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ABSTRÀCT

During ,fuIy and early August of lggT, entanglement of
juvenile male northern fur seals (calrorhinus ursinus) in marine

debris was studied on st. paur rsland, Araska, in the Bering sea.

Estimates of entanglement-caused mortality, incidence of
entanglemenE, and the kinds and sizes of debris were determined

for seals in 94 roundups.

The proportion of entangled seals obsen¡ed in 1992 was

greater than in 1991 but was comparable Èo that obsen¡ed during
the previous several years. The entanglement rate since i-9g7 has

remained lower than that obse:r¡ed during 1967-96. The proportion

of juvenile males obsen¡ed ent,angled in 1-992 was O.2gZ. Although

the proport,ion of entangled animals found in fragnnents of trawl
webbing increased over that, obsen¡ed in 1gg1, the frequency of
occurrence of Èraw1 webbing among entangling debrís in 1992 was

about one-harf that obsen¡ed prior to 1998. The proportion of
seals entangled ín other Èlæes of debris did not change.

The L992 studies confirm earlier esÈimates that the annual

sun¡ival of seals entangled in small debris is about one-half

that of nonentangled seals. Seals from which debris was removed

had significantly higher surr¡ival than those which remained

entangled.

During the 1,992 roundups, 10 entangled male seals too large

to be part of the entanglement study were captured and the debris

was removed.
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IIüTRODUCTTON

Entanglement in marine debris, specifically in plast.ics
associat,ed with the conunerciar fÍshing índustry, has been

implicated as a significant factor cont,ributing to, or causíng,
population t,rends obsen¡ed for nort,hern fur seals (Callorhínus

ursinus) on the Pribilof rslands, Alaska (Fowler 1,gg2, 7-gg7,

1988; Fowrer et aI. 1990b). The effecÈs of entangremenÈ on

nort.hern fur sears have been examined at Èhe popuration 1evel
(Fowler ]-982, 1985, L9B7) and at the level of Ehe individual
(Fow1er 1988). Fur seal ent,anglement has been studied since the
early 1980s by the Nat.ional tvlarine l{anunal Laboratory, ín
cooperation with the NaÈional Research rnstit,ute of Far seas

Fisheries of 'Japan (Fowrer and Baba tg9t, Fowler eÈ ar . tgg2) .

Research objectives are 1) det,ermination of the proporÈion

of t,he seal population ent,angled, 2) classificaE,ion of the

ent,angling debris, 3) determinat,íon of the effects of
ent,angrement on mort,alíty, especially aÈ t,he population 1eveI,

and 4) determination of the effect,s of debrís removal on

su:r¡ivaI. we also remove debris from entangred seaIs.

This report presents t,he results of our L992 research on Èhe

ent,anglemenÈ of nort,hern fur seaIs. Resu1t.s of this and previous

work focus on juvenile mares (aged 2 to 5 years) from st. paul

Island, Alaska (in the eastern Bering Sea). Studies in 1-992

examined the incidence of entanglement and its effects on

sun¡ival, characterized the ent.angling debris found on the sea1s,



2

and compared the frequency of repeated sightings for entangled
and nonentangled seals.

METHODS

.ruvenire male norÈhern fur seals were obsen¡ed during
roundups as descríbed in Fowrer et al. (1990a), Fowler and Ragen

(1990), and Fowler and Baba (1991). Seal_s were herded inÈo a
group and allowed to pass beÈween obserr¡ers who watched for
animals with tags or ent,angring debris. lithen an enÈangled or
Èagged seal was sighted, the flow of seals was st,opped whiLe t,he

seal was captured and the relevant information (e.g., Èâg number,

tag t,)æe, degree of wound, and t]lpe of debris) was recorded,.

EnÈangled seals and conErol animals were cagged. All work was

conducted during the breeding season when animals congregat.e near

breeding rookeries along t,he shoreline of the island.
Entanglement, research is focused on juvenile (subadult) male

sears judged to be of t.he size historically taken in the
commercial halr¡est (approximately 105-125 cm in total length).
unress indicated otherwíse, data in t,his report apply to mare

seals of t,his size. The toÈal count and the count, of entangled

animals are used t,o est,imat.e the incidence of entanglement.

