 

[19] N. Montes, R. Swett, S.K. Jacobson, C. Sidman, Factors influencing recreational 
boaters’ intentions to comply with right whale regulations in the southeastern 
United States, Soc. Nat. Resour. 31 (4) (2018) 473–488, https://doi.org/10.1080/ 
08941920.2017.1377795. 

[20] P.B. Conn, G.K. Silber, Vessel speed restrictions reduce risk of collision-related 
mortality for North Atlantic right whales, Ecosphere 4 (4) (2013) 43, https://doi. 
org/10.1890/ES13-00004.1. 

[21] R. Rockwood, J. Calambokidis, J. Jahncke, High mortality of blue, humpback and 
fin whales from modeling of vessel collisions on the U.S. West Coast suggests 
population impacts and insufficient protection, PloS One 12 (8) (2017), https:// 
doi.org/10.1371/journal.pone.0183052. 

[22] C.L. Lachmuth, L.G. Barrett-Lennard, D.Q. Steyn, W.K. Milsom, Estimation of 
southern resident killer whale exposure to exhaust emissions from whale-watching 
vessels and potential adverse health effects and toxicity thresholds, Mar. Pollut. 
Bull. 62 (4) (2011) 792–805, https://doi.org/10.1016/J. 
MARPOLBUL.2011.01.002. 

[23] M.M. Holt, D.P. Noren, V. Veirs, C.K. Emmons, S. Veirs, Speaking up: killer whales 
(Orcinus orca) increase their call amplitude in response to vessel noise, J. Acoust. 
Soc. Am. 125 (2009) 27, https://doi.org/10.1121/1.3040028. 

[24] J. Houghton, M.M. Holt, D.A. Giles, M.B. Hanson, C.K. Emmons, J.T. Hogan, T. 
A. Branch, G.R. Vanblaricom, The relationship between vessel traffic and noise 
levels received by killer whales (Orcinus orca), PloS One 10 (12) (2015), https:// 
doi.org/10.1371/journal.pone.0140119. 

[25] D. Lusseau, The short-term behavioral reactions of bottlenose dophins to 
interactions with boats in doubtful Sound, New Zealand, Mar. Mamm. Sci. 22 (4) 
(2006) 802–818, https://doi.org/10.1111/j.1748-7692.2006.00052.x. 

[26] A.R. Schuler, S. Piwetz, J. Di Clemente, D. Steckler, F. Mueter, H.C. Pearson, 
Humpback whale movements and behavior in response to whale-watching vessels 
in juneau, AK, Front. Mar. Sci. 6 (2019) 710, https://doi.org/10.3389/ 
fmars.2019.00710. 

[27] R. Williams, A.W. Trites, D.E. Bain, Behavioural responses of killer whales (Orcinus 
orca) to whale-watching boats: opportunistic observations and experimental 
approaches, J. Zool. 256 (2) (2002) 255–270, https://doi.org/10.1017/ 
S0952836902000298. 

[28] J. Di Clemente, F. Christiansen, E. Pirotta, D. Steckler, M. Wahlberg, H.C. Pearson, 
Effects of whale watching on the activity budgets of humpback whales, Megaptera 
novaeangliae (Borowski, 1781), on a feeding ground, Aquat. Conserv. Mar. Freshw. 
Ecosyst. 28 (4) (2018) 810–820, https://doi.org/10.1002/aqc.2909. 

[29] D. Noren, A. Johnson, D. Rehder, A. Larson, Close approaches by vessels elicit 
surface active behaviors by southern resident killer whales, Endanger. Species Res. 
8 (2009) 179–192, https://doi.org/10.3354/esr00205.


[30] F. Jensen, L. Bejder, M. Wahlberg, N. Aguilar de Soto, M. Johnson, P. Madsen,

Vessel noise effects on delphinid communication, Mar. Ecol. Prog. Ser. 395 (2009)

161–175, https://doi.org/10.3354/meps08204.


