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SERO Protected Resources: For Alternative 5 (doc entitled: Alternative 5 for SG Regulatory Amendment
16_MapRevision02212014) we made 4 changes: 1) we changed the names in the legend to make them
easier to read and to refer to "large whales" instead of just right whales, 2) we added the state names to
map for added clarity, 3) we removed one of the waypoints (two waypoints were essentially on top of
each other in the previous map), and 4) we are proposing a change in the language in the text of the
alternative. Previously, the last line of the text stated: "The closure applies to all areas annually from
November 1-April 30." Clearly, this map is only showing one area, so we proposed changing this to
state: "The closure applies to the area annually from November 1-April 30."

Alternative 5. The black sea bass pot closure applies to waters inshore of points A-O listed
below; approximately Ponce Inlet, Florida, to Cape Hatteras, North Carolina. The closure
applies to-al-areas to the area annually from November 1-April 30.

NOTE: We propose this change since only one area is shown in the map.

Western Boundary Coordinates for the Proposed Black Sea Bass Pot Closure

Point N Latitude W Longitude
A 35°15.19'N at shoreline
B 35°15.19' 75°12'

C 34°57" 75°45'

D 34°21' 76°18'

E 34°21'N 76°45'

F 34°12' 77°21'

G 33°37" T77°47

H 33°28 78°33

I 32°59' 78°50'

J 32°17 79°53'

K 31°31" 80°33'

L 30°43' 80°49'

M 30°30' 81°01"

N 29°45' 81°01"'

@) 29°00' at shoreline
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NMFS SERO Protected Resources: For Alternative 6 (doc entitled: Alternative 6 for SG Regulatory
Amendment 16_MapRevision02212014) we made 4 changes: 1) we changed the names in the legend to
make them easier to read and to refer to "large whales" instead of just right whales, 2) we added the
state names to map for added clarity, 3) we are proposing the same language changes to reflect the map
only having one area, and 4) we are also proposing to change the statement: "From the Georgia/South
Carolina border to Cape Hatteras, North Carolina, the closure applies to waters under SAFMC
management that are shallower than 30 m." to "From the Georgia/South Carolina border to Cape
Hatteras, North Carolina, the closure applies to waters under SAFMC management that are 30 m or
shallower." This proposed new language is correct and in line with how we refer to the other depth
closure area in the alternative.

Alternative 6. The black sea bass pot closure applies to waters 25 m or shallower from 28°
21.5” N (approximately Cape Canaveral, Florida) to Savannah, Georgia. From the
Georgia/South Carolina border to Cape Hatteras, North Carolina, the closure applies to waters
under SAFMC management that are shalowerthan 30 m or shallower. The closure applies to
all-areas the area annually from November 1-April 30. The map below provides approximate
location of proposed boundary.

NOTE: We propose this change since only one area is shown in the map, and to be consistent
with how the depth closures are discussed.
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ABSTRACT

Interactions between marine mammals and fishing gear are an issue of global
concern. Entanglements in the western North Atlantic are a major source of injury
and mortality for endangered large whales. In this study, entanglements of 31 right
whales (Enbalaena glacialis) and 30 humpback whales (Megaptera novacangliae) were
analyzed to determine the types and parts of gear involved. When gear was identified,
89% (n=132) of the entanglements were attributed to pot and gill net gear; however,

! Current address: National Marine Fisheries Service, Northeast Region, Protected Resources
Division, One Blackburn Drive, Gloucester, MA 01930.
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a wide range of specific gear types were implicated. Despite gear recovery, gear type
was not identified in 20% (2=9) of the cases. Although pot gear was recovered from
both species equally, gill net gear was less frequently retrieved from right whales (=
2) than humpback whales (7 = 11). When gear part was identified, 81% (z = 21)
involved entanglements in buoy line and/or groundline. For right whales, the most
common point of gear attachment was the mouth (77.4%); for humpback whales, the
tail (53%) and the mouth (43%) were common attachment sites. Four right and three
humpback whales in this sample were known to have died subsequent to
entanglement. However, when identified, the gear types and parts involved in lethal
cases were not substantially different from entanglements with non-lethal outcomes.
Large whales can become entangled in a wide variety of fishing gear types and parts,
and additional insight will depend on continued efforts to document entanglements
and recover associated gear.

Key words: entanglement, entanglement risk, mortality, fisheries, bycatch, gear
type, North Atlantic right whale, Exbalaena glacialis, humpback whale, Megaptera
novaeangliae.

Entanglement in fishing gear is a significant cause of injury and mortality to
many marine mammal populations throughout the world. Large whale populations
along the U.S. east coast remain susceptible to entanglement, despite management
efforts to reduce overfishing of lobster and groundfish species.

Mortality from entanglements in fishing gear, in particular fixed gear, is a factor
inhibiting the recovery of the critically endangered North Atlantic right whale
(Eubalaena glacialisy AIWC 1999). Despite nearly 70 yr of protection from
commercial whaling, this population of approximately 300 individuals has shown
litele sign of recovery IWC 2001). Recent statistical data suggest that this popu-
lation is declining, and reducing human-caused mortality is necessary to prevent
extinction (Caswell ez 2/. 1999). Right whale scarification studies conducted by the
New England Aquarium indicate that 71.9% of the population has been entangled
at least once, and there appears to be an increasing trend in the annual rate of entan-
glement (Knowlton ez a/. 20032, see also Knowlton and Kraus 2001). These findings
indicate that documented entanglements are only a fraction of the animals that
actually become entangled, and identifying recovered gear is important for
developing mitigation strategies.

Entanglements are also a significant problem for North Atlantic humpback
whales (Megaptera novaeangliae) under U.S. jurisdiction (Waring et /. 2003). This
endangered species was also subject to historic commercial exploitation. Although
its recovery status is not known, the Gulf of Maine stock of humpback whales is
believed to number in the high hundreds, and is experiencing positive population
growth (Barlow and Clapham 1997, Clapham ez 2/. 2003). However, a scar-based
study of Gulf of Maine humpback whale entanglement rates indicated that more
than half of the population had experienced a previous entanglement, and 8%—-25%
received new injuries each year (Robbins and Mattila 2004).°

2 Knowlton, A. R., M. K. Marx, H. M. Pettis, P. K. Hamilton and S. D. Kraus. 2003. Analysis of
scarring on North Atlantic right whales (Ewbalacna glacialis): Monitoring rates of entanglement
interaction. Final report to the US National Marine Fisheries Service (unpublished). Available from the
New England Aquarium, Central Wharf, Boston, MA 02110. 18 pp.

®> Robbins, J., and D. K. Mattila. 2004. Estimating humpback whale (Megaptera novacangliae)
entanglement rates on the basis of scar evidence. Final report to the US National Marine Fisheries
Service (unpublished). Available from the Center for Coastal Studies, Box 1036, Provincetown, MA
02657. 22 pp.
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As awareness of marine mammal entanglement increases, mitigation efforts focus
on disentanglement, gear modification, and deterrent devices such as pingers.
However, for large whales, successful development of strategies to reduce or eliminate
entanglement is contingent upon a better understanding of what type and part of the
gear creates the greatest entanglement risk, and of how whales become entangled.

Here we examine entanglements of right and humpback whales to determine the
types and parts of gear involved and where they tend to attach on the body. We also
evaluate whether gear type or part affects the persistence of an entanglement, as well
as the ultimate fate of the entangled animal.

METHODS

We examined records of North Atlantic right and humpback whale entanglements
on file with the National Marine Fisheries Service (NMFS). For right whales, reported
entanglements ranged from the Magdalen Islands, Canada (Gulf of St. Lawrence) to
Amelia Island, Florida, and for humpback whales, Grand Manan Island, Canada (Bay
of Fundy) to Cape Lookout, North Carolina. Entanglement cases of right whales date
back to 1993, including eight whales reported as entangled in 2002. We began with
two humpback whale entanglements in 1997, and examined all other incidents up to
and including eight of the eleven animals reported as entangled in 2002. Data
availability has been greatly facilitated by a large whale entanglement reporting and
response network for the east coast of the United States, implemented by the
Provincetown Center for Coastal Studies (PCCS) under the authority of NMFS. The
network has produced detailed information on entanglements in the region,
including the recovery of part or all of the entangling gear in many cases.

Analyses focused on entanglements from which gear was recovered and examined
by gear specialists or other sources considered reliable, as well as cases from which
gear type and/or part was identified (e.g., by fishermen or biologists) but not
recovered. In some instances, gear removed during a necropsy was included. When
documentation was at least sufficient to examine points of attachment of entangling
gear, we included cases in which gear was not recovered or identified. We also
evaluated whether photographs alone could be of any value in assessing gear type or
part. Photographs of entangled animals were obtained from the North Atlantic
Right Whale Catalog, which is curated by the New England Aquarium (NEA), and
from the PCCS Gulf of Maine humpback whale catalog; all were digitally scanned
for analysis. These long-term photographic catalogs were also the source of sighting
information about all entangled animals and individual characteristics, such as age
and sex. For each incident, we examined types of gear, parts of gear, line type,
points of gear attachment on the body, and what is known about the eventual
outcome for the entangled animal.

