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Vessel strikes are one of the main threats to large whales globally and to endangered blue, fin, and humpback whales in California waters. For over 10 years, NOAA has established seasonal voluntary Vessel Speed Reduction (VSR) zones off of California and requested that all vessels 300 gross tons (GT) or larger decrease speeds to 10 knots or less to reduce the risk of vessel strikes on endangered whales. We offer a comprehensive analysis quantifying cooperation levels of all vessels ≥ 300 GT from 2010 to 2019 within designated VSR zones using Automatic Identification Systems (AIS) data. While average speeds of large vessels have decreased across the years studied, cooperation with voluntary 10-knot speed reduction requests has been lower than estimated to be needed to reduce vessel-strike related mortality to levels that do not inhibit reaching and maintaining optimal sustainable populations. A comparison of vessel speeds across inactive and active voluntary VSR time periods show a modest (+ 15%) increase in cooperation from 2017 to 2019. A complementary, incentive-based VSR program that was started in 2014 and scaled up in 2018 within the region likely improved voluntary VSR cooperation levels, as participating container and car carrier vessels traveled at lower speeds during the VSR season than vessels not enrolled in the incentive-based effort. Comparisons of vessel speeds in the incentive-based VSR program across inactive and active time periods showed a significant (+ 41%) increase in cooperation. With cooperation levels for the voluntary VSR hovering around 50%, and the challenge of funding and sustaining an incentive-based VSR program, voluntary VSR approaches may be insufficient to achieve cooperation levels needed to significantly reduce the risk of vessel strike-related mortality for these federally protected whales, suggesting that VSR regulations warrant consideration.
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INTRODUCTION

Vessel strikes are a threat to whales globally and are observed in coastal areas around the world where whales concentrate for feeding or breeding purposes (Laist et al., 2001, 2014; Panigada et al., 2006; Berman-Kowalewski et al., 2010; Carretta et al., 2016; De Vos et al., 2016; Rockwood et al., 2017; NOAA National Marine Fisheries Service, 2019).

Southern California’s coastal waters provide habitat and seasonal feeding grounds for blue whales (Balaenoptera musculus), fin whales (Balaenoptera physalus), and humpback whales (Megaptera novaeangliae). All three species congregate within important feeding habitat identified off the west coast of the United States in the summer and fall (Irvine et al., 2014; Calambokidis et al., 2015; Becker et al., 2017; Abrahms et al., 2019), where they are provided legal protection—including the prohibition of take (incidental or otherwise)—under the Marine Mammal Protection Act, the Endangered Species Act, and the National Marine Sanctuary Act.

Large endangered whales share southern California’s coastal waters with many large vessels [≥ 300 gross tons (GT)], the majority of which travel through this region as they transit to and from the ports of Los Angeles and Long Beach (LA/LB). In 2019, there were 4,561 vessel arrivals and 4,257 departures to LA/LB (Marine Exchange of Southern California, 2020) and together the two ports were responsible for roughly 30% of the nation’s market share of imports and exports, or 16,969,664 Twenty-Foot Equivalent Units (TEUs) in total (Port of Long Beach, 2019; Port of Los Angeles, 2019).

There are two internationally approved approaches—a northern and a southern—for the Traffic Separation Scheme (TSS) into LA/LB (see Figure 1) that are designated by the International Maritime Organization (IMO) and are used by approximately 80% of shipping traffic in the region (Marine Exchange of Southern California, 2020). The other 20% of vessels frequenting the ports of LA/LB use voluntary western traffic lanes, established in 2009 by the LA/LB Harbor Safety Committee, to navigate on the south side of the northern Channel Islands (Marine Exchange of Southern California, 2020). This area south of the northern Channel Islands is also the United States’ Point Mugu Sea Range used by the U.S. Navy for live fire exercises, weapons testing, and training.
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FIGURE 1. Predicted density of blue, fin, and humpback whales from models produced by Becker et al. (2020) and existing management areas impacting vessel routing in the Southern California Bight.