[31] R. Williams, D. Lusseau, P.S. Hammond, Estimating relative energetic costs of

human disturbance to killer whales (Orcinus orca), Biol. Conserv. 133 (3) (2006)

301–311, https://doi.org/10.1016/J.BIOCON.2006.06.010.


[32] D. Lusseau, D. Bain, R. Williams, J. Smith, Vessel traffic disrupts the foraging

behavior of southern resident killer whales Orcinus orca, Endanger. Species Res. 6

(2009) 211–221, https://doi.org/10.3354/esr00154.


[33] F. Christiansen, M. Rasmussen, D. Lusseau, Whale watching disrupts feeding

activities of minke whales on a feeding ground, Mar. Ecol. Prog. Ser. 478 (2013)

239–251, https://doi.org/10.3354/meps10163.


[34] L. Bejder, A. Samuels, H. Whitehead, N. Gales, J. Mann, R. Connor, M. Krutzen,

Decline in relative abundance of bottlenose dolphins exposed to long-term

disturbance, Conserv. Biol. 20 (6) (2006) 1791–1798, https://doi.org/10.1111/

j.1523-1739.2006.00540.x.


[35] E. Stensland, P. Berggren, Behavioural changes in female Indo-Pacific bottlenose

dolphins in response to boat-based tourism, Mar. Ecol. Prog. Ser. 332 (2007)

225–234, https://doi.org/10.3354/meps332225.


[36] L.F. New, A.J. Hall, R. Harcourt, G. Kaufman, H.C. Pearson, A.M. Cosentino, R.

S. Schick, The modelling and assessment of whale-watching impacts, Ocean Coast

Manag. 115 (2015) 10–16, https://doi.org/10.1016/J.OCECOAMAN.2015.04.006.


[37] D. Wiley, J. Moller, R. Pace, C. Carslon, Effectiveness of voluntary conservation

agreements: case study of endangered whales and commercial whale watching,

Conserv. Biol. 22 (2) (2008) 450–457, https://doi.org/10.1111/j.1523-
1739.2008.00897.x.


[38] M. Kessler, R. Harcourt, Whale watching regulation compliance trends and the

implications for management off Sydney, Australia, Mar. Pol. 42 (2013) 14–19,

https://doi.org/10.1016/j.marpol.2013.01.016.


[39] A. Sitar, M.- Collado, A.J. Wright, E. Peters-Burton, L. Rockwood, E.C.M. Parsons,

Boat operators in Bocas del Toro, Panama display low levels of compliance with

national whale-watching regulations, Mar. Pol. 68 (2016) 221–228, https://doi.

org/10.1016/j.marpol.2016.03.011.


[40] G. Mallard, Regulating whale watching: a common agency analysis, Ann. Tourism

Res. 76 (2019) 191–199, https://doi.org/10.1016/j.annals.2019.04.011.


[41] K.A. Stamation, D.B. Croft, P.D. Shaughnessy, K.A. Waples, S.V. Briggs, Behavioral

responses of humpback whales (Megaptera novaeangliae) to whale-watching

vessels on the southeastern coast of Australia, Mar. Mamm. Sci. 26 (1) (2010)

98–122, https://doi.org/10.1111/j.1748-7692.2009.00320.x.


[42] D.A. Giles, K.L. Koski, Managing vessel-based killer whale watching: a critical

assessment of the evolution from voluntary guidelines to regulations in the Salish

Sea, J. Int. Wildl. Law Pol. 15 (2) (2012) 125–151, https://doi.org/10.1080/

13880292.2012.678792.


[43] Fisheries and Oceans Canada, Recovery strategy for the northern and southern

resident killer whales (Orcinus orca) in Canada, Retrieved from, https://www.pac.

dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-kille

r-whales-epaulards-eng.pdf, 2018.


