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ABSTRACT

Entanglement in fishing gear is a serious source of large whale injury and
mortality.  However, biases in event reporting and documentation can obscure the
proportion of the population affected and changes in rates over time.  The caudal
peduncle is commonly implicated in humpback whale entanglements and is
consistently presented during the terminal dive.  Peduncle scarring can therefore
be monitored as a relative index of entanglement.  Between 1997 and 1999, high
quality photographs were taken of the caudal peduncle of 261 free-ranging
humpback whales, Megaptera novaeangliae, in the Gulf of Maine.  Photographs
were obtained while parallel to the whale and slightly ahead of its flukes during
the terminal dive.  Images were blind coded to reflect the presence or absence of
wrapping scars, notches and other injuries that were believed to be entanglement-
related.  The coding system was successfully tested against seven whales with
documented entanglements during the study period.  Only 12% (n=17) of the
1999 sample exhibited no evidence of entanglement.  Males were more likely
than females to exhibit entanglement-related scars.  Yearlings were at highest
risk, although whales continued to become entangled when mature.  Calves were
at significantly lower risk than all other age classes.  Thirty-one percent of the
animals sampled in 1997 and 1999 acquired entanglement-related scars between
sampling events.  Severe entanglement-related injuries were detected at a rate of
1-2%.  This study indicates that a minimum of 31 whales were entangled in the
Gulf of Maine between 1997 and 1999, in addition to the 12 events that were
witnessed and reported during that period.  These data suggest that the
entanglement reporting rate during that period was no greater than 3%.

INTRODUCTION

Entanglement in fishing gear is a known source of injury and mortality for humpback
whales in the Gulf of Maine (Anonymous 1991).  However, there are no systematic
baseline data with which to evaluate the success or failure of management initiatives
aimed at reducing this impact.  Biases resulting from variable effort, training and
education of observers make it difficult to interpret trends in the numbers of
entanglements reported.  While evidence of entanglement may be tracked through long-
term humpback whale photographic catalogs, the features routinely monitored are not the
most sensitive indicators of that type of event.  Scars in other areas tend to be
documented when they are noticed in the field.  The resulting bias toward obvious and
severe scars makes it difficult to compare rates of entanglement between individuals and
sampling events.

The caudal peduncle is frequently involved in reported entanglements and can be
documented during the terminal dive with minimal individual bias.  In 1997, CCS began
a systematic study of caudal peduncle scarring to evaluate relative rates and severity of



entanglement, as well as the proportion of the population affected (Mattila and Robbins
1998, Robbins and Mattila 1999a).  This report presents the results obtained in 1999 and
discusses those results in the context of two previous years of data.

METHODS

The majority of the photographs used in this study were obtained aboard commercial
whale watch boats operating in the coastal waters of Massachusetts, particularly the
Gerry E. Studds-Stellwagen National Marine Sanctuary (Stellwagen Bank, Figure 1).
Since researchers did not control the movement of these vessels, whales were not
approached specifically to obtain the desired photographic coverage.  Instead, the caudal
peduncle was photographed whenever the photographer was parallel to and slightly ahead
of the whale as it began its terminal dive. The caudal peduncle was also photographed
when exposed by other behaviors, such as rolling, lobtailing or breaching.  In order to
reduce observer bias towards scarred whales, photographers were instructed to
photograph all suitably positioned individuals.  However, because of the commercial
interests of whale watch vessels, photographic coverage may have nevertheless been
biased toward certain types of groups, such as those that were active, curious or contained
a calf.  The caudal peduncle was also documented opportunistically during dedicated
humpback whale research cruises performed in the Great South Channel and the northern
Gulf of Maine (Figure 1).  Peduncle coverage was most commonly obtained when the
vessel was in position for a biopsy sampling attempt, alongside the whale and slightly
ahead of its flukes.  From this position, it was possible to photograph the peduncle and
the leading edge of the flukes when the whale initiated its next terminal dive.

Photographs were taken using SLR cameras equipped with a power winder, data back
and 300-mm lens.  In some cases, a 100-300 zoom lens was also used.  All photographs
were shot with 400 ASA black & white film.  Primary analysis of the photographic data
was performed from a contact sheet of each roll shot.  The fluke and dorsal fin of each
animal were matched to the CCS Gulf of Maine humpback whale catalog in order to
determine or confirm identity.  The best photographs of the caudal peduncle obtained for
each catalogued whale were then digitally enlarged using a Nikon Coolscan II
slide/negative scanner to a minimum resolution of 150 dpi.  The quality of the
photographs (based upon distance, angle and focus) were considered at all phases of
analysis, and unacceptable photos were eliminated from further consideration.  All
acceptable images were catalogued in a Microsoft Access database along with associated
sighting and photo information.  Additional photographs were catalogued if they were
deemed suitable for between-year comparisons of the same individual.

A single individual (JR) coded each enlarged image based on the location and type of
marks exhibited.  The caudal peduncle and flukes were divided into six general areas: the
right and left flanks, the leading edge of the flukes (right and left), the dorsal peduncle
and the ventral peduncle.  A code was assigned to each area indicating the type of
mark(s) present (Table 1 and Figure 2).  Once the six regions of the peduncle were
evaluated, individuals with suitable coverage in at least two regions were rated as to their
likelihood of having been entangled (Table 2 and Figure 3).  Although the coding scheme



was intended to standardize entanglement status determinations, they remained
subjective, based upon the pattern and severity of scarring observed across all of the
documented regions.  However, photographic coverage from previous years and life
history data (including entanglement records) were not factored into the coding process.

Annual population monitoring performed by CCS since the late 1970s has produced an
extensive database on individual humpback whales in the Gulf of Maine.  The database
includes information that is critical to evaluating entanglement risk, such as sex, age,
maternal lineage, calving history and distribution.  Sexes of Gulf of Maine humpback
whales were based on genetic analysis of a tissue sample (Palsbøll et al. 1992, Clapham
et al. 1995, Bérubé and Palsbøll 1996b, Bérubé and Palsbøll 1996a), a photograph of the
genital slit (Glockner 1983) or, in the case of females, documentation of at least one calf.

An exact age was calculated for each individual cataloged in the Gulf of Maine during its
first year of life.  For animals without a known year of birth, a minimum age was
assigned by assuming that the whale was at least 1 year old the first year it was sighted.
Female humpback whales in the Gulf of Maine have been shown to reach sexual maturity
at the average age of 5 (Clapham 1992), a figure which corresponds well with findings
for both male and female humpback whales in the Southern Hemisphere (Chittleborough
1965).  Consequently, juvenile whales were assumed to be those that were first cataloged
as calves and were less than five years old in the year that they were sampled.  Whales
were considered to be sexually mature if they were known to be at least five years old or
were first sampled as an independent whale at least four years prior to being sampled.  A
maturational class could not be confidently assigned to whales without a known year of
birth that were first cataloged less than four years prior to this study.

For the purpose of this study, each individual was assigned to one of three Gulf of Maine
regions (Figure 1) based on where the tail stock photograph was obtained.  Individuals
that were sampled in more than one area were assigned to multiple regions.

RESULTS

Evaluation of coding technique

The validity of the coding scheme was tested using whales with documented
entanglements (Table 3).  Caudal peduncle photographs were available for seven
entanglements witnessed in 1998.  In four cases, the maximum entanglement duration
could be determined based upon gear-free sightings earlier in the same season.  In the
remaining three cases, the entanglement duration could not be reliably established.  The
poor skin condition of one of the three (Event 4, Table 3) suggested that it had been
entangled longer, or more seriously, than the others.  In the three cases that an exact age
was known, two whales were entangled as juveniles.  The third whale had reached the
average age of sexual maturity when first reported entangled, but likely encountered the
gear while still immature.  Males and females were equally represented, although one
individual was of unknown sex.



Based on an examination of peduncle photographs, six of the seven whales entangled in
1998 exhibited scarring consistent with status codes E3 and E4 (high probability of
entanglement).  As shown on Table 3, the only animal that did not exhibit high
probability scars was also not entangled at the caudal peduncle.  Even peduncle
entanglements of relatively short duration produced high probability scars.  Scarring that
was produced by a one-day entanglement (Event 5) is depicted in Figure 4.  When first
encountered, the whale had several loose wraps of 3/8-inch synthetic line around the
peduncle and was trailing a small PVC high-flyer and toggle buoy.  The severity of the
entanglement prior to the initial report is unknown, but the whale was sighted the
previous day with no obvious entanglement.  In a single day, the whale received notches,
linear wrapping scars and wide areas of scuffing consistent with scar codes S3 and S4.
Elements of scarring were visible in all six areas of the caudal peduncle and were still
diagnostic when last photographed, 305 days after the whale was disentangled.  Examples
of the scars persisting from entanglement Events 2 and 4 are depicted on Figure 5.