These heavily trafficked shipping routes to LA/LB overlap with habitat and important feeding areas for endangered blue, fin, and humpback whales (see Figure 1), increasing the risk of vessel strikes (Redfern et al., 2013; Calambokidis et al., 2015; Rockwood et al., 2017). On the U.S. west coast, vessel strikes are considered to be one of the top two human threats to large whales (Clapham et al., 1999; Peel et al., 2018; Schoeman et al., 2020). From 2007 to 2019 there were 57 recorded strandings of endangered whales on the U.S. west coast (including blue, humpback, fin, sperm, and sei whales) that had injuries consistent with vessel strikes, with an average of 4 such recorded strandings per year (NOAA National Marine Fisheries Service, 2019).

Recent work examining and modeling vessel strike mortality suggests that these recorded vessel strike events represent a small proportion of the total number taking place, because most collisions between large vessels and whales go undetected, and the majority of large whale species sink after death (Reisdorf et al., 2012; Pace et al., 2021). Models estimate that a total of 83 (18 blue, 22 fin, and 43 humpback) whales are killed by vessel strikes along the U.S. west coast between May and September each year (Rockwood et al., 2017), suggesting that total annual vessel strike mortality often exceeds blue and humpback Potential Biological Removal (PBR) management thresholds, which are defined under the MMPA as the maximum number of animals, not including natural mortalities, that may be removed from a marine mammal stock while allowing that stock to reach or maintain its optimum sustainable population (Rockwood et al., 2017; Carretta et al., 2020). In the Santa Barbara Channel and the surrounding waters of the Southern California Bight alone, an estimated average of 8.9 blue, 4.6 humpback, and 9.7 fin whales are killed by vessel strikes between June and November each year (Rockwood et al., 2017; Rockwood et al., 2021).

A variety of approaches have been used around the world to reduce the frequency and severity of vessel strikes. In several locations globally and on both coasts of the United States, internationally designated shipping lanes have been relocated and redefined to reduce whale/vessel co-occurrence by the International Maritime Organization (IMO), an agency of the United Nations charged with developing a consistent international code of operations for maritime shipping (Silber et al., 2012). These spatial measures, along with the establishment of Areas To Be Avoided (ATBA), have been successful at achieving compliance and a reduction in risk of vessel strikes (Vanderlaan and Taggart, 2009; Dransfield et al., 2014). However, in the southern California region and in other regions globally, optimal spatial reconfigurations and solutions are difficult to identify and implement (Redfern et al., 2019). Research has shown that altering shipping routes impacts each population differently, sometimes reducing mortality risk for one species while increasing it for another (Redfern et al., 2019). In addition, spatial conflicts exist between various human uses of these marine regions, which in southern California includes offshore energy development and the U.S. Navy’s Point Mugu Sea Range (Redfern et al., 2013; Rockwood et al., 2017). Spatial measures also require review, agreement and adoption by the IMO, which can take years to implement.

To more dynamically address vessel strike risk in areas where vessels and endangered whales overlap, Vessel Speed Reduction (VSR) measures are a commonly used management tool that have been trialed and implemented around the world. Although collisions between vessels and whales may still occur at any speed level, slow speed measures have been shown to reduce the risk of fatal vessel strikes on large whales in the areas and time periods in which they are implemented (Laist et al., 2001; van der Hoop et al., 2015). VSR measures offer additional environmental benefits when adherence is achieved, including reducing air emissions (Lindstad et al., 2011; Santa Barbara County Air Pollution Control District, 2019) and underwater noise (McKenna et al., 2009; Gassmann et al., 2017; Joy et al., 2019).

The types of VSR initiatives that have been tried and implemented globally to achieve these benefits range from government regulatory programs that mandate slow speeds across specific areas (NOAA National Marine Fisheries Service, 2020) to incentive-based VSR programs that motivate cooperation from participants with financial awards and positive press (Freedman et al., 2017; Port of Long Beach, 2019; Port of Los Angeles, 2019; Vancouver Frasier Port Authority, 2019), to purely voluntary VSR requests with no awards or incentives attached (Wiley et al., 2008; Guzman et al., 2020; Rockwood et al., 2020; Vance et al., 2021). The different styles of VSR implementation achieve varying levels of regulatory compliance or voluntary cooperation from targeted groups of large vessels (see Table 1).