As in all years since 1989, entangred seals were tagged and

ent,angling debris was removed (prior to 1999, entangiling debris
sras left on the animals) . Charact,erisÈics of the entangling

debris, including Ehe t]æe, color, and weight, were recorded. The
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mesh and twine size were det.ermÍned for net fragrmenÈs and the

lengt'h of materials such as packing bands and ropes $ras recorded.

samples were retained for future analysís. Tîro nonentangled

seals about, the same size as each ent,angred animal were arso

tagged to serr¡e as contrors when comparing rat,es of return.
The removal of debris was taken int.o account. when comparing

result,s from studies conducted before and aft,er 1989. This was

particularly import,anÈ in calcurating t,he proporÈÍon of seals

entangled. Since we removed debris from seals encountered after
1988, the íncreased sun¡ivar of t,hese seals resurted in rarger
numbers being resighted, t,hus artificially inflated the
proporÈion entangled. To account for this, and to rnake the data

comparabre, we used the estimated relat,ive sun¡ival of seals

ent,angled in smalr debris (0.5 relat,ive to conE.rors from past

studies: Fowler 1984, 1985, L9g7; Fowler et aI. 1999 , lggOa,b;

Fowler and Ragen 1990, Fowler et aI. ]-99zl. The number of seals

resight.ed after having had debris removed ín 1991 was mult,iplied
by this value. rn ot,her words, harf of the resighted seals from

which debris had been removed in 1991 were assumed to have been

sears thaE wourd have been resighted as ent,angled seaLs in L992

and wourd thus contribute to the obsen¡ed proporÈion of t.he

populaeion ent,angled.

To carculate the ent.angrement rate, the growth of seals was

also taken int,o account., âs some of the sun¡iving tagged seals

were too large to meet the size criteria above. In i.992, the

size of seals t.agged in 1989-1991 was recorded. Thus, the
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est'imate for incidence of entanglement only included tagge¿ seals
within Èhe designated size criEeria in Èhe count of entangled

seals- This differs from procedures for estimaEion of sun¡iva1
where seals that, Ì{ere previously tagged were counted regardless
of síze (i.e., entangred seals and cont,rors boÈh grow and both
are recount,ed) .

Because some animals are obsen¡ed more Èhan once, both
control and entangled sears are sampred with replacement. This
differs from t,he met,hod used in estimating the incidence of
entanglement from the comrnercial han¡est (prior to 1995) in which

both entangled and nonent.angled seals were killed.
Analytical meEhods used to analyze resight dat.a to estimaEe

t,he sun¡ival rate of entangred sears are from Fowrer and Baba

(19e1).

RESITLTS AIiID DISCUSSTON

Roundups

NineÈy four roundups of subadult, male norEhern fur seals
urere complet,ed on St,. paul rsland during July and early August, of
L992 (Table 1) . During these roundups , !7,630 male seals judged

to be of the size hist.orically taken in the conrnercial han¡est

u¡ere counÈed.

In 1-992, 22.22 of all sightings of entangled or control vrere

seal-s Lhat had already been seen in the same season (34 out of
Èhe t,oÈal of 153). This esÈimate of repeaE, sighrings is stight.ly
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Table 1.--Summary of roundups of juvenile (subadult) northern furseal males conducted on sL. paul rsland, Araska, during
,Ju1y and August of t992, including the number of bot,hthe contror and entangled seals in the total tagged.

Date LocaEion
Total" in

roundup

Tagged
sealsb

resighted

Total
seals
tagged

7/3
7/3
7/z
7/4
7/s
7/s
7/s
7/s
7/a
7/e
7/6
7/6
7/7
7/7
7/7
7/a
7/8
7/e
7/g
7/e
7/e
7/g

7 /t0
t /to
7 /t7
7 /tt
7 /tt
7 /t2
7 /1,2
7/1,2
7 /t3
7 /t3
7/14
7 /t4
7 /t4
7 /t4
7 /L4
7/!4
7 /t6
7 /t6
7 /1,6

Zapadni Reef Sands
Polovina
Zoltoi Sands
Zapadni Sands
Tolstoi
Tolstoi
I-,ukanin
Kit,ovi
Morj ovi
Morj ovi
Morj ovi
Morj ovi
Vostochni
Vost,ochni
Vostochni
Vostochní
Vost,ochní
Gorbatch
Reef
Reef
Reef
Zapadni Reef Sands
Tolst.oi
Tolstoi
Zapadni
Zapadni
Zapadni
Polovina
Polovína
Zoltoi Sands
Irukanin
Kitovi
Morj ovi
Morj ovi
Vostochni
Vostochni
Vostochni
Vostochni
Gorbatch
Reef
Reef

82
83

165
349
]-26

28
53

21,8
1

106
247

97
189
135
100

77
]-78
237
127

36
65

587
186

26
138
2L2
221,
224
181
280
25]-
130
t42
]-42
]-87
157
122
r1,7
284

89
105

6
2
6

11
11

1
3

15
0
5
7
6
4
9
1
4

13
10

5
1
3

27
22

4
I
7

11
10

9
t4
11

9
5
7
I
3
6
6

1,6
5
I



Table 1. --Continued.