Scar coding results

Each sampled individual was characterized as having a ‘high’, ‘low’ or ‘uncertain’
probability of previous entanglement based on the results of entanglement status coding
(Table 4).  As shown in Table 4, 12% (n=17) of the 1999 sample showed no evidence of
entanglement.  At least 65% (n=93) of the 1999 sample had a high likelihood
entanglement, while 24% (n=34) could not be positively attributed to entanglement
despite entanglement-like elements.  Since the ‘uncertain’ category likely contains some
entanglement-related scars that have healed beyond recognition, ‘high’ probability values
reported herein were the minimum number of caudal peduncle entanglements in this
sample.

The proportion of low probability scars in 1999 was not significantly different from the
1997 sample.  However, it should be noted that the 1998 sample contained a significantly
higher proportion of ‘clean’ whales than in either 1997 or 1999.  The 1998 sample
contained the highest proportion of calves in the study; however, the results obtained
were not fully explained by the age, sex or regional composition of those samples.

Age Composition

Although an exact age was not available for every individual, a maturational class was
successfully assigned to 84% (n=304) of the animals sampled during this study.  Mature
whales made up the majority of the sample (62%), with the remainder consisting of
calves (12%), whales of unknown maturational class (16%) and non-calf juveniles (11%).
The proportion of high probability scarring in each age class is provided as Table 5.
There was no significant difference between the entanglement rates of independent
juveniles and mature whales in this three-year sample (X2=0.85, d.f.=1, p=0.36).  Even
yearlings exhibited the same rates of scarring as mature whales. While four calves



exhibited high probability scars during this study (including one severe injury), as a class
they were at significantly lower risk overall than independent juveniles (X2=15.00,
d.f.=1, p<0.001) and mature animals.

Sex Composition

Eighty-three percent (n=300) of the samples obtained in this study were from whales of
known sex.  There was a 1.7:1 female bias in the overall sample, reflecting the fact that
more females than males have been sexed in the Gulf of Maine population.  When the
analysis was limited to samples from whales whose sex was known from genetic
sampling, the sex ratio did not differ from parity (X2=0.31, p=0.57, d.f.=1, n=129).  Thus,
it does not appear that females were preferentially sampled in this study.  A summary of
the entanglement status by sex and year is provided as Table 6.  Males were significantly
more likely than females to exhibit entanglement-related scars, both in 1999 (X2=4.46,
d.f.=1, p=0.03) and in the overall sample (X2=13.16, d.f.=1, p<0.001).

Regional Composition

Stellwagen Bank was the primary area under investigation and the vast majority of the
samples were obtained in that area (71%, n=257, Table 7).  Samples were also collected
in the Great South Channel and the northern Gulf of Maine (Figure 1).  The northern Gulf
of Maine sample exhibited a higher percentage of entanglement-related scars than the
Great South Channel (X2=3.72, d.f.=1, p=0.05).  However, it was not significantly
different from the Stellwagen Bank area, nor were there significant differences between
the two southern Gulf of Maine regions.

Rates of scar acquisition and loss

When peduncle coverage was available in more than one year, a direct photographic
comparison was performed to assess rates of scar acquisition and loss (Table 8).  As
shown in Table 8, most scarring patterns remained stable or became more diffuse
between years.  Rates of scar acquisition ranged from 10% between 1997 and 1998 (n=3)
to 31% between 1997 to 1999 (n=9).  While no significant increase was observed
between consecutive years, the 1997-1999 rate was significantly larger than the 1997-
1998 rate (X2=4.27, d.f.=1, p=0.04).  Interestingly, the individuals that acquired
entanglement scars during this study were largely mature females (45%, n=10).  Twenty-
three percent were juvenile females and the remaining 32% contained only two
individuals known to be male.

Three individuals were documented while entangled prior to the initiation of this study.
When coded blind in this study, two received a high likelihood of entanglement (Code
E3).  Although both entanglement events occurred in 1986, ‘Zebra’ and ‘Tiara’ continue
to manifest diagnostic scarring (Figure 6).  ‘Fern’ exhibited a caudal peduncle
entanglement that was removed by CCS in 1985.  However, in 1999 the entanglement
status of ‘Fern’ was characterized as uncertain.  Thus, entanglement-related scarring can
heal beyond identification in some cases.



Severe injuries, including E4 caudal peduncle scars, are generally well-documented in the
Gulf of Maine humpback whale catalog.  As a result, the catalog was useful in
establishing the timing of severe entanglement-related injuries when multi-year coverage
was not available.  Of the 13 whales that exhibited severe scarring during this three-year
study, four were confirmed to have received their scars prior to 1997.  Three additional
injuries were first documented in 1997 and, based on their condition, were believed to
have been obtained prior to the start of the study.  Five injuries were classified as recent,
either because the animal was a calf, the wounds were absent earlier in the study, or the
wounds appeared to be raw.  One additional animal was sighted with an entanglement
early in the 1998 season, and the onset of the injury could not be determined.  As shown
in Table 9, rates of severe entanglement-related injury therefore ranged from 1% to a
maximum of 3% (1998) during the study period.  Note that these values do not account
for severe injuries that resulted in the death of the animal.

Minimum number of entangled individuals, 1997-1999

Several methods were used to identify the minimum number of animals that were
entangled between 1997 and 1999 (Table 10).  First, because of their young age, all
calves and juveniles born after 1995 were assumed to have obtained their injuries during
that period.  While six of the juveniles in the sample were born in 1996, current evidence
suggests that they were unlikely to have obtained their scarring during the calf year.  All
individuals with severe scars that appeared to be fresh were also included.  Finally, we
included individuals that were shown to have obtained their scars during this study
through direct photographic comparison.  As shown in Table 10, a minimum of 32
individuals in this study were entangled at least once between 1997 and 1999.  An
additional 11 identified individuals were reported as entangled to NMFS and/or CCS
during that period.  Consequently, no less than 43 Gulf of Maine humpback whales were
entangled in the past three years.

Entanglement reporting rates

This study identified 32 individuals that obtained entanglement-related caudal peduncle
scarring between 1997 and 1999.  Only one of those animals was confirmed to have been
reported while still entangled (Table 10).  This suggests an entanglement reporting rate of
less than 3% in the Gulf of Maine.

DISCUSSION

The purpose of this study was to develop a baseline with which to examine humpback
whale entanglement rates and to evaluate the potential of factors, such as age and sex, to
affect entanglement risk.  The caudal peduncle was selected for scar monitoring both
because it was believed to play a key role in humpback whale entanglements and because
of the potential for obtaining large, unbiased photographic samples over short time
frames.  In fact, the caudal peduncle was implicated in the majority of actual
entanglement events documented during this study, and even short-term, mitigated



entanglements produced noticeable scars that remained diagnostic for more than one
year.  The coding scheme used in this study also accurately reflected the status of whales
with documented peduncle entanglements, based solely on their scarring.

The sampling techniques employed produced consistently large annual sample sizes,
despite the opportunistic nature of the primary data collection platform.  It should be
noted, however, that the number of samples successfully obtained from commercial
whalewatching vessels in future years could be undermined by natural fluctuations in the
distribution of feeding aggregations.  Shifts in distribution, like those documented by
Payne et al. (1990) and Weinrich et al. (1997) could cause substantial sample size
reductions if a dedicated research platform is not also available.

High probability entanglement scars were more prevalent among males than females
during this study.  Although the cause of this bias is not known, it may reflect differences
in the foraging strategies of males and females.  Lien (1996) found that entanglement
rates were highest when animals first moved into an area and diminished over time.  If
males range more widely or move more frequently than females, encounters with
unfamiliar gear could produce higher rates of entanglement.  Breeding ground agonistic
displays involving the caudal peduncle and flukes are another potential source of male-
specific scarring.  Chu and Nieukirk (1988) found a male bias in dorsal fin scarring,
presumably due to such agonistic interactions.  However, it is unlikely that caudal
peduncle strikes would produce wrapping scars, particularly in more than one peduncle
region.  Furthermore, the types of scars exhibited by males were not qualitatively
different from those observed on females.  Breeding ground injuries were therefore
deemed more likely to mask physical evidence of entanglement, than to resemble those
injuries.