We examined five entanglement variables, as defined below.

Entanglement outcome (at last sighting)—Alive and gear-free (life-threatening gear
was shed or removed, includes animals with non-life-threatening entanglements);
alive and entangled (life-threatening entanglement retained); dead (recovery of
a carcass); potentially dead (right whales only, see below); and status unknown (could
not determine whether or not the entanglement was life-threatening). Some right
whales have been categorized as “potentially dead” based largely on a NEA visual
health assessment (Pettis ¢ «/. 2004). A comparable health assessment technique
does not exist for humpback whales; therefore, the potentially dead category was not
used for this species.
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Figure 1.  Generalized configuration of pot gear and associated parts, not drawn to scale
(source: Provincetown Center for Coastal Studies).

Gear type—Pot: inshore lobster pot, offshore lobster pot, lobster pot unknown location,
unknown pot, crab pot, conch/whelk, and slime eel; gill net: sink gill net and gill net
unknown type; other: tuna handline, Danish seine, aquaculture, and vessel anchoring system.

Part of gear—Fixed fishing gear can be broken down into four or five components
or parts: buoy line, end line, groundline, float line, and lines involved with the
surface system (Fig. 1, 2).4 Buoy and end lines connect bottom gear to the surface
and terminate in a surface system, which is sometimes regarded as a separate
portion of the gear. We combined buoy line and end line (termed “buoy line”), since
both lines connect the bottom gear to the surface system and can be used
interchangeably. Groundlines connect traps to each other, forming strings or trawls,
and are also used in gill nets to connect a string of net panels to anchors. Floating
groundline, used in both pot and gill net gear, forms an arc of line that can float
15-20 ft (approximately 4.6—-6.1 m) into the water column. Float lines run across
the top of gill nets, holding net panels upright. The surface system includes buoys
and high flyers, as well as the lines that connect these components to the buoy line.
The fact that many of these lines rise into the water column presents an
entanglement risk to large whales. In addition, these lines are made with durable
synthetic materials, such as polypropylene and polyester, with characteristics that
are meant to withstand extremely harsh fishing conditions.

“ Fixed fishing gear is defined in the Code of Massachusetts Regulations (322 CMR 12.00) as any
bottom or sink gill nets or pots that are set on the ocean bottom or in the water column and are usually
connected to lines that extend to the water’s surface.
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Figure 2. Generalized configuration of gill net gear and associated parts, not drawn to
scale (source: Provincetown Center for Coastal Studies).

Line type—Characterized as either floating or sinking. Also included were buoy
and surface system lines that had both floating and sinking line spliced together.

Point of attachment of entangling gear—Mouth, flipper(s), body, tail, and unknown/
uncertain. For example, a whale with line originating at its mouth and draping over
its back was considered to have a mouth entanglement only. PCCS or NEA
generally made this assessment, either during a disentanglement event or after
examination of photographic documentation. These assessments should be
considered conservative because the full extent of the entanglement may not have
been visible to observers. For example, observation of the flippers and mouth was
not possible in all cases and the configuration of an entanglement may have changed
over time. However, secondary evidence of the attachment site, such as scarring and
chafing of the skin, was not used when determining points of attachment.

We recorded sex, age (in years), age class (calf, juvenile, adult), and the location of
the entangled whale at the first observation (not to be understood as the location of
encounter with the gear) for individual right and humpback whales who could be
identified. For right whales, “juveniles” included animals from 1 to <9 yr old, and
for humpback whales, animals from 1 to <5 yr old. When reported, the straight
length of dead animals was collected by members of the Northeast or Southeast
Region Stranding Networks, and provided by NMFS.

REsuLTS

A total of 61 entanglements (31 right whales and 30 humpback whales) were
examined. Four right and three humpback whales had died, five right whales were
deemed potentially dead, 12 right and 20 humpback whales were alive and gear-free,
six right and five humpback whales were alive and entangled, and four whales (two
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Table 1. Entangling gear type for 20 right and 25 humpback whales where gear was
either recovered or otherwise reliably identified. UN = unknown/unidentified gear; LI =
inshore lobster pot; LO = offshore lobster pot; LU = lobster pot unknown location; Pot =
unknown pot; CR = crab pot; CW = conch/whelk; SE = slime eel; SG =sink gill net; GU =
gill net unknown type; TU = tuna handline; Seine = Danish seine; Anchor = vessel
anchoring system; AQ = aquaculture.

UN LI LO LU Pot CR CW SE SG GU TU Seine Anchor AQ

Right whales 6 3 3 2 1 1 o o0 1 1 0 1 0 1
Humpback whaless 3 5 0 0 1 1 1 1 11 0 1 0 1 0

of each species) had unknown outcomes.’ Gear type was determined in 45% (n=14)
of right and 73% (» = 22) of humpback whale cases. Scanned photographs
(representing nine right and seven humpback whales) yielded no useful information
about gear type or part because only line was visible on most of these animals.
Photographs of five of these whales (three right and two humpback) allowed for their
inclusion in the points of gear attachment analysis.

Types and Parts of Gear Involved in Entanglements

Of the 61 entanglements, we examined 20 right whale and 25 humpback whale
entanglements where gear was recovered or where gear was identified but not
recovered (Table 1). One right whale (#2212, a juvenile male) was entangled three
times, and all recovered gear was analyzed. For analysis, gear types were divided into
four categories: pot (e.g., inshore and offshore lobster, crab), gill net (all gill net
types), other (e.g., tuna handline, Danish seine), and unknown. Eighty percent (36 of
45) of the entangling gear that was identified could be attributed to particular
fisheries. Eighty-nine percent of identified gear was attributed to pot and gill net
fisheries (Table 1). Pot gear was identified on 10 right and nine humpback whales,
gill net gear on two right and 11 humpback whales, and other gear on four whales
(two of each species). All but one of the humpback whale entanglements reported in
the mid-Atlantic (#=6) involved gill net gear, while entanglements reported in the
Northeast involved a wide variety of gear types.

Of 14 juvenile right whale entanglements (involving 12 individuals) where gear
was recovered, eight events involved pot gear (three inshore lobster pot, two offshore
lobster pot, two unknown lobster pot, and one unknown pot), one involved other
gear (aquaculture), and five involved unknown gear types. Five adult right whale
entanglement events were analyzed, where one involved offshore lobster pot gear,
two involved gill net gear, one involved other gear (Danish seine), and one involved
unknown gear. Also, a whale of unknown age class was entangled in crab pot gear.
Life history data are presently insufficient to compare humpback whale entangle-
ments on the basis of age class.

Despite gear recovery from 45 entanglements, the parts of the gear were identified
in only 25 of those cases (12 right and 13 humpback whales). Buoy line and
groundline were recovered in 49% of these cases, whereas float line and surface system
lines were recovered in 11% (Table 2). Two whales were entangled in more than one
part of the gear. A right whale was reported entangled in two parts of the same gear,

> The total number of outcomes described do not equal 61 because right whale #2212, entangled
three separate times, was assigned to one final outcome of potentially dead.
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Table 2. Entangling gear types and associated parts of the gear. This table contains one
right and one humpback whale that were entangled in both buoy line and groundline
associated with pot gear. The numbers in parentheses indicate the percent occurrence of that
gear part relative to the total number of gear parts that were identified for that gear type.
“Other” types of gear were not included, as the parts of the gear discussed here are only
associated with fixed fishing gear. RW = right whales; HW = humpback whales.

Pot Gill net Unknown Total
RW HW RW HW RW HW  Both species
Buoy line 6 (55%) 6 (60%) 0 1 9%) 1 (17%) 0 14 (33%)
Groundline 3 27%) 3 30%) 1 (50%) 0 0 0 7 (16%)
Float line — — 0 4 (36%) 0 0 4 (9%)
Surface system line 1 (9%) 0 0 0 0 0 1 (2%)
Unknown 1(9%) 1 (10%) 1 (50%) 6 (55%) 5 (83%) 3 (100%) 17 (40%)

both buoy line and groundline associated with crab pot gear, and a humpback whale
was entangled in buoy line and groundline associated with pot gear.

Buoy line associated with pot gear was recovered from 85.7% (12 of 14) of the
right and humpback whales entangled in buoy line, and groundline associated with
pot gear was recovered from 85.7% (six of seven) of entanglements in groundline
(Table 2). Gill net gear was recovered from more humpback whales than right
whales, but in approximately half of the cases, the part of the entangling gear could
not be identified.

For both species combined, 64.3% (nine of 14) of buoy line entanglements
involved floating and sinking line spliced together, 28.6% (four of 14) involved
only sinking line, and one was unknown. Also, 85.7% (six of seven) of groundline
entanglements involved floating line, and one was unknown. One surface system
entanglement involved floating and sinking line, and one was unknown. Gill net
float line, by nature, consists of floating line or line that is made buoyant by floats.

For right whales the most common point of attachment was the mouth (77.4%),
with 51.6% involving only this body part. For humpback whales, the most
common points of attachment were the tail (53%) and the mouth (43%). Thirty
percent involved the tail only and 20% involved the mouth only.