TABLE 1. Vessel Speed Reduction (VSR) efforts aimed at endangered whale protection and air emissions reduction.
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On the east coast of the United States, mandatory speed restrictions of 10 knots or less implemented by NOAA have been shown to achieve relatively high (81%) levels of compliance within established Seasonal Management Areas (SMAs) designated to protect critically endangered North Atlantic right whales (Lagueux et al., 2011; NOAA National Marine Fisheries Service, 2020). The rule requires most vessels 65 feet or larger to reduce speeds to 10 knots or less when transiting through 10 SMAs during periods of peak right whale occurrence. Vessel speeds are monitored within these SMAs by NOAA, and citations are issued to enforce compliance. Studies have shown that these regulatory and enforcement measures have been effective at reducing speeds in these areas (Silber et al., 2014; van der Hoop et al., 2015). However, the species remains critically endangered and the remaining risk of vessel strike is still a threat to its survival.

Some incentive-based VSR efforts have been successful in achieving high levels of cooperation with slow speed requests (see Table 1; Freedman et al., 2017; Port of Long Beach, 2019; Port of Los Angeles, 2019; Vancouver Frasier Port Authority, 2019). For example, the Ports of LA/LB—which administer emissions-focused, year-round incentive-based VSR efforts within 40 nautical miles of the ports—have sustained funding and record cooperation rates of ∼90% each year with their 12 knots or less speed reduction requests (Port of Long Beach, 2019; Port of Los Angeles, 2019). These port-based Incentive Programs achieve the same or higher levels of compliance shown to be accomplished by mandatory VSR regulations implemented on the east coast to protect endangered North Atlantic right whales (NOAA National Marine Fisheries Service, 2020).

On the west coast, vessel speeds are not regulated, however, the take of whales by vessels (incidental or otherwise) is not authorized by the MMPA or ESA. Current Channel Islands National Marine Sanctuary regulations promulgated under the NMSA also prohibit taking any marine mammal within the Sanctuary, unless authorized by the MMPA [16 U.S.C. 1361 et seq., and ESA, 16 U.S.C. 1531 et seq.], or any regulation, as amended, promulgated under the MMPA or ESA [§922.72(a)(9)]. In 2007, four blue whale vessel strike incidents were recorded on the U.S. west coast in the Santa Barbara Channel region within a 3-month timespan and raised concern that vessel strike mortalities might be threatening the endangered Eastern Tropical Pacific blue whale population’s recovery (Berman-Kowalewski et al., 2010). In response, NOAA declared an Unusual Mortality Event and issued a voluntary VSR request to all vessels ≥ 300 GT transiting within the region. To address vessel strike risk farther north in California, similar 10 knots or less slow speed requests have been implemented and communicated off of San Francisco Bay since 2012. These voluntary slow speed requests have continued since 2007 on a seasonal basis—generally from May through November of each year—and are communicated through the U.S. Coast Guard’s weekly Local Notice to Mariners as well as through direct communications from NOAA. Starting in 2019, to further raise awareness, NOAA and USCG also began sending annual letters to vessel operators to communicate their fleet’s recorded cooperation levels with the voluntary requests.

Recent modeling work suggests that a cooperation level of 80% or higher with the southern California VSR request could reduce the estimated vessel strike mortality by 20–30% to blue, fin, and humpback whales (Rockwood et al., 2021). However, past studies on the voluntary VSR requests in southern California have shown adherence to be limited (0–13%) across large vessel traffic in the years examined (Mckenna et al., 2012; Freedman et al., 2017). To motivate increased cooperation with the voluntary VSR requests, in 2014, CINMS partnered with California county air district agencies and non-profit partners to create a complementary and concurrent incentive-based VSR program, known as the Protecting Blue Whales and Blue Skies Program. This Incentive Program offers financial incentives and positive public recognition to container and car carrier lines willing to enroll and transit slowly through the VSR zones.

Using Automatic Identification Systems (AIS) data, we evaluated and compared cooperation levels from large vessel traffic with voluntary VSR requests in southern California from 2010 to 2019 and the Protecting Blue Whales and Blue Skies Program in 2018 and 2019. In addition to quantifying overall cooperation levels with these two voluntary VSR efforts, we assessed whether large vessel speeds have changed over time, both across years and within each year across inactive and active VSR time periods. Acknowledging that vessel behavior and speeds are impacted by a number of factors—including air quality regulatory changes and economic events (a summary of factors impacting vessel behavior off of California from 2007 to 2018 can be referenced in Moore et al., 2018)—we evaluate historical adherence with these two concurrent VSR efforts in order to assess the effectiveness of these voluntary slow speed measures at achieving reduced vessel speeds to protect endangered whales.



