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ABSTRACT

Entanglement of marine mammals in fishing gear is a global issue. It is con-
sidered a significant threat to minke whales (Balaenoptera acutorostrata) in the East
Sea of Korea. A total of 214 entanglements of minke whales in this area between
2004 and 2007 were used to investigate types and parts of fishing gears involved in
entanglements. The majority of entanglements were mainly caused by three types
of fishing gears: set nets, pots, and gill nets (n = 207, 96.7%). Other entangle-
ments were associated with bottom trawls, purse seines, and trawls. A total of 65
entanglements were attributed to the main and branch lines of fishing gears. The
most common body part of minke whales which attached to fishing gears was the
mouth (n = 63, 30.4%). Most entanglements took place within 10 nmi from land
(n = 179, 86.5%), and between 10 and 220 m of water depth. The mean length of
entangled minke whales in set nets was significantly smaller than that of whales in
pots and gill nets samples (P < 0.001). Also, the mean body length of minke whales
that entangled in the coastal area and shallow waters was significantly shorter than
that of whales in the offshore area and deep waters (P < 0.001). This informa-
tion can be used as fundamental data to conserve and manage this population of
minke whales in the East Sea of Korea, and also to modify fishing gear to reduce
entanglements. Future studies should focus on investigating the impact of these
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entanglements on the population and the effectiveness of mitigation measures to
reduce entanglements of minke whales in this area.

Key words: minke whale, entanglement, fishing gear, gear type, gear part, body
part, distance from land, water depth, body length, East Sea.

Entanglement of marine mammals in fishing gear is considered a significant
threat to many species of marine mammals (Alverson et al. 1994, Dayton et al.
1995). These entanglements not only affect the survival of specific populations but
also the structure and function of marine ecosystems (Crowder and Murawski 1998).
For example, entanglement is one of the significant factors affecting the survival
and recovery of the critically endangered western gray whale (Eschrichtius robustus)
(Weller et al. 2002) and North Atlantic right whale (Eubalaena glacialis) (Kraus 1990,
Knowlton and Kraus 2001).

Although a number of studies have reported entanglements in a variety of species
of whales (Perkins and Beamish 1979, Kraus 1990, Alverson et al. 1994, Knowlton
and Kraus 2001, Read et al. 2006), little information has been given on the types and
parts of fishing gear involved. The only published work in this regard is by Johnson
et al. (2005) who reported the types and parts of fishing gear entangling North
Atlantic right whales (Eubalaena glacialis) and North Atlantic humpback whales
(Megaptera novaeangliae).

Minke whales are considered as the most abundant baleen whale in Korean waters,
and the most recent abundance estimate of this stock (J stock) is 7,600 individuals
(CV = 0.4) (IWC 1984). This stock was seriously depleted by extensive commercial
whaling which ceased with the moratorium on commercial whaling in 1986 by the
International Whaling Commission (IWC). Since then, however, this stock has been
affected by human-induced mortality such as entanglement. Although minke whales
in Korean waters have been protected from commercial whaling for the 22 yr since
the moratorium, little data have been gathered to assess their status.

Many studies have reported entanglements of minke whales in Korean waters
(Kim 1999, 2008; Kim et al. 2004). The average number of entanglements of minke
whales per year was 93.7 between 1996 and 2002 (Kim et al. 2004), and 83.0 between
2002 and 2006 (Kim 2008). Kim (2008) also reported no significant difference in
this rate of entanglement between the two study periods. Baker et al. (2000) has
predicted, however, that the J stock will decrease and become extinct over the next
few decades following an assumed rate of entanglement of 100–150 individuals per
year. In addition to minke whales, many other cetacean species including long-beaked
common dolphin (Delphinus capensis), Pacific white-sided dolphin (Lagenorhynchus
obliquidens), and harbor porpoise (Phocoena phocoena) have been reported entangled in
fishing gear in Korean waters (An et al. 2004).