Buoy line entanglements involved the mouth on three right whales and one
humpback whale; the mouth, flipper, and tail on one right whale; the mouth and tail
on two humpback whales; the flipper on one right whale; the tail on one right and
three humpback whales; and an unknown location on one humpback whale. One
right whale entanglement in the surface system line involved the mouth, and the
other involved the mouth, flipper, and body. Groundline entanglements involved the
mouth on two whales (one of each species); the mouth and body on one right whale;
the flipper and body of one right whale; and an unknown location on one humpback
whale. Float line involved the mouth and/or tail of all four humpback whale
entanglements in this part of the gear. For the two whales entangled in multiple
parts of the gear (buoy line and groundline), the right whale entanglement involved
the tail and the humpback whale entanglement involved the mouth. In summary,
buoy line entanglements involved the mouth in a total of eight cases (four of each
species), the tail in eight cases (three right and five humpback), and the flippers in
two cases (both right whales).
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Influence of Gear Type on Entanglement Outcome

Overall, entanglement outcomes were considered positive (i.e., the animal was alive
and gear-free, either by successful disentanglement or shedding the gear itself) in 71%
(n=12) of pot and 62% (n=28) of gill net cases. Right whale #2212 was not included in
these gear analyses. Entanglement outcome was considered positive in 75% (7= 3) of
cases involving the four other gear types. It was not possible to draw firm conclusions
about disentanglement success with regard to the parts of the gear involved because
reliable gear part identification depended on successful gear retrieval. However, pot,
gill net, and Danish seine gear were all involved in known or suspected lethal
entanglements. Out of 17 entanglements of both species in pot gear (not including
right whale #2212), 18% (n = 3) were known or suspected to have resulted in death,
and out of 13 gill net entanglements, a similar number, 23% (7= 3), had a comparable
outcome. When age class was known, lobster pot gear was involved in the known or
suspected lethal entanglement of two juvenile right whales, and gill net gear was
involved in the known lethal entanglement of one adult right whale. In addition, one
dead adult right whale was entangled in Danish seine gear. Based on their reported
lengths (8.6-9.85 m), the three humpback whales known to have died were likely
juveniles (Clapham ez a/. 1999).

A wide range of fixed gear parts were involved in entanglements known to have
been lethal. Float line was documented on a dead humpback whale. Buoy line was
documented on a dead right whale (sinking line) and a dead humpback whale
(floating and sinking spliced), and floating groundline was documented on one dead
right whale. Right whale #2212, considered potentially dead, was entangled two
separate times where gear part could be identified; one event involved buoy line
(floating and sinking spliced) and the other involved floating groundline. Similarly,
any part of a whale’s body can be involved in lethal and non-lethal entanglements.
However, five out of the nine (55.6%) dead or potentially dead right whales had
entanglements that involved the mouth; similarly, all three humpback whale deaths
involved the mouth. The tail was involved in entanglements of one humpback and
four right whales that are dead or potentially dead.

Discussion

The 1994 amendments to the U.S. Marine Mammal Protection Act (MMPA)
were designed to address bycatch of marine mammals in U.S. commercial fisheries.
A study by Read and Wade (2000) concluded that in general, the MMPA and
Endangered Species Act (ESA) have been successful in aiding the recovery of many
species, but some, such as the North Atlantic right whale, continue to face
conservation problems despite protective measures. Cetaceans continue to be taken
in fisheries such as the Japanese North Pacific drift net fishery for salmon, Italian
and Spanish drift net fisheries for swordfish in the Mediterranean Sea, and coastal
gill net fisheries in Europe (Reeves ez a/. 2003). Growing international concern
about the effects of entanglements on marine mammal and sea turtle populations
has led to research and management measures to mitigate entanglements.

On the east coast of the U.S. and Canada, both right and humpback whales were
entangled in all major types of fixed fishing gear, and any part of that gear. Out of the
combined 36 entanglement cases where gear was examined and identified, pot and
gill net fisheries were implicated in 32 (89%). Both pot (18%) and gill net (23%)
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gear were involved in known or suspected lethal entanglements. Conservatively, all
fixed gear types should be considered potentially dangerous to these species.

For pot gear, 80% and 56% of right and humpback whale entanglements,
respectively, occurred in lobster pot gear, despite management measures to reduce
effort in this fishery, such as setting a cap on the number of traps allowed per
fisherman and limiting entry into the fishery. When gear type was identified, right
whales were found to be entangled in pot gear 71% of the time and gill net gear 14%
of the time as compared to other gear types, while humpback whales were entangled
in pot gear 41% of the time and sink gill nets 50% of the time. Although humpback
whales appear to encounter gill net gear more often than right whales, without
a measure of whale encounter rates with gear, we are unable to generalize this finding
to the population. Although the location of the reported entanglement is not
necessarily the location where the whale encountered the gear, 55% (n = 6) of
humpback whale gill net entanglements were reported in the mid-Atlantic, where
gill nets made up 86% (n = 6) of identified gear from humpback whales reported
entangled in this region.

The entanglement outcomes of many whales were considered positive; 71% of
whales entangled in pot gear and 62% entangled in gill net gear were alive and
gear-free, primarily due to successful disentanglement. The determination of both
gear types and gear parts involved in these entanglements depended in large part on
the successful recovery of gear.

Fifty-six percent of the entanglements for both species involved buoy line, providing
evidence that buoy lines present entanglement risk regardless of line type. Sinking (all
or part) buoy line was found on more entangled animals than floating buoy line, which
may indicate that sinking buoy line creates more entanglement risk than floating buoy
line. However, it is possible that the gear observed on or removed from an animal may
not accurately reflect the entire history of an entanglement, since some or all gear can be
shed by the whale, lost during disentanglement, or change position over time. NMFS
gear specialists report that some fishermen do use purely floating buoy line, but most
lobster pot and gill net fishermen use buoy line consisting of both floating and sinking
line, with floating line near the bottom end to prevent it from chafing on the seafloor.
Therefore, sinking buoy line that was removed from an animal may have once been
spliced to floating line. However, a relatively large number of entangling gear types
and gear parts were unidentifiable, especially when gear was not recovered.

Whether buoy and surface system lines represent more of an entanglement risk
than groundline is currently difficult to determine due to unknown biases associated
with entanglement reporting effort, as well as lack of information about the types
and amounts of gear being used. For example, buoy and surface system lines may be
identified at sea more frequently than groundline, since buoy and surface system
lines are easier to identify when an attached buoy or high flyer is present. In contrast,
groundline does not have any distinguishing characteristics that indicate that it is in
fact groundline. Out of 14 entanglement events involving buoy line, nine (64.3%)
involved the presence of buoys and/or high flyers. Thus, buoy line may appear to
represent a greater entanglement risk than groundline, which is usually identified
only when gear is removed from an entangled animal. Interestingly, only two whales
(both right whales) were documented with surface system entanglements, which
may indicate that entanglements commonly occur below the surface.

This analysis highlighted an apparent difference between floating and sinking
groundline in terms of potential entanglement risk. The use of sinking groundline
(line in contact with the ocean floor) could be taken as providing some measure of
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entanglement risk reduction, since no entanglements of either species involved this
type of line. However, we have no knowledge of the relative frequency with which
lines of different types are employed throughout the fishing regions concerned and
this information would be extremely difficult to obtain; consequently, any
comparison of entanglement rates by line type without knowledge of effort may be
misleading.

Several body parts were involved in entanglements, both lethal and non-lethal.
Right whale entanglements frequently involved the mouth, indicating that many of
these entanglements probably occurred during foraging, since open mouth behavior
is generally associated with feeding only. Most right whales (78%) that died or were
considered potentially dead were commonly entangled by the mouth and/or the
tail. Mouth entanglements were also common among humpback whales, although
the incidence may be underestimated given that the mouth is somewhat more
difficult to observe in this species. However, all three humpback whale deaths
involved at least a portion of the entangling gear in the mouth, indicating that
humpback whale entanglements also occur during foraging. Humpback whale
entanglements were more likely to involve the tail than right whale entanglements,
but the reason for this interspecific difference is unclear.

In both species, the mouth and/or tail regions were involved in nearly all buoy
line entanglements and all four float line entanglements. Groundline and surface
system lines were documented on all body parts. However, without knowledge of
the whale’s behavior leading up to and following an entanglement, it is difficult to
draw conclusions about how different parts of the gear are linked to points of gear
attachment on an animal’s body.

This analysis did not highlight any trends in gear types and parts that are
commonly involved in lethal and non-lethal entanglements of juvenile versus adult
right whales. Overall, more juvenile right whale entanglements were analyzed than
those of adults, making it difficult to compare age classes. Fifty-five percent of the
right whales that died or were deemed potentially dead were juveniles. Right whale
#2212 was a special case in that three separate entanglements were documented.
Although this whale is considered potentially dead, this outcome cannot be
attributed to any one particular entanglement event; rather, the debilitating effects
of multiple entanglements, combined with the ingestion of line from an unknown
type of gear, most likely lead to this determination.

This analysis confirms that any line rising into the water column poses
a significant entanglement risk for these two species. Consequently, reducing the
occurrence of line in the water column—for example, by using sinking or neutrally
buoyant groundline—could reduce entanglement risk (although it should be noted
that the occurrence of benthic foraging by these species is still poorly understood).

The risk presented by buoy and surface system lines might be mitigated by the
correct placement of weak links with sufficiently low breaking strengths. However,
the efficacy of weak links remains to be demonstrated, and may be countered by the
behavior or strength of the whale in conjunction with the entanglement configu-
ration. More information on the specifics of entanglements is required and may be
aided by the application of standardized marking of lines used in fixed fishing gear.

Currently, gear removal provides the only reliable information about the nature
of large whale entanglements. Gear experts more readily identify buoy line due to
the presence of a buoy or high flyer, while groundline is usually identifiable only if
it is removed from a whale. Color-coding gear would allow for identification of gear
parts both at sea and through photographic documentation.
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BACKGROUND

At their December 2013 meeting, the Council approved draft Regulatory Amendment
16 to be taken out to scoping. Scoping hearings were held in January 2014 and
comments were received until February 3, 2014.

The proposed timing for this amendment is as follows:

* Review scoping comments, review/modify actions/alternatives, and provide
guidance — March 2014

* Review/modify amendment, choose preferred alternatives, and approve for public
hearings — June 2014

* Public hearings — August 2014

* Review public hearing comments, review/modify amendment, and approve all
actions — September 2014

* Review final amendment and approve for formal review — December 2014

PURPOSE & NEED FOR ACTION
The IPT suggests the following edits to the Purpose and Need:

The purpose of Regulatory Amendment 16 is to address—theba}aﬂe%between—E—SA-

ﬁshermen—m*trated—b&the recon51der the annual November 1 to Apr11 30 prohlbltlon on
the use of black sea bass pot gear.

The need for the amendment is to minimize potential negative socio-economic
impacts to black sea bass pot endorsement holders while maintaining protection for ESA-
listed whales in the South Atlantic region.

COMMITTEE ACTION: APRROVE THE IPT’S SUGGESTED EDITS TO THE
PURPOSE AND NEED OF REGULATORY AMENDMENT 16
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PROPOSED ACTION

Action 1. Modify the annual November 1 to April 30 prohibition on the
use of black sea bass pot gear

(Multiple preferred alternatives may be chosen.)

Alternative 1 (No Action). Retention, possession, and fishing for black sea bass is
prohibited using black sea bass pot gear, annually, from November 1 through April 30.

Alternative 2. Remove the annual November 1 to April 30 prohibition on the retention,
possession, and fishing for black sea bass using black sea bass pot gear.

Alternative 3. Prohibit retention, possession, and fishing for black sea bass using black
sea bass pot gear, annually, from November 15 through April 15.

(alternatives continue on next pages)

An IPT member felt that it would be helpful to expand Alternative 1 (No
Action) to include existing protection to whales (ALWTRP & 18A measures).

PR staff reported that Alternative 3 (November 15-April 15) would likely not offer
biological protection to large whales off the coast of North Carolina outside of the
proposed closure period (November 15 - April 15). Whales migrate southward from the
North Atlantic in the winter months and arrive in the northern portions of the South
Atlantic Region (i.e., North Carolina) first. Therefore, animals arriving prior to
November 15 or remaining after April 15 may be at risk of interaction. The IPT discussed
whether this would justify considering time-area closure alternatives, such as a November
1- April 30 for North Carolina and November 15-April 15 for the rest of the South
Atlantic. Defining the period of time when large whales are migrating off the SE US as
November 1-April 30 is consistent with recent NMFS published rules regarding ship
speed regulations to protect ESA-listed large whales. An IPT member asked if these two
different time periods (November 15- April 15 and November 1-April 30) would justify
creating differing time-area closures for different areas. The IPT discussed whether to ask
the Council in March to consider such time-area closure alternatives for inclusion in the
analysis. Some members of the IPT, however, pointed out that having a closure that
applies to NC first would not offer any economic benefits to the black sea bass fishermen
and there is no point in the Council even discussing it.

COMMITTEE ACTION: CONSIDER EXPANDING ALTERNATIVE 1 AS
SUGGESTED BY AN IPT MEMBER OR INCLUDE EXISTING PROTECTION
TO WHALES ELSEWHERE IN THE DOCUMENT. CONSIDER WHETHER
TIME-AREA CLOSURE ALTERNATIVES, SUCH AS A NOVEMBER 1- APRIL
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30 FOR NORTH CAROLINA AND NOVEMBER 15-APRIL 15 FOR THE REST
OF THE SOUTH ATLANTIC, IS A REASONABLE ALTERNATIVE.
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Alternative 4. The black sea bass pot closure applies only in designated right whale

critical habitat in the South Atlantic region.

Northern Right Whale Critical Habitat:

Southeast Atlantic
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The IPT recommends specifying the timeframe of the closure from November 15 to April
15 in Alternative 4 since the closure would apply off the coasts of Georgia and Florida
only.

COMMITTEE ACTION: CONSIDER WHETHER TO INCLUDE A
TIMEFRAME IN THE LANGUAGE OF ALTERNATIVE 4 AS SUGGESTED BY
THE IPT

A re-evaluation of existing North Atlantic Right Whale Critical Habitat (NARW CH) is
ongoing. NOAA GC will look into what the status if the evaluation is.

PR staff did not think there has been a published revision to the designation of critical
habitat. (PR staff has since reported that there has been no official change in the
designation of the existing NARW CH.)

The Council should consider that Alternative 4 may change as a result of re-evaluation of
NARW CH. If the Council chooses Alternative 4, is it their intent for the area to change
if NOAA Fisheries re-evaluates the designation and determines changes to existing
NARW CH boundaries are prudent, or do they want the area specified in the map for
Alternative 4 to remain as the affected area regardless of any changes to the NARW CH
boundaries?

If the latter, then the Council would then need to re-address the closure area if the
NARW CH gets updated.

COMMITTEE ACTION: CONSIDER THE ISSUE ABOVE AND PROVIDE
GUIDANCE TO THE IPT ON THE COUNCIL’S INTENT.
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****NOTE: This alternative was approved by the South Atlantic Council in
December 2013 to be included in the Scoping Document for this amendment.
However, clarifications to the language and the spatial representation were
subsequently made by the NMFS Protected Resources Division team to improve its
presentation. The revised Alternative 5 is presented in the following page.****

Alternative 5. The black sea bass pot closure applies to waters 25 m or shallower from
29°N (approximately Ponce Inlet, Florida) to Cape Lookout, North Carolina. From Cape
Lookout, North Carolina, north the closure applies to waters under SAFMC management
that are shallower than 35 m (see map below). The closure applies to all areas annually
from November 1-April 30.
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REVISED Alternative 5. The black sea bass pot closure applies to waters inshore of
points A-P listed below; approximately Ponce Inlet, Florida, to Cape Hatteras, North
Carolina. The closure applies te-alt-areas annually from November 1-April 30.

Western Boundary Coordinates for the Proposed Black Sea Bass Pot Closure

Point N Latitude W Longitude
A 35°15.19'N at shoreline
B 35°15.19' 75°12'

C 34°51" 75°45'

D 34°21" 76°18'

E 34°21'N 76°45'

F 34°12' 77°21"

G 33°42' 77°43'

H 33°37' 77°47

| 33°28' 78°33

J 32°59' 78°50

K 32°17' 79°53'

L 31°31" 80°33'

M 30°43' 80°49'

N 30°30' 81°01'

@) 29°45' 81°01'

P 29°00' at shoreline

Protected Resources staff would like the Council to replace Alternative 5 (reviewed by
the Council at the December 2013 Council meeting) with the revised Alternative 5
(above, as provided by PR staff to Council staff in January). The original Alternative 5
was meant to be a placeholder and was presented to Council to provide some insight into
the type of alternative(s) PR might develop.

COMMITTEE ACTION: REPLACE ALTERNATIVE 5 WITH REVISED
ALTERNATIVE 5 AS REQUESTED BY NMFS PROTECTED RESOURCES.

COMMITTEE ACTION: APPROVE SUGGESTED EDITS TO REVISED
ALTERNATIVE 5.
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****NOTE: The alternative below was proposed by the NMFS Protected Resources
team after the South Atlantic Council had already approved the document for
scoping. Hence the South Atlantic Council has not discussed this alternative but it is
included in this scoping document for purposes of soliciting public input. The South
Atlantic Council will consider inclusion of this alternative in the amendment at their
March 2014 meeting.****

NEW Alternative 6. The black sea bass pot closure applies to waters 25 m or shallower
from 28° 21.5” N (approximately Cape Canaveral, Florida) to Savannah, Georgia. From
the Georgia/South Carolina border to Cape Hatteras, North Carolina, the closure applies
to waters under SAFMC management that are shallower than 30 m. The closure applies
te-all-areas annually from November 1-April 30. The map below provides approximate
location of proposed boundary.
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COMMITTEE ACTION: APPROVE SUGGESTED EDITS TO
ALTERNATIVE 6.

Biological Opinion:
* As a general point, every amendment to every FMP in the Southeast Region

undergoes some level of ESA analysis. PR staff explained that their role on the
IPT is to identify early on potential issues that might trigger a biological opinion
for any given fishery management action. They stated that in most cases the
proposed actions do not trigger a biological opinion, and as a result, all of the
ESA analyses go on at the Regional Office “behind the scenes” between SF and
PR. It is only in the case of a biological opinion that the SAFMC would likely be
aware of this ESA process.

* The decision on whether a biological opinion would be triggered will be based on
the Council’s choice of a preferred alternative.

* Not all the alternatives would automatically require a Biological Opinion. For
example, the selection of either Alternatives 1, 5 or 6 as preferred alternatives
would possibly decrease (in the case of Alternatives 5 and 6) or eliminate (in the
case of Alternative 1) the possibility that a Biological Opinion would be required.
However, PR staff strongly cautioned the IPT that even with the selection of
either of Alternative 5 or 6 a determination on whether a biological opinion would
be needed could not be made until a comprehensive analysis is completed.

* Protected Resources has 135 days to produce a Biological Opinion from the date
all the data are received that are needed for the analysis.

SNAPPER GROUPER AP RECOMMENDATION:

The AP discussed the feasibility of the pot closure only applying to within designated
Right Whale Critical Habitat. Some of the AP members from North Carolina indicated
that migratory whales are frequently encountered in water 30-60 feet deep off the NC
coast. Migrating whales are distributed from the Gulf of Maine south in spring and fall
and congregate al calving grounds. The number of black sea bass pots the whales
encounter in the South Atlantic is minuscule relative to the number of pots in the Gulf of
Maine. The AP made the following motions:

MOTION: RECOMMEND ALTERNATIVE 4 AS PREFERRED
Alternative 4. Prohibit retention, possession, and fishing for black sea bass using black
sea bass pot gear, annually, from November 1 to April 30, in designated right whale

critical habitat in the South Atlantic region.
APPROVED
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PROPOSED ADDITIONAL ALTERANTIVES FROM SCOPING:

1. Closure in Petitioned Critical Habitat

The agency should consider is a prohibition on black sea bass traps within the area
that was petitioned for critical habitat in 2009 (CBD et al., 2009). That petition, which
NMEFS found presented substantial information demonstrating that a revision of critical
habitat may be warranted, relied on the best scientific evidence available at that time to
redefine right whale critical habitat to capture sightings at the 75th percentile (Garrison at
Figure 19, Keller et al. at page 83). The petition, and thus this alternative, would adopt
the boundary proposed in the Garrison and Keller papers and extend the protection
northward from the shore of South Carolina through North Carolina out to 30 nautical
miles. This distance from shore was chosen because a focal study of the area found
94.1% of sightings occurred within 30 nm of the coast during migrations (Knowlton

2002). Under this alternative, there would be a prohibition on black sea bass trap/pot
fishing would be in place throughout this area from Florida through North Carolina from
November 1 through April 30 annually to comport with published data delineating the
dates and areas in which right whales are expected to be present in southeastern

U.S waters.

A graphic illustrating boundaries of the seasonal trap/pot area that would be included in
this proposed alternative is below.

Google earth

Figure 1. Closure in Petitioned Critical Habitat
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2. Southeast Seasonal Gillnet Restricted Area
The agency should evaluate is to prohibit black sea bass fishing in waters already

designated as a southeast seasonal gillnet restricted area that was put in place by NMFS
in 2007 to prevent entanglement of right whales in high use areas off Florida and
Georgia. [72 FR 34632, 34636; June 25, 2007] This area is already delineated in
regulations and, as such, is familiar to commercial fishermen. To protect migratory and
other high value seasonal habitat, this proposed alternative would also prohibit black sea
bass pot gear in waters shallower than 30 meters in depth northward from the designated
seasonal restricted area off Georgia through North Carolina along the area outlined in
Alternative 5 north of the Restricted Fishing Area. Again, the prohibition would be in
place from November 1 through April 30 to comport with published NMFS data on the
regular presence of right whales in the southeast.

A graphic illustrating boundaries of the seasonal trap/pot area that would be included in
this proposed alternative is below (Fig. 2).
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Figure 2. Southeast Seasonal Gillnet Restricted Area

The IPT discussed the two recommendations received from the Humane Society
(HS).

PR staff stated that the HS recommendations would provide protection to whales.
Some IPT members noted that the two recommended alternatives would extend the
prohibition
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30 nautical miles from shore and beyond areas where there are most likely to fish with
black sea bass pots. These members questioned whether these alternatives would meet
the purpose and need to relieve adverse socioeconomic impacts.

An IPT member pointed out that although there was some discussion that these
alternatives might not necessarily relieve adverse potential socio-economic impacts,
other alternatives currently being proposed might not meet the need of providing
protection to large whales. PR staff reported that the SE Seasonal gillnet restricted area
proposed for a closed area by HS is also currently being proposed as a trap/pot restricted
area under the Atlantic Large Whale Take Reduction Plan.

In addition, other alternatives were received from scoping.

1. Some fishermen recommended the regulations should be a distance from shore.
The IPT noted that this would be difficult for enforcement and waypoints would
be needed in the regulations.

2. The National Park Service suggested a combination of Alternatives 4 and 5 as
presented in the scoping document combined with the addition of all National
Park areas.

3. The Council should consider establishing an area where the use of black sea bass
pots is allowed (15 to 20 miles offshore). For-hire fleet has a 13-inch minimum
size limit and they claim that pots are catching most of the 13-inch fish before the
for-hire fleet has access to them.

4. The Council should address threats to migrating whales separately from threats to
calving.

COMMITTEE ACTION: CONSIDER THE PROPOSED ALTERNATIVES FOR
INCLUSION IN REGULATORY AMENDMENT 16 AND PROVIDE GUIDANCE
TO STAFF.
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ABSTRACT: Entanglement in non-mobile fishing gear has been identified as one of the leading
causes of mortality in North Atlantic right whales Eubalaena glacialis. To investigate this issue
further, all available photographs of right whales taken from 1980 to 2009 were examined for
evidence of entanglement with gear used in fisheries based on presence of rope or netting on the
whale or scars inferred to have been caused by an encounter with rope. Photographs of 626
individual whales were assessed and 1032 unique entanglement events were documented. Of the
626 animals, 519 (82.9%) had been entangled at least once and 306 of the 519 (59.0 %) had been
entangled more than once. Males and females were entangled at similar rates. Juveniles were
entangled at a higher rate than adults. On average, 25.9 % of adequately photographed animals
acquired new wounds or scars from fishing gear annually with no significant trend over time
detected. However, the annual percentage of animals observed with rope on the body increased
significantly during the study period, suggesting that it is becoming more difficult for whales to
free themselves completely from fishing gear. Such high annual rates of entanglement remain a
serious conservation concern for right whales because entanglements can have both lethal and
sub-lethal effects. Federally required changes to fixed-gear fisheries in US waters have not
reduced serious injuries and mortality to legally required levels. Here we show how documenting
various annual rates of entanglement can monitor progress and impacts that fishing gear regula-
tions may have on right whale recovery.

KEY WORDS: North Atlantic right whale - Eubalaena glacialis - Fishing gear - Entanglement -
Scars - Conservation
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INTRODUCTION

The North Atlantic right whale Eubalaena glacialis
is an endangered species, numbering around 500
individuals (see 2011 Right Whale Report Card at
www.narwc.org/pdf/2011_report_card_addendum.
pdf). Entanglement in non-mobile fishing gear, in-
cluding pot (trap) and gillnet gear, has been
identified as one of the leading causes of mortality in
this small, well-studied population (Kraus et al.
2005). Both living and dead right whales have been
documented with rope through the mouth and/or
wrapped around other body parts, including flippers

*Email: aknowlton@neaq.org

and flukes (Knowlton & Kraus 2001, Moore et al.
2004, Cassoff et al. 2011). Rope that has been re-
trieved from entangled right whales and humpbacks
along the east coast of the USA and Canada has been
found to come from non-mobile fisheries such as lob-
ster and gillnet gear in 80 % of the cases (Johnson et
al. 2005). The remaining 20% of the cases carried
rope that was not identifiable as to source.

In addition to those animals seen bearing rope,
right whales have been documented with acute
wounds, chronic unhealed wounds, and scars deter-
mined to be the result of contact with rope based on
evidence of wrapping (Kraus 1990). The majority of

© Inter-Research 2012 - www.int-res.com
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these entanglement injuries are scars as opposed to
acute or chronic wounds; thus, the term ‘scar’ is used
throughout this paper to describe both scars and
wounds. Since the source of rope retrieved from
large whales has been linked to non-mobile fisheries
in all cases where a source could be determined, it is
assumed that any animal documented with a
wrapping scar encountered rope that was fisheries
related. The event is referred to as an ‘entanglement’
whether gear was present or not. Previous studies
have assessed the level of entanglement in this
population using a comprehensive, longitudinal
photo-identification catalog of photographed sight-
ings from multiple researchers, herein referred to as
the 'Catalog’, curated by the New England Aquar-
ium for the North Atlantic Right Whale Consortium
(http://rwcatalog.neaq.org/Terms.aspx, Hamilton et
al. 2007). In the initial study, Kraus (1990) found that
57% of North Atlantic right whales with adequate
photographs of the caudal peduncle (the area where
entanglement scarring is most prevalent) had entan-
glement scars or were bearing rope from entangle-
ment. Since then, photographic monitoring has
revealed increasing levels of right whale entangle-
ment: 61.5% in 1995 (Hamilton et al. 1998) and
72.6 % in 2004 (Knowlton et al. 2008). Such entangle-
ments have a wide range of impacts, from minimal
scarring to chronic and sometimes fatal injury. What-
ever the outcome, each event likely stresses the ani-
mal and may interrupt its normal activity for a short
or long period (Hunt et al. 2006).

To address the entanglement problems facing this
endangered species, the US NOAA's National
Marine Fisheries Service (NMFS), under the man-
date of the Marine Mammal Protection Act of 1972,
convened the Atlantic Large Whale Take Reduction
Team (www.nero.noaa.gov/whaletrp/) to develop a
plan to reduce injuries and deaths of large whales
due to incidental entanglement in fishing gear. The
plan includes restrictions on where and how gear can
be set; research into whale population biology and
behavior, fishing gear interactions and the effects of
fishing gear modifications; outreach to inform and
collaborate with fishermen; and a large-whale dis-
entanglement program. This team has been in place
since 1996 and has helped NMFS formulate a variety
of both regulatory and non-regulatory measures that
have been implemented since the advent of the plan
in 1997.

Determining where and how to mitigate entangle-
ment interactions is challenging. Events in which
whales come into contact with fishing gear are rarely
observed directly (Weinrich 1999, Knowlton 2005);

thus, most locations where entanglement inter-
actions occur are not known. However, the limited
cases where retrieved gear has been linked to a
fisherman and/or locale indicate that entanglements
occur all along the eastern seaboard in US and
Canadian waters.

Although population-wide entanglement levels of
right whales have been documented previously,
understanding the annual rate and severity of
encounters with fishing gear is important for deter-
mining whether management changes to non-mobile
fishing gear are successful in reducing the frequency
and severity of interactions. In this study both unique
entanglement scarring events and the occurrence of
animals seen bearing fishing gear were used to
determine rates of entanglement as well as trends
over time. These data were also used to evaluate the
role of demography in entanglements, as well as the
strengths and limitations of the data and analyses for
monitoring.

METHODS
Photographic identification and catalog curation

Right whales have been photographed throughout
their known range from Florida, USA, to Nova Scotia,
Canada, and occasionally beyond, and are individu-
ally identifiable based on natural markings on their
heads and by scars (Kraus et al. 1986). Each photo-
graphed sighting event is entered into a relational
database with date, time, location, observer, and the
recorded behavior and/or activity of the whale(s). All
photographs and associated data collected by co-
operating research organizations and individuals
have been incorporated into the Catalog. As of
February 2012, 626 cataloged animals observed be-
tween 1980 and 2009 were available to be used in
this study. Although some photographs taken be-
tween 1935 and 1979 are included in the Catalog,
they are insufficient to support meaningful analyses
of entanglement rates, so data collected prior to 1980
were omitted from this analysis.

Identifying entanglement events

To identify entanglement events, all available
photographs of an individual right whale were
reviewed for the presence of (1) fishing gear on the
whale (regardless of whether or not scars were
present) or (2) scarring from past entanglements.
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Previous Catalog records of whales that survived
entanglements, where whales were either cut free or
freed themselves, have provided multiple records of
scarring characteristics due to entangling fishing
gear. For a scar to be attributed to entanglement, it
had to show evidence of the rope having ‘wrapped’
on a given body part following Kraus (1990). Com-
mon points of contact are shown in Fig. 1, although
wrapping scars can occur anywhere on the body.
Scars for which any uncertainty existed about the
source or cause were not included.

All sightings of an individual within a geographic
area in a given year were combined into one record
referred to as a 'batch.’ Because not all body parts are
photographed at each sighting, ‘batching’ allows for
a larger suite of photographs to be used to determine
the absence or presence of scars and gear. If an
animal was not sighted for more than a month, a new
batch was created even if the whale was seen in the
same habitat later in the year. For coding purposes,
the body was divided into 21 areas: 5 on the head, 2
on the dorsal body including the flippers, and 14 on
the dorsal and ventral tail (Fig. 1). All images from
each batch of sightings were reviewed, and each

Ventral Flukes

Fig. 1. Eubalaena glacialis. Body areas used for coding. The
body areas most frequently bearing observable scars from
rope are Areas 8, 9, and 10

body area seen in the images was coded if entangle-
ment scarring or gear was detected.

For any entanglement scar detected, that body
area was compared to previous batches of photo-
graphs of the animal to determine if the scar was
new. After all batches had been coded, a report out-
put listed each batch as a row of data with each body
area with new entanglement scars notated. The time
frames of occurrence of each new entanglement scar
were compared to determine the minimum number
of unique entanglement events and to narrow down
as far as possible the time interval during which each
event must have occurred. Take the example of 5
entanglement scars detected on 5 different body
areas in 5 consecutive years (scar detected on Area 1
in 1980, on Area 2 in 1981, etc.). If none of the body
areas had been previously photographed, then all
5 scars would be conservatively assigned to one
unique entanglement event that occurred before
1980. However, if Area 2 had been seen definitely
without any scars in 1980, then 2 entanglement
events would be logged, one that occurred prior to
1980 and the other that occurred between 1980 and
1981. Data for each unique entanglement event
included (1) date of detection (first date of the batch
in which the unique event was first detected), (2) lat-
est prior date when entanglement scarring was not
present, (3) known age or age class of the whale on
the date of entanglement detection, and (4) the
whale's sex, if known. Age was categorized as 'juve-
nile' for an animal first sighted as a calf through 8 yr
old if it was not known to have given birth; ‘adult’ for
a known age animal =9 yr of age, or a female <9 yr of
age sighted with a calf; and ‘unknown' for any ani-
mal not first sighted as a calf with a sighting history
<8 yr. Sex was determined either by visual assess-
ment of the genital slit or a repeated association with
a calf, or through genetic analysis of a skin biopsy.
Scars related to entanglement were coded for all
identified individuals in the Catalog from 1980
through 2009.

Entanglement events and crude entanglement rate
Total number of entanglement events

All unique entanglement events documented
through 2009 were tallied for each individual and
summarized for all individuals, and also for the sub-
sets of individuals for which sex was known. The
number of new entanglement detections as a propor-
tion of the number of animals identified in each year
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starting with 1980 was calculated to assess annual
variability in entanglement rates. However, the year
a scar was detected may not represent the year the
entanglement occurred (i.e. if the whale had not
been seen for many years) so this analysis is only
useful for demonstrating that entanglements have
occurred (crude entanglement rate), but does not
provide precise annual entanglement rates.

Annual entanglement rate

To determine the annual incidence of new entan-
glements, subsets of animals that showed definite
evidence of a new entanglement by the second of 2
consecutive years in which they were sighted (i.e.
1980-1981, 1981-1982...) were counted from 1980
through 2009. The primary method of determining
annual entanglement incidence was to review ani-
mals seen and adequately photographed in both
years of each 2 yr period. For an animal to be consid-
ered adequately photographed, clear images show-
ing the entire area of the dorsal peduncle or one of
the fluke insertion areas (Areas 8, 9, or 10; see Fig. 1)
were required in both years to allow for inter-year
comparisons. This area of the tail was chosen
because previous analyses showed that the majority
of entanglement scars were detected on the pedun-
cle and fluke insertions (Hamilton et al. 1998). In
addition to the animals adequately photographed in
both years, there were other animals for which
annual entanglement incidence could be deter-
mined. Calves and 1 yr old juveniles only had to be
adequately photographed in the second year to be
included (because their age alone indicates a limited
time frame in which they could have acquired new
scars). Similarly, any animal with an entanglement
that was known to have occurred within the second
year of the 2 yr time frame was included. Lastly,
because using only the peduncle for scarring leads to
underestimation of entanglement rates, any animal
with an entanglement scar detected on another part
of the body in the second year of the 2 yr period that
was clearly not present in the first year was also
included.

For each sequential 2 yr time period, the number of
animals known to be entangled by the second year
were tallied. That sum was divided by the total num-
ber of animals adequately photographed in both
years, plus a count of the animals included by the 3
other criteria described above, to obtain a percentage
of animals that were newly entangled by the second
year in the given 2 yr period. This treatment adjusts

for variable annual photographic effort and whale
sighting rates, and is the best analysis to determine
temporal changes in entanglement rate. To analyze
these scarring rates (including serious entanglement
rate described below), the trend and directionality
was assessed by log-transforming the yearly percent-
ages and regressing against year.