Date Locat,ion
Total" in

roundup

Total
seals
t,agged

7 /L7
7 /17
7 /t8
7 /t8
7 /te
7 /Le
7 /20
7 /20
7 /20
7 /21,
7 /2t
7 /2r
7 /2t
7 /22
7 /22
7 /23
7 /23
7 /23
7 /23
7 /24
7 /24
7 /24
7 /2s
7 /2s
7 /26
7 /26
7 /27
7 /27
7 /27
7 /28
7 /2e
7 /28
7 /2e
7 /29
7 /30
7 /30
7 /30
7 /3L
7 /31
7 /3L
7 /31,
e/L
8/t
8/a

Zapadni Reef Sands
Tolstoi
ZolÈoi Sands
Polovina
Lukanin
KíE,ovi
Zapadni Sands
Zapadni
LiÈt,Ie Zapadni
Morj ovi
Morj oví
Vost,ochni
Morj ovi
Vostochni
VosÈochni
Gorbatch
Reef
Reef
Reef
Zapadní Reef Sands
Zapadni Reef
Tolstoi
Zoltoi Sands
Polovina
Kítovi
Lukanin
Zapadni
Zapadni
Zapadni
Morj ovi
Morj ovi
IJit,tle Zapadni
vostochni Sands
Vost.ochní
Zapadni Reef Sands
ToIsÈoi
Zapadni Reef
Gorbatch
Reef
Reef
Zoltoi Sands
Irukanin
Kitovi
Polovina

252
159
32t
383

66
95

243
158

22
127
118
263
1,37

77
258
229
178

45
138
22t
295
322
469
tt7
306
104
25]-
t79
230
136

84
L28
295
322
220
229
180
139
278
]-20
429
1,52
l.76
]-74

13
9

t7
t6

0
I
9
7
1
7
6

t2
7
5

t2
9

10
3
6
5

13
t4
13

6
t6

5
L4
10

9
9
4
5

13
11
10
t4

8
7

0
3
0
6
0
0
0
6
0
0
0
0
0
0
0
2
4
0
0
3
1
0
0
0
3
0
0
0
0
0
3
3
3
6
0
3
5
0
0
0
3
3
0
6

11
5

1,7
7

r_3

6



Table 1. --Continued.

Date I-,ocation
ToÈa1" in

roundup

Tagged
sealsb

resighted

Total
seals
t,agged

8/2
8/2
8/z
e/3
8/4
8/4
8/s
8/s
8/s

Morj ovi
Nort,heasÈ Poínt
Vost,ochni Sands
Vostochni
Zapadni Sands
Zapadni
Gorbatch
Reef
Reef

Totals

92
39

289
368
297
382
363
244
251,

L7 ,630

5
6

1-7
25
26
1-2
18
L2
12

854 118

0
0
0
3
0
0
0
0
0

"seal-s that are judged to be of the size that were taken ín the
commercial harr¡est prÍor Èo 1995.

bsears which had any kind of Èag (incruding monel Èags applied topups in 1987, 1988, ot 1999, or in Russiai research) in--eítrrerforeflipper and t,haE, were successfully restrained to read thetag. rncludes tags that were resighted more than once Èhisyear.



I
less than the values (25-3ot) carcuated from previous years
(Fowler et aI. t992) . Thirty-nine entangled subadult male seals
judged t'o meet' the size crít,eria were captured and double-tagged
wíth nr¡mbered brue A11flexr Èags bearing the address of the
National Marine Mammal Laboratory (Table 2). One entangled seal
tagged wit,h a monel tag (number Ao7o73, noÈ replaced by an

Allflex tag) was also captured and released after removing the
debris. Eighty símíIar1y sized control seals with no entanglíng
debris were also tagged (Table 2).

Tagged Seals from previous years

Sixt'y-seven seals which had been tagged during entanglement
research in previous years ü¡ere resighted in t9g2 (Table 3). of
t,hese, 7 had tags applied in 1995, 1996, and 19gg. six of the 7

resight,ed sears were tagged in previous years as cont.rols. one

had been entangled when tagged and had rost, its entangling
debris. The debris Èhat was lost had been noted as being smalI
(less than 150 g ín estimated weight) at the first sighting of
t,he seal.

Twenty-four male seals with 1991 tags urere resighted. Over

702 of these seals (n = t7) had been tagged as controls and the
remainder (n = 7) had been tagged aft,er being disentangled.
Twenty-six sears were resÍghted with tags applied in 1990.