MATERIALS AND METHODS


Communication of NOAA Voluntary Vessel Speed Reduction Requests in Southern California

From 2007 to 2019, the voluntary VSR request was communicated weekly to all mariners through the U.S. Coast Guard District 11 Local Notice to Mariners (LNM) and broadcasted on the marine band radio by NOAA Weather. The LNM is an established vehicle for the USCG to communicate information to mariners on changes to navigation rules, aids to navigation, and the presence of local hazards. The VSR request was also disseminated to the shipping industry by NOAA through direct emails, the Marine Exchange of Southern California—which serves as the ship traffic controller for the region with USCG’s Vessel Traffic Service—shipping industry representatives, and the LA/LB Harbor Safety Committee.

NOAA implemented a dynamic spatial and temporal approach to voluntary VSR zones and requests over 2010–2019 in which the timing and the geographic area were subject to adjustment based on the timing, number, and distribution of confirmed whales in the area (see Figure 2). Initially, whale advisories were triggered when five or more ESA listed whales were confirmed in proximity of the Traffic Separation Scheme (TSS) and were subsequently canceled when fewer than five whales were detected over 2 week time periods. From 2010 to 2018, the VSR zones were limited to portions of the Santa Barbara Channel TSS. In 2019, the voluntary VSR zone was expanded to include all three approaches into the ports of Los Angeles and Long Beach. From 2010 to 2018, the VSR zone was encapsulated within a broader Whale Advisory Zone that put mariners on notice of the increased presence of whales and recommended reducing speed. In most years of implementation (2010–2012, 2015–2019), the VSR request was to travel at 10-knots or below while in 2013 and 2014 the VSR notice only requested that vessels reduce speed and exercise caution within VSR areas.
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FIGURE 2. NOAA Voluntary VSR zones 2010–2019, shown in red.


NOAA performed AIS analyses annually to quantify the level of cooperation of each carrier company with the VSR request in California. Starting in 2018, letters were sent to carrier companies to increase awareness of the VSR request and provide companies with an overview of their fleet’s level of cooperation.



Communication of the Protecting Blue Whales and Blue Skies Program

Beginning in 2014 and continuing from 2016 to 2019, an incentive-based VSR initiative known as the Protecting Blue Whales and Blue Skies Program was launched by a partnership that includes NOAA’s Office of National Marine Sanctuaries, California county air district agencies, and non-profit partners. The Incentive Program offered positive public recognition and grant-funded financial rewards from a variety of sources to container and car carrier companies transiting slowly through the Santa Barbara Channel region to reduce vessel strike mortality on endangered whales, harmful air emissions, and ocean noise.

The Incentive Program parameters evolved and expanded through its 5 years of implementation. In 2014, the program requested that shipping companies enroll and select transits to slow to 12 knots or less in the Santa Barbara Channel between July 1 and November 15. Starting in 2019, the program requested that container and car carrier companies slow to 10 knots or less within VSR zones off of southern California as well as in the TSS off of San Francisco Bay from May 15 through November 15 to receive financial rewards and public recognition (Santa Barbara County Air Pollution Control District, 2019).

Enrollment materials and VSR zones for the Protecting Blue Whales and Blue Skies Program were shared on the Santa Barbara County Air Pollution Control District website, and communicated by program partners through shipping industry and agency-based email lists and phone calls in the spring of each program year. Participating shipping companies enrolled individual vessel transits in early years (2014, 2016–2017) and, in later years (2018–2019), they enrolled their entire fleets. AIS data analyses were conducted at the end of each VSR season to quantify each company’s cooperation level across enrolled transits (2014, 2016–2017) or their entire fleet (2018–2019). In 2014, 2016–2018, the Incentive Program zones were limited to portions of the Santa Barbara Channel TSS (see Figure 3). In 2019, the voluntary VSR zone was expanded to include all three approaches into the ports of Los Angeles and Long Beach (see Figure 3). In 2019, enrolled companies whose vessels cumulatively traveled a minimum 10% of their total distance within the VSR zones at 10 knots or less received some positive recognition and were recognized in an awards ceremony for their participation in the voluntary program. Enrolled companies whose vessels traveled at least 50% of their total distance within the VSR zones at 10 knots or less received financial awards, which ranged from $1,500 to $50,000 depending on fleet size and were scaled to higher levels of cooperation.
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FIGURE 3. Southern California Protecting Blue Whales and Blue Skies Program VSR zones 2014, 2016–2019, shown in green.