[44] J.K.B. Ford, E. Stedulinsky, J. Towers, G. Ellis, Information in support of the

identification of critical habitat for transient killer whales (Orcinus orca) off the

west coast of Canada, in: Canadian Science Advisory Secretariat Report, 2013.

Retrieved from, https://waves-vagues.dfo-mpo.gc.ca/Library/349619.pdf.


[45] M.W. Shields, S. Hysong-Shimazu, J.C. Shields, J. Woodruff, Increased presence of

mammal-eating killer whales in the Salish Sea with implications for predator-prey

dynamics, PeerJ (2018), https://doi.org/10.7717/peerj.6062.


[46] Fisheries and Oceans Canada, Recovery strategy for the transient killer whales

(Orcinus orca) in Canada, Retrieved from, http://www.sararegistry.gc.ca/the_act/,

2007.


[47] Fisheries and Oceans Canada, Recovery strategy for the North pacific humpback

whale (megaptera novaeangliae) in Canada, Retrieved from, www.sararegistry.gc.

ca, 2013.


[48] National Oceanic and Atmosphere Administration [Website] , Killer whale | NOAA

fisheries, Retrieved, https://www.fisheries.noaa.gov/species/killer-whale, 2020,

June 2. (Accessed 26 March 2020).


[49] National Oceanic and Atmospheric Administration, Recovery Plan for Southern

Resident Killer Whales (Orcinus orca), 2008. Retrieved from, https://repository.lib

rary.noaa.gov/view/noaa/15975.


[50] N.M.T. Duprey, J.S. Weir, B. Würsig, Effectiveness of a voluntary code of conduct

in reducing vessel traffic around dolphins, Ocean Coast Manag. 51 (8–9) (2008)

632–637, https://doi.org/10.1016/J.OCECOAMAN.2008.06.013.


[51] M.B. Orams, Tourists getting close to whales, is it what whale-watching is all

about? Tourism Manag. 21 (6) (2000) 561–569, https://doi.org/10.1016/S0261-
5177(00)00006-6.


[52] P.S. Valentine, A. Birtles, M. Curnock, P. Arnold, A. Dunstan, Getting closer to

whales—passenger expectations and experiences, and the management of swim

with dwarf minke whale interactions in the Great Barrier Reef, Tourism Manag. 25

(6) (2004) 647–655, https://doi.org/10.1016/J.TOURMAN.2003.09.001.


[53] M. Kessler, R. Harcourt, Aligning tourist, industry and government expectations: a

case study from the swim with whales industry in Tonga, Mar. Pol. 34 (2010)

1350–1356, https://doi.org/10.1016/j.marpol.2010.06.008.


[54] J. Ziegler, P. Dearden, R. Rollins, But are tourists satisfied? Importance-
performance analysis of the whale shark tourism industry on Isla Holbox, Mexico,

Tourism Manag. 33 (3) (2012) 692–701, https://doi.org/10.1016/j.

tourman.2011.08.004.


[55] C.D. Malcolm, R.M.C. Dagostino, J.L.C. Ortega, Experiential and learning desires of

whale watching guides versus tourists in bahía de Banderas, puerto vallarta,


M.D. Fraser et al.                                                                                                                                                                                                                               