Eight.een of these (69.2+) had been Èagged as controls and g had

LReference Èo trade names does not
National Marine Fisheries Service,

imply endorsement by the
NOAA.
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Tabl-e 2. - - I¡ist of blue broad-banded Alrf rex tags applied tojuvenile male northern fur seals during ioundups
conducted on St,. Paul Island, Alaska, 1992. Debris was
removed from entangled seals prior to their being
released.

Tag
number Dat.e L,ocation

Entangled (e)
Cont,ro1 (c)

1501
L502
l_5 03
1504
15 05
15 06
15 07
1508
1509
1510
1511
L51,2
1513
1514
1515
1516
L5l.7
1518
1519
L520
]-521,
L522
L523
L524
L525
]-526
1,527
]-528
L529
153 0
153 1
]-532
1533
1534
153 5
153 6
]-537
153 I
1539
1540

7/ø
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/7
7/8
7/8
7/8
7/8
7/a
7/e
7/e
7/e
7/e
7/e
7/e
7/e
7/g
7/e
7 /10
7 /t0
7 /t0
7 /1-L
7 /]-1-
7/1-t
7/t!
7 /tt
7/7r
7/72

Morj ovi
Vostochni
Vostochni
Vostochni
VostochnÍ
Vostochni
Vostochni
VosE,ochni
Vostochni
Vostochni
Vost.ochnÍ
Vost.ochni
VosÈochni
VosÈochni
Vostochni
Vost,ochní
Vost,ochni
Vostochni
Vost,ochni
VosÈochni
Vostochni
Gorbatch
Gorbatch
Gorbatch
Gorbatch
Gorbatch
Gorbatch
Zapadni Reef
Zapadni Reef
Zapadni Reef
Tolstoi
TolsE,oi
Tolstoi
Zapadni
Zapadni
Zapadni
ZapadnÍ
Zapadni
Zapadni
Zoltoi Sands

Sands
Sands
Sands
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Table 2.--Continued.

Tag
number Dat.e LroCatiOn

Entangled (e)
Control (c)

t54L
]-542
1543
]-544
1545
L546
1,547
L548
1,549
1550
1551
t552
1553
1554
1555
1556
1,557
1558
1559
1560
1561
ts62
1563
L564
1565
1566
L567
1568
1569
1570
1571
L572
1,573
]-574
1575
L576
1,577
1578
]-579
1580
15 81
]-582
r-583
15 84

7 /r2
7 /L2
7 /L3
7 /t3
7 /t3
7 /t4
7 /t4
7 /1-4
7 /14
7 /L4
7 /L4
7 /L4
7 /1-4
7 /t7
7 /t7
7 /L7
7 /1,9
7 /L8
7 /18
7 /t8
7 /te
7 /18
7 /20
7 /20
7 /20
7 /20
7 /20
7 /20
7 /23
7 /23
7 /23
7 /23
7 /23
7 /23
7 /24
7 /24
7 /24
7 /24
7 /26
7 /26
7 /26
7 /28
7 /28
7 /28

Zoltoi Sands
Zo1toi Sands
Irukanin
Irukanin
Irukanin
Morj ovi
Morj ovi
Morj ovi
Morj ovi
Morjoví
Vostochní
Vostochni
Vostochni
Tolstoi
Tolstoi
Tolstoi
Polovina
Polovína
Polovina
Polovina
Polovina
Polovina
Zapadni
Zapadni
Zapadni
Zapadni
Zapadni
Zapadni
Gorbatch
Gorbatch
Reef
Reef
Reef
Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Kitovi
Kitovi
Kitovi
Morj ovi
Morj ovi
Morj ovi

Sands
Sands
Sands
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Table 2.--Continued.

Tag
number Dat,e Location

Entangled (e)
Control (c)

1s85
1586
1587
1588
1589
1s9 0
159 1
]-592
1593
L594
1595
1596
1,597
1s9 8
1599
1600
1601
]-602
1603
L604
1605
1606
L607
1608
1609
1610
1611
t6L2
1613
1-61-4
1515
1,6]-6
t6t7
1618
t6t9

7 /28
7 /2e
7 /28
7 /2e
7 /2e
7 /2e
7 /2e
7 /2e
7 /2e
7 /2e
7 /2e
7 /2e
7 /30
7 /30
7 /30
7 /30
7 /30
7 /30
7 /30
7 /30
7 /3L
7 /31,
7 /31
8/a
e/r
8/t
8/L
8/t
8/t
8/t
8/L
e/t
8/3
8/3
8/3

IJittIe Zapadni
IJittIe Zapadni
Litt1e Zapadni
Vostochni Sands
Vostochni Sands
Vostochní Sands
Vostochni
Vost,ochni
VosÈochni
Vost,ochni
Vostochni
VosÈochni
Tolst.oi
Tol-stoi
Tolstoi
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadní