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 North Atlantic humpback whales ( Megaptera novaeangliae) in 

the Gulf of Maine overlap with both recreational and commercial 

vessel activity. Vessel strikes are one source of anthropogenic 

impact that has the potential to inhibit the recovery of this 

protected species. There are currently no regulations or 

guidelines specifically devised to reduce the likelihood of 

collisions for vessels transiting in the vicinity of humpback 

whales, except for vessels actively engaged in whale watching. 

To better understand interactions between vessels and humpback 

whales, we analyzed injuries on 624 individuals photographed in 

the southern Gulf of Maine from 2004 to 2013. Multiple reviewers 

evaluated 210,733 photos for five categories of injury 

consistent with a vessel strike. In total, 14.7% ( n = 92) of 

individuals photographed showed injuries consistent with one or 

more vessel strikes. These results likely underestimate vessel 

collision rates and impacts because multiple events, events 

resulting in mortality, and those that involved only blunt force 

trauma could not be detected. Nevertheless, our results indicate 

that vessel strikes are underreported and that healing is 

dependent on the severity and location of the injury. We 

recommend that a management strategy be developed for all 

classes of vessels transiting in the vicinity of whales. 

Key words: vessel strike, humpback whale, Gulf of Maine, 

Stellwagen Bank National Marine Sanctuary, marine conservation, 

scar, photo-identification, wound, healing. 

 The Gulf of Maine (GoM) is the southernmost primary feeding 

ground for humpbacks in the North Atlantic Ocean and individuals 

and overlap with both recreational and commercial vessel 

activity. At the time of this study, humpback whales were listed 

as endangered under the U.S. Endangered Species Act and 
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considered a strategic stock under the U.S. Marine Mammal 

Protection Act. Strategic stocks are defined as those for which 

the rate of direct human-caused mortality exceeds the designated 

potential biological removal (PBR) level (16 U.S.C. § 1362 

[19]). Observed mortalities and injuries from anthropogenic 

causes may be inhibiting recovery of this protected species 

(Waring et al. 2014), and these events are likely underestimated 

due to undetected events, limited carcass recovery and necropsy 

effort, and difficulty in assessing cause of death when 

carcasses are examined. Cause of death was determined for less 

than half of all reported humpback whale carcasses observed on 

the U.S. East Coast between 1970 and 2009 (van der Hoop et al. 

2013). When cause of death was determined, 74% were attributed 

to human activities, including ship strikes (van der Hoop et al. 

2013). 

 In 2008 the National Marine Fisheries Service (NMFS) 

implemented the Final Rule to implement speed restrictions to 

reduce the threat of ship collisions with North Atlantic Right 

whales (U.S. Federal Register 2008), codified at 50 C.F.R. § 

224.105 (2008). These seasonal management areas, which require 

vessels greater than 20 m to travel at ≤10 knots, were designed 
for North Atlantic right whales, but proposed to provide 

ancillary benefit to other large whales, including humpback 

whales. While the seasonally managed areas covered by the “Speed 

Rule” were found to reduce collision risk with North Atlantic 

right whales, Laist et al. (2014) found that humpback whales did 

not significantly benefit. Similarly, van der Hoop et al. (2015) 

did not detect significant reduction in ship strikes of large 

whales either spatially or temporally following the 

implementation of the seasonally managed ship speed rule. 
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Currently, in NOAA’s Northeast Region (Maine through Virginia), 

there are guidelines for vessels engaged in whale-watching to 

avoid harassment and possible injury (U.S. Federal Register 

1999). These voluntary guidelines were developed in 1985 

(revised in 1998) as a result of vessel strikes by commercial 

whale-watching vessels and included input from the commercial 

whale-watching owners and managers. Wiley et al. (2008) found 

that commercial whale-watching vessels did not fully comply with 

the speed portion of the guidelines, yet also concluded that no 

whales were struck by commercial whale-watch vessels during the 

study period. However, the latter depends entirely on reporting 

by vessels involved in strikes and by those that witness events. 

Limitations on event detection and reporting have prompted 

injury-based studies of entanglement rates (Robbins and Mattila 

2001, 2004; Robbins 2009, 2012). However, to date, there has 

been no systematic effort to quantify nonlethal vessel-related 

injuries on Gulf of Maine humpback whales. 

 This study analyzes images for injuries consistent with 

vessel strikes in order to address the following objectives: (1) 

to estimate the percentage of humpback whales in the southern 

GoM that have apparent vessel-strike injuries, (2) to analyze 

the apparent vessel-strike data in conjunction with demographic 

data to identify any particularly vulnerable demographic 

component of the population, (3) to characterize the body 

location and severity of observed injuries and to monitor 

healing and clarify definitions on healing, and (4) to review 

management efforts and outreach for vessels transiting in the 

vicinity of whales in the southern GoM and recommend 

modifications to monitoring and management. 

 METHODS 
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Data Sources 

 This study focused on 210,733 high-resolution digital 

images of 624 individual humpback whales. Images were collected 

by the Whale and Dolphin Conservation aboard commercial whale-

watching boats and research vessels in and around the Stellwagen 

Bank National Marine Sanctuary, in the southwest GoM, from 2004 

through 2013. They were obtained primarily for photo-

identification purposes with an emphasis on ventral fluke and 

dorsal fin images, but other body parts were also documented 

opportunistically. Individual identifications and data on sex 

and age class were facilitated by the Gulf of Maine Humpback 

Whale Catalog curated by the Center for Coastal Studies 

(Provincetown, MA). 

Vessel-strike Injury Analysis 

 Protocols for detecting and assessing vessel-strike 

injuries were adapted from studies of North Atlantic right 

whales (Knowlton and Costidis 2013) and gray whales (Bradford et 

al. 2009). The body was divided into 26 body regions for coding 

purposes (Fig. 1). A scoring opportunity was defined as the 

ability to code a body zone in a given photograph. Photographic 

coverage was determined to be “full,” “partial,” or “none” for 

each of the body regions, given all photos available for the 

individual. In order for coverage of a given zone to be 

considered “full,” the entire zone must have been clearly 

visible in photographs of adequate quality (reasonable distance 

and clarity). Anything less than full coverage of a zone was 

deemed “partial” coverage. Zones rated with “full” coverage were 

used to determine whether a vessel-strike injury existed in that 

zone (yes/no) and “partial” coverage zones were rated as either 

yes or unknown for scar presence. Body zones could potentially 
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have more than one vessel-strike injury in or across multiple 

body zones. Cases in which there were vessel-strike injuries 

across multiple zones did not automatically qualify the injury 

as resulting from a separate vessel-strike event. These 

injuries, if not obvious by continuity of the wound/scar, were 

then scored for state of healing appearance. 

Vessel-strike Injury Definitions 

 In order for the injury to be attributed to a vessel 

strike, the wound had to meet one of five mutually exclusive 

categories: (1) consistent with propeller; (2) probably due to 

propeller; (3) consistent with skeg + propeller; (4) other 

physical vessel trauma; or (5) other possible vessel-strike 

injuries, defined as follows: 

 Consistent with propeller and probably due to propeller—

Relatively parallel wound pattern with evenly spaced incisions; 

these injuries can vary in size, appearance, and severity 

depending on the size of the vessel, the speed of the boat, and 

the position of the animal in the water column (Fig. 2A). 

 Consistent with propeller + skeg—An injury with relatively 

parallel evenly spaced incisions with a singular straight 

wound/scar adjacent to the propeller incisions. The singular 

straight injury (skeg wound/scar) will be nearly perpendicular 

to the parallel evenly spaced incisions (propeller wound/scar) 

and may extend the full or partial length of the propeller 

incisions (Fig. 2B). 

 Other physical vessel trauma—Other injuries that appear to 

be the result of physical trauma from either a pointed object or 

a sharp edge or from a blunt force, other than those described 

above. Wounds inflicted from other physical trauma are often 

“lumpy” in appearance with irregular edges once healed (Fig. 
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2C). 

 Other possible vessel strike injuries—Other injuries that 

could not be confidently assigned to one of the previous 

definitions, but were not consistent with social, foraging, or 

entanglement injuries and may have been the result of a vessel 

strike (Fig. 2D). 

 After the injury type was categorized, its severity and 

healing states were evaluated. Severity was determined by the 

body layers affected as follows: (1) penetration only of the 

skin, (2) penetration of the skin and blubber, and (3) 

penetration into muscle or deeper. State of healing was 

categorized at each observation as fresh/recent, healing, or 

healed, as defined in Table 1. 

 For each of the 26 body zones, dates were noted for when 

the scar/wound was first sighted and the date on which each 

photo was taken. The age class of the animal at the time the 

vessel-strike injury was determined following previous humpback 

whale studies in the GoM ( e.g., Clapham 1993, Robbins 2007). Age 

classes were defined as follows: dependent calves (<1 yr old), 

independent juveniles (known to be 1–4 yr old), and adults ( ≥5 
yr old). Cases in which wounds had healed prior to the first 

sighting of the injury, or the age of the individual was not 

known, categorized as age class “unknown” for this analysis.  

Statistical Analyses 

 A chi-square test for independence was used to determine 

whether vessel-strike injury presence differed among the factors 

sex, age class, and body region. 

Interrater Agreement 

 A primary and secondary reviewer independently coded all 

suitable photos collected from 2004 to 2011 using the vessel-
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strike injury analysis protocols as outlined above. Both 

reviewers had previous marine mammal photo-identification 

experience. Images for 2012–2013 were analyzed by the same 

primary reviewer and three secondary reviewers (reviewers 2a, 

2b, and 2c) with photo-identification experience ranging from <1 

to >2 yr. All reviewers were trained using the same techniques 

and protocols as outlined above for the study. This technique 

was used to test the agreement and ability to have multiple 

researchers analyzing data in the future and to test the 

strength of the injury-type definitions developed for this 

study. 

 Krippendorff’s alpha ( α) was used to measure the agreement 

between the reviewers. This statistic is a reliability 

coefficient developed to measure agreement between independent 

coders (Krippendorff 2007). Krippendorff’s alpha is a 

generalization of several known reliability indices and enables 

a variety of data with the same reliability standard to be 

ranked. Krippendorff’s alpha can be used for both large and 

small sample sizes, any number of categories, levels of 

measurement, and accounts for incomplete or missing data (Hayes 

and Krippendorff 2007). The basic form of the equation is

α = −1
D

D
o

e

 , where Do is the observed disagreement and De is the 

disagreement one would expect when the coding of units is 

attributable to chance. When observers agree perfectly, Do = 0 

and α = 1, (Krippendorff 2007). Krippendorff suggests the 

following for interpreting his coefficient: “It is customary to 

require α ≥ .800. Where tentative conclusions are still 
acceptable, α ≥ .667 is the lowest conceivable limit” 
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(Krippendorff 2004, p. 241). 

 Following interrater agreement tests, reviewers discussed 

all disagreements of injuries and injury type. The reviewers 

defended the rating they gave and referred back to definitions 

for support. The primary reviewer and second reviewer(s) came to 

consensus for the final calculations of the data analysis. 

 RESULTS 

Interrater Agreement 

 The data analyzed included 624 individuals, resulting in 

16,224 scoring opportunities for both the primary reviewer and 

the second reviewer. Overall, reviewer 1 and reviewer 2 agreed 

83.5% of the time for vessel-strike injury presence ( α = 0.707; 

n agreements = 13,539; n disagreements = 2,685). As more than 

one reviewer 2 was used for the analysis of the 2012–2013 data, 

each reviewer 2 was analyzed independently against reviewer 1. 

Reviewer 2a agreed 83.1% ( α = 0.704), reviewer 2b agreed 83.4% 

(α = 0.705) and reviewer 2c agreed 84.0% (α = 0.712) with 

reviewer 1 for the presence of vessel-strike injuries. Agreement 

of vessel-strike injury presence for the rating of “yes” was 

particularly strong with 99.3% agreement between the primary and 

all secondary reviewers combined. 

 Overall, reviewer 1 and reviewer 2 agreed 99.3% of the time 

on the decision of injury type ( α = 0.627; n agreements = 

16,116; n disagreements = 108). Reviewer 2a agreed 99.5% ( α = 

0.651) with reviewer 1. Reviewer 2b agreed 99.3% ( α = 0.70) and 

reviewer 2c agreed 99.2% ( α = 0.514) for the decision of injury 

type against reviewer 1. 

Photographic Coverage of Body Zones 

 Of the 624 analyzed individuals, 11.8% ( n = 53) had full 

photographic coverage of all dorsal and ventral regions while 
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64.8% ( n = 398) had full photographic coverage of all dorsal 

zones posterior to the blowhole through the tailstock (Fig. 3). 

Photographic coverage was most complete for dorsal regions and 

both the dorsal and ventral fluke. The ventral fluke was the 

most photographed zone, due to it being the primary photo-

identification feature. The ventral tail stock was the most 

predominant zone rated “partial” coverage (Fig. 4). Photo 

coverage was consistently limited for the pectoral fins and all 

ventral regions except the ventral flukes. The dorsal side of 

the pectoral fin was the only dorsal zone that was not partially 

or fully photographed in at least 50% of the individuals. Full 

photographic coverage was available for 4,427 scoring 

opportunities on the left side body zones vs. 4,462 scoring 

opportunities for the right side body zones. Partial 

photographic coverage was determined for 538 scoring 

opportunities for the left side body zones vs. 513 scoring 

opportunities for the right side body zones. No photos were 

recorded for 3,134 scoring opportunities on the left side body 

zones vs. 3,124 scoring opportunities on the right side body 

zones. 

Vessel-Strike Injuries 

 Out of the 624 individuals reviewed, 14.7% ( n = 92) of 

whales had injuries consistent with at least one vessel strike, 

with a total of 149 injuries documented. The number of vessel-

strike injuries per individual ranged from zero to four. Of the 

individuals showing evidence of vessel strikes, most exhibited 

either one ( n = 46) or two ( n = 37) injuries, however, seven 

individuals had three vessel-strike injuries and two showed 

evidence of four vessel-strike injuries. In most cases it could 

not be determined whether multiple injuries in different body 
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zones were caused by one or more event. However, one individual, 

a dependent calf, was confirmed to have injuries from two 

separate events. The two events were discriminated based on the 

presence of new fresh injuries in different body regions within 

weeks of when the calf was most recently documented with its 

initial healing injuries. 

State of Healing 

 The 149 vessel-strike injuries were each categorized into 

one of the three healing states based on definitions in Table 1. 

In total, 10% ( n = 15) were classified as fresh/recent at first 

sighting, 29% ( n = 43) as healing, and 61% ( n = 91) as healed. A 

total of 15 fresh/recent injuries were observed on nine 

individuals; of these nine individuals, five individuals (all 

calves) were documented in the study area without injuries 

between 6 d and 1 mo prior to the first date of detection. Fresh 

injuries were documented in 2008 ( n = 4), 2009 ( n = 4), 2011 

( n=3), 2012 ( n = 1) and 2013 ( n = 3).  

Severity of Injuries 

 Injuries were categorized as 29% ( n = 43) penetrating skin 

only, 66% ( n = 98) extending into blubber, and 5% ( n = 8) 

extending into muscle. 

Vessel-strike Injury Type 

 Vessel-strike injuries were assigned to one of five injury 

types based on definitions above and Figures 2A–2D: 12% ( n = 18) 

were consistent with propeller wounds, 9% ( n = 14) were 

consistent with skeg + propeller wounds, 8% ( n = 12) were 

probable propeller wounds, 38% ( n = 56) were deemed other 

physical vessel trauma and 33% ( n = 49) were considered other 

probable vessel-strike injuries (Fig. 4). 

Body Region 
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 A total of 58% ( n = 86) of vessel-strike injuries were 

located on the right side of the individual, 42% ( n = 63) had 

injuries on the left side of the body. In addition, 21% ( n = 32) 

had vessel-strike injuries on both sides of the body. A chi-

squared test shows there was no significant difference in the 

number of right side vs. left side injuries χ² (1, n = 149) = 

3.550, P = 0.059). 

 Zones 5R and 5L, comprising the flank region, were the body 

zones sighted most frequently with injuries from a vessel 

strike. Forty-six percent ( n = 69) of all vessel wounds/scars 

were observed in zone 5 with 28% ( n = 42) in 5R and 18% ( n = 27) 

in 5L. Including only vessel-strike injuries consistent with 

propeller and consistent with skeg + propeller (excluding 

“probable” vessel-related injuries and other vessel-related 

injuries), zones 5 and 8 ranked highest with 62% and 16% 

respectively. Using a chi-squared test, we found significant 

differences between the locations of injuries between all zones 

( P < 0.001), with the highest percentage of injuries documented 

in zone 5. Zone 1R (right side of head) and 12L and 12R 

(pectoral fins), were the only observed dorsal zones where no 

vessel-strike injuries were observed (Fig. 5). 

