
 
 

4 March 2014 
 
 
Ms. Donna S. Wieting 
 
Chief, Marine Mammal and Sea Turtle Conservation Division 
Office of Protected Resources 
National Marine Fisheries Service 
1335 East-West Highway 
Silver Spring, MD  20910-3226   ATTN: Vessel Speed Rule Petition 
 
Dear Ms. Wieting: 
  

The Marine Mammal Commission, in consultation with its Committee of Scientific Advisors 
on Marine Mammals, has reviewed the National Marine Fisheries Service (NMFS) Federal Register 
notice (79 Fed. Reg. 4883) requesting comments on a petition to exempt dredged channels from 
vessel speed restrictions in seasonal management areas to protect endangered North Atlantic right 
whales, and offers the following comments. 
 
RECOMMENDATIONS 
 
 The Marine Mammal Commission recommends that the National Marine Fisheries Service 
deny the petition for rulemaking to exclude federally maintained dredged channels and pilot 
boarding areas from existing rules restricting the speed of vessels greater than 65 feet in designated 
seasonal management areas off U.S. ports from New York to Jacksonville, Florida, and retain the 
existing rule unchanged. 
 
BACKGROUND 
 
 On 10 October 2008 NMFS adopted a rule (73 Fed. Reg. 60173) to restrict the speed of 
vessels greater than 65 feet to 10 knots in 10 seasonal management areas with important North 
Atlantic right whale habitats. Recognizing that in some cases vessels may need to exceed 10 knots in 
those areas for navigational safety, the rule allows vessels to operate at higher speeds when 
oceanographic, hydrographic or meteorological conditions severely restrict vessel maneuverability.  
In those cases, the time, location and reasons for using higher speeds are to be recorded in the 
vessel’s logbook. The rule became effective on 8 December 2008, and was adopted to protect 
endangered right whales from lethal collisions with ships. Analyses of right whale mortality records 
between the 1970s and 2008 when the rule was initially adopted had identified ship strikes as the 
most significant human-related cause of right whale deaths. It was specified in the 2008 rule that it 
was to remain in effect for five years, but on 9 December 2013, the rule was extended indefinitely 
(78 Fed. Reg. 73726). 
 
 In its 31 July 2013 comments on the proposed rule extension, the American Pilots’ 
Association (APA) asserted that the speed restrictions posed a significant risk to navigational safety 
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for ships transiting dredged channels and that it was burdensome and confusing for ship captains to 
be required to record the reason for any decision on their part to exceed the 10-knot speed limit. 
The APA therefore recommended that the rule be changed to exempt all dredged channels in 
seasonal management areas off Atlantic ports between New York and Jacksonville, Florida. It states 
that such a change would be a very minor alteration because dredged channels comprise an 
aggregate area of only about 15 square miles within the 76,000 square miles of regulated waters off 
mid-Atlantic ports. Also, the ATA comments argued that restrictions in channels were unnecessary 
because “NOAA has already taken this approach for the ports of Boston, Portsmouth, Portland, 
Searsport, Bar Harbor and Eastport.” 
 

NMFS has considered this requested change to the rule, as suggested by the APA, to 
constitute a petition to amend current regulations and is asking for comments. 
 
 
RATIONALE 
 
 The Marine Mammal Commission (the Commission) recognizes that there are occasions 
when ships navigating entrance channels to harbors may need to exceed 10 knots for purposes of 
navigational safety. However, it believes the current provisions are appropriate and adequate to 
address those situations and that the recommended changes are neither necessary nor consistent 
with right whale protection needs. The existing rules provide for exceptions when, in the Captain’s 
judgment, conditions require exceeding 10 knots. Provision for such discretion is entirely consistent 
with maritime tradition. The APA asserts that it is an administrative burden to record in ship’s logs 
the conditions that require vessels to exceed the 10-knot limit in these areas. The Commission sees 
no reason why this should be so. Captains and pilots are trained and directed as a matter of prudent 
seamanship to record such information in ship’s logs whenever navigational safety issues arise. The 
APA has provided no rationale for why recording such information with regard to the need to travel 
faster than 10 knots should be any different or more burdensome than in other hazardous situations. 
Moreover, the APA has provided no information or analysis on how often vessels have had to 
exceed the 10-knot speed restriction in regulated areas or the frequency of hydrologic, 
meteorological, oceanographic conditions requiring such action. Nor has the APA provided an 
objective analysis demonstrating that the 10-knot restriction represents navigational safety risks in 
the designated areas or an analysis of whether such risks differ by vessel type. Absent that 
information, the Commission does not believe the APA has established the merits of its claim that 
the existing rule creates unsafe conditions or that it is administratively burdensome. 
 
 The APA’s implication that its requested change is an insignificant reduction in protection 
also is not substantiated. The Commission believes that it would significantly weaken protection for 
right whales. The Commission’s staff and colleagues at the New England Aquarium recently 
completed the enclosed article on the effectiveness of the existing seasonal management areas, 
including those off the ports between New York and Jacksonville, which is currently in press in the 
scientific journal Endangered Species Research. This analysis concludes that the 10-knot speed 
restrictions have significantly reduced vessel-related right whale deaths along the U.S. East Coast 
since they went into effect in December 2008. Whereas there was an average of 0.72 ship strike 
carcasses per year found inside or outside but within 45 nmi of management area boundaries in the 
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18 years before the rule went into effect, none have been found in those areas since December 2008. 
This marks the longest such period without the discovery of a dead ship-struck whale in those areas 
since efforts to locate and record such deaths were improved substantially in the early 1990s. Of the 
13 right whale carcasses whose deaths were attributed to ship strikes before the vessel speed rule 
went into effect, all had wounds indicating the animal had been struck and killed by a ship greater 
than 65 feet long, and 10 of those carcasses were found in or near the management areas which 
include the dredged channels that the APA now proposes to exempt. 
 
 The APA suggests that because the dredged channels constitute a total of only about 15 
nmi2, which is less than 0.1 percent of the entire regulated area, exempting those channels would 
have an insignificant effect on right whale protection. However, the APA provides no analysis to 
support this suggestion. The Commission is aware of no reason why ships transiting dredged 
channels would be any less likely to hit whales than those transiting other parts of regulated 
management areas. Indeed, available data suggest that many, if not most, of the whales struck and 
killed before the rules were adopted were hit by ships using dredged channels inside seasonal 
management area boundaries. All of the dredged channels between New York and Jacksonville have 
been in place since the 1990s.  Therefore, for navigational safety reasons, it seems reasonable to 
believe that ships were using those same channels just as regularly before the rules went into effect 
as afterwards. Because all right whale carcasses examined closely and determined to have been killed 
by ships during the 18-year pre-rule period had evidence they were hit by large ships, it seems 
reasonable to assume that many if not most were struck by ships following the dredged or marked 
channels. The risks are further supported by available right whale sighting data from NMFS-
supported aerial surveys and satellite tracking data1 that show migrating right whales travel close to 
shore where they would necessarily have to cross dredged channels. On the basis of both the 
likelihood that ship strikes have occurred in or near these channels and the fact that migrating right 
whales occur near shore, the Commission believes that continuing to require speed restrictions in 
dredged channels is a vital component of right whale protection afforded by the existing rule and 
that exempting those channels would significantly reduce that protection.  
 
 The APA also suggests that because the dredged channels off Boston, Massachusetts, and 
Portland, Maine, are not subject to similar speed restrictions, exempting dredged channels off other 
ports would seem to be unnecessary. This reasoning is not valid. Right whale sighting and 
movement data analyzed when the speed restrictions were first proposed in 2006 indicated a clear 
risk for the ports along the mid-Atlantic coast, but did not justify speed restrictions within 20 nmi of 
port entrances off Boston and Portland. Therefore, speed restrictions in dredged channels off those 
ports (as well as other areas within 20 nmi of those ports) were not adopted. As there is no new 
evidence to suggest the movements of right whales have changed since 2006, the Commission 
believes that the risk of collision between ships and right whales remains higher along the U.S. mid-
Atlantic and south Atlantic coast than in those dredged channels in the northeast. The difference 
between mid-Atlantic coast ports and those in the Northeast underscores the importance of data in 
decision making. The ports north of Boston mentioned by APA were excluded on the basis of data; 

                                                 
1 Schick, R.S, P.N. Halpin, A.J. Read, C.K. Slay, S.D. Kraus, B.R. Mate, M.F. Baumgartner, J.J. Roberts, B.D. Best, C.P. 
Good, S.R. Loarie, and J.S. Clark. 2009. Striking the right balance in right whale conservation. Canadian Journal of 
Fisheries and Aquatic Science. 66:1399-1403  
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the mid-Atlantic coast ports were included on the basis of data. The APA petition can be 
entertained only when accompanied by relevant, supporting data. In the absence of such data, the 
petition should be denied.  
 
 Finally we note that there has been no demonstrable progress in addressing the second 
major source of human-caused right whale mortality – the death and injury of right whales due to 
entanglement in commercial fishing gear. Given this situation, it is even more important not to 
weaken what appear to be the only effective measures now in place for reducing human-caused right 
whale mortality – especially since the current vessel speed management measures already include 
provisions for navigational safety. Accordingly, the Marine Mammal Commission recommends that 
the National Marine Fisheries Service deny the petition for rulemaking to exclude federally 
maintained dredged channels and pilot boarding areas from existing rules restricting the speed of 
vessels greater than 65 feet in designated seasonal management areas off U.S. ports from New York 
to Jacksonville, Florida, and retain the existing rule unchanged. 
 
 I hope these comments and recommendations and the attached paper are useful. We thank 
you for the opportunity to comment on the petition to exempt dredged channels from vessel speed 
restrictions in seasonal management areas to protect endangered North Atlantic right whales. 
 
 
       Sincerely, 
 
 
 
 
       Rebecca J. Lent, Ph.D. 
       Executive Director 
 
Attachment 
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ABSTRACT 15 
 16 

 To reduce right whale deaths caused by ship collisions along the U.S. East Coast, a 17 
rule was implemented on 8 December 2008 requiring all vessels ≥ 65 feet (19.8 m) to travel 18 
10 knots (5.1 m/s) or less in ten seasonal management areas (SMAs). To evaluate its 19 
effectiveness, we plotted locations of all right whale and humpback whale carcasses 20 
attributed to ship-strikes since December 1990 in U.S waters to determine their proximity to 21 
SMA’s. In the 18-year pre-rule period, 13 of 15 (87%) right whales and 12 of 26 (46%) 22 
humpback whales killed by ships were found inside eventual SMA boundaries or within 45 23 
nmi (74 km) of their perimeters during eventual active dates. In the first 5 years after the rule 24 
became effective, no ship-struck right whales were found inside or within 45 nmi of any 25 
active SMA. This was nearly twice as long as the longest pre-rule period without discovery of 26 
a ship struck carcass in those areas during effective time periods. Based on the 18-year pre-27 
rule period, bootstrap resampling analyses revealed that the probability of finding no ship-28 
struck whales in or near SMAs during the first five-year post-rule period was a statistically 29 
significant reduction in such deaths (p = 0.031). The results suggest the rule has been 30 
effective at reducing right whale deaths. We suggest a recent petition to exempt dredged 31 
channels in SMAs from existing speed restrictions be denied, and that SMAs be enlarged to 32 
include additional parts of the right whale migratory corridor. 33 

 34 
Key Words:  North Atlantic right whales, humpback whales, ship strikes, conservation, vessel speed 35 
limits 36 
 37 
 38 
INTRODUCTION 39 
 40 
 The North Atlantic right whale (Eubalaena glacialis) was hunted nearly to extinction by 1,000 41 
years of whaling that ended in the early 1900s (Reeves et al 2001). Now one of the world’s most 42 
endangered large whales (Marine Mammal Commission 2008), the species currently occurs almost 43 
exclusively over the continental shelf off the eastern United States and Canada. As of late 2013, it 44 
was estimated to number about 500 whales (http://www.narwc.org/papers.php?mc=3). The 45 
principal threats to its survival – vessel collisions and entanglement in fishing gear (Knowlton & 46 

                                                 
 Corresponding author Email:  dlaist@mmc.gov.   
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Kraus 2001, Moore et al. 2004, Knowlton et al. 2012, van der Hoop et al. 2013) – are the main 47 
constraints to its recovery (National Marine Fisheries Service 2005). From 1990 through 2012, more 48 
than half of all dead right whales found stranded or floating at sea (39 of 73) have been attributed to 49 
ship collisions (n=23) or entanglement (n=16) (Knowlton & Kraus 2001, Moore et al. 2004, Marine 50 
Mammal Commission 2013).  With no apparent progress in reducing entanglement deaths 51 
(Knowlton et al. 2012, van der Hoop et al. 2013), reducing vessel collisions has become even more 52 
important. 53 
 54 
 Several early studies indicated reducing ship speed in key right whale habitats could reduce 55 
vessel-related whale deaths. Knowlton et al. (1995) modeled hydrodynamic forces around ships 56 
traveling at different speeds and concluded that objects the size and density of a whale can be pulled 57 
towards hulls and propellers of large ships with a force that increases as speeds increase above 10 58 
knots. Clyne (1999) also simulated risks of collisions with vessels traveling at various speeds and 59 
found that collision with the bow were more likely when speeds increased above 10 knots. Laist et 60 
al. (2001) examined accounts of accidental collisions with whales by vessels travelling at known 61 
speeds and concluded that lethal collisions increase sharply between speeds of 10 to 14 knots (5.1-62 
6.7 m/s) and were rare at speeds below 10 knots. Based on those findings the seasonal distribution 63 
of right whales, the location of ship struck carcasses, and input from the shipping industry, Russell et 64 
al. (2001) recommended seasonal management areas with 10-knot speed limits off major ports and 65 
in key habitats along the eastern United States.  Assuming vessel collisions whale deaths due to ships 66 
are strictly a function of impact force and vessel hydrodynamics, Vanderlaan and Taggart (2007) 67 
concluded that the greatest rate of change in the probability of lethal collisions was between vessel 68 
speeds of 8.6 to 15 knots (4.4 - 7.7 m/s) and that the probability of death declined by 50 percent at 69 
speeds of less than 11.8 knots (6.1 m/s).  70 
 71 
 Based largely on those findings and its own analyses, the National Marine Fisheries Service 72 
(NMFS) adopted a rule to limit vessel speeds in key U.S. right whale habitats as part of its “right 73 
whale ship strike reduction strategy” (NMFS 2008a). The rule became effective on 8 December 2008 74 
for a five-year period (i.e., until 8 December 2013). Although intended to protect right whales, the 75 
measure was also expected to provide some protection to humpback whales (Megaptera novaeangliae) 76 
and other large whales whose ranges overlap right whales (NMFS 2008b). The rule requires all 77 
vessels 65 feet (19.8 m) or longer (also herein referred to as “ships”) to use speeds of 10 knots or 78 
less when transiting ten Seasonal Management Areas (SMAs) along the U.S. East Coast during 79 
periods of peak right whale occurrence (Figure 1). The ten SMAs include six that extend 20 nmi (37 80 
km) from shore off major ports along the species’ coastal migratory corridor between southern New 81 
England and Georgia (effective 1 November to 30 April); three in feeding areas off Massachusetts 82 
(i.e., Cape Cod Bay effective 1 January to 15 May, the Great South Channel effective 1 April to 31 83 
July, and an area immediately east and north of Cape Cod effective 1 March to 30 April); and one in 84 
the core of the species’ calving grounds off the southeastern U.S. coast of Georgia and Florida 85 
(effective 15 November to 15 April). 86 
 87 

In addition to SMAs, the NMFS ship-strike reduction strategy included new vessel routing 88 
measures for the port of Boston in Massachusetts and three ports in the southeastern U.S. right 89 
whale calving grounds, and established two other types of management areas:  Dynamic 90 
Management Areas (DMAs) and a seasonal “Area To Be Avoided” (ATBA). DMAs are temporary 91 
15-day management areas established on short notice to protect aggregations of three or more right 92 
whales found at unpredictable locations outside of active SMAs. When DMA boundaries are 93 
announced through customary maritime communication media (e.g., voice radio and local notices to 94 
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mariners) ships are asked, but not required, to limit speeds to 10 knots or to steer clear of those 95 
areas. ATBAs, established under the authority of coastal nations after approval of the International 96 
Maritime Organization, are areas where ship operators are asked, but not required, to avoid transits. 97 
Such an area off Nova Scotia, Canada, has been shown to be effective at reducing the risk of lethal 98 
vessel strikes in right whale habitats (Vanderlaan et al. 2008). The ATBA for right whale protection 99 
lies principally within the boundary of the Great South Channel SMA east of the shipping lanes that 100 
run along that SMA’s western edge (Figure 1). The new routing measures (1) narrowed and shifted 101 
the east-west leg of track of vessel traffic separation lanes leading into Boston harbor to reduce 102 
overlap with right whale habitat in Cape Cod Bay (Silber et al. 2012), and (2) recommended routes 103 
through Cape Cod Bay and off the ports of Jacksonville, Fernandina, and Brunswick to minimize 104 
transit distances through areas used most intensively by right whales (Lagueux et al. 2011).  105 
 106 

Initially proposed in June 2006 (NMFS 2006), the rule finally adopted in 2008 was subject to 107 
a protracted review by high level officials in the U.S. government. Concerned about its economic 108 
impacts and skeptical of the measure’s effectiveness, several changes were imposed on the action 109 
preferred by NMFS. In part, the width of SMAs along the species’ migratory corridor was reduced 110 
from 30 to 20 nmi (55 to 37 km) and a sunset provision was added requiring the rule to expire five 111 
years after its effective date (i.e., 8 December 2013). During the five-year period NMFS was to 112 
evaluate effectiveness of the speed requirement for reducing whale deaths and decide whether to 113 
extend, modify, or allow it to lapse. Another required change was making the 10-knot speed limit in 114 
DMAs voluntary instead of mandatory. On 9 December 2013, the the rule was extended indefinitely 115 

subject to further review to determine if dredged channels through SMAs should be exempted 116 

from its provisions as requested by petition (NMFS 2013).  117 
 118 

After the 2008 rule was adopted, NMFS developed a plan to evaluate its effectiveness (Silber 119 
& Bettridge 2009). Based on the first three years of post-rule experience, NMFS examined vessel 120 
compliance rates and economic impacts using data from an Automatic Identification System for 121 
ships (Silber & Bettridge 2012) and evaluated its biological effectiveness based on intervals between 122 
all documented collisions with large whales along the east coast two years before the rules went into 123 
effect versus two years afterwards (Pace 2011). From those analyses, NMFS concluded that 124 
biological data was not yet sufficient to reach statistically meaningful conclusions, but that “…there 125 
may be ‘a meager amount of evidence in support of a reduction in ship-strike deaths and serious 126 
injuries of large whales” (Silber & Bettridge 2012). 127 

 128 
Several other studies have investigated compliance with the new speed restrictions in both 129 

SMAs (Lagueux et al. 2011, Mueller et al. 2011, Wiley et al. 2011, Silber & Bettridge 2010) and 130 
DMAs (Asaro 2012, Silber et al. 2012). Initial compliance in SMAs was poor, but improved after 131 
warnings began to be issued in late 2009 and improved further after notices of violations with speed 132 
limits were issued in late 2010 (Silber & Bettridge 2012). Most ships, however, reduced their speed 133 
to varying degrees, although not necessarily to 10 knots. Compliance with DMAs was very poor. 134 
This result was similar to a voluntary request asking vessels to travel at 10-knots off Southern 135 
California to protect blue whales, which resulted in almost no change in vessel speeds (McKenna et 136 
al. 2012). Still other studies have recently provided further evidence that collision risks increase as 137 
vessel speeds increase above 10 knots based on hydrodynamic effects (Silber et al. 2010) and whale 138 
deaths are correlated with vessels traveling at increasing speeds (Conn & Silber 2013)  139 

 140 
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The reason why slow speeds are thought to reduce lethal collisions is subject to debate. 141 
Some suggest it is due solely to reduced impact and hydrodynamic forces (Vanderlaan and Taggart 142 
2007, Silber et al. 2010); others suggest it provides added time for whales to avoid oncoming ships 143 
(Laist et al. 2001, Gende et al. 2011). Regardless of the mechanism and its intuitive rationale, the 144 
effectiveness of speed requirements remains poorly documented and is still subject to doubt by 145 
some. To further explore whether speed restrictions have been effective at reducing lethal whale 146 
collisions, we examined information on known and possible ship-strike deaths of right and 147 
humpback whales found in and near SMAs before and after the NMFS implemented its rules 148 
limiting ship speeds along the U.S. East Coast. 149 

 150 
Specifically, we examined the locations and discovery dates of all right whale and humpback 151 

whale carcasses attributed to ship strikes or unknown causes to determine their proximity to SMA 152 
boundaries and their occurrence relative to SMA effective dates before and after the rule went into 153 
effect on 8 December 2008. We did not include fin whales because, unlike right whales or 154 
humpback whales, they can be carried thousands of kilometers into ports on the bows of ships 155 
making it unclear where they were struck (Laist et al. 2001). We also did not consider other large 156 
whales (i.e., sperm, blue, sei, or minke whales) because they occur infrequently in areas where SMAs 157 
have been designated and because lethal collisions with those species along the U.S. east coast have 158 
been rare over the past 25 years (Laist et al. 2001). We hypothesized that the average annual tally of 159 
right whale carcasses, and possibly also humpback whale carcasses, attributable or possibly 160 
attributable to ships discovered in or near SMA boundaries during SMA timeframes would be lower 161 
after the ship-strike reduction rule went into effect. 162 

 163 
METHODS 164 
 165 
 We searched the National Marine Mammal Stranding Database maintained by the NMFS for 166 
records of all known right whale and humpback whale deaths attributed to ship strikes along the 167 
eastern United States and Canada after 8 December 1990. For right whales, we also examined the 168 
Right Whale Photo-identification Catalogue maintained by the New England Aquarium for such 169 
deaths.  Because the NMFS ship-strike reduction strategy is focused on U.S. waters, our analyses of 170 
SMA effectiveness used only records of dead whales found within the U.S. Exclusive Economic 171 
Zone. We sought records from Canada (i.e., waters north and east of the Hague Line that serves as 172 
the boundary between the U.S. and Canadian Exclusive Economic Zones; Figure 1), the only other 173 
area where North Atlantic right whales are known to have been killed by ships, to provide readers a 174 
basis for understanding what part of the ship collision problem occurs in U.S. waters.  For right 175 
whales, our study period extended through 8 December 2013, the latest date for which records were 176 
available from the Right Whale Photo-identification Catalogue. Because of delays in entering 177 
stranding data into the national database, analyses of humpback whales extended only through 8 July 178 
2011. 179 
 180 

We also searched for records of all right whale deaths after 8 December 1990 that were 181 
attributed to unknown causes because some of those whales may have been killed by ship strikes 182 
(e.g., some whales were documented floating offshore but were not examined closely). We selected 8 183 
December 1990 as the start of our study period because (1) that date generally corresponds with the 184 
time when East Coast carcass recovery efforts expanded and necropsy teams began flensing 185 
carcasses to the bone to look for internal ship collision injuries not always apparent externally, and 186 
(2) it was statistically convenient to use the same day and month as the 8 December 2008 effective 187 
date for the NMFS rule. Data recorded for each dead whale in the national stranding database 188 
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includes the date, latitude and longitude, and general description of where the carcass was first seen; 189 
the cause of death if it can be determined; the whale’s decomposition state; and a summary of 190 
necropsy results (if conducted) or other findings explaining the assigned cause of death.  When 191 
those data for right whales were missing, supplemental information was obtained as possible from 192 
the Right Whale Photo-identification Catalogue. 193 
 194 
  Carcass locations were mapped using ArcGIS Version 10.0. SMA boundaries were added 195 
using coordinates available from the NMFS. Separate maps showing carcass discovery locations 196 
before and after the rule went into effect on 8 December 2008 were prepared for right whales killed 197 
by ships and for right whales that died of unknown causes that might have involved ship collisions. 198 
To identify carcasses possibly killed by ships, we narrowed the list of carcasses attributed to 199 
unknown causes by eliminating those that were thoroughly necropsied and had no signs of ship 200 
collision injuries. We also prepared a map for humpback whales, but only for deaths attributed to 201 
ship strikes; 275 humpback whale carcasses attributed to unknown causes were not plotted.  Much 202 
less effort is made to retrieve and necropsy dead humpback whales than right whales, and thus 203 
unlike right whales, almost no records of humpback whales could be ruled out as possibly being 204 
collision-related (i.e., affirmative information that they had neither external or internal injuries 205 
consistent with a ship strike was rarely not available).  Because of the large number of carcasses 206 
attributed to unknown causes and the inability to exclude any that were clearly not caused by ship 207 
collisions, we concluded it would not be possible to distinguish meaningful trends potentially related 208 
to ship collisions and implementation of SMAs. 209 
 210 

From plotted locations we identified all right whale carcasses attributed to ship strikes and to 211 
unknown causes potentially involving ship strikes found inside SMA boundaries during effective 212 
timeframes before and after the ship strike reduction rule went into effect. For all other right whale 213 
carcasses in U.S. waters, we calculated their distance to the nearest SMA boundary. To account for 214 
carcasses that may have drifted outside SMA boundaries after whales were struck and before they 215 
were found dead, we considered any carcasses inside SMAs or within 45 nmi (74 km) of SMA 216 
boundaries during their active timeframes (hereafter referred to as “in or near active SMAs”) to be 217 
potential victims of collisions inside SMA boundaries. We did the same for humpback whale 218 
carcasses, but only for those attributed to ship strikes. We then calculated the average annual 219 
number of ship-struck carcasses found in or near active SMAs for each species during the 18-year 220 
pre-rule period and for post-rule periods of 5.0 yr (1,826 d) for right whales and 2.5 yr (942 d) for 221 
humpback whales (i.e., the latest dates for which data were available). 222 
 223 

The drift distance of 45 nmi was based on estimates of carcass degradation and drift rates. 224 
Almost all right whale deaths attributed to ship collisions in this study were found moderately 225 
decomposed (Code 3) or fresher according to the five category ranking system (with Code 5 the 226 
most degraded) used to describe carcass degradation states (Geraci and Lounsbury 2005). We 227 
estimated it would take six days or fewer for a right whale carcass to become moderately 228 
decomposed. This was based on a right whale named Staccato (Catalogue # 1014) that was 229 
photographed alive and uninjured on 15 April 1999 and next seen five days later floating dead off 230 
Cape Cod, Massachusetts after being struck by a ship. Its carcass was towed ashore the same day it 231 
was sighted and necropsied the following day (i.e. 21 April), at which time it was recorded as being 232 
moderately decomposed (i.e., Code 3).  Although carcass degradation can proceed at different rates 233 
depending on temperature, because right whales along the U.S. East Coast almost always occur in 234 
cool water similar to temperatures in Cape Cod Bay in April, we considered the April 1999 case to 235 
be the best available estimate of time needed for a right whale to degrade to a Code 3 condition. 236 
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 237 
Average carcass drift rate was estimated from the distances of movements reported for five 238 

right whale carcasses seen drifting in U.S. waters and later resighted at another location. These 239 
carcasses were first seen floating on the following dates:  3 September 2002, 6 September 2002, 7 240 
February 2004, 27 June 2010, and 2 March 2012. Coordinates for initial and resighting locations 241 
documented drift distances of at least 77 nmi (143 km) in 22 d, 112 nmi (204 km) in 8 d, 54 nmi 242 
(100 km) in 2 d, 21 nmi (39 km) in 3 d, and 27 nmi (50 km) in 5 d, respectively, for an average drift 243 
distance of 7.3 nmi (13.5 km) per day or about 45 nmi (83 km) in six days. Although these records 244 
do not reflect all possible conditions that could influence carcass drift rates, they reflect at least some 245 
range of conditions in different seasons and areas and are the best available data at this time. 246 

 247 
We conducted a bootstrap resampling analysis (Efron & Tibshirani 1993) to test the 248 

hypothesis that the average annual number of ship-struck whale carcasses found after the speed rule 249 
went into effect would be less than the average number during the 18 years before the speed rule 250 
went into effect. This hypothesis was tested separately for right whale carcasses found in or near 251 
active SMAs and for right whale carcasses found more than 45 nmi from SMAs.  We did the same 252 
for ship-struck humpback whale carcasses. For right whales, annual carcass totals from the 18-year 253 
pre-rule period were resampled one million times with each sample consisting of a random selection 254 
of five annual carcass totals to match the number of years in the post-rule period. After each annual 255 
total was selected, it was returned to the pool of eligible years so that each draw in a five-year sample 256 
had 18 annual totals from which to select (i.e. random selection with replacement).. We followed the 257 
same procedure for humpback whales, but had only 2.5 years of post-rule data. Therefore, each 258 
bootstrap sample for humpback whales consisted of a random selection of three annual pre-rule 259 
carcass totals. The mean of each bootstrap sample was calculated and those values were sorted in 260 
ascending order. The limits of the upper 95% of values were used as the confidence interval. The 261 
percentage of mean values less than the lower bound constituted the p-value. 262 

 263 
To investigate the hypothetical probability of discovering ship-struck right whale carcasses in 264 

or near SMAs in the sixth post-rule year, we did an additional bootstrap resampling as described 265 
above, but drew six values instead of five from the pool of 18 pre-rule annual ship strike carcass 266 
totals in or near SMAs. From those samples we calculated the probability of discovering zero whales 267 
in the first five years, followed by discovering ≤ 1 and ≤ 2 carcasses in the sixth year.  We 268 
considered only zero, one, or two carcass discoveries because these were the only values observed in 269 
any given year during the pre-rule period (Table 1), and thus were the only values possible in the 270 
bootstrap samples. 271 
 272 

We also compared maximum waiting times between discovery of ship-struck right whale and 273 
humpback whale carcasses found in or near active SMAs during pre- and post-rule periods to 274 
determine the extent to which intervals between recorded ship-collision deaths differed. 275 
 276 
RESULTS 277 
 278 
 Over the entire study period 23 of 72 confirmed right whale deaths (31.9%) were attributed 279 
to ship collisions. Three-fourths of those deaths were in U.S. waters (17 deaths including 15 pre-rule 280 
and two post-rule) and one-fourth (six deaths) was in Canadian waters (Table 1, Figure 2). During 281 
the 18-year pre-rule period 10 of the 15 carcasses in U.S. waters were inside SMAs, and three others 282 
were within 45 nmi of SMA boundaries (including two within just six nmi) during eventual SMA 283 
active dates. Together, those 13 carcasses comprised 87% of all known ship-strike deaths (Table 4) 284 
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in U.S. waters during the pre-rule period for an average carcass discovery rate of 0.72 right whales 285 
per year in or near active SMAs. 286 
 287 

The decomposition state of all ship-struck right whale carcasses found in or near eventual 288 
SMA boundaries in the pre-rule period was moderate or fresher suggesting they may have drifted up 289 
to 45 nmi between the time of death and carcass discovery. The three longest waiting times between 290 
finding such carcasses in the pre-rule period were 2.8 yr (i.e., 1,057 d between 17 March 2001 to 7 291 
February 2004), 2.2 yr (i.e., 785 d between 6 December 1993 to 30 January 1996), and 1.9 yr (i.e., 709 292 
d between 30 December 2006 to 8 December 2008). Only two pre-rule ship strikes were found 293 
outside the potential reach of eventual SMA protection provisions; both were inside or within 45 294 
nmi of SMA boundaries, but were discovered seven weeks or more outside eventual SMA active 295 
dates.  During the first 5.0 post-rule years, no ship-struck right whales were found in or near any 296 
active SMAs for a carcass discovery rate of zero per year.  During that period, two ship-struck right 297 
whales were found in U.S. waters; both were found within the active dates of the nearest SMA, but 298 
were more than 45 nmi away from the nearest SMA boundary (one 47 nmi in Code 4 condition, the 299 
other 112 nmi away in Code 3 condition). 300 
 301 
 Thirty-three right whale deaths were attributed to unknown causes over the entire study 302 
period; 29 in U.S. waters and 4 in Canada. Eight of the 29 in U.S waters were recovered in moderate 303 
to fresh condition (mostly neonates) and were ruled out as possible ship collision victims based on 304 
necropsy results that found no evidence of collision injuries. Therefore, 25 of all mortalities 305 
attributed to unknown cause might have been due to ship strikes; 21 in U.S. waters (14 pre-rule and 306 
7 post-rule) and four in Canada (Table 2, Figure 3). During the 18-year pre-rule period, eight of the 307 
14 possible ship strike carcasses in U.S. waters (57.1%) were found either inside (N = 5) or within 45 308 
nmi (N = 3) of SMA boundaries during their eventual effective dates for an annual pre-rule 309 
discovery rate of 0.44 right whale carcasses per year in or near active SMAs. During the first 5.0 310 
years after the rule’s effective date, 4 of 7 carcasses (57.1%) found in U.S. waters attributed to 311 
unknown causes that may have included ship strikes were inside (N = 1) or within 45 nmi (N=3) of 312 
active SMAs for an average discovery rate of 0.80 carcasses per year (Table 4). 313 
 314 

Over the entire study period, 32 humpback whale ship-strike deaths were discovered.  hey 315 
were all in U.S. waters (Table 3, Figure 4) and included 26 during pre-rule years and six during the 316 
first 2.5 post-rule years. During the pre-rule period 12 of 26 ship struck humpback whales (46%) 317 
were found inside (N = 6) or within 45 nmi (N = 5) of SMA boundaries during eventual SMA 318 
effective dates for a discovery rate of 0.61 carcasses per year (Table 4). The longest waiting time 319 
between finding at least one such carcass in pre-rule years were 5.6 yr (i.e., 2,064 d between 14 April 320 
1992 and 10 December 1997), 2.9 yr (i.e., 1,090 d between 10 December 1997 and 4 December 321 
2000), and 2.8 yr (i.e., 1,045 d between 8 February 2002 and 19 December 2004). During the 2.5 yr 322 
(912 d) post-rule period no ship-struck humpback whales were found inside active SMAs, but two 323 
were within 45 nmi of active SMAs for a post-rule discovery rate of 0.80 humpback whale carcasses 324 
per year. 325 

 326 
From our bootstrap resampling analysis, the upper 95% confidence interval around the 327 

annual pre-rule mean number of right whale ship strike deaths in or near SMAs (0.72 carcasses per 328 
year) was 0.2 - 2.0. As of 5.0 years after the rule’s adoption, the post-rule annual mean number of 329 
ship strike deaths in or near SMAs was zero.  The probability of a five-year post-rule carcass 330 
discovery rate of zero is significantly lower (p = 0.031) than the pre-rule mean. An additional 331 
bootstrap resampling analysis was conducted to estimate the probabilities of finding zero, ≤ 1, or ≤ 332 
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2 carcasses in the sixth post-year rule after five consecutive years of no deaths. Those probabilities 333 
were estimated to be p = 0.012, p = 0.024, and p = 0.031, respectively.  334 
 335 

We found no other significant or borderline significant differences between pre- and post-336 
rule carcass discovery rates.  For right whales, there were no apparent differences for (i) ship-struck 337 
carcasses found more than 45 nmi from active SMAs (p = 0.99); or (ii) carcasses attributed to 338 
unknown causes that might halve included ship strikes either in or near active SMAs (p = 0.92) or 339 
beyond 45 nmi of the nearest active SMA (p = 0.87).  For humpback whales, there was no 340 
significant difference in discovery rates for ship-struck carcasses either within or near active SMAs 341 
(p = 0.68) or beyond 45 nmi of the nearest active SMAs (p = 0.85).  342 

 343 
 344 
DISCUSSION 345 
 346 

Right Whales 347 
 348 

 Results of this study indicate that the locations and timeframes of SMAs were well-chosen to 349 
protect North Atlantic right whales from ship strikes. During the 18 years before SMAs were 350 
implemented, 87% (13 of 15) of all right whales known to have been killed by ships in U.S. waters 351 
were found inside or within 45 nmi of SMAs during eventual SMA effective dates. Indeed, most of 352 
those carcasses (i.e., 12 of 15 or 80%) were inside or within 6 nmi of SMA boundaries. It therefore 353 
appears that most right whales killed by ships before December 2008 were found in or near areas 354 
where SMAs were eventually established during their eventual effective dates.   355 
 356 

The results also suggest that SMAs have effectively reduced the number of whale deaths due 357 
to ships. Average annual discovery rates of ship-struck right whale carcasses in or near active SMAs 358 
declined significantly from 0.72 to 0 carcasses per year for at least the first 5.0 years after the rule 359 
went into effect. This measure of reduction is likely to be conservative given that estimates of the 360 
size of the North Atlantic right whale population increased over the study period from about 295 361 
whales in 1992 (Knowlton et al. 1994) to about 500 whales in 2013 with the addition of about 80 362 
whales from 2008 through 2013 (New England Aquarium, unpublished data) thereby increasing the 363 
number of whales available to have been struck in post-rule years. In addition, the absence of any 364 
confirmed ship-struck right whale carcasses in or near an active SMA over at least the first 5.0 years 365 
since rule implementation is nearly twice as long (and still counting as this was written) than the 366 
longest time waiting time (i.e. 2.8 yr) between carcass discoveries during the 18-year pre-rule period. 367 

 368 
These results are encouraging, but require a longer time period to confirm if the apparent 369 

effectiveness holds up over time. The recommended routing changes off Boston, the new 370 
recommended routes in Cape Cod Bay and the southeastern U.S. calving grounds and new ATBA 371 
also may have contributed to the apparent reduction in right whale ship-strike deaths by directing 372 
traffic through habitats used somewhat less frequently by whales. For example, Wiley et al. (2006) 373 
predicted a 58 % reduction in collision risks for a segment of the Boston shipping lanes and 374 
Fonnesbeck et al. (2008) predicted as much as a 44% reduction with new shipping lanes through the 375 
calving grounds. However, the new routes must still cross key right whale habitats and no useful 376 
routing alternatives exist for mid-Atlantic ports along the right whale’s coastal migratory corridor 377 
where nearly half of all vessel-related right whale deaths have been discovered. Thus, although there 378 
should be some uncertain amount of risk reduction from new routes now in place, we believe speed 379 
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restrictions are likely to be a more important factor in reducing collision risks along the U.S. East 380 
Coast. 381 
 382 

We found no indication that SMAs have reduced the number of right whale deaths 383 
attributed to unknown causes. The percentages of such deaths in or near active SMAs in the pre-rule 384 
(57.1%, 8 of 14) and post-rule (57.1%, 4 of 7) periods were identical and the average annual carcass 385 
recovery rate actually increased from 0.44 carcasses per year to 0.80 carcasses per year during the 386 
post-rule period. The most parsimonious interpretations for the increase in deaths due to unknown 387 
causes are that (1) most ship strikes misclassified as deaths due to unknown causes were struck in 388 
times and areas more than 45 nmi from the nearest active SMA, or (2) most right whale deaths 389 
attributed to unknown causes are not caused by ship collisions and the increase reflects stochastic 390 
variability. As indicated below, an example of the first possibility may be the cluster of four carcasses 391 
attributed to unknown causes found in the southern Great South Channel area in winter. This is an 392 
area with high ship traffic and limited winter survey effort. The second possibility has some support 393 
from past experience. During a four-year period between 1993 and 1996, the annual discovery rate 394 
for right whale carcasses attributed to unknown causes in or near eventually active SMAs was 0.75 395 
carcasses per year (3 of 4 carcasses), which approaches the post-rule rate of 0.80 (Table 2). 396 
 397 

Other studies have found little or no evidence that recent management measures have 398 
reduced vessel-related right whale deaths along the U.S. East Coast. Analyses to date, however, have 399 
been too broad in scope, or involved timeframes ill-suited for assessing effectiveness of the SMA 400 
network. For example, van der Hoop et al. (2013) found no noticeable reduction in large whale 401 
vessel and entanglement-related deaths from 2003 through 2009 (when a number of management 402 
actions were implemented including outreach efforts to advise mariners of collision risks), compared 403 
to earlier years. That study, however, was not designed to assess the effectiveness of site-specific 404 
measures or specifically of SMA vessel-speed restrictions. In particular, it included only one year of 405 
data after SMAs were established. 406 

 407 
Similarly Pace (2011), found no significant reduction in ship collision deaths after the rule 408 

went into effect. However, his analysis was based on only two years of post-rule data, measured 409 
intervals between collisions involving all species of large whales (i.e., humpback, right, fin, and sei 410 
whales), considered all types of vessels (including those less than 65 ft in length that are not subject 411 
to regulation), and included all U.S. and Canadian waters (including those not near SMAs).  It also 412 
did not distinguish between collisions outside of SMA time frames.  In contrast, our analysis focuses 413 
on those collisions most likely to have occurred in SMA boundaries and dates, the species of 414 
greatest concern (i.e., right whales), and vessels most likely to have been subject to management (i.e., 415 
all carcasses considered in this analysis had large wounds or contusions indicative of collisions with 416 
vessels that likely were greater than 65 feet long). Therefore, we believe this analysis provides a more 417 
direct and useful measure of the rule’s effectiveness for right whales. 418 

 419 
Humpback whales 420 

 421 
Our results suggest SMAs have not provided a significant benefit for humpback whales. 422 

Whereas 87% of all ship-struck right whales were found in or near SMAs during effective dates in 423 
the pre-rule period, less than half (46%) of all such humpback whales were in or near those areas 424 
during active dates. However, it is notable that 12 of the other 15 pre-rule humpback whales killed 425 
by ships were found in or near SMA boundaries, but were outside of SMA active dates. This pattern 426 
persisted in post-rule years when all six of the ship-struck humpback whale carcasses were found in 427 
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or near SMA boundaries, but only two were within their active dates. Thus, it would seem that 428 
SMAs could be beneficial for humpback whales if their effective dates were expanded to better 429 
reflect the timing of their seasonal occurrence in SMA boundaries. The occurrence of humpback 430 
whale collisions outside of active dates is understandable given that SMA time frames were 431 
developed specifically for right whale protection.   432 
 433 

Uncertainties in the Time and Location of Collisions 434 
 435 
In addition to constraints from the small sample size of ship-struck carcasses on statistical 436 

power of our analyses, two other limitations concern uncertainties about (1) the precise dates of 437 
collisions, and (2) the precise locations of collisions relative to SMA dates and boundaries. Because 438 
the length of time between a collision and discovery of collision-related carcasses is unknown and 439 
variable, there is some uncertainty about whether those whales were struck during SMA active dates. 440 
In most cases, we believe carcass discovery dates can be related to active SMA dates with reasonable 441 
accuracy. All ship-struck right whale carcasses found in or near SMAs during pre-rule years with 442 
information on their decomposition state (i.e. 11 of 13) were moderately decomposed (Code 3) or 443 
fresher. Similarly all but one ship-struck humpback whale found in or near SMAs with information 444 
on decomposition condition (7 of 8) were Code 3 or fresher. As noted above, right whale carcasses 445 
can degrade to a Code 3 condition within a week or less. Because most right whale carcasses 446 
attributed to ship strikes along the U.S. East Coast have involved massive injuries, such as fractured 447 
skulls or vertebra, severed tail stocks, and long deep propeller wounds (Moore et al. 2004), it seems 448 
reasonable to assume that most victims die within a day or two, if not hours, of being hit. By adding 449 
those pre- and post-mortem times together, it seems likely that most ship collision deaths reported 450 
in this study occurred no more than about seven to eight days before the discovery dates. Only one 451 
ship-struck whale or near an SMA was found less than nine days after the beginning or end dates of 452 
the nearest active SMA (i.e., a humpback whale with no information on its decomposition state was 453 
found eight days after the start of the nearest SMA 22.6 nmi away). Thus, it seems reasonable to 454 
believe that most, if not all, carcasses considered to have been struck in or near SMAs during active 455 
SMA dates were in fact struck during those periods. 456 

 457 
Far less clear is whether ship-strike victims found in or near SMA boundaries were in fact 458 

struck within SMA boundaries. Complicating factors include the possibility of whales swimming 459 
some distance after being struck and before they die and drift an additional distance from collision 460 
locations. Because of those possibilities, some dead whales discovered outside SMA boundaries may 461 
have been struck inside SMA boundaries and vice versa. In general, it seems unlikely that lethally-462 
struck whales would swim long distances after being hit. Even if whales do not die instantly or 463 
within a few hours, massive injuries typical of collision deaths are likely to leave them moribund or 464 
highly immobile. Transport of moribund or dead whales by wind and currents is more difficult to 465 
gauge. As noted above, resighted right whale carcasses drifted an average of seven nmi per day, and 466 
one drifted 112 nmi (204 km) in 8 d for an average of 14 nmi (26 km)/d. Thus, it is possible that 467 
some ship-struck carcasses could have drifted into SMAs from an adjacent area. Indeed, given that 5 468 
of 8 right whale carcasses found inside SMA boundaries during pre-rule years were moderately 469 
decomposed it would seem likely that at least some drifted 45 miles before being found, which could 470 
have put them outside but near SMA boundaries. 471 

 472 
A detailed analysis of carcass drift for ship-strike victims found in the past was beyond the 473 

scope of this study. To improve understanding of where ship-strike victims were actually struck 474 
relative to SMA boundaries, we recommend conducting a retrospective drift analysis as a routine 475 
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part of investigations for future ship-struck right whale carcasses. Where possible, estimates should 476 
be made during necropsies of the time between death and the discovery of all carcasses attributed to 477 
ship strikes. That time span should then be used to trace the possible drift path back to a predicted 478 
location at the time of death based on prevailing winds and currents over that period. Despite 479 
uncertainty about precisely where past ship strike victims were struck, the pattern of carcass 480 
recovery shown on Figure 2 strongly suggests that nearly 90% of all right whale deaths attributed to 481 
ship strikes in U.S. waters since 8 December 1990 and before the rule became effective were struck 482 
in or near SMAs during their effective time periods. The possibility that some of those whales were 483 
struck in waters adjacent to SMA boundaries underscores the importance of expanding SMA 484 
boundaries along the species’ migratory corridor (i.e., from Georgia to New York) to the 30-nmi 485 
limit originally proposed by the NMFS based on its past assessment of the width of the right whale 486 
migratory corridor and relevant new information. In addition, we recommend that further studies be 487 
undertaken to better identify the width of the coastal migratory corridor used by right whales in 488 
spring and fall between Georgia and New York. 489 

 490 
Seasonal Management Area Boundaries 491 

 492 
With half of all known right whale deaths in U.S. waters since 1990 due to ship strikes found 493 

along the species’ migratory corridor – which is thought to extend to approximately 30 nmi from 494 
shore (Schick, 2009, Keller et al. 2012) – failure to include waters between 20 and 30 nmi in SMA 495 
boundaries leaves a potentially significant gap in protection of right whales from ship collisions. Its 496 
lack of inclusion also complicates evaluations of SMA effectiveness. With current SMA boundaries 497 
along the migratory corridor set as 20-nmi arcs around port entrances, it is possible that vessels 498 
entering or leaving port may hit whales in the offshore third of the species’ presumed migratory 499 
corridor (i.e., 20 to 30 nmi from shore) where speed limits do not apply. Those carcasses may drift 500 
into SMAs and be assumed incorrectly to have been struck by ships complying with speed 501 
restrictions inside an SMA. Also, because carcass detection and retrieval becomes more difficult as 502 
distance from shore increases, whales struck and killed in this offshore zone that do not drift 503 
towards shore may be underestimated. 504 

 505 
To more rigorously protect right whales and reduce uncertainty about whether ship-strike 506 

victims are struck just beyond SMA boundaries where speed restrictions do not apply, we 507 
recommend that (1) the boundaries of the SMAs along the species’ migratory corridor be extended 508 
to 30 nmi from shore as initially proposed by the NMFS, (2) the configuration of SMAs be modified 509 
from an arc to a rectangle with boundaries extending perpendicular from the points where current 510 
SMA perimeters intersect with land out to 30 nmi offshore to cover a greater portion of vessel 511 
tracks across core migratory areas, and (3) SMAs be made effective indefinitely with a view towards 512 
retaining them unless further analyses demonstrate they are ineffective or should be modified.  513 
Changing SMA boundaries along the migratory corridor from arcs to rectangles that extending 20 514 
(or 30 nmi) from shore would increase their size by about 25 percent, and would increase the 515 
probability that ships entering or leaving port along routes that are not perpendicular to the coast 516 
would travel at speeds safe for whales when transiting areas closer than 20 nmi (or 30 nmi) where 517 
migrating whales are more likely to be encountered. In addition, we recommend that further studies 518 
be undertaken to better define the distances from shore that most right whales transit during their 519 
spring and fall migrations between Georgia and New York. 520 
 521 

It is also interesting that several right whale deaths due to unknown causes possibly including 522 
ship strikes were found offshore at distances and/or at times of year where retrieval was more 523 
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difficult. In this regard, 4 of 15 right whale deaths whose cause was not determined were clustered in 524 
or near the southern tip of Great South Channel SMA from December through February when that 525 
SMA is not in effect (Figure 2). Those deaths, which occurred at a time of year with poor weather in 526 
an area where carcass retrieval is very difficult, lie near an area where several heavily used vessel 527 
traffic corridors intersect (Ward-Geiger et al. 2005). That area may therefore be an additional site 528 
where ship collision risks could be high and where designation of an SMA should be considered. As 529 
a general matter, carcasses are less likely to be found farther offshore because of reduced survey 530 
effort.  We do not believe this bias would alter our conclusions because, with the exception of 531 
waters in the Gulf of Maine, right whale occurrence is believed to decrease in waters beyond 30 nmi 532 
from shore. In addition, those areas have not been subject to regulation either before or after the 533 
rules went into effect and thus their occurrence in or near SMAs should not differ.  Their distance 534 
from shore also may make it less likely they would drift into SMAs.    535 

 536 
   537 

CONCLUSIONS 538 
 539 

Analyses of the locations where ship-struck whale carcasses are found provide useful 540 
methods for evaluating the biological effectiveness of SMAs established to protect North Atlantic 541 
right whales. The overall pattern of carcass discovery locations shown in Figure 2 strongly suggests 542 
that a large majority of ship collision victims found in pre-rule years were struck by ships entering 543 
and leaving ports where the ten SMAs were eventually designated during their effective dates. The 544 
increased waiting time between discovery of ship collisions in or near active SMAs after the 545 
December 2008 implementation (i.e., 5.0 years as of the date of this analysis) also suggests that the 546 
seasonal 10-knot speed limit has been effective, although additional time is needed to confirm long 547 
term trends. When the rule was adopted, it was thought it would also benefit humpback whales, but 548 
there is no evidence from this analysis that this has been true. Numerous collisions involving 549 
humpback whales were found in or near SMA boundaries, but most were not during active SMA 550 
dates. 551 
 552 

Based on these results, speed restrictions and the existing SMAs are tools that should be kept 553 
in place indefinitely.  Dredged channels passing through SMAs should not be exempted from 554 
restrictions as requested by petition because whales must travel across those channels and are at no 555 
less risk of being struck in those channels. The rules appear to have been effective and remain 556 
needed to prevent ship-related right whale deaths. However, to better cover areas where whales are 557 
at greatest risk, SMA boundaries along the right whale migratory corridor should be extended from 558 
20 to 30 nmi from shore as originally proposed by NMFS. In addition, consideration should be 559 
given to (1) changing the configuration of SMA boundaries off ports in mid-Atlantic states from 560 
arcs to rectangles to better protect whales migrating farther offshore, (2) establishing a new winter 561 
SMA along a segment of designated shipping lanes south of the Great South Channel SMA where 562 
four unretrieved right whale carcasses possibly struck by ships have been found in the months of 563 
December through February, and (3) extending the dates of SMAs to better cover times when 564 
humpback whales are likely to occur in SMA boundaries. Given the apparent effectiveness of 565 
reduced speed limits and experience indicating a lack of compliance with voluntary requests to use 566 
reduced speeds (Silber et al. 2012, McKenna et al. 2012), we also recommend that speed limits in 567 
short-term Dynamic Management Area zones be made mandatory, rather than voluntary, to protect 568 
periodic right whale aggregations found outside of active SMAs.  Our study provides encouraging 569 
evidence that 10-knot speed restrictions are effective for reducing vessel-related right whale deaths. 570 
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Such restrictions should be considered as an option for mitigating vessel strikes of large whales in 571 
other parts of the world where this problem is considered significant.   572 
 573 
ACKNOWLEDGEMENTS 574 
 575 
 We thank Mendy Garron and Allison Henry of the National Marine Fisheries Service for 576 
searching the National Marine Mammal Strandings database. We also thank Brooke Wikgren of the 577 
New England Aquarium for plotting those records on a study area map, calculating distances of 578 
carcasses from SMA boundaries and preparing the figures in this paper. Peter Thomas, Michael 579 
Tlusty, and four anonymous reviewers also provided constructive comments on early drafts for 580 
which we are very grateful. We also wish to acknowledge and thank all the necropsy team leaders 581 
and stranding program participants whose hard work has been essential for creating this valuable 582 
database.  583 
  584 
LITERATURE CITED 585 

Asaro M.J. (2012) Geospatial analysis of management areas implemented for protection of the 586 
North Atlantic right whale along the northern Atlantic coast of the United States. Mar. Policy 587 
36:915-921 588 

Clyne, H. 1999. Computer simulations of interactions between the North Atlantic right whale 589 
(Eubalaena glacialis) and shipping.  Masters thesis in Software Technology, Napier University 590 
(Scotland), 53 pp 591 
 592 
Conn PB and Silber G. K. (2013) Vessel speed restrictions reduce risk of collision-related mortality 593 
for North Atlantic right whales. Ecosphere 4(4) Article 43 594 
 595 
Efron B and Tibshirani RJ (1993) An Introduction to the Bootstrap. Chapman & Hall, New York, 596 
NY 597 
  598 
Fonnesbeck CJ, Garrison LP, Ward-Geiger LI, Baumstark RD (2008) Bayesian hierarchichal model 599 
for evaluating the risk of vessel strikes on North Atlantic right whales in the SE United States. 600 
Endang Species Res 6:87–94 601 
 602 
Gende SM, Hendrix AN, Harris KR, Eichenlaub B, Nielson J, and Pyare S (2011) A Bayesian 603 
approach for understanding the role of ship speed in whale-ship encounters. Ecol. Appl. 21:2232-604 
2240 605 
  606 
Geraci, JR, and Lounsbury VJ (2005) Marine Mammals Ashore: A Field Guide for Strandings.  2nd 607 
Edition.  National Aquarium in Baltimore. Baltimore, MD, USA. 371 pp 608 
 609 
Keller CA, Garrison L, Baumstark R, Ward-Geiger LI, Hines E (2012) Application of a habitat 610 
model to define calving habitat of the North Atlantic right whale in the southeastern United States. 611 
Endang. Species Res. 18:73-87  612 
 613 
Knowlton, AR, Kraus SD, and Kenney RD (1994) Reproduction in North Atlantic right whales 614 
(Eubalaena glacialis).  Can. J. Zool. 1297-1305 as cited in Blaylock RA, Hain JW, Hanson LJ, Palka DL 615 
and Waring GT (1995) U.S. Atlantic and Gulf of Mexico marine stock assessments. NOAA Tech. 616 



 14 Speed Limits for Right Whales                                                                                       

 

Memo. NMFS-SEFSC-363. National Marine Fisheries Service, Southeast Fisheries Science Center.  617 
Miami, FL.  213p. 618 
 619 
Knowlton, AR, Korsmeyer FT, Kerwin JE, Wu HY, and Haynes B.  1995.  The hydrodynamic 620 
effects of large vessels on right whales.  Final report to the National Marine Fisheries Service, 621 
Northeast Fisheries Science Center.  Contract No. 40ANFF400534.  Woods Hole, MA   622 

Knowlton AR, Kraus SD (2001) Mortality and serious injury of northern right whales (Eubalaena 623 
glacialis) in the western North Atlantic Ocean. J. Cetacean Res. Manage. 2 (Special Issue):193-208  624 

Knowlton AR, Hamilton PK, Marx MK, Pettis HM, Kraus SD (2012) Monitoring North Atlantic 625 
right whale Eubalaena glacialis entanglement rates: a 30 yr retrospective. Mar. Ecol.-Prog. Ser 466:293-626 
302. Doi:10.3354/meps09923.  627 

Kraus SD, Brown MW, Caswell H, Clark CW et al. (2005) North Atlantic right whales in crisis. 628 
Science 309:591-592. Available at http://www.sciencemag.org/content/309/5734/561 (accessed 26 629 
February 2013) 630 
 631 
Lagueux KM, Zani MA, Knowlton AR, Kraus SD (2011) Response by vessel operators to 632 
protection measures for right whales Eubalaena glacialis in the southeast US calving ground. Endang. 633 
Species Res. 14:69-77 634 
   635 
Laist DW, Knowlton AR, Mead JG, Collet AS, Podesta M (2001) Collisions between ships and 636 
whales. Mar. Mammal Sci. 17:35-75) 637 
 638 
Marine Mammal Commission (2008) The biological viability of the most endangered marine 639 
mammals and the cost-effectiveness of protection programs:  A report to Congress from the Marine 640 
Mammal Commission. Bethesda MD.  47p + Appendices. Available at 641 
http://mmc.gov/reports/publications/welcome.shtml (accessed 26 February 2013) 642 
 643 
Marine Mammal Commission (2013) Annual Report to Congress 2010-2011 Marine Mammal 644 
Commission.  Bethesda MD. 470p. Available at http://mmc.gov/reports/annual/welcome.shtml. 645 
 646 
McKenna MF, Katz SL, Condit C, Walbridge S (2012) Response of commercial ships to a voluntary 647 
speed reduction measure:  are voluntary strategies adequate for mitigating ship-strike risk?  Coast. 648 
Manage. 40:634-650 649 
 650 
Moore M.J, Knowlton AR, Kraus SD, McLellan WA, Bonde RK (2004) Morphometry, gross 651 
morphology and available histopathology in North Atlantic right whale (Eubalaena glacialis) 652 
mortalities (1970-2002).  J. Cetacean Res. Manage. 6:199-214 653 
 654 
Mueller M, Ortega-Ortiz JG, Zoodsma B. (2011) Vessel compliance with right whale protection 655 
measures in the southeast U.S. seasonal management area: trends from 5 years of monitoring.  656 
Abstracts: 19th Biennial Conference on the Biology of Marine Mammals.  Society for Marine 657 
Mammalogy.  P. 213 658 
 659 

http://mmc.gov/reports/publications/welcome.shtml
http://mmc.gov/reports/annual/welcome.shtml


 15 Speed Limits for Right Whales                                                                                       

 

National Marine Fisheries Service (2005) Recovery plan for the North Atlantic right whale Eubalaena 660 
glacialis Revision. U. S. Department of Commerce, National Oceanic and Atmospheric 661 
Administration.  Office of Protected Species.  Silver Spring MD.  Multi. p. Available at 662 
http://www.nmfs.noaa.gov/pr/recovery/plans.htm (accessed 10 October 2013) 663 
 664 
National Marine Fisheries Service (2006) Proposed rule to implement speed restrictions to reduce 665 
the threat of ship collisions with North Atlantic right whales.  Federal Register 71:36399 -36313. 666 
Available at http://www.nmfs.noaa.gov/pr/pdfs/fr/fr71-36299.pdf (accessed 26 February 2013)  667 
 668 
National Marine Fisheries Service (2008a) Final rule to implement speed restrictions to reduce the 669 
threat of ship collisions with North Atlantic right whales.  Federal Register. 73: 60173-60191. Available 670 
at http://www.nmfs.noaa.gov/pr/pdfs/fr/fr73-60173.pdf (accessed 10 October 2013)  671 
 672 
National Marine Fisheries Service (2008b) Final environmental impact statement to implement the 673 
operational measures of the North Atlantic right whale ship-strike reduction strategy.  Office of 674 
Protected Species. National Marine Fisheries Service.  Silver Spring, MD.  850p. Available at 675 
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/feis.pdf (accessed 10 October 2013) 676 

National Marine Fisheries Service (2013) Final rule to eliminate the sunset provision of the of the 677 
final rule implementing vessel speed restrictions to reduce the threat of ship collisions with North 678 
Atlantic right whales.  Federal Register.  9 June 2012. 78 FR 73726-73736. Available at 679 
http://www.gpo.gov/fdsys/pkg/FR-2013-12-09/pdf/2013-29355.pdf (accessed 20 December 2013) 680 
 681 
Pace RM, III (2011) Frequency of whale and vessel collisions on the US eastern seaboard: ten years 682 
prior and two years post ship-strike rule. NOAA/NEFSC Reference Document 11-15. Available at 683 
http://nefsc.noaa.gov/publications/crd/crd1115/ (accessed 26 February 2013) 684 
 685 
Russell BA, Knowlton AR, Zoodsma B (2001) Recommended measures to reduce ship strikes of 686 
North Atlantic right whales.  Report submitted to the National Marine Fisheries Service in partial 687 
fulfillment of NMFS Contract 40EMF9000223. National Marine Fisheries Service.  Office of 688 
Protected Resources.  Silver Spring, MD.  57p. Available at 689 
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CB4QF690 
jAA&url=http%3A%2F%2Fwww.nero.noaa.gov%2Fshipstrike%2Fsubinfo%2Ffinalreport.pdf&ei=691 
CXOZUJWvG-2O0QHzroHQDA&usg=AFQjCNGcgG-692 
aY0dXGdCyPp3DTBHugaaQcg&sig2=pQwpYoXpRfhAQEJ7k8fmSw (accessed 26 February 693 
2013) 694 
 695 
Schick RS (2009) Striking the right balance in right whale conservation. Can. J. Fish and Aquat. Sci. 696 
86:1399-1403  697 
 698 
Silber GK, Vanderlaan ASM, Arceredillo AJ, Johnson L, Taggart CT, Brown MW, Bettridge S, 699 
Samarminaga R (2012) The role of the International Maritime Organization in reducing vessel threat 700 
to whales: Process, options, action and effectiveness. Mar. Policy 36:1221-1233 701 
 702 
Silber GK, Adams JD, Bettridge S (2012). Vessel operator response to a voluntary measure for 703 
reducing collisions with whales. Endang. Species Res. 17:245-254 704 
 705 

http://www.nmfs.noaa.gov/pr/recovery/plans.htm
http://www.nmfs.noaa.gov/pr/pdfs/fr/fr71-36299.pdf
http://www.nmfs.noaa.gov/pr/pdfs/fr/fr73-60173.pdf
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/feis.pdf
http://nefsc.noaa.gov/publications/crd/crd1115/
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nero.noaa.gov%2Fshipstrike%2Fsubinfo%2Ffinalreport.pdf&ei=CXOZUJWvG-2O0QHzroHQDA&usg=AFQjCNGcgG-aY0dXGdCyPp3DTBHugaaQcg&sig2=pQwpYoXpRfhAQEJ7k8fmSw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nero.noaa.gov%2Fshipstrike%2Fsubinfo%2Ffinalreport.pdf&ei=CXOZUJWvG-2O0QHzroHQDA&usg=AFQjCNGcgG-aY0dXGdCyPp3DTBHugaaQcg&sig2=pQwpYoXpRfhAQEJ7k8fmSw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nero.noaa.gov%2Fshipstrike%2Fsubinfo%2Ffinalreport.pdf&ei=CXOZUJWvG-2O0QHzroHQDA&usg=AFQjCNGcgG-aY0dXGdCyPp3DTBHugaaQcg&sig2=pQwpYoXpRfhAQEJ7k8fmSw
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nero.noaa.gov%2Fshipstrike%2Fsubinfo%2Ffinalreport.pdf&ei=CXOZUJWvG-2O0QHzroHQDA&usg=AFQjCNGcgG-aY0dXGdCyPp3DTBHugaaQcg&sig2=pQwpYoXpRfhAQEJ7k8fmSw


 16 Speed Limits for Right Whales                                                                                       

 

Silber GK, Bettridge S (2009) Report of a workshop on assessing the effectiveness of the right whale 706 
ship-strike reduction rule. NOAA Technical Memorandum NMFS-OPR-42.  Office of Protected 707 
Resources.  National Marine Fisheries Service.  Silver Spring, MD.  55p. Available at 708 
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/technology_workshop_report.pdf (accessed 26 709 
February 2013) 710 
 711 
Silber GK, Bettridge S (2010) Vessel operations in right whale protection areas in 2009.  U.S. 712 
Department of Commerce. NOAA Tech. Memo. NMFS-OPR-44. 44 p. Available at 713 
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&sqi=2&ved=0CB4714 
QFjAA&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fpdfs%2Fshipstrike%2Fopr44.pdf&ei=715 
UXOZUNrVEIKR0QGwjoH4CA&usg=AFQjCNGPW7ZfYVx3bQKszH1OyNDPls08Kw&sig2=j8j_716 
H_1ukQi0xFPbUiYpgA (accessed 26 February 2013) 717 
 718 
 719 
Silber GK, Bettridge S (2012) An assessment of the final rule to implement vessel speed restrictions 720 
to reduce the threat of vessel collisions with North Atlantic right whales.  NOAA Technical 721 
Memorandum NMFS-OPR-48.  Office of Protected Resources.  National Marine Fisheries Service.  722 
U.S. Department of Commerce.  Silver Spring, MD.  114p. Available at 723 
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/assessment_nmfsopr48.pdf (accessed 26 February 724 
2013) 725 
 726 
Silber GK, Slutsky J, and S. Bettridge (2010), Hydrodynamics of a ship/whale collision.  J Exp. Mar. 727 
Biol. Ecol. 391:10-19 728 
 729 
van der Hoop JM, Moore MJ, Barco SG, Cole TVN, Daoust P-Y, Henry AG, McAlpine DF, 730 
McLellan WA, Wimmer T, Solow AR (2013) Assessment of management to mitigate anthropogenic 731 
effects on large whales.  Conserv. Biol. 27:121-133.  doi: 10.1111/j.1523-1739.2012.01934.x 732 
 733 
Vanderlaan ASM and Taggart CT (2007) Vessel collisions with whales: the probability of lethal 734 
injury based on vessel speed. Mar Mammal Sci 23: 144-156 735 
 736 
Vanderlaan ASM, Taggart CT, Serdynska AR, Kenney, RD, and Brown MW (2008) Reducing the 737 
risk of lethal encounters: vessels and right whales in the Bay of Fundy and on the Scotian Shelf.  738 
Endang. Species Res. 4:283-297 739 
 740 
Vanderlaan ASM, Corbett JJ, Green SL, Callahan JA, Wang C, Kenney RD, Taggart CT, and 741 
Firestone J (2009) Probability and mitigation of vessel encounters with North Atlantic right whales.  742 
Endang. Species Res. 6:273-385. doi: 10.3354/esr00176. 743 
 744 
Ward-Gieger LI, Silber GK, Baumstark RD, and Pulfer TF (2005) Characterization of ship traffic in 745 
right whale critical habitat.  Coast. Manage. 33:263-278. 746 
 747 
Waring, GT, E Josephson, K Maze-Foley, and PE Rosel (eds) (2012) U.S. Atlantic and Gulf of 748 
Mexico marine stock assessments – 2011. NOAA Tech. Memo. NMFS-NE-221. National Marine 749 
Fisheries Service, Northeast Fisheries Science Center.  Woods Hole, MA.  319p. 750 
 751 
Wiley, DN, Thomson MA, and Merrick (2006) Realigning the Boston traffic separation scheme to 752 
redue the risk of ship strikes to right and other baleen whales.  In Börner, K and HarIn Borner, K 753 

http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/technology_workshop_report.pdf
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&sqi=2&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fpdfs%2Fshipstrike%2Fopr44.pdf&ei=UXOZUNrVEIKR0QGwjoH4CA&usg=AFQjCNGPW7ZfYVx3bQKszH1OyNDPls08Kw&sig2=j8j_H_1ukQi0xFPbUiYpgA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&sqi=2&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fpdfs%2Fshipstrike%2Fopr44.pdf&ei=UXOZUNrVEIKR0QGwjoH4CA&usg=AFQjCNGPW7ZfYVx3bQKszH1OyNDPls08Kw&sig2=j8j_H_1ukQi0xFPbUiYpgA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&sqi=2&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fpdfs%2Fshipstrike%2Fopr44.pdf&ei=UXOZUNrVEIKR0QGwjoH4CA&usg=AFQjCNGPW7ZfYVx3bQKszH1OyNDPls08Kw&sig2=j8j_H_1ukQi0xFPbUiYpgA
http://www.google.com/url?sa=t&rct=j&q=&esrc=s&frm=1&source=web&cd=1&sqi=2&ved=0CB4QFjAA&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fpdfs%2Fshipstrike%2Fopr44.pdf&ei=UXOZUNrVEIKR0QGwjoH4CA&usg=AFQjCNGPW7ZfYVx3bQKszH1OyNDPls08Kw&sig2=j8j_H_1ukQi0xFPbUiYpgA
http://www.nmfs.noaa.gov/pr/pdfs/shipstrike/assessment_nmfsopr48.pdf


 17 Speed Limits for Right Whales                                                                                       

 

and Hardy EFIn Borner, K and Hardy EF (2009) Courtesy of the National Oceanic and 754 
Atmospheric Administration. In “5th Iteration (2009): Science Maps for Science Policy-Makers,” 755 
Places & Spaces: Mapping Science,.  Available at http://scimaps.org. (accessed 18 October 2013).   756 
 757 
Wiley DN, Thompson M, Pace, III RM, Levenson J (2011). Modeling speed restrictions to mitigate 758 
lethal collisions between ships and whales in the Stellwagen Bank National Marine Sanctuary, USA. 759 
Biol. Conserv. 144: 2377-2381  760 
 761 
 762 
  763 

http://scimaps.org/


 18 Speed Limits for Right Whales                                                                                       

 

 764 
Table 1.  Date and distance from Seasonal Management Areas (SMAs) of all North Atlantic right 765 

whale carcasses attributed to ship collisions along the U.S. East Coast:  1 January 1990 – 8 766 
December 2013.  (* = carcass found in or within 45 nmi (74 km) of SMA boundaries 767 
during active time frames; Decomposition codes: 1 = alive, 2 = fresh, 3 = moderate 768 
decomposition, 4 = advanced decomposition, Unk = unknown condition) 769 

 770 

Date Nearest SMA 

Inside 
SMA 

Dates? 
Inside SMA 
Boundary? 

Distance from SMA 
(in nmi/km) 

Decomp. 
Code 

 
Before 8 December 2008 Rule Effective Date 

03/12/91* Calving Grounds SMA Yes Yes 0 3 

01/05/93* Calving Grounds SMA Yes Yes 0 1 

12/06/93* Chesapeake Bay SMA Yes No 2.6 / 4.8 Unk 

01/30/96* Calving Grounds SMA Yes Yes 0 3 

03/09/96* Cape Cod Bay SMA Yes Yes 0 Unk 

04/20/99* Cape Cod Bay SMA Yes Yes 0 3 

03/17/01* Delaware Bay SMA Yes No 36  /  66.7 3 

06/18/01 New York Harbor  MA No Yes 0 3 

08/22/02 Delaware Bay SMA  No No 15.4  / 28.5 4 

02/07/04* Chesapeake Bay SMA Yes Yes 0 3 

11/17/04* Chesapeake Bay SMA Yes Yes 0 3 

01/12/05* Calving Grounds SMA Yes Yes 0 2 

04/28/05* Outer Cape Cod SMA Yes No 5.9 / 10.9 3 

01/10/06* Calving Grounds SMA Yes Yes 0 2 

12/30/06* Calving Grounds SMA Yes Yes 0 3 

 
After 8 December 2008 Rule Effective Date 

07/02/10 Great South Channel SMA Yes No 112 / 207 3 

03/27/11 Chesapeake Bay SMA  Yes No 47 / 86 4 

 771 
  772 
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Table 2.  Date and distance from Seasonal Management Areas (SMAs) of all North Atlantic right 773 
whale carcasses attributed to unknown causes possibly including ship strikes along the U.S. 774 
East Coast:  1 January 1990 – 8 December 2013.  (* = carcass found in or within 45 nmi 775 
(74 km) of SMA boundaries during active time frames; Decomposition codes: 1 = alive, 2 776 
= fresh, 3 = moderate decomposition, 4 = advanced decomposition, Unk = unknown 777 
condition). 778 

 779 

Date Nearest SMA 

Inside 
SMA 

Dates? 
Inside SMA 
Boundary? 

Distance from SMA 
(in nmi/km) 

Decomp. 
Code 

 
Before  8 December 2008 Rule Effective Date 

 

01/15/93 Calving Grounds SMA Yes No  62 / 115 Unk 

12/06/93* Chesapeake Bay SMA Yes No 1.2 / 2.2 Unk 

02/08/96* Calving Grounds SMA Yes Yes 0 4 

02/19/96* Calving Grounds SMA Yes Yes 0 3 

10/07/98 Chesapeake Bay SMA  No No 8.5  / 15.7  4 

01/19/00* Block Island Sound SMA Yes Yes 0 Unk 

01/27/01* Calving Grounds SMA Yes No 15  / 28  Unk 

03/17/01* NC-Georgia Coast SMA        Yes        No  3 / 5.6 4 

06/10/02* Great South Channel SMA Yes Yes 0 4 

09/03/02 Chesapeake Bay SMA            No       No          38  / 70.3 3 

09/06/02 Chesapeake Bay SMA No No          65  /  120.3 4 

12/09/04 Great South Channel  SMA No No 38  /  70.3 Unk 

01/09/05 Great South Channel SMA No No 21  /  38.9 4 

02/14/08* Calving Grounds SMA  Yes Yes 0 4 

 
After 8 December 2008 Rule Effective Date 

 

02/17/09* Calving Grounds SMA Yes Yes 0 3 

02/25/09 Great South Channel SMA No Yes 0 3 

08/18/09 New York Harbor SMA            No No   44  / 81.5 4 

12/19/09 Great South Channel SMA No No 6.1  /  11.3 2 

02/19/11* NC-GA SMA Yes No 34  /  63.0 4 

03/17/11* Delaware Bay SMA Yes No 40 /  74.1 3 

03/02/12* Race Point SMA Yes No  24  /  44.5 3 

 780 
  781 
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Table 3.  Date and distance from Seasonal Management Areas (SMAs) of all humpback whale 782 
carcasses attributed to ship strikes along the U.S. East Coast:  1 January 1990 – 8 June 783 
2011.  (* = carcass found in or within 45 nmi (74 km) of SMA boundaries during active 784 
time frames; Decomposition codes: 1 = alive, 2 = fresh, 3 = moderate decomposition, 4 = 785 
advanced decomposition, Unk = unknown condition). 786 

 787 

Date Nearest SMA 

Inside 
SMA 

Dates? 
Inside SMA 
Boundary? 

Distance from SMA 
(in  nmi/km)  

Decomp. 
Code 

 
Before 8 December 2008 Rule Effective Date 

 

11/08/91* New York Harbor SMA Yes No 22.6  / 41.9 Unk 

02/14/92* Chesapeake Bay SMA Yes Yes 0 3 

04/16/92* Delaware Bay SMA Yes No 22.7  /  42.0 4 

06/04/95 Chesapeake Bay SMA No No 0.1  /  0.2 3 

05/09/96 Delaware Bay SMA No No 0.5  /  0.9 3 

11/03/96* Chesapeake Bay SMA Yes No 42.9  /  79.5 3 

12/10/97* Morehead City SMA Yes Yes 0 3 

12/04/00* Morehead City SMA Yes Yes 0  

01/25/01 Chesapeake Bay SMA Yes No 51.6  /  95.6 2 

04/08/01* NC-GA Coast SMA Yes Yes 0 2 

07/29/01 New York Harbor SMA No No 6.8  /  12.6 3 

08/18/01 Delaware Bay SMA No  No 22.5  /  41.7  2 

10/01/01 Cape Cod Bay SMA No Yes 0 3 

02/08/02* Chesapeake Bay SMA Yes No 4.8  /  8.9 Unk 

05/30/02 Race Point SMA No No 51.7  /  95.7 3 

08/01/02 New York Harbor SMA No No 0 4 

06/06/03 Chesapeake Bay SMA No  No 4.6  /  8.5 2-3 

12/19/04* Delaware Bay SMA Yes Yes 0 3 

01/09/06* NC-GA Coast SMA Yes Yes 0 3 

03/17/06* Chesapeake Bay SMA Yes No 1.5  /  2.8 3 

09/27/06 Delaware Bay SMA No Yes 0 4 

10/15/06 Delaware Bay SMA No No 6.2  / 11.5 4 

05/10/07 Chesapeake Bay SMA No No 21.6  /  40.0 4 

05/13/07 Race Point SMA No No 9.2  /  17.0 4 

06/24/07 Race Point SMA No Yes 0 3 

11/04/08* Delaware Bay SMA Yes No 20.1  /  37.2 2 

 
After 8 December 2008 Rule Effective Date 

 

07/27/09 New York Harbor SMA No Yes 0 3 

03/13/10* Delaware Bay SMA Yes No 12.8  /  23.7 3 

06/10/10 New York Harbor SMA  No No 0.1   /  0.2 3 

07/04/10 Delaware Bay SMA No No 12.0  /  22.2 4 

03/07/11* Morehead City SMA Yes No 15  /  27.8 1 

05/28/11 New York Harbor No No 23.9  /  44.3 4 

 788 
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 789 
Table 4.  Number of known right whale and humpback whale deaths along the U.S. East Coast 790 

attributed to ship strikes and unknown causes possibly including ship strikes found inside 791 
or within 45 nmi of active Seasonal Management Area (SMA) boundaries or beyond 45 792 
nmi of SMA boundaries before and after the SMA implementation on 8 December 2008.  793 
(i.e., 8 December 1990 through 8 December 2013 for right whales and through 8 June 794 
2011 for humpback whales). 795 

 796 

 Pre rule Post rule 

 
Right Whales - Ship Strikes 

  

Inside or within 45 nmi of SMA boundaries 13 0 

Beyond 45 nmi of nearest SMA 2 2 

 
Right Whales - Unknown Cause 

  

Inside or within 45 nmi of SMA boundaries 8 4 

Beyond 45 nmi of nearest SMA 6 3 

 
Humpback Whales - Ship Strikes 

  

Inside or within 45 nmi of SMA boundaries 12 2 

Beyond 45 nmi of nearest SMA 14 4 

 797 
 798 
 799 
   800 
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       801 
 802 
Figure 1.   Locations and effective dates of Seasonal Management Areas (SMAs) requiring 10-knot 803 

ship speed limits after 8 December 2008 to protect North Atlantic right whales.  804 
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 805 

      806 
 807 
Figure 2.   Locations and dates where all North Atlantic right whales killed by ships were found 808 

before and after Seasonal Management Areas (SMAs) were established on 8 December 809 
2008 (* = carcass found in or within 45 nmi (74 km) of SMA boundaries during active 810 
time frames; ■ = carcass locations during pre-rule years 1990-2008; ▲ = carcass 811 
locations during post-rule years 9 December 2008 through 8 December 2013). 812 

 813 
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                  814 
 815 
Figure 3.   Locations and dates where all North Atlantic right whales killed by unknown causes 816 

possibly including ship-strikes were found before and after Seasonal Management Areas 817 
(SMAs) were established on 8 December 2008 (* = carcass found in or within 45 nmi (74 818 
km) of SMA boundaries during active time frames; ■ = carcass locations during pre-rule 819 
years 1990-2008; ▲ = carcass locations during post-rule years 9 December 2008 through 820 
8 December 2013). 821 

 822 
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      823 
 824 
Figure 4.   Locations and dates where all humpback whales killed by ships were found before and 825 

after Seasonal Management Areas (SMAs) were established on 8 December 2008 (* = 826 
carcass found in or within 45 nmi (74 km) of SMA boundaries during active time frames; 827 
■ = carcass locations during pre-rule years 1990-2008; ▲ = carcass locations during post-828 
rule years 9 December 2008 through 8 June 2013). 829 

  830 
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 831 

 832 
Figure 5.   Eubalaena glacialis. Probabilities of finding 0 to 10 right whale carcasses in or near 833 

Seasonal Management Areas (SMAs) over the 5 yr post-rule period (8 December 2008 to 834 
8 December 2013) based on bootstrap resampling of discovery records during the 18 yr 835 
pre-rule period (8 December 1990 to 7 December 2008). Dark gray bars show 836 
probabilities of 5 yr totals assuming whales could be found in any year during the 5 yr 837 
period; light gray bars show probabilities assuming no whales were found in Years 1 to 5 838 
and 0, ≤1, or ≤2 whales were found in Year 6; gray dashed line shows the annual mean 839 
pre-rule discovery rate of 0.72 (equivalent to 3.6 carcasses over 5 yr). 840 
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