Automatic Identification Systems Data Collection and Vessel Speed Analyses

We obtained 10 years of AIS data (2010–2019) for the VSR zones in southern California from the Marine Exchange of Alaska’s (2010–2017) and the USCG’s Nationwide Automatic Identification System (NAIS) (2018–2019) networks of terrestrial stations. The data were decoded, converted into comma separated value (CSV) files, and imported into a spatially enabled PostgreSQL/PostGIS database. To ensure the inclusion of only vessels meeting the ≥ 300 GT specification of the request (GT is not a data point contained in AIS messages), we limited our analysis to vessels that we were able to cross-link to the IHS Maritime World Register of Ships, a database that houses comprehensive and current data on the global merchant vessel fleet. And, as a quality control measure, any AIS data containing speed over ground (SOG) values exceeding a vessel’s service speed by 3 knots or more were removed from the analysis.

AIS records were aggregated into vessel transits using the methodology found in Silber and Bettridge (2010). To assess cooperation across VSR seasons and years, we calculated the percent of total transit distance (nautical miles) traveled by vessels within the VSR zones at speeds less than or equal to 10 knots, between 10.1 and 12 knots, between 12.1 and 15, and greater than 15. In addition, we calculated the average distance-weighted speed over ground of each transit segment.

Cooperation levels were calculated by quantifying the percentage of nautical miles traveled by vessels ≥ 300 GT within the VSR zones at 10 knots or less out of total nautical miles traveled within the VSR zones during each time period. Cooperation levels for all transits recorded by vessels ≥ 300 GT were calculated across each voluntary VSR time period (defined as the active time period) and across the time periods when the voluntary VSR request was not in effect (defined as the inactive time period). Similarly, cooperation levels for all nautical miles recorded by vessels enrolled in the Incentive Program were calculated across each Incentive Program time period (defined as the active time period) and across the time periods when the Incentive Program VSR request was not in effect (defined as the inactive time period).

Speed data for individual vessels enrolled in the Incentive Program in 2018 and 2019 (years when the Incentive Program implemented the fleet approach) were extracted and compared with speed data from vessels not enrolled in the program in 2018 and 2019.




RESULTS

Transit segments representing 3,166,788 nautical miles traveled within the VSR zones by 5,617 unique vessels ≥ 300 GT from 2010 to 2019 were compiled and analyzed. Container ships accounted for 51% of the total nautical miles, car carriers (designed to carry wheeled cargo such as cars and trucks) accounted for 10%, bulk cargo vessels accounted for 9%, 7% by tanker vessels, and 5% by large pleasure or passenger vessels, and 1% by research vessels. The remaining 17% of nautical miles were completed by other types of large vessels, including general cargo vessels, tugs, towing vessels, dredging vessels, and oil platform maintenance vessels. Average speed across all vessel types ≥ 300 GT is shown in Figure 4. Average speeds of large vessels decreased across the VSR areas over the study time period, from 14 knots in 2010 in the VSR zone in the Santa Barbara Channel to 9 knots in 2019 in the expanded VSR zone (see Table 2 and Figure 5).
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FIGURE 4. Average speeds of vessels ≥300 GT by vessel type, 2010 Southern California Protecting Blue Whales and Blue Skies Program VSR zones 2014, 2016–2019, shown in green. 2019. The width of the filled region of the plots is proportional to the number of transits. Black dotted line represents 10 knots, red line represents 12 knots, and yellow line represents 15 knots.



TABLE 2. Nautical miles traveled, mean speed over ground, and % cooperation of all vessels ≥300 GT with voluntary VSR requests across years and across active vs. inactive time periods.
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FIGURE 5. Average speed of transits by vessels ≥ 300 GT, by year and by VSR status (active/inactive VSR time periods), 2010–2019. The width of the filled region of the plots is proportional to the number of transits. Black dotted line represents 10 knots, red line represents 12 knots, and yellow line represents 15 knots.