Identification of Vulnerable Demographics of the Population 

Sex 

 Sex was known for approximately 68% of the individuals 

studied ( n = 422) with a bias toward females. The frequency of 

vessel-strike injuries for females 19.0% (48/252) was not 

significantly different from males 16.5% (28/170) χ² (1, n = 76) 

= 3.16, P = 0.57). 

Age Class 

 Of the 92 individuals with injuries consistent with vessel 
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strikes, the age class at which they acquired the injury could 

be determined for 56 individuals: 55% were acquired when the 

whale was an adult ( n = 31), 13% ( n = 7) as a juvenile, 32% ( n = 

18) as a calf. Two mothers sustained injuries while accompanied 

by a dependent calf. 

 A chi-squared test indicated statistically significant 

differences in overall vessel-strike injury frequency χ² (2, n = 

56) = 15.4, P < 0.0001) among adults (55% n = 31), juveniles 

(13%, n = 7), and calves (32%, n = 18). 

 DISCUSSION 

 Injury-based assessments have been used to evaluate the 

frequency of entanglement among Gulf of Maine humpback whales 

(Robbins and Mattila 2001, 2004; Robbins 2009, 2012); however, 

this study is the first to analyze vessel-strike injuries 

systematically through photographs of humpback whales in this 

region. 

 Similar to a previous study (Bradford et al. 2009), two 

reviewers were used for interrater agreement to determine 

reliability of the findings and to determine whether protocols 

may be used by more than one qualified researcher and achieve 

similar results. This study also tested the methodology by using 

multiple second reviewers with varying degrees of photo-

identification experience to assess the strength of the 

definitions developed for the study. Interrater agreement 

results indicated that once an individual has been trained, the 

level of prior research experience was not a factor in the 

ability to determine presence or absence of vessel-strike 

injuries and to rate types of scarring based on the definitions 

used in this study. This implies that more than one trained 

researcher may be used to produce comparable results if study 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-14  

protocols and definitions are followed. 

 The dorsal body regions that were most frequently observed 

with sublethal vessel-strike injuries were posterior to the 

pectoral fins through the tail stock. It is likely that surface 

exposure of the back, combined with the tendency to raise the 

tail stock prior to a dive, leave these regions most vulnerable. 

Because data were obtained opportunistically, it is possible 

that images of body parts, other than those used for photo-

identification, were photographed more frequently if wounds were 

observed. However, as most (63.8%) of the individuals examined 

in this study had full photographic coverage of the dorsal 

region (posterior to the blowhole through the tail stock) it is 

unlikely that these data are biased by wound presence. The 

results of this study indicate that whales can be struck in any 

dorsal region. However, the frequency of injuries in the dorsal 

back and tail stock regions, and the high likelihood of these 

areas being photographed highlight the importance of these body 

regions. This suggests that in the absence of full body 

documentation, vessel-strike injury monitoring of these regions 

in particular could be beneficial in assessing the impacts of 

vessel-strikes in future studies. 

 Definitions of injury type and healing state used in this 

study were developed from and generally consistent with previous 

marine mammal anthropogenic injury studies (Bloom and Jager 

1994, Visser 1999, Rommel et al. 2007, Bradford et al. 2009, 

Robbins 2012). According to Rommel et al. 2007, the skin over 

healed injuries should be stretched, smooth, and glossy tissue 

in appearance. However, our results indicate that smooth 

epidermal coverage is not in all cases an adequate indicator of 

a “healed” injury. In one documented case, the underlying shape 
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of a vessel-strike injury to a caudal peduncle continued to 

change over a 47 mo time frame, even though full epidermal 

coverage with smooth tissue was noted within 15 mo of the 

injury. In this case, smooth, glossy tissue was not a good 

indicator because tissue continued to modify at the injury site. 

It is possible that deep injuries to the caudal peduncle, or 

other areas with flexure and movement, will take longer to heal 

(Zogaib and Monte-Alto-Costa 2011). Healing likely varies with 

the severity of the injury, placement of the injury, and the age 

of the animal. We recommend that a vessel-strike injury not be 

assumed to have healed until the appearance of the wound site 

remains unchanged. In the referenced case above, “healed” status 

was determined after the individual was documented with no 

changes in healing over a 2 yr period (see Appendix S1 and 

associated figures). However, future longitudinal studies of 

humpback whale vessel-strike injuries are needed to better 

quantify criteria for healing status. 

 As with healing, the severity of the injury cannot easily 

be determined by images alone. In this study, the majority (66%) 

of the injuries observed appeared to penetrate the blubber 

layer, with very few (5%) cases known to involve muscle. The few 

observed incidences of the latter may be due to a higher 

mortality from these types of injuries. As this was a systematic 

study of photographs of live animals, analyses were limited to 

those that the individuals were able to survive the vessel-

strike injury. According to Laist (2001), most severe and lethal 

injuries result from collisions with large ships, whereas our 

sample set is most likely biased towards encounters with smaller 

vessel size classes. However, initially surviving a vessel 

strike does not guarantee that injury will not result in 
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mortality later in the animal’s life (Moore et al. 2007). 

Although the wound site might appear to be healing/healed or 

superficial, chronic exposure to stress in cetaceans may cause 

an imbalance in metabolic regulation which can lead to death 

(Angliss and Demaster 1998). In at least one mortality case, a 

humpback whale succumbed to an apparent infection from a vessel-

strike injury that was documented as healed 2

 At least 14.7% of southern Gulf of Maine humpback whales 

showed evidence of at least one injury consistent with a vessel 

strike. Because these data were largely based on opportunistic 

sightings taken from whale-watching vessels, it is conceivable 

that individuals that are more likely to interact with boats 

were photographed more frequently and these may also have a 

higher likelihood of vessel strikes. Alternatively, it is 

conceivable that these individuals have greater experience with 

vessels and so are more adept at avoiding collisions. In the 

future, the techniques used in this study can be applied to data 

from systematic population surveys to evaluate this question and 

to examine vessel-strike injuries at the population level in the 

GoM. 

 and would likely 

have been classified as moderate in severity when the injury was 

first detected. This was known only because the whale was 

necropsied to determine its cause of death. Studies have shown 

that necropsies are necessary to accurately determine blunt 

force trauma (Wiley et al. 1995; Moore et al. 2004, 2013), but 

this case in particular provides an example of a mortality 

resulting from an injury that appeared to be superficial, or 

healed. Long-term studies underway on this population will help 

to clarify the ultimate fate of the individuals in this study 

relative to those that have not been exposed to a vessel strike. 
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 This study found that adult humpback whales are 

significantly more likely to acquire injuries from vessel 

strikes and have an overall higher frequency of such injuries. 

While we cannot definitively determine that risk is higher for 

adults, it may be a result of foraging behavior. Weinrich et al. 

(1997) found that adult humpback whales preferentially exploit 

prey in the upper water column, which may result in increased 

exposure to vessel activity. It is also important to consider 

that previous studies of humpback whales have shown no 

detectable reactions to vessels when whales were engaged in 

surface feeding or social behaviors (Krieger and Wing 1984, 

Baker and Herman 1989, Neilson et al. 2012). Furthermore, 

Friedlander et al. (2009) noted that humpback whale surface 

feeding behavior in the southern GoM was most likely to occur 

during daylight hours, a time when prey are more likely to be at 

the surface and, as supported by acoustic data, vessel density 

in the region is also likely to be highest (SBNMS). In contrast, 

when considering only fresh/recent injuries evaluated in the 

study, calves were more likely (56%) to exhibit wounds from 

vessel strikes, consistent with the findings of Laist et al. 

(2001). 

 Ten percent of the injuries were rated as fresh and were 

assumed to have occurred in the study region, as these 

individuals were documented in the study area without injuries 

between 6 d and 1 mo prior to the first date of detection. 

Because the images were not taken at standardized distance, 

photogrammetry scales could not be applied to estimate propeller 

wound dimensions and, therefore, vessel class sizes. Similarly, 

the activities in which the vessels were engaged when the 

strikes occurred cannot be determined. However, it is unlikely 
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that the injuries were caused by either sovereign vessels, 

vessels engaged in commercial whale watching, or vessels 

carrying paying passengers as these vessel types have been shown 

to be more likely to report their strikes than other vessel 

types (Jensen and Silber 2003). Other vessels that could account 

for the unreported events documented in this study include 

commercial fishing, recreational vessels, and other small 

boaters. According to the Stellwagen Bank National Marine 

Sanctuary, more than 400 commercial fishing vessels operate in 

the southern GoM year round along with recreational boating and 

fishing vessels (SBNMS 2007). With more than 64 harbors and 80 

yacht clubs in Massachusetts alone, the Sanctuary estimates that 

hundreds of small boaters operate within the Sanctuary waters 

daily during the summer, a time when humpback whales are most 

likely to be present (SBNMS 2007). 

 Between 2004 and 2013, NOAA’s Northeast Region’s Office of 

Law Enforcement had only received one report of a vessel strike 

(initially reported as harassment) involving a humpback whale. 3 

This collision did not result in sharp force trauma and, as a 

result, was not part of this study. Therefore, none of the 

injuries analyzed in this study were reported to NOAA. Laist et 

al. (2001) found that for vessels <24 m in length it is highly 

unlikely that the collisions go undetected by the operator, as 

vessel damage tends to be significant for this size class. A 

study of reported whale-vessel collisions in Alaskan waters by 

Neilson et al. (2012) further supports these claims; the study 

reports one-third of collisions resulted in some kind of human 

toll and/or property damage. This raises the question of whether 

the lack of reporting a vessel collision with a whale is due to 

the fact that boaters are unaware they have struck a whale, 
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perceived legal consequences, or ignorance of the requirement 

and method to report. 

 The 1998 revisions of the Northeast Regional Whale-Watching 

Guidelines included the development of “speed rings” 

specifically designed to reduce the risk of collisions when 

whale-watching vessels approach and leave large whales. The 

development and monitoring of these guidelines has focused 

exclusively on commercial whale-watching vessels (SBNMS 

Behavioral Disturbance Working Group Plan 2004, Wiley et al. 

2008). According to NOAA (2010), recreational boaters are 

numerous and often aggressive in the Stellwagen Bank National 

Marine Sanctuary from May to September, the major portion of the 

whale-watch season. A public education program, “See a Spout, 

Watch out!” was developed by Whale and Dolphin Conservation, in 

conjunction with NOAA, in an attempt to educate private 

recreational boaters that whale watch in the sanctuary. SBNMS 

recognizes that this is largely a land-based outreach program 

and an on-the-water program is needed to successfully increase 

outreach to vessels in the vicinity of whales (SBNMS 2007). The 

concern for vessels operating in the vicinity of whales (not 

including commercial whale-watching vessels) has been 

acknowledged by the SBNMS Advisory Council and the council has 

formally recommended that the Sanctuary support and develop 

research programs to reduce the risk of vessel strikes (SBNMS 

2007). In August of 2015, the SBNMS piloted its Whale Outreach 

and Education Project with the specific purpose of conducting 

outreach and educating private boaters and whale watchers 

regarding the Northeast Regional Whale Watching Guidelines and 

best practices. 4 Continued monitoring of vessel-strike injuries 

will help to evaluate whether these management and outreach 
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approaches will reduce the number of ship strikes or the 

reporting rates. 

 This study provides a minimum estimate of vessel strikes 

for humpback whales in the southern Gulf of Maine and provides 

evidence that these events are underreported. Further efforts 

should be focused on defining the vessel classes involved in 

these strikes, increasing rates of reporting, and analyzing the 

potential for impacts from injuries that are not immediately 

fatal. We believe that long-term studies of injuries on whales 

can be useful in monitoring the efficacy of existing 

guidelines/regulations. Results from wound studies can assist 

managers in evaluating their ability to meet the statutory goals 

put forward for protected species. We recommend that future 

guideline/regulation development should consider all vessels 

operating or transiting in the vicinity of whales, not only 

those engaged in whale watching. 

 A CKNOWLEDGMENTS 

 Funding was provided by NOAA Award Number NA11NMF4720240. 

The authors wish to thank the following for their input on study 

design: S. Barco, C. Carlson, D. Gannon, A. Henry, M. Moore, W. 

McLellan and A. Rosner. The following are thanked for their 

assistance analyzing photos for the study: M. Collins, M. Vane 

and K. McPherson. Initial coding efforts by L. Burns and H. 

Hansen provided a backbone for the project. Catherine Roach 

provided graphic design support, Bob Barry designed a database, 

and we are grateful to the crews of the Captain John Boats, 

Hyannis Whale Watcher, and Shearwater Excursions for enabling 

data collection. This project was greatly enhanced from the 

input and support of Dr. Sofie Van Parijs, Phillip Wilson, Sue 

Rocca, Monica Pepe, Michel Harms, David Silvia, Keith Palmer, 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-21  

Karen Costa, Laura Bridge, Sharon Young, and Sierra Weaver, as 

well as the many WDC interns over the years who have collected 

data. 

 L ITERATURE CITED  

Angliss, R. P., and D. P. Demaster. 1998. Differentiating 

serious and non-serious injury of marine mammals taken 

incidental to commercial fishing operation. Report of the 

Serious Injury Workshop. 1–2 April 1997, Silver Spring, MD. 

U.S. Department of Commerce, NOAA Technical Memorandum 

NMFS-OPR-13. 48 pp. 

Baker, C. S., and L. M. Herman. 1989. Behavioral responses of 

summering humpback whales to vessel traffic: Experimental 

and opportunistic observations. Technical Report NPS-NR-

TRS-89-01, U.S. Department of the Interior, National Park 

Service. 50 pp.  

Bloom, P., and M. Jager. 1994.The injury and subsequent healing 

of a serious propeller strike to a wild bottlenose dolphin 

( Tursiops truncatus) resident in cold waters off the 

Northumberland coast of England. Aquatic Mammals 20(2):59–

64. 

Bradford, A., D. Weller, Y. Ivaschenko, A. Burdin and R. L. 

Brownell, Jr. 2009. Anthropogenic scarring of western gray 

whales ( Eschrichtius robustus). Marine Mammal Science 

25:161–175. 

Clapham, P. J. 1993. Social organization of humpback whales on a 

North Atlantic feeding ground. Symposia of the Zoological 

Society of London 66:131–145. 

Friedlaender, A. S., E. L. Hazen, et al. 2009. Diel changes in 

humpback whale Megaptera novaeangliae feeding behavior in 

response to sand lance Ammodytes spp. behavior and 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-22  

distribution. Marine Ecology Progress Series 395:91–100. 

Hayes A. F., and K. Krippendorff. 2007. Answering the call for a 

standard reliability measure for coding data. Communication 

Methods and Measures 1:77–89. 

Jensen, A. S., and G. K. Silber. 2003. Large whale ship strike 

database. U.S. Department of Commerce, NOAA Technical 

Memorandum NMFS-OPR-25. 37 pp. 

Knowlton, A., and A. Costidis. 2013. A review of vessel strike 

wounding North Atlantic right whales to assess frequency, 

wound and vessel dimensions, and lethal and sub-lethal 

impacts. Final report to the Volgenau Foundation. Available 

from the John H. Prescott Marine Laboratory, New England 

Aquarium, Central Wharf, Boston, MA. 

Krieger, K., and B. Wing. 1984. Humpback whale prey studies in 

southeastern Alaska, Summer 1983. Northwest and Alaska 

Fisheries Center, Auke Bay Laboratory, Auke Bay, AK. 42 pp. 

Krippendorff, K. 2004. Content analysis: An introduction to its 

methodology. Sage, Thousand Oaks, CA. 

Krippendorff, K. 2007. Computing Krippendorff’s alpha-

reliability. Available at 

http://repository.upenn.edu/asc_papers/43. 

Laist, D. W., A. R. Knowlton, J. G. Mead, A. S. Collet and M. 

Podesta. 2001. Collisions between ships and whales. Marine 

Mammal Science 17:35–75. 

Laist, D. W., A. R. Knowlton and D. Pendleton. 2014. 

Effectiveness of mandatory vessel speed limits for 

protecting North Atlantic right whales. Endangered Species 

Research 23:133–147. 

Leaper D. J., and K. G. Harding. 1998. Wounds: Biology and 

management. Oxford University Press, Oxford, U.K. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-23  

Li, J., J. Chen and R.  Kirsner. 2007. Pathophysiology of acute 

wound healing. Clinics in Dermatology 25:9–18. 

Mercandetti, M., and A. J. Cohen. 2005. Wound healing: Healing 

and repair. MedScape. Available at 

http://emedicine.medscape.com/article/1298129 

 -overview#aw2aab6b6. 

Moore, M., A. Knowlton, S. Kraus, W. McLellan, R. Bonde. 2004. 

Morphometry, gross morphology and available histopathology 

in North Atlantic right whale ( Eubalaena glacialis) 

mortalities. Journal of Cetacean Research and Management 

6:199–214.  

Moore, M., W. Mclellan, P. Daoust, R. Bonde and A. Knowlton. 

2007. Right whale mortality: A message from the dead to the 

living. Pages 358–379 in S. D. Kraus and R. Rolland, eds. 

The urban whale: North Atlantic right whales at the 

crossroads. Harvard University Press, Cambridge, MA. 

Moore, M., J. van der Hoop, S. G. Barco, et al. 2013. Criteria 

and case definitions for serious injury and death of 

pinnipeds and cetaceans caused by anthropogenic trauma. 

Diseases of Aquatic Organisms 103:229–264. 

Neilson, J. L., C. M. Gabriele, A. S. Jensen, K. Jackson and J. 

M. Straley. 2012. Summary of reported whale-vessel 

collisions in Alaskan waters. Journal of Marine Biology, 

Volume 2012, Article ID 106282.  

NOAA (National Oceanic and Atmospheric Administration). 2010. 

Stellwagen bank national marine sanctuary final management 

plan and environmental assessment. Office of National 

Marine Sanctuaries, Silver Spring, MD. 

NOAA (National Oceanic Atmospheric Administration). 2012. 

Northeast regional whale watching guidelines. Available at 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-24  

https://www.greateratlantic.fisheries.noaa.gov/Protected 

 /mmp/stories/whalewatchingoct2012.pdf. 

Robbins, J. 2007. Structure and dynamics of the Gulf of Maine 

humpback whale population. Ph.D. thesis. University of St. 

Andrews, Aberdeen, Scotland. 168 pp. 

Robbins, J. 2009. Scar-based inference of Gulf of Maine humpback 

whale ( Megaptera novaeangeliae) entanglement: 2003–2006.  

Report to Northeast Fisheries Science Center. Order number 

EA133F04SE0998. 34 pp. Available from the Provincetown 

Center for Costal Studies, Provincetown, MA. 

Robbins, J. 2012. Scar-based inference into Gulf of Maine 

humpback whale entanglement: 2010. Report to the National 

Marine Fisheries Service. Order number EA133F09CN0253. 

Northeast Fisheries Science Center, National Marine 

Fisheries Service, Woods Hole, MA. 28 pp. 

Robbins, J., and D. K. Mattila. 2001. Monitoring entanglements 

of humpback whales ( Megaptera novaeangliae) in the Gulf of 

Maine on the basis of caudal peduncle scarring. Unpublished 

report to the Scientific Committee of the International 

Whaling Commission SC/53NAH25. 

Robbins, J., and D. K. Mattila. 2004. Estimating humpback whale 

( Megaptera novaeangliae) entanglement rates on the basis of 

scar evidence. Order number 43EANF030121. Northeast 

Fisheries Science Center, National Marine Fisheries 

Service, Woods Hole, MA. 22 pp. 

Rommel S. A., A. C. Costidis, T. D. Pitchford, J. D. Lightsey, 

R. H. Snyder and E. M. Haubold. 2007. Forensic methods for 

characterizing watercraft from watercraft-induced wounds on 

the Florida manatee ( Trichechus manatus latirostris). 

Marine Mammal Science 23:110–132. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-25  

SBNMS (Stellwagen Bank National Marine Sanctuary). 2004. Gerry 

E. Studds Stellwagen Bank National Marine Sanctuary marine 

mammal behavioral disturbance action plan. 40 pp. Available 

at 

http://stellwagen.noaa.gov/management/workinggroups/wgpdf 

 /mmbdsacapprovedap.pdf. 

SBNMS (Stellwagen Bank National Marine Sanctuary). 2007. Gerry 

E. Studds Stellwagen Bank National Marine Sanctuary 

condition report 2007. U.S. Department of Commerce, 

National Oceanic and Atmospheric Administration, National 

Marine Sanctuary Program, Silver Spring, MD. 41 pp. 

U.S. Federal Register. 1999. Notice of availability of revised 

whale watch guidelines for vessel operations in the 

northeastern United States. FR 64(104):29270–29271 (1 June 

1999). National Marine Fisheries Service, National Oceanic 

and Atmospheric Administration, Department of Commerce, 

Washington, DC. 

U.S. Federal Register. 2008. Endangered fish and wildlife; Final 

Rule to implement speed restrictions to reduce the threat 

of ship collisions with North Atlantic right whales. FR 

73(198):60173–60191 (10 October 2008). National Marine 

Fisheries Service, National Oceanic and Atmospheric 

Administration, Department of Commerce, Washington, DC. 

van der Hoop, J. M., M. J. Moore, S. G. Barco, et al. 2013. 

Assessment of management to mitigate anthropogenic effects 

on large whales. Conservation Biology 27:121–133 

van der Hoop, J. M., A. S. M. Vanderlaan, T. V. N. Cole, A. G. 

Henry, L. Hall, B. Mase-Guthrie, T. Wimmer and M. J. Moore. 

2015. Vessel strikes to large whales before and after the 

2008 Ship Strike Rule. Conservation Letters 8:24–32. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



 

This article is protected by copyright. All rights reserved 

[4243]-26  

Visser, I. 1999. Propeller scars on and known home range of two 

orca ( Orcinus orca) in New Zealand waters. New Zealand 

Journal of Marine and Freshwater Research 33:635–642. 