AR010639

https://doi.org/10.1007/s00267-010-9561-8
https://doi.org/10.1016/S0261-5177(01)00080-2
https://doi.org/10.1016/S0261-5177(01)00080-2
http://refhub.elsevier.com/S0308-597X(20)30670-9/sref7
http://refhub.elsevier.com/S0308-597X(20)30670-9/sref7
https://doi.org/10.1371/journal.pone.0050074
https://doi.org/10.1371/journal.pone.0050074
https://doi.org/10.1371/journal.pone.0053681
https://doi.org/10.1080/17524032.2019.1649291
https://doi.org/10.1080/17524032.2019.1649291
https://doi.org/10.1111/j.1523-1739.2011.01701.x
https://doi.org/10.1002/aqc.2632
https://doi.org/10.1007/s11077-009-9107-1
https://doi.org/10.1007/s11077-009-9107-1
https://doi.org/10.1016/j.ocecoaman.2010.01.008
https://doi.org/10.1002/aqc.2754
https://doi.org/10.1016/J.OCECOAMAN.2016.04.007
https://doi.org/10.1016/J.OCECOAMAN.2016.04.007
https://doi.org/10.1016/j.marpol.2016.11.010
https://doi.org/10.1016/j.marpol.2016.11.010
https://doi.org/10.1371/journal.pone.0189764
https://doi.org/10.1080/08941920.2017.1377795
https://doi.org/10.1080/08941920.2017.1377795
https://doi.org/10.1890/ES13-00004.1
https://doi.org/10.1890/ES13-00004.1
https://doi.org/10.1371/journal.pone.0183052
https://doi.org/10.1371/journal.pone.0183052
https://doi.org/10.1016/J.MARPOLBUL.2011.01.002
https://doi.org/10.1016/J.MARPOLBUL.2011.01.002
https://doi.org/10.1121/1.3040028
https://doi.org/10.1371/journal.pone.0140119
https://doi.org/10.1371/journal.pone.0140119
https://doi.org/10.1111/j.1748-7692.2006.00052.x
https://doi.org/10.3389/fmars.2019.00710
https://doi.org/10.3389/fmars.2019.00710
https://doi.org/10.1017/S0952836902000298
https://doi.org/10.1017/S0952836902000298
https://doi.org/10.1002/aqc.2909
https://doi.org/10.3354/esr00205
https://doi.org/10.3354/meps08204
https://doi.org/10.1016/J.BIOCON.2006.06.010
https://doi.org/10.3354/esr00154
https://doi.org/10.3354/meps10163
https://doi.org/10.1111/j.1523-1739.2006.00540.x
https://doi.org/10.1111/j.1523-1739.2006.00540.x
https://doi.org/10.3354/meps332225
https://doi.org/10.1016/J.OCECOAMAN.2015.04.006
https://doi.org/10.1111/j.1523-1739.2008.00897.x
https://doi.org/10.1111/j.1523-1739.2008.00897.x
https://doi.org/10.1016/j.marpol.2013.01.016
https://doi.org/10.1016/j.marpol.2016.03.011
https://doi.org/10.1016/j.marpol.2016.03.011
https://doi.org/10.1016/j.annals.2019.04.011
https://doi.org/10.1111/j.1748-7692.2009.00320.x
https://doi.org/10.1080/13880292.2012.678792
https://doi.org/10.1080/13880292.2012.678792
https://www.pac.dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-killer-whales-epaulards-eng.pdf
https://www.pac.dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-killer-whales-epaulards-eng.pdf
https://www.pac.dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-killer-whales-epaulards-eng.pdf
https://waves-vagues.dfo-mpo.gc.ca/Library/349619.pdf
https://doi.org/10.7717/peerj.6062
http://www.sararegistry.gc.ca/the_act/
http://www.sararegistry.gc.ca
http://www.sararegistry.gc.ca
https://www.fisheries.noaa.gov/species/killer-whale
https://repository.library.noaa.gov/view/noaa/15975
https://repository.library.noaa.gov/view/noaa/15975
https://doi.org/10.1016/J.OCECOAMAN.2008.06.013
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.1016/J.TOURMAN.2003.09.001
https://doi.org/10.1016/j.marpol.2010.06.008
https://doi.org/10.1016/j.tourman.2011.08.004
https://doi.org/10.1016/j.tourman.2011.08.004
https://doi.org/10.1007/s00267-010-9561-8
https://doi.org/10.1016/S0261-
https://doi.org/10.1371/journal.
https://doi.org/10.1371/journal.pone.0053681
https://doi.org/10.1080/
https://doi.org/10.1111/j.1523-1739.2011.01701.x
https://doi.org/10.1002/aqc.2632
https://doi.
https://doi.org/10.1016/j.ocecoaman.2010.01.008
https://doi.org/10.1002/aqc.2754
https://doi.org/10.1016/J.
https://doi.org/10.1016/j.
https://doi.org/10.1371/journal.pone.0189764
https://doi.org/10.1080/
https://doi.
https://
https://doi.org/10.1016/J.
https://doi.org/10.1121/1.3040028
https://
https://doi.org/10.1111/j.1748-7692.2006.00052.x
https://doi.org/10.3389/
https://doi.org/10.1017/
https://doi.org/10.1002/aqc.2909
https://doi.org/10.3354/esr00205
https://doi.org/10.3354/meps08204
https://doi.org/10.1016/J.BIOCON.2006.06.010
https://doi.org/10.3354/esr00154
https://doi.org/10.3354/meps10163
https://doi.org/10.1111/
https://doi.org/10.3354/meps332225
https://doi.org/10.1016/J.OCECOAMAN.2015.04.006
https://doi.org/10.1111/j.1523-1739.2008.00897.x
https://doi.org/10.1111/j.1523-1739.2008.00897.x
https://doi.org/10.1016/j.marpol.2013.01.016
https://doi.
org/10.1016/j.marpol.2016.03.011
https://doi.
org/10.1016/j.marpol.2016.03.011
https://doi.org/10.1016/j.annals.2019.04.011
https://doi.org/10.1111/j.1748-7692.2009.00320.x
https://doi.org/10.1080/
https://www.pac.
dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-kille
https://www.pac.
dfo-mpo.gc.ca/consultation/sara-lep/killerwhales-epaulards/docs/2018-kille
https://waves-vagues.dfo-mpo.gc.ca/Library/349619.pdf
https://doi.org/10.7717/peerj.6062
http://www.sararegistry.gc.ca/the_act/,
http://www.sararegistry.gc
https://www.?sheries.noaa.gov/species/killer-whale,
https://repository.lib
rary.noaa.gov/view/noaa/15975
https://repository.lib
rary.noaa.gov/view/noaa/15975
https://doi.org/10.1016/J.OCECOAMAN.2008.06.013
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.1016/S0261-5177(00)00006-6
https://doi.org/10.1016/J.TOURMAN.2003.09.001
https://doi.org/10.1016/j.marpol.2010.06.008
https://doi.org/10.1016/j