Although large numbers of minke whales in Korean waters have entangled in
several fishing gears, little data have been reported for this area except for the numbers
of entangled animals (Kim 1999, 2008; Kim et al. 2004). To further understand the
extent of entanglement and thereby to conserve and manage the population of minke
whales in this area, other details, such as types and parts of fishing gear and parts of
the minke whale body involved in entanglements need to be studied. The objective
of this study is to investigate these details for entanglements of minke whales in the
East Sea of Korea. These fundamental data are intended to be used to modify fishing
gear so as to conserve and manage the population of minke whales in this area.
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METHODS

We obtained records of entanglements of minke whales in the East Sea of Korea
between 2004 and 2007 from witness statements made to Pohang, Donghae, and
Sokcho marine police agents. We excluded records of entanglements of minke whales
in the Yellow Sea and East China Sea for this period because little data for entan-
glements of minke whales have been reported for these areas. A system to collect
cetacean entanglements data in Korean waters started with the establishment of the
bycatch/stranding reporting system in 1994 by the Ministry of Maritime Affairs and
Fisheries (MOMAF) of Korea. Since then, all data related to cetacean entanglements
have been systematically collected and recorded.

Following this system, cetacean entanglements are reported by a witness to a
marine police agent. Information gathered includes the date and location (latitude,
longitude, distance from land, and water depth) of entanglements. The agents exam-
ine the cetacean and determine whether the cause of death is natural or anthropogenic.
The marine police agents, with assistance of scientists from the Cetacean Research
Institute (CRI) of the National Fisheries Research and Development Institute of
the Korean Government report detailed information on entanglements including:
(1) the date and location (latitude, longitude, distance from land, and water depth);
(2) the species, length, and sex of entangled cetaceans; and (3) detailed information on
the type of fishing gear involved in entanglements. This information is often known
since the majority of witnesses are fishermen and they have radar, sonar, and fish
finders on board their boats. Finally, the CRI gathers, analyzes and verifies whether
this information is correct by assessing the witness statements, photographs of the
entangled cetaceans, and direct observation of the cetacean carcasses.

We provided descriptive statistics for the types and parts of fishing gears involved
in entanglements of minke whales and distance from land and water depth of the en-
tanglement sites. We further investigated the difference in the body length frequency
distributions of entangled minke whales for various types of fishing gear, distance
from land, and water depth using Analysis of variance (ANOVA) and used Tukey’s
honestly significant difference (HSD) post hoc test to determine whether there were
significant differences between groups (Zar 1999). Finally, we examined the influ-
ence of three factors (gear type, distance from land, and water depth) on body length
of entangled minke whales via multiple linear regression analysis using Statistical
Package for the Social Sciences.

RESULTS

Entanglement Outcome

A total of 214 entanglements of minke whales in the East Sea of Korea between
2004 and 2007 were analyzed (Fig. 1). The entanglement outcome was considered
negative in all cases because all entangled minke whales had drowned due to these en-
tanglements. Unfortunately, successful disentanglement of entangled minke whales
in the East Sea of Korea has yet to be reported.

Gear Type, Gear Part, and Body Part Involved in Entanglements

All gear types involved in the entanglement of minke whales were identified in
the reports (n = 214). The majority of entanglements (n = 207, 96.7%) were caused
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Figure 1. Entanglement sites of minke whales (circles) in the East Sea of Korea between
2004 and 2007.

by three types of fishing gear: set nets (n = 75, 35.0%), pots (n = 67, 31.3%), and
gill nets (n = 65, 30.4%) regardless of year (Fig. 2). The remaining entanglements
were associated with bottom trawls, purse seines, and trawls (n = 7, 3.3%).

In most cases, the gear parts involved in an entanglement were identified (n =
207, 96.7%). In pot gear, 65 entanglements (97.0%) were attributed to the main
and the branch lines of fishing gears (Table 1, Fig. 3). Most gill net entanglements
involved the float lines (80.0%). With set nets, however, most minke whales had
drowned in the chamber net without attachment to any specific site (65.3%).

Overall, the mouth was the most common body part of minke whales entangled
in fishing gear though the tail was nearly as frequently involved (Table 2). While
this was the case in pot fishing (64.2%), most gill net entanglements were at the tail
(43.1%) and only 26.2% at the mouth. In set net entanglements, most minke whales
had drowned in the chamber nets without any common body part of attachment
(65.3%).

Distance from Land, Water Depth, and Body Length

Most records of entangled minke whales were within 20 km from land regardless
of gear type involved (n = 179, 86.5%) (Fig. 4) and it is therefore thought that most
entanglements take place in coastal waters. A small number of gill net entanglements
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Figure 2. Types of fishing gear causing entanglement of minke whales in the East Sea of
Korea.

did occur over 100 km from land. The range of water depth of recorded entanglements
was 10–220 m (Fig. 5).

The body length of entangled minke whales ranged from 2.44 to 9.00 m with a
mean of 5.09 m (n = 207, SD = 1.03). There was a significant difference in body
length distributions depending on type of fishing gear (ANOVA test, F = 34.810,
df = 2, P < 0.001) (Fig. 6) with the mean length of entangled minke whales in set
nets (n = 75, mean = 4.45 m, SD = 0.65) being significantly shorter than those
entangled in pots (n = 67, mean = 5.63 m, SD = 1.05) and gill nets (n = 65,
mean = 5.28 m, SD = 0.98) (Tukey’s HSD post hoc test, P < 0.001). There was no

Table 1. Fishing gear and associated parts causing entanglement of minke whales in the
East Sea of Korea.

Set net Pot Gill net Total

Buoy line 1 (1.3%) 1 (1.5%) 8 (12.3%) 10 (4.8%)
Float line – – 52 (80.0%) 52 (25.1%)
Main/branch line – 65 (97.0%) – 65 (31.4%)
Anchor line 0 1 (1.5%) 4 (6.2%) 5 (2.4%)
In chamber net 49 (65.3%) – – 49 (23.7%)
Leader net 24 (32.0%) – – 24 (11.6%)
Unknown 1 (1.3%) 0 1 (1.5%) 2 (1.0%)
Total 75 67 65 207
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Figure 3. Generalized configurations and associated parts of set net (A), pot (B), and gill
net (C) gear.

significant difference in body length distributions between whales entangled in pots
and gill nets (Tukey’s HSD post hoc test, P > 0.05).

Also, there was a significant difference in mean body lengths of entangled minke
whales depending on the distance from land (0–5 nmi, n = 146; 5–10 nmi, n =
38; 10–15 nmi, n = 10; 15–20 nmi, n = 20) (ANOVA test, F = 16.391, df = 3,
P < 0.001) (Table 3). The mean length of entangled whales from coastal area (0–5
nmi) was significantly shorter than that of whales from offshore area (5–10 nmi and
15–20 nmi) (Tukey’s HSD post hoc test, P < 0.001). However, there was no significant
difference between other groups (Tukey’s HSD post hoc test, P > 0.05).
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Table 2. Points of attachment to minke whales by entangling gears in the East Sea of Korea.

Set net Pot Gill net Total

Mouth 3 (4.0%) 43 (64.2%) 17 (26.2%) 63 (30.4%)
Tail 13 (17.3%) 14 (20.9%) 28 (43.1%) 55 (26.6%)
Body 1 (1.3%) 1 (1.5%) 6 (9.2%) 8 (3.9%)
Mouth & tail 1 (1.3%) 6 (9.0%) 4 (6.2%) 11 (5.3%)
In net 49 (65.3%) – – 49 (23.7%)
Unknown 8 (10.7%) 3 (4.5%) 10 (15.4%) 21 (10.1%)
Total 75 67 65 207

Similarly, a significant difference in mean body length distributions of entangled
minke whales was also detected among water depths (0–50 m, n = 39; 50–100 m,
n = 20; 100–150 m, n = 28; 150–200 m, n = 14) (ANOVA test, F = 11.374,
df = 3, P < 0.001) (Table 4). The mean length of whales entangled in shallow waters
(0–50 m) was significantly shorter than that of whales from deep waters (100–150 m
and 150–200 m) (Tukey’s HSD post hoc test, P < 0.001). There was no significant
difference between other groups (Tukey’s HSD post hoc test, P > 0.05). Further, there
was no significant difference in mean body lengths of minke whales entangled in
different parts of fishing gear by different body parts.

The multiple linear regression analysis showed that the proposed model examining
the influence of gear type, distance from land, and water depth (independent variables)

0

20

40

60

80

100

5 10 15 20 25 30 35 40 45 50 55 60

F
re

q
u
e
n
c
y
 (

%
)

Distance from land (nmi)

Set net (n = 75)

Pot (n = 67)

Gill net (n = 65)

Figure 4. Distance from land of recorded entangled minke whales in the East Sea of Korea.
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Figure 5. Water depths of recorded entangled minke whales in the East Sea of Korea.

on body length (dependant variable) was significant (P < 0.001) and accounted for
approximately 41% of the variation in the overall result (Table 5). While water depth
had the strongest influence on the overall result (P < 0.01), distance from land was
also a significant predictor of the overall result (P < 0.05). However, gear type was
not a significant predictor of the overall result (P > 0.05).

DISCUSSION

The J stock of minke whales was seriously affected by extensive commercial
whaling until the moratorium in 1986, but has continued to be damaged since then
by human-induced mortality. Despite 22 yr of protection, there are few published
studies of the conservation status of this species. The only demographic information
available is an estimate of abundance of 7,600 individuals (CV = 0.4) from an
IWC report (IWC 1984). Fortunately, the IWC scientific committee is presently
attempting to estimate absolute abundance using sighting survey data from line
transects. We therefore expect an exact estimate of absolute abundance of this stock
to become available soon, enabling a reassessment of its conservation status.

Types and parts of fishing gear, and body parts of minke whales entangled have
not been fully investigated and this study is the first attempt concerning this subject
for the East Sea of Korea. This information is intended for use in conserving and
managing the population of minke whales by modifying fishing gear to reduce
entanglement.

The types and parts of fishing gears involved in entanglement have been variously
identified depending on methodology (Johnson et al. 2005, Kim 2008). For example,



290 MARINE MAMMAL SCIENCE, VOL. 26, NO. 2, 2010

0

10

20

30

40

2.0-
2.5

2.5-
3.0

3.0-
3.5

3.5-
4.0

4.0-
4.5

4.5-
5.0

5.0-
5.5

5.5-
6.0

6.0-
6.5

6.5-
7.0

7.0-
7.5

7.5-
8.0

8.0-
8.5

8.5-
9.0

F
r
e
q
u
e
n
c
y
 
(
%
)

Length(m)

(A)

0

10

20

30

40

2.0-
2.5

2.5-
3.0

3.0-
3.5

3.5-
4.0

4.0-
4.5

4.5-
5.0

5.0-
5.5

5.5-
6.0

6.0-
6.5

6.5-
7.0

7.0-
7.5

7.5 -
8.0

8.0-
8.5

8.5-
9.0

F
r
e
q
u
e
n
c
y
 
(
%
)

Length(m)

(B)

0

10

20

30

40

2.0-
2.5

2.5-
3.0

3.0-
3.5

3.5-
4.0

4.0-
4.5

4.5-
5.0

5.0-
5.5

5.5-
6.0

6.0-
6.5

6.5-
7.0

7.0-
7.5

7.5-
8.0

8.0-
8.5

8.5-
9.0

F
r
e
q
u
e
n
c
y
 
(
%
)

Length(m)

(C)

Figure 6. Length frequency distributions of minke whales entangled in three types of
fishing gears (A: set nets, B: pots, C: gill nets) in the East Sea of Korea.
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Table 3. Mean body lengths of entangled minke whales and distance from land in the East
Sea of Korea.

Body length (m)
Distance from land (nmi) Min Max Mean SD Sample size

0–5 2.44 7.65 4.78a 0.82 146
5–10 2.30 9.00 5.54 1.23 38
10–15 4.50 6.80 5.38 0.68 10
15–20 3.87 7.80 6.22 1.05 20

aSignificantly different compared to 5–10 nm and 15–20 nm groups at P < 0.001 (Tukey’s
HSD post hoc test).

Table 4. Mean body lengths of entangled minke whales and water depth in the East Sea of
Korea.

Body length (m)
Water depth (m) Min Max Mean SD Sample size

0–50 2.44 6.80 4.49a 0.80 39
50–100 2.55 7.00 5.06 0.79 20
100–150 2.30 7.80 5.75 1.20 28
150–200 4.70 7.80 5.99 0.97 14

aSignificantly different compared to 100–150 m and 150–200 m groups at P < 0.001
(Tukey’s HSD post hoc test).

Johnson et al. (2005) examined 61 right and humpback whale entanglement cases
between 1993 and 2002 and could attribute 80% of the entangling gear identified
to particular fisheries (36 of 45 cases) and in only 25 of 45 cases the parts of
gear were identified. They recorded difficulty in identifying gear parts involved and
quantifying, which presented a greater risk to animals, as often these whales are able to
break free from gear and become free swimming with gear and/or pieces of fishing line
attached to them. In contrast, gear type was identified for all entanglements of minke

Table 5. Result of multiple linear regression analysis to investigate the influence of three
factors (gear type, distance from land, and water depth) on the length of entangled minke
whales.

r = 0.654a r2 = 0.409b F = 23.164 P = 0.000
Unstandardized Standardized

Model coefficients coefficients t P
B Beta

(Constant) 4.176 18.278 0.000
Water depth (m) 8.831∗10−3 0.440 3.059 0.003
Distance from land (nmi) 2.146∗10−2 0.268 2.532 0.013
Gear typec 1.743∗10−2 0.012 0.099 0.921

aCorrelation coefficient.
bAdjusted coefficient of determination.
cSet net coded as 1, pot coded as 2, gill net coded as 3.
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whales in the East Sea of Korea, while most gear part (99%) and point of attachment to
the body (90%) were identified for entanglements. Furthermore, detailed information
related to the location of entanglement, such as distance from land and water depth,
was also obtained. These results show that the bycatch/stranding reporting system
in the East Sea of Korea is efficiently maintained and it may be easier to characterize
entanglements of whales that are found in the gear.

Johnson et al. (2005) reported that outcomes of entanglement of North Atlantic
right whales and North Atlantic humpback whales were mostly positive because
the majority of entangled whales were successfully disentangled or shed the gear
without intervention and thus survived entanglement. In this study, however, all
entangled whales died due to their entanglements. This difference may be partially
related to the extent of the entanglement reduction program such as the Atlantic
Large Whale Take Reduction Plan. For example, Read et al. (2006) reported that
marine mammal entanglements in U.S. fisheries declined by 40% between 1990
and 1999 due to conservation measures. Although progress has been achieved in
reducing entanglements in some regions (Kraus et al. 1997, Gearin et al. 2000, Read
et al. 2006), little has been done in the East Sea of Korea. This is likely due to a lack
of concern about the survival of this stock of minke whales related to the absence of
data available for assessing their conservation status. This difference, however, may
also be partly associated with a difference in the size and strength of each whale
species. While 30-ton humpback whales and 50-ton right whales are often able to
swim with fishing gear when they have been caught, the smaller minke whales may
be unable to do so. The reasons for differences in entanglement outcome are still
poorly understood and need to be further investigated.

Most entanglements of minke whales in the East Sea of Korea were associated with
three types of fishing gear, namely set nets, pots, and gill nets. These fishing methods
are considered passive compared to others. Other studies on gear type involved in
entanglements have also reported that the majority of entanglements were associated
with passive fishing methods regardless of the species of whale (Kim 1999, 2008;
An et al. 2004; Kim et al. 2004; Johnson et al. 2005; Read et al. 2006). Thus, passive
fishing methods can be considered the most dangerous.

Although there was a difference depending on the type of fishing gear, most
entanglements of minke whales in the East Sea of Korea were attributed to the
main and branch line of pot and float line of gill net. On the other hand, Johnson
et al. (2005) reported that the most common part of fishing gear involved in the
entanglement of right whale and humpback whale were buoy and ground lines.
The ground lines described by Johnson et al. (2005) are very similar to the main
and branch lines of this study. Therefore, we suggest that the most common parts
of fishing gear involved in entanglements probably do not vary depending on the
species. This information is of fundamental importance in modifying fishing gears
to reduce entanglements.

While the responding behavior of whales to entanglement is difficult to observe,
Weinrich (1999) reported a humpback whale began to roll and thrash repeatedly
immediately after becoming entangled in a gill net. Following this, the whale
opened its mouth and shook its head vigorously. This behavior, which is considered
instinctive, enabled the whale to free its tail but also further entangled its body. For
minke whales in the East Sea of Korea, the mouth was the most common point of
attachment to fishing gear, although there was a difference according to fishing gears
(30.4%). Generally, baleen whales open their mouths when they are foraging and
thus entanglements are probably associated with this activity (Johnson et al. 2005).
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When conducted, the majority of necropsies indicate that approximately 80% of
entangled minke whales had been feeding prior to death. Euphausiid (Euphausia
pacifica) and Pacific anchovy (Engraulis japonicus) were commonly found in their
stomachs. Further, many fishermen reported minke whales in fishing grounds are
associated with Pacific anchovy. We also frequently observed minke whales in the
distribution areas of euphausiid during our sighting surveys for minke whales in the
East Sea of Korea. Similarly, Johnson et al. (2005) reported the most common part
of attachment for right whale and humpback whale was the mouth (77.4%), which
indicated that a large portion of entangled whales may have encountered gear while
foraging.

Most entanglements of minke whales in the East Sea of Korea were associated
with the coastal area within 20 km from land. Cho et al. (2003) reported that minke
whales tend to occur mainly over the continental shelves along the shore, based on the
analysis of spatial and temporal distribution patterns in this area. This distribution
pattern of minke whales is probably related to the distribution pattern of prey species
(Perkins and Beamish 1979, Kim et al. 2004, Kim 2008). The MOMAF database
(MOMAF 2004–2006) indicates that the majority of fishing with set nets, pots,
and gill nets in the East Sea of Korea is located in coastal areas. Thus the spatial
coincidence in anthropogenic fishing effort and foraging by minke whales is the cause
of high levels of entanglement in coastal waters.

The body lengths of minke whales entangled in set nets were significantly shorter
than those entangled in pots and gill nets indicating an element of selection such
as size selectivity of fishing gear. This has been reported by previous studies for
minke whales in this area although reasons were not further investigated (Kim
et al. 2004, Kim 2008). This trend can be associated with the entrance size of set
nets, which are small enough to limit the size of minke whales to be able to enter.
However, it may also be related to individual experience, which may be greater in
older animals. It is also possible that minke whales are spatially segregated according
to body length (or age), which may increase the vulnerability of certain age classes to
entanglement. The possibility of age- and sex-related spatial segregation of minke
whales has been reported for the Okhotsk Sea-West Pacific stock of minke whales
(Wada 1989, Hatanaka and Miyashita 1997). They indicated a greater tendency of
smaller minke whales to migrate along coastlines. It is still unclear which of these
factors are responsible for biases in the size of entangled minke whales and further
investigation is required.

Several measures intended to reduce entanglements of various marine mammal
species have been attempted in other areas, for example, the attachment of acoustic
alarms, fishing gear modifications and time-area closures (Kraus et al. 1997, Murray
et al. 2000). In all cases, negative factors hinder implementation. Acoustic alarms are
relatively expensive (>US$50 each), and their effectiveness, on species other than for
small cetaceans, has been little investigated. Furthermore, certain marine mammal
species may become habituated to the sounds created by acoustic alarms. Similarly,
there has been little examination of the effectiveness of fishing gear modifications
except for small cetaceans due to various constraints including the ability to observe
entanglement interactions for certain marine mammals, such as large whales. Also,
time-area closures may not be the answer to all entanglement problems or something
of that nature (Murray et al. 2000). Although much progress has been made in re-
porting the extent of entanglements in the East Sea of Korea (Kim 1999, 2008; Kim
et al. 2004), there has been little progress in investigating the effectiveness of miti-
gation measures due to the absence of concern and data on the survival of this stock.
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Thus, investigation into the effectiveness of several mitigation measures such as the
attachment of acoustic alarms, fishing gear modifications, and time-area closures is
needed in the East Sea of Korea.
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