Time frames of entanglements

Because right whales are not sighted on a daily
basis, the location and actual date when each entan-
glement occurred usually cannot be determined. To
estimate roughly when an entanglement occurred, a
'time frame' represents the period between the last
sighting without the scarring and the first sighting
with the scarring, i.e. the period within which the
animal must have encountered the fishing gear.
Entanglement time frames were classified as follows:
(1) within 6 mo, (2) within 1 yr, (3) within 2 yr, (4)
within >3 yr and (5) unknown. All the time frames
were summarized and graphed to show for each
year: (1) the total number of entanglements that were
first documented in that year, and (2) the breakdown
(in percentages) of time frames during which those
entanglements must have occurred.

Age class at entanglement detection

Previous studies have shown that calves and juve-
niles are more likely to become entangled than
adults (Knowlton & Kraus 2001). To investigate this
further, we calculated the percentage of calves and
juveniles seen each year with new entanglement
scars or gear and compared those percentages to the
same annual calculations for adults using a Wilcoxon
signed-rank test. Although the age at detection does
not necessarily indicate the exact age at entangle-
ment, any detection that occurred before the animal
became an adult would clearly represent an en-
tanglement of a calf or juvenile. The count of such
entanglements therefore can be considered a mini-
mum estimate of the number of calf and juvenile
entanglements.

Serious entanglements
Most right whales that become entangled appar-

ently clear themselves of the gear and are left with
only scars. Whales seen bearing fishing gear or with
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deep wounds from entanglement were categorized
as having a serious entanglement (the term ‘serious
injury’ from entanglement is used here interchange-
ably). The criteria used here to define serious entan-
glement included: (1) any animal seen bearing gear,
or( 2) any animal with a cut deeper than 8 cm caused
by an entanglement (Knowlton & Kraus 2001) to
account for the potential sub-lethal impacts related to
gear either in the mouth, wrapped around a body
part, or trailing behind the whale, or wounds that
could lead to infection. In the Knowlton & Kraus
(2001) study, serious entanglements were subdivided
into non-fatal, potentially fatal, and fatal. Any time a
seriously entangled animal was subsequently
sighted free of gear and with no obvious decline in
condition, the entanglement was considered non-
fatal. An entanglement was considered potentially
fatal if the animal was wrapped in gear that would
impede its movements or feeding behavior, or
appeared to be in poor condition. Indicators of poor
condition included slow swimming, pronounced skin
lesions, graying of skin, not raising the flukes above
the surface when diving, visible necrosis or swelling,
and higher than normal levels of orange cyamids
(whale lice) present on the skin of animals >1 yr old.
In these cases, the animal typically disappeared
without a carcass being found. Fatal entanglements
were those that led to documented deaths where a
carcass was found. The definition of ‘serious injury’
used by Knowlton & Kraus (2001) and used in the
present study is different from that used by NMFS,
which considers serious injury to mean ‘any injury
that is likely to lead to mortality’ (Angliss & DeMaster
1998, Anderson et al. 2008).

The number of serious entanglements, indepen-
dent of outcome, was tallied by year for 1980 through
2009 and divided by the number of individual whales
photo-identified each year to determine the percent-
age that had been involved in a serious entangle-
ment. These percentages were log-transformed and
regressed against year. Finally, the demographic
characteristics of seriously entangled animals were
compared to the annual average percentage of
calves and juveniles in the known age population
over the time period.

RESULTS
Total number of entanglement events

Photographs of 626 individual animals sighted
from 1980 through 2009, comprising 12 894 batches,

were reviewed for this study. A total of 1032 unique
entanglement events were documented from either
scars or fishing gear on the whale. Of the 626 animals
reviewed, 519 (82.9%) were entangled at least once,
and 306 of the 519 (59.0%) were entangled more
than once. Whales showing evidence of multiple
entanglements included 15 animals entangled 5
times, 5 entangled 6 times, and one that was en-
tangled 7 times (mean = 1.99 entanglements per ani-
mal) (Fig. 2). Of the 107 animals not coded as having
entanglement scarring, 47 could not be adequately
assessed because the tail region had never been
photographed; therefore, the percentage docu-
mented with entanglement scars is likely a conserva-
tive figure.

Females and males had similarly high rates of
entanglement (198 of 239 females, 82.8 %; 247 of 272
males, 90.8 %). The rate for individuals of unknown
sex was considerably less (74 of 115, 64.3%). How-
ever, these latter animals were either seen rarely or
were new to the Catalog, so there were fewer data
from which to detect an entanglement event. Of the
445 whales of known sex that had been entangled at
least once, the average number of entanglements
was similar between females (2.19, SD 1.25, range 1
to 6) and males (1.98, SD 1.06, range 1 to 7).

Crude and annual entanglement rates

Over the 30 yr study period, the overall crude
entanglement rate, calculated as the average propor-
tion of right whales with newly detected entangle-
ment scars each year, was 15.5% (SD 5.5 %, range 8.6
to 33.6 %; Table 1). There was no significant trend in
annual rate detected. The results from the log-trans-
formed regression were the same as the non log-
transformed data; therefore, the slopes presented are
for the non log-transformed data (B = 0.13% + 0.12%
SE, F; .5 =1.2, p = 0.286).
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Fig. 2. Eubalaena glacialis. Frequency of occurrence of ani-
mals with evidence of different numbers of entanglement
events, as a percentage of total animals in the population.
Numbers above the bar represent numbers of individuals
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Table 1. Eubalaena glacialis. Annual tally of animals seen, new entanglement events recorded, and entanglement rates. For

the calculation of annual entanglement, an animal was 'adequately seen' if the left, right, or dorsal peduncle was fully seen

and well photographed in the given and prior calendar year. The annual entanglement rate was calculated from the number

of new entanglements recorded by the second year of the 2 yr period. The serious entanglement rate is the number of events

divided by individuals seen. See '‘Methods’ for details of additional criteria used in the calculation of annual and severe
entanglement rates

Year Crude entanglement Annual entanglement —Serious entanglement—

Individuals New Rate Ind. adequately New Rate No. of Rate

seen entanglements (%) seen over 2 yr  entanglements (%) events (%)

1980 65 9 13.8 0 0.0
1981 102 20 19.6 6 2 33.3 1 1.0
1982 100 18 18.0 13 2 15.4 0 0.0
1983 76 11 14.5 14 7 50.0 1 1.3
1984 115 14 12.2 19 5 26.3 1 0.9
1985 104 15 14.4 21 5 23.8 1 1.0
1986 152 19 12.5 29 6 20.7 2 1.3
1987 152 13 8.6 25 4 16.0 1 0.7
1988 198 24 12.1 31 6 19.4 0 0.0
1989 205 18 8.8 39 6 15.4 0 0.0
1990 145 29 20.0 46 21 45.7 2 1.4
1991 161 15 9.3 23 7 30.4 0 0.0
1992 131 19 14.5 27 9 33.3 0 0.0
1993 175 20 11.4 29 9 31.0 2 1.1
1994 207 38 18.4 60 16 26.7 5 2.4
1995 220 22 10.0 82 11 13.4 2 0.9
1996 219 42 19.2 86 27 314 2 0.9
1997 247 83 33.6 124 46 37.1 6 24
1998 219 23 10.5 115 20 17.4 2 0.9
1999 228 57 25.0 106 21 19.8 4 1.8
2000 234 34 14.5 148 20 13.5 7 3.0
2001 278 41 14.7 137 24 17.5 5 1.8
2002° 300 45 15.0 133 25 18.2 8 2.7
2003 309 30 9.7 93 15 16.1 4 1.3
2004 281 43 15.3 78 29 37.2 4 1.4
2005 347 62 17.9 133 34 25.6 3 0.9
2006 339 54 15.9 173 44 25.4 2 0.6
2007 376 94 25.0 183 79 43.2 4 1.1
2008 386 71 18.4 211 59 28.0 9 2.3
2009 413 49 11.9 219 42 19.2 8 1.9
Mean (SD) 15.5 (5.5) 25.9 (10.0) 1.2 (0.8)
“Fishing gear changes requiring weak links introduced and some seasonal closures enacted

From the restricted dataset that considered only
whales known to be newly entangled by the second
year of each 2 yr time period, the annual entangle-
ment rate ranged from 13.4 to 50.0 % with an annual
average of 25.9% (SD 10.0%; Table 1). The number
of adequately photographed animals increased over
the time period, but no significant trend in entangle-
ment rate was detected (f = -0.093% = 0.23% SE,
F; 0 =0.17, p = 0.685).

Time frame of entanglement detection

During the 1980s, only one-third of all entangle-
ment detections were detected within a 2 yr time

frame. This steadily improved over time and during
the 2000s, 72 % of the entanglements were detected
within a 2 yr time frame, with 61 % detected within a
1 yr time frame (Fig. 3).