Cooperation Levels With NOAA Voluntary Vessel Speed Reduction Requests in Southern California

Cooperation levels with the voluntary VSR request, as measured by the percentage of nautical miles traveled by vessels ≥ 300 GT within the VSR zones at 10 knots or less out of total nautical miles traveled within the VSR zones, ranged from 12% in 2010 to 46% in 2019 (see Table 2 below). A comparison of cooperation levels across active and inactive time periods across years shows an increased change in cooperation levels in later years of the voluntary VSR (+ 10% in 2017 and + 15% in 2019) (see Table 2 and Figure 5).



Cooperation Levels With the Protecting Blue Whales and Blue Skies Program in Southern California

The container and car carrier vessels enrolled in the Incentive Program in 2018 and 2019 were responsible for 37% of total nautical miles traveled by vessels ≥ 300 GT in the southern California voluntary VSR zones in those 2 years and 79% of the nautical miles traveled by container and car carrier vessels.

The enrolled container and car carrier vessels had higher cooperation levels of 32% in 2018 and 52% in 2019 with slow speed requests compared with cooperation levels of 14% in 2018 and 28% in 2019 across vessels ≥ 300 GT that were not enrolled in the incentive effort (see Figure 6).
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FIGURE 6. Average speed of transits by vessels enrolled in the Protecting Blue Whales and Blue Skies Program vs. vessels not enrolled in the program across voluntary VSR zones during 2018 and 2019 inactive and active time periods. The width of the filled region of the plots is proportional to the number of transits. Black dotted line represents 10 knots, red dotted line represents 12 knots, and yellow dotted line represents 15 knots.


When comparing active time periods and inactive time periods, vessels enrolled in the Incentive Program decreased average speeds by 0.88 knots in 2018 and 1.02 knots in 2019 during active periods, compared with decreases of 0.16 knots in 2018 and 0.38 knots in 2019 across vessels ≥ 300 GT not enrolled in the incentive effort. A comparison of cooperation levels of enrolled vessels across active and inactive time periods across 2018 and 2019 shows an increased change in cooperation across later years of the Incentive Program (+ 20% in 2018 and + 41% in 2019) (see Table 3).


TABLE 3. Nautical miles traveled, mean speed over ground, and % cooperation of enrolled vessels in the Protecting Blue Whales and Blue Skies Program’s southern California VSR zones across 2018 and 2019 and across active vs. inactive time periods.
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DISCUSSION

Though voluntary VSR measures can be implemented quickly and dynamically when compared to mandatory measures, analyses have shown that voluntary VSR efforts, and particularly those without incentives, are often ineffective at achieving the desired behavior change of reducing large vessel speeds near whales (Wiley et al., 2008; Freedman et al., 2017; Vance et al., 2021).

Though cooperation levels appear to be increasing, the results from this study showed that cooperation levels with NOAA voluntary VSR requests across 2010–2019 were low, remaining under 50% across the 10 years examined. The results also showed that cooperation levels with the Protecting Blue Whales and Blue Skies Incentive Program were similarly low, at 32% in 2018 and 52% in 2019.

Because there has been a long-term downward trend in vessel speeds (Moore et al., 2018), it is difficult to attribute these cooperation levels that represent distance traveled by large vessels at slower speeds to one or both voluntary VSR requests. In addition, the evolving nature of the voluntary program, as shown in the variation of geographic areas and timelines of the VSR zones across the 10 years of implementation (see Figure 2), introduce potential spatial and temporal differences that influence vessel speeds when comparing year to year.

Given these factors—and given that a percentage of vessel traffic already travels at 10 knots or less in these areas during inactive time periods (17% in 2018 and 31% in 2019)—examining the change in cooperation levels across the inactive vs. active time periods offers a more accurate measure of adherence with the voluntary VSR requests. The change in cooperation levels recorded from inactive to active time periods (see Tables 2, 3) across both voluntary VSR efforts suggest that the Incentive Program has been more effective at achieving the desired behavior change of vessels slowing down in the VSR zones, with a + 41% change in cooperation recorded in 2019 for Incentive Program vessels compared with a + 15% change in cooperation recorded for the 2019 voluntary VSR requests.

Given that the Incentive Program offers enrolled participants positive incentives, including financial awards and positive press, the results corroborate other findings that incentive-based programs are more successful at achieving voluntary cooperation with slow speed requests than voluntary requests without incentives (see Table 1) and are a more effective measure to slow large vessel traffic (Freedman et al., 2017; Port of Los Angeles, 2019). However, unlike other incentive-based port programs, the Protecting Blue Whales and Blues Skies Program lacks a sustained source of funding, limiting the scale and viability of the initiative’s effectiveness into the future.