Marine Policy 121 (2020) 104171


7


Mexico, Hum. Dimens. Wildl. 22 (6) (2017) 524–537, https://doi.org/10.1080/ 
10871209.2017.1367442. 

[56] J.K. Gaydos, S.F. Pearson, Birds and mammals that depend on the Salish Sea: a 
compilation, Northwest. Nat. 92 (2) (2011) 79–94, https://doi.org/10.1898/10- 
04.1. 

[57] M.G. Pennino, A. Arcangeli, V.P. Fonseca, I. Campana, G.J. Pierce, A. Rotta, J. 
M. Bellido, A spatially explicit risk assessment approach: cetaceans and marine 
traffic in the Pelagos Sanctuary (Mediterranean Sea), PloS One 12 (6) (2017), 
https://doi.org/10.1371/journal.pone.0179686. 

[58] B.H. Witteveen, K.M. Wynne, Site fidelity and movement of humpback whales 
(Megaptera novaeangliae) in the western Gulf of Alaska as revealed by photo- 
identification, Can. J. Zool. 95 (3) (2017) 169–175, https://doi.org/10.1139/cjz- 
2016-0101. 

[59] R. Williams, D. Lusseau, P.S. Hammond, The role of social aggregations and 
protected areas in killer whale conservation: the mixed blessing of critical habitat, 
Biol. Conserv. 142 (4) (2009) 709–719, https://doi.org/10.1016/J. 
BIOCON.2008.12.004. 

[60] D.H. Thornton, A.J. Wirsing, C. Lopez-Gonzalez, J.R. Squires, S. Fisher, K. 
W. Larsen, D.L Murray, Asymmetric cross-border protection of peripheral

transboundary species, Conservation Letters 11 (2018) e12430.


[64] C. Erbe, Underwater noise of whale-watching boats and potential effects on killer

whales (Orcinus orca), based on an acoustic impact model, Mar. Mamm. Sci. 18 (2)

(2002) 394–418, https://doi.org/10.1111/j.1748-7692.2002.tb01045.x.


[68] A. Frankel, C. Gabriele, Predicting the acoustic exposure of humpback whales from

cruise and tour vessel noise in Glacier Bay, Alaska, under different management

strategies, Endanger. Species Res. 34 (2017) 397–415, https://doi.org/10.3354/

esr00857.


[75] J.K Fortin, K.D Rode, G.V Hilderbrand, J Wilder, S Farley, C Jorgensen, B.

G Marcot, Impacts of Human Recreation on Brown Bears (Ursus arctos): A Review

and New Management Tool, PloS One 11 (1) (2016) e0141983, https://doi.org/

10.1371/journal.pone.0141983.


[76] S Sveegaard, J Teilmann, R Dietz, K Mouritsen, G Desportes, U Siebert, High-
density areas for harbor porpoises (Phocoena phocoena) identified by satellite

tracking, Mar. Mamm. Sci. 27 (1) (2011) 230–246, https://doi.org/10.1111/

j.1748-7692.2010.00379.x.


[77] X Cai, Z Wu, J Cheng, Using kernel density estimation to assess the spatial pattern

of road density and its impact on landscape fragmentation, Int. J. Geogr. Inf. Sci. 27

(2) (2013) 222–230, https://doi.org/10.1080/13658816.2012.663918.


M.D. Fraser et al.                                                                                                                                                                                                                               

AR010640

https://doi.org/10.1080/10871209.2017.1367442
https://doi.org/10.1080/10871209.2017.1367442
https://doi.org/10.1898/10-04.1
https://doi.org/10.1898/10-04.1
https://doi.org/10.1371/journal.pone.0179686
https://doi.org/10.1139/cjz-2016-0101
https://doi.org/10.1139/cjz-2016-0101
https://doi.org/10.1016/J.BIOCON.2008.12.004
https://doi.org/10.1016/J.BIOCON.2008.12.004
http://refhub.elsevier.com/S0308-597X(20)30670-9/sref60
http://refhub.elsevier.com/S0308-597X(20)30670-9/sref60
http://refhub.elsevier.com/S0308-597X(20)30670-9/sref60
https://doi.org/10.1111/j.1748-7692.2002.tb01045.x
https://doi.org/10.3354/esr00857
https://doi.org/10.3354/esr00857
https://doi.org/10.1371/journal.pone.0141983
https://doi.org/10.1371/journal.pone.0141983
https://doi.org/10.1111/j.1748-7692.2010.00379.x
https://doi.org/10.1111/j.1748-7692.2010.00379.x
https://doi.org/10.1080/13658816.2012.663918
https://doi.org/10.1080/
https://doi.org/10.1898/10-
https://doi.org/10.1371/journal.pone.0179686
https://doi.org/10.1139/cjz-
https://doi.org/10.1016/J.
https://doi.org/10.1111/j.1748-7692.2002.tb01045.x
https://doi.org/10.3354/
https://doi.org/
10.1371/journal.pone.0141983
https://doi.org/
10.1371/journal.pone.0141983
https://doi.org/10.1111/
https://doi.org/10.1080/13658816.2012.663918

	Compliance of small vessels to minimum distance regulations for humpback and killer whales in the Salish Sea
	1 Introduction
	2 Methods
	2.1 Data collection
	2.2 Analysis

	3 Results
	4 Discussion
	4.1 Vessel compliance to MMDRs in the Salish Sea
	4.2 Management recommendations

	Declaration of competing interests
	Acknowledgements
	Appendix A Supplementary data
	References