Relative age at entanglement detection

For all but 4 years (1981, 1982, 1984 and 1986), the
percentage of calves and juveniles entangled exceeded
the percentage of adults entangled (Fig. 4). This differ-
ence was significant (Wilcoxon signed-rank test, Z =
3.82, p=0.0001). The average percentage of calves and
juveniles entangled across all years was 23.0% (SD
9.6 %) compared to 12.1 % (SD 7.8 %) for adults.
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Fig. 4. Eubalaena glacialis. Percentage of calves/juveniles (black bars)
and adults (gray bars) seen in given year with evidence of new

entanglement

Serious entanglements

Between 1980 and 2009, there were 86 serious
entanglement events. The percentage of seriously
entangled animals versus the number of animals
photo-identified each year ranged from 0 to 3.0 %,
with an average of 1.2% (SD 0.8 %; Table 1). These
data showed a significantly increasing trend (§ =
0.048 + 0.016 % SE, Fj 35 = 9.3, p = 0.0049). The only
years in which no animals were observed to be
seriously entangled occurred prior to 1993. The
highest number observed was 9 in 2008.

Of the 74 seriously entangled animals of known age
class from 1980 to 2009 (excluding 12 animals of un-
known age when seen entangled), 51.4% of them
were calves or juveniles. During this same time
period, the average annual percentage of juveniles in
the known age population was only 28.7 % (SD 9.5 %).

ment strategies are reducing right whale
bycatch in fishing gear. On an annual
basis, entanglement rates in this popu-
lation averaged 15.5% of all animals
sighted, and averaged 25.9 % of a subset of
animals considered adequately photo-
graphed from one year to the next. In no year has the
entanglement rate ever approached zero, indicating
that contact with rope is an ever-present, predictable
threat to this population. Our study revealed a signif-
icantly increasing trend in the occurrence of serious
entanglement events, as a percentage of animals
photo-identified. This is supported by the fact that
the only years in which no serious entanglements
were detected occurred prior to 1993. Serious entan-
glements are more readily apparent from photo-
graphs than minor scarring is. If there were a detec-
tion bias, it would be more likely to show up in the
crude entanglement rate, not in the serious entangle-
ment rate. The finding that crude and annual entan-
glement rates show no increasing trend, but serious
entanglements do, suggests that it is not just the
number of entanglements that are of concern. Appar-
ently changes in gear type or fishing methods, or
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changes in right whale distribution, have altered the
impact of entanglements without changing the rates;
however, the underlying reasons for this can only
be speculated on. Changes in rope manufacturing
resulting in more durable and stronger rope may
have allowed for heavier gear to be used and/or an
expansion of areas fished. The possible effects of
rope manufacturing changes are being explored by
the lead author of this paper. Another variable is the
groundfish collapse in the USA that occurred in the
early 1990s, which resulted in a shift from gillnetting
to lobster fishing. This transition may have resulted
in a different type of fishery practice or whale inter-
action with the gear. Other variables such as shifts in
right whale distribution may also impact our finding.
Whatever the reasons for this apparent increase in
entanglement severity, one worrying feature is that
slightly over 50% of the seriously entangled right
whales were juveniles, even though they only con-
stitute 28.7 % of the population.

All of these methods can be used to assess the
efficacy of entanglement reduction measures. The
evaluation of all whales sighted in a given year with
new scars or carrying gear provides information that
entanglements are occurring in the population. How-
ever, these numbers cannot appropriately be used to
monitor annual rates since they include all new
entanglement detections independent of when a
given interaction might have occurred. The approach
using animals known to have been newly entangled
by the second year of a given 2 yr period provides a
useful metric of annual rates of contact with rope.
Finally, analyses of serious entanglements will help
determine if gear modifications aimed at reducing
entanglement severity are influencing the nature of
entanglement interactions and their overall impact
on the whales.

The time frames of entanglement detections have
narrowed since the 1980s, suggesting that efforts to
monitor this population have improved over time.
This improvement is likely due to changes in data
collection protocols (full body image suites which be-
gan in the late 1980s), the advent of digital photo-
graphy which allows for zooming in to confirm if a
scar wraps, and increased shipboard survey effort.
Despite this detection improvement, there was no
trend upwards in crude or annual entanglement rates
which would be expected if this improvement in de-
tection had introduced a bias. Yet, even with detection
improvement, the geographic locations where entan-
glements occur and the type of gear involved are
rarely known (Johnson et al. 2005). This lack of infor-
mation makes management extremely challenging.

A high proportion of known individuals in this pop-
ulation are photo-identified annually, but numerous
factors influence the collection and analysis of entan-
glement scarring data, and rates are probably under-
estimated. First, shipboard and aerial platforms are
not equivalent in this assessment, since entangle-
ment scars are difficult to assess from aerial photos.
Second, short-term shifts in the distribution of right
whales have occurred during the 30 yr study period
(Kenney 2001), interrupting the regular collection of
scarring data because whales were outside the
typical survey areas. Finally, vessel-based photo-
graphic surveys (from which most entanglement data
are obtained) have been variable and infrequent or
absent in some of the known right whale habitats. To
maintain annual monitoring capabilities for man-
agers, vessel-based survey effort should be imple-
mented or expanded in more high-use right whale
areas to maximize the detections of entanglements
within short time frames. The right whale scientific
community and NMFS are presently considering an
expanded use of passive acoustic monitoring to
assess the presence and absence of right whales in
certain habitats. One must bear in mind, however,
that any concurrent reduction in visual effort will
reduce our ability to assess the level of entangle-
ments occurring in this population.

Right whales are protected under the US Endan-
gered Species Act of 1973, the US Marine Mammal
Protection Act of 1972, and the Canadian Species at
Risk Act of 2002. For this species, the goal of these 3
statutes is to ensure population recovery by reducing
threats from human activities. In the USA, NMFS has
implemented several regulations since 1997 in-
tended to reduce the frequency and seriousness of
whale entanglements. These currently include the
use of weak links to connect the vertical line to the
buoy system for pot and gillnet gear; weak links
between and within gillnet panels; seasonal gillnet
closures off the Florida and Georgia coast, Cape Cod
Bay, and the Great South Channel; and the use of
sinking groundline (versus floating groundline)
between pots and for gillnet anchoring lines for most
east coast US waters except for certain exempted
areas nearshore (see www.nero.noaa.gov/whaletrp/
plan/ALWTRPGuide.pdf for details of these require-
ments). These requirements have been implemented
incrementally, with the sinking groundline rule most
recently put in place in April 2009. Despite these
efforts, 4 serious entanglements were documented in
2010, and 11 in 2011. The last unregulated segment
of fixed gear in US water is the vertical buoy lines,
which remain a serious entanglement threat to all
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large whales (Johnson et al. 2005). Finally, most of
the right whale population spends several months of
each year in Canadian waters, where no regulatory
measures are in place to mitigate fishery interactions.

The scarring data presented here demonstrate that
right whale entanglement rates based on both
scarring and presence of fishing gear on the whales
are up to 10 times higher than those recorded by
counting only whales observed carrying gear. Docu-
mented entanglements with gear represent only
those events in which either the animal survived the
initial encounter and was later sighted with gear on
it, or the carcass was found, reported, and accessible
for examination. Considering the high rates of entan-
glement from the scarring data and the fact that large
whales including right whales are known to have
been anchored or drowned in gear, it is likely that
some whales die during or shortly after an entangle-
ment with no photo-documentation and are never
seen again. In addition to the documented deaths
and disappearances of animals observed bearing
fishing gear, the sub-lethal effects of severe wound-
ing or repeated entanglements may include reduced
reproduction and increased susceptibility to disease
(Knowlton & Kraus 2001, Kot et al. 2009). The dedi-
cated efforts to disentangle right whales that are
sighted with what is judged to be life-threatening
entanglements have clearly saved the lives of some
whales, yet such efforts are not a long-term solution
to the entanglement problem.

The North Atlantic right whale population is not
the only population of large whales that has experi-
enced a high rate of entanglement. A study of hump-
back whales in the North Atlantic found 64.9 % of the
population to have entanglement scarring when first
assessed in 2003 and acquiring new scarring at an
average annual rate of 12.1% (Robbins 2009). A
study of humpback whales off southeast Alaska
found 71 % of that population to have entanglement
scarring, with an annual acquisition rate of 8% be-
tween 2002 and 2003 (Neilson et al. 2009). Other spe-
cies of large whales also experience entanglement
(Read et al. 2006; see NOAA Stock Assessment
Reports at www.nmfs.noaa.gov/pr/sars/), but there
are relatively few studies with sufficiently detailed
photo-identification data to assess population-wide
and annual rates of entanglement.

Entanglement of large whales in fishing gear has
emerged as one of the urgent conservation issues of
our time. Fishing gear mortalities for several species
classified as endangered probably exceed all other
causes of mortality combined. As managers attempt
to regulate fisheries to reduce such interactions and

meet the legal requirements aimed at mitigating
harm to endangered large whales, it is essential to
develop methods to monitor their effectiveness. Here
we have shown that appropriate documentation of
scarring and of animals bearing gear can provide
critical information about the efficacy of efforts to
mitigate entanglements of right whales. In addition it
is essential to supplement this information with gear
marking to identify the gear types and fishing loca-
tions posing the most risk, to continue development
and implementation of effective gear modifications,
and to utilize seasonal area closures in high-risk
areas. For right whales, the evidence presented here
indicates that the efforts made since 1997 to reduce
entanglements and fatalities from fishing gear entan-
glement have not yet succeeded. Further actions are
needed immediately in both the USA and Canada to
effectively eliminate entanglements in order to help
this species recover.
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