Yearlings, other juveniles and mature whales exhibited comparable levels of high
probability scarring, while calves appeared to be at lower risk.  Yearlings were at greatest
risk, accumulating high probability scars in the shortest period of time (< 2 years).
However, there also continues to be strong evidence that animals acquire new, sometimes
serious, injuries when mature.  The sharp contrast between calves and all other
maturational classes suggests that animals may be at greatest risk of entanglement when
they are actively foraging or feeding.  Alternatively, a mother may limit her calf’s
interaction with gear by avoiding areas of high gear density or simply by remaining
resident in fewer areas.  In either case, the relative inexperience of yearlings and other
juveniles may add to their risk.  There is also evidence that young whales may not
complete the winter migration to the breeding ground (Robbins and Mattila 1999c).  If
young spend a larger portion of the year exposed to gear at high latitudes, they will have
an increased chance of entanglement.  Entanglements are known to occur among a
feeding population of juvenile humpbacks off the southeast U.S. coast during the winter
months (Swingle et. al. 1993, Wiley et al. 1995).  To date, three Gulf of Maine whales
have been matched to winter strandings from that region.



Based upon the proportion of the sample carrying high probability scars, at least half of
the individuals sampled were entangled at least once during their lifetime.  The
entanglement status of an additional 26% remains unclear.  The uncertainty associated
with those individuals reflects the difficulty of positively identifying the source of some
scars in a blind coding process.  Individuals have been shown to accumulate scars over
their lifetime, and some scars heal to the point that their source could not be identified.
However, it is not yet possible to determine the extent to which high probability scars
among mature whales in this study were underestimated due to healing.  Recent
entanglements and more serious entanglements, regardless of their timing, are likely to be
better detected and accurately interpreted.

The direct photographic comparison performed in this study detected a 31%
entanglement rate between 1997 and 1999 and suggested a gradual, but significant
increase in entanglements over time.  The direct comparison method remains the most
sensitive and reliable for detecting changes in entanglement rates based on scars.  The
proportion of high probability scars on calves and juveniles were also sensitive to change
in the short-term, but were more difficult to sample in suitable numbers.  It should also be
noted that entanglement rates based on direct comparison were necessarily biased toward
the best-represented group, mature whales.  If it is true that juvenile whales are at higher
risk, then entanglement rates affecting them will be underestimated by that method.
Furthermore, since juveniles can only be identified when the year of birth is known,
studies that focus on juvenile whales strongly depend upon the success of current photo-
identification efforts.

The comparison of scars detected in this study with entanglement reporting indicates that
less than 3% of the entanglements in 1997 through 1999 were successfully reported.
Thus, in addition to evaluating actual changes in entanglement rates, scar monitoring may
provide a means of evaluating the success of outreach programs intended to increase
public awareness and reporting.

By combining actual entanglement reports with the results of this study, we conclude that
no less than 43 humpback whales were entangled in the Gulf of Maine between 1997 and
1999.  These encounters with gear would have included both minor and major events.  A
less conservative estimate could be achieved by applying the 31% entanglement rate
reported here to an abundance estimate of the Gulf of Maine population.  An accurate
estimate is not currently available, however we have sighted 606 unique individuals
between 1995 and 1999.  Using this subset alone, 188 of those individuals may have
interacted with gear over the past three years.  However, even this estimate is
conservative in that it does not include entanglements that do not involve the caudal
peduncle.

Caudal peduncle monitoring can also be used to specifically address the rates of severe,
but non-lethal, entanglements.  One percent of the animals in the overall sample exhibited
severe, recent entanglement wounds.  Because of the relatively small number of these



more severe injuries, this analysis would benefit from continued large sample sizes. The
E4 entanglement status category could be tailored, with the guidance of NMFS, to
specifically reflect the management definition of 'serious injury' for this species.
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Figure 1:  Sampling regions.  The majority of the samples were collected in the Studds-Stellwagen
Bank National Marine Sanctuary (Stellwagen Bank Region).



Figure 2:  Examples of scar codes

Code 0:  No visible marks.

Code 1:  Non-linear or randomly-oriented marks  (see arrow).

Code 2:  Non-wrapping linear marks/scuffing (see arrow).

Code 3:  Wrapping linear marks or scuffing (see arrow).

 Code 4:  Linear notch or indentation (see arrow).

 Code 5:  Severely damaged tissue (see arrow).



Figure 3:  Examples of entanglement status codes

Code 0:  No marks present; no evidence of entanglement.

Code 1:  Marks do not indicate a previous entanglement.

Code 2:  One feature shows evidence of an entanglement (note
notches on the dorsal peduncle), but scarring pattern is not conclusive.

  Code 3:  Marks suggest a previous entanglement.

  Code 4:  Marks suggest a previous entanglement  with major tissue
damage.  Note open wound on dorsal peduncle.



Figure 4: Caudal peduncle scarring from a documented humpback whale entanglement (Event 5, Table 3)

Right peduncle two days before the whale was
reported entangled.  Note that the dorsal peduncle is
smooth and there are no scars at the insertion point

Right peduncle 13 days after disentanglement  Note
the notches and linear scars on the dorsal peduncle.
The insertion point of the flukes is not visible.

Right peduncle 42 days after disentanglement.  Note
the notches in the dorsal peduncle and the scarring
at the insertion point of the flukes.

Right peduncle 305 days after disentanglement.
Note the notches in the dorsal peduncle and
wrapping scars at the insertion point of the flukes.



Figure 5:  Examples of caudal peduncle scars generated by documented entanglements

Event 2:  May 15, 1998 (day of disentanglement, above left)  and  452 days after disentanglement (above, right).

Event 4:  July 2, 1998 (day of disentanglement, above left) and 463 days after disentanglement (above, right).
.



Figure 6: Scars exhibited by 'Tiara' after becoming entangled in 1986.  Note the gear remaining on the flukes in 1988 and the damage to
the leading edge at that time (a, b).  In 1998, caudal peduncle monitoring revealed severe tissue damage (c) to the extent that the flukes
appeared to have rotated 90 degrees around the peduncle (d, view from behind during a fluking dive).  Catalog records confirmed this
damage to have occurred prior to this study.  However, the duration of entanglement was unknown.

a.) b.)

c.) d.)



Table 1:  Summary of Scar Codes

Code Scar Code Description

S0 No visible marks.

S1 Non-linear marks or apparently randomly oriented linear marks.

S2 Linear marks or wide areas lacking pigmentation, which did not appear to wrap
around the feature.

S3 Linear or wide scars which appeared to wrap around the feature.

S4 At least one visible linear notch or indentation (generally on the dorsal or ventral
peduncle).

S5 Extensive tissue damage and deformation of the feature.

SX Feature could not be coded due to lack of photographic coverage or inadequate
photo quality.

Table 2:  Summary of Entanglement Status Codes

Code Description

E0 No evidence of entanglement (no marks present).

E1 Marks were observed, but did not suggest a previous entanglement.  Scar codes did
not generally exceed S2 in any documented region.

E2 Entanglement-like elements were present, but there was no consistent pattern.  At
least one region was generally assigned a scar code of S3 or higher.

E3 Marks appeared to be entanglement-related and minor tissue damage was evident.
At least two regions were generally assigned scar codes of S3 or higher.

E4 Marks appeared to be entanglement-related and major tissue damage was evident.
At least two regions were assigned scar codes of S3 or higher.  At least one region
was coded as S5.



Table 3:  Status of humpback whales with documented entanglements, 1997-1999.

Event First
Sighted

With Gear

Interval Since
Last Sighting

Without
Gear

Sex Age
Class

Location
of Gear

Relative
Severity1

Status at the
Time of Most

Recent Coding5

Status
Code

1 April 8,
1998

N/A Male Unk Caudal
Peduncle

High Still entangled (1999) E4

2 May 15,
1998

38 days2 Female Unk Caudal
Peduncle

High 452 days after
disentanglement

E3

3 May 27,
1998

N/A Unk Unk Caudal
Peduncle

Low Entangled (1998) E3

4 June 22,
1998

5 years Male Mature Caudal
Peduncle & Mouth

High 463 days after
disentanglement

E3

5 July 10,
1998

1 day Female Unk Caudal
Peduncle

Low 305 days after
disentanglement

E3

6 August 6,
1998

1 day3 Female Juvenile Mouth Low Unknown4 E2

7 August 15,
1998

26 days Male Calf Caudal
Peduncle

High Entangled (1998) E4

1 = Subjective rating based upon the amount of tissue damage and/or risk of death.
2 = Observers believed the whale to have become entangled at the time of the report on May 15, 1998.
3 = No entanglement was reported, but photo-documentation can not confirm that no gear was present.
4 = The bitter end of a line was photographed floating along side the whale on August 6, 1998.  No entanglement was present on the caudal peduncle.

Photographs taken while the whale was breaching on August 11, 1998 showed a single line exiting the right side of the mouth.  Although the
whale was sighted on seven additional days, no line was reported.  However, there was no subsequent photo-documentation of the mouth.

5 = Persistent scarring resulting from Events 2, 4 and 5 are depicted in Figures 4 and 5.



Table 4:  Entanglement status summary, by year.  Sample sizes are in parentheses.

Year None or Low
Codes E0 & E1

Uncertain
Code E2

High
Codes E3 & E4

Total

1997 11% (9) 34% (28) 55% (46) 83

1998 22% (30) 30% (40) 48% (64) 134

1999 12% (17) 24% (34) 65% (93) 144

1997-1999 16% (56) 28% (102) 56% (203) 361

Table 5:   Maturational class composition of whales with a high likelihood of previous
entanglement.  Percentages represent the high probability fraction of the age category,
not the total sample, for that year.  Sample sizes are in parentheses (high likelihood/
category total).

Year Calves Yearlings Other
Juveniles

Mature Unknown

1997 0% (0/10) 80% (4/5) 50% (1/2) 61% (38/62) 75% (3/4)

1998 14% (3/22) 33% (1/3) 36% (4/11) 57% (43/76) 59% (13/22)

1999 8% (1/12) 67% (6/9) 75% (6/8) 69% (58/84) 70% (21/30)

1997-1999 9% (4/44) 65% (11/17) 52% (11/21) 63% (139/222) 66% (37/56)



Table 6:   Individuals with a high likelihood of previous entanglement, by sex.
Percentages represent the high probability fraction of the sex category, not the total
sample, for that year.  Sample sizes are in parentheses (high likelihood total/category
total).

Year Female Male Unknown

1997* 52% (26/50) 61% (17/28) 60% (3/5)

1998* 38% (27/71) 70% (30/43) 35% (7/20)

1999 60% (41/68) 80% (32/40) 54% (19/35)

1997-1999 50% (94/189) 71% (79/111) 48% (29/60)

*Sample sizes differ from Mattila and Robbins (1998) and Robbins and Mattila (1999)
because sexes are now available for many individuals that were of unknown sex at the time of
those reports.

Table 7:  Regional composition of individuals with high likelihood of previous
entanglement.   Percentages represent the high probability fraction of the region
category, not the total sample, for that year.  Sample sizes are in parentheses (high
likelihood total/category total).

Year Stellwagen
Bank

Great South
Channel

Northern Gulf of
Maine

1997 58% (19/33) 53% (24/45) 67% (4/6)

1998 46% (50/109) 43% (6/14) 73% (8/11)

1999 64% (74/115) 50% (4/8) 70% (14/20)

1997-1999 56% (143/257) 51% (34/67) 70% (26/37)



Table 8:  Changes in caudal peduncle scarring between years detected through direct
photographic comparison.  Sample sizes in parentheses.

Years
Sampled

Total Decrease Stable Increase

1997-1998 31 23% (7) 68% (21) 10% (3)

1998-1999 44 14% (6) 61% (27) 25% (11)

1997-1999 29 24% (7) 45% (13) 31% (9)

Average 104 19% (20) 59% (61) 22% (23)

Table 9:   Rates of severe entanglement-related injury, 1997-1999.  Does not include
individuals that were known to have received their injuries prior to the sampling period
in question.

Year Number of Severe
Injuries

Individuals
Sampled

Rate

1997 1 83 1%

1998 3-4 134 2-3%

1999 1 139 1%

1997-1999 5-6 356 1-2%

It is not known how many additional individuals died from severe entanglement-related
injuries.



Table 10:  Minimum number of Gulf of Maine humpback whales entangled between 1997
and 1999.

Number of
individuals

Source

16 Direct photographic comparison

4 Calves (not included in above)

1 Recent severe injuries (not included in above)

11 Juveniles (not included in above)

32

+12 Reported/documented to NMFS

-1 Animals in this study that were also reported while entangled

43 Minimum number of entanglements
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