CONCLUSION

Our analysis of vessel traffic across 2010–2019 shows that cooperation levels with NOAA voluntary VSR requests were under 50%. Though a 20% increase in cooperation levels with the NOAA voluntary VSR was recorded in 2019 compared to 2018 levels—likely influenced by the increase in cooperation recorded by enrolled vessels in the Incentive Program in those years—voluntary adherence to the NOAA voluntary VSR is not reaching 80–95% cooperation levels that are estimated to be needed to reduce vessel strike mortality to levels that do not inhibit reaching and maintaining optimal sustainable whale populations (Rockwood et al., 2021).

Given that cooperation remains under 50% from large vessel traffic in the region with these voluntary VSR requests, and given the lack of sustained funding for a broader-scale incentive-based VSR program to further motivate higher levels of cooperation with ongoing voluntary VSR requests, mandatory slow speed regulations in southern California warrant consideration to further reduce vessel strike mortality of endangered whales. Research has shown that mandatory regulations in the southern California Bight may maximize benefits to whales (Redfern et al., 2019), and that costs to industry accrued by slowing down vessels in these areas are minimal (Gonyo et al., 2019).

Additional work to continue to separate vessels and whales and streamline vessel traffic patterns, such as ATBA and adjustments to Traffic Separation Schemes, are being considered and would be beneficial to supplement VSR initiatives (Redfern et al., 2019; Rockwood et al., 2021). Future measures for the region include a proposal currently in review by the IMO to expand the ATBA and extend the TSS that overlap with important blue and humpback whale feeding areas.

In addition, press and market-driven approaches that engage the corporate retail sector, particularly customers of the vessel operators in the region, hold promise to further motivate vessels to increase cooperation with VSR efforts. Corporate social responsibility is an increasingly popular and effective means to achieve conservation, and worth further consideration to promote vibrant maritime commerce that is respectful of the ocean environment.
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Year Voluntary VSR Nautical miles traveled Mean speed over % cooperation (total % change in cooperation, inactive

status in voluntary VSR zone ground (kts) distance at 10 kts or less) vs. active time periods

2010 Inactive 58,771 14.2 12% 0%
Active 58,683 13.7 12%

2011 Inactive 67,598 12.5 23% 0%
Active 50,111 12.2 23%

2012 Inactive 80,302 13.7 13% 1%
Active 91,014 13.8 12%

2013 Inactive 97,016 13.4 16% 0%
Active 171,112 13.3 16%

2014 Inactive 140,225 13.7 12% 0%
Active 161,672 13.3 12%

2015 Inactive 78,525 13.2 12% + 7%
Active 128,237 131 19%

2016 Inactive 36,429 13.8 13% + 7%
Active 36,998 13.1 20%

2017 Inactive 169,761 8.2 12% + 10%
Active 6,861 184 22%
Active 132,654 13.5 20%
Active 34,631 13.8 20%

2018 Inactive 93,941 12.6 17% + 9%
Active 236,399 12.1 26%

2019 Inactive 634,589 9.5 31% +15%
Active 631,358 9.4 46%

VSR geographic areas and timelines vary from year to year.
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Strait of Gibraltar Gibraltar, Spain All vessels 13 knots or less Seasonal, voluntary Endangered whale “Low” (2011)

Recommended protection (lwe-Accobams,

Speed Limit 2012)

Panama Canal Panama city, All vessels 10 knots or less Seasonal, voluntary Endangered whale 9.7% (2016)

Recommended Panama protection (Guzman et al.,

Speed Limit 2020)

East Coast NOAA Northeast coast, Private and 13 knots or less Seasonal, voluntary Endangered whale 22% (2003-2004)

Voluntary VSR United States. commercial whale protection (Wiley et al., 2008)

watching vessels
Cabot Strait Cabot Strait, All vessels 13 m or 10 knots or less Seasonal, voluntary Endangered whale 32% (2020)
Voluntary Vessel Canada larger protection (Vance et al., 2021)

Speed Reduction

St. Lawrence
Estuary Working
Group VSR
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Methods for calculating compliance rates are not consistent across all programs.
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Timelines varied year to year.
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