Waring, G. T., E. Josephson, K. Maze-Foley and P. E. Rosel, eds. 

2014. U.S. Atlantic and Gulf of Mexico Marine Mammal Stock 

Assessments 2013. U.S. Department of Commerce, NOAA 

Technical Memorandum NMFS-NE-228. 464 pp.  

Weinrich, M., M. Martin, R. Griffiths, J. Bove and M. Schilling. 

1997. A shift in distribution of humpback whales, Megaptera 

novaeangliae, in response to prey in the southern Gulf of 

Maine. Fishery Bulletin 95:826–836.  

Wiley, D. N., R. A. Asmutis, T. D. Pitchford and D. P. Gannon. 

1995. Stranding and mortality of humpback whales, Megaptera 

novaeangliae, in the mid-Atlantic and southeast United 

States, 1985–1992. Fishery Bulletin 93:196–205. 

Wiley, D. N., J. C. Moller, R. M. Pace and C. Carlson.  2008. 

Effectiveness of voluntary conservation agreements: Case 

study of endangered whales and commercial whale watching. 

Conservation Biology 22:450–457. 

Zogaib, F. G., and A. Monte-Alto-Costa. 2011. Moderate intensity 

physical training accelerates healing of full-thickness 

wounds in mice. Brazilian Journal of Medical and Biological 

Research 44:1025–1035. 

 Received: 16 March 2016 

 Accepted: 12 November 2016 

 Figure 1. Twenty-six body zones used when coding for vessel 

interactions, adapted from Bradford et al. 2009 and Knowlton et 

al. 2013. 

 Figure 2. (A) Consistent with propeller and probably due to 

propeller, (B) consistent with propeller + skeg, (C) other 
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physical vessel trauma, (D) other possible vessel strike 

injuries. 

 Figure 3. Frequency of photo coverage: full, partial, and 

no photos of each body region (zone) ( n = 624). 

 Figure 4. Relative percentage of vessel strike injuries 

occurring in each dorsal zone. The number of individual injuries 

are also noted ( n = 142). Zones with the highest incidence of 

vessel strike are highlighted darkest. 

 Figure 5. Frequency of appearance of injury by body region 

( n = 149). 

 
1 Corresponding author (e-mail: alexn.hill@gmail.com). 
2 Personal communication from David Rotstein, Marine Mammal 

Pathology Services, 19117 Bloomfield Road, Olney, MD 20832, 

September 2014. 
3 Personal communication from Todd Nickerson, Special Agent, NOAA 

NMFS Northeast Region Office of Law Enforcement, 53 N 6th 

Street, New Bedford, MA 02740, September 2014. 
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 Table 1. Definition of healing states. 

 Personal communication from David Slocum, Operations 

Coordinator, Stellwagen Bank National Marine Sanctuary, 175 

Edward Foster Road, Scituate, MA  02066, August 2015. 

 

Phase of wound 

healing 
Physical appearance description Physiological description 

“Fresh/Recent” = 

Inflammatory 

Phase 

Wound site is often deep red or variations of pink 

in color. Blubber or muscle layers may be 

exposed.  

Blood clot is formed; blood vessels dilate 

to allow for antibodies, white blood cells, 

and nutrients to reach the wound. 

Autolysing of necrotic tissue (Leaper and 

Harding 1998). 
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“Healing” = 

Proliferation and 

Maturation 

phases

Growth band of new tissue begins to form and 

grow inwards from the edges of the wound site, 

pigment ranging from variations of pink to 

white/gray. Later stages of healing may present 

“normal” pigmentation of the skin matching the 

uninjured regions; however the shape of the 

wounded site may continue to evolve.   

a 

Proliferation: Wound is “rebuilt” with 

new granulation tissue combined of 

collagen and extracellular matrix.  The 

color and condition of the tissue is an 

indicator of healing (Leaper and Harding 

1998).  

Maturation: The final phase in healing 

occurs once the wound has closed.  

Collagen is remodeled and realigned 

along tension lines where the wound is 

contracting. This phase can last a year or 

longer depending on the size of the 

wound (Mercandetti and Cohen 2005). 

   

“Healed” Raised or indented ranging from black to white in 

color (Robbins 2012); stretched, smooth and 

glossy tissue in appearance (Bloom and Jager 

1994, Rommel et al. 2007). Appearance of the 

wound site has remained unchanged over a 

consistent period of time.   

Postmaturation. 

 
a

 S UPPORTING I NFORMATION 

 Wound healing is a complex process and can be divided three 

stages: an inflammatory reaction, a proliferative process 

leading to tissue restoration, then tissue remodeling (Li et al. 

2007). For the purposes of coding healing stages, no 

differentiation was made between the proliferation and 

remodeling phases of healing; both phases were categorized as 

“healing.” 

 The following supporting information is available for this 

article online: 

 Appendix S1. Case study: NA8988 “Rapier’s 2009 Calf.” 

 Figure S1. 10 June 2009; state of healing: Fresh. 

 Figure S2. 25 June 2009; state of healing: Healing. 
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 Figure S3. 14 July 2009; state of healing: Healing. 

 Figure S4. 28 September 2010; state of healing: Healing. 

 Figure S5. 20 July 2011; state of healing: Healing. 

 Figure S6. 16 August 2011; state of healing: Healing. 

 Figure S7. 27 May 2012; state of healing: Healing. 

 Figure S8. 9 September 2012; state of healing: Healing. 

 Figure S9. 11 May 2013; state of healing: Healing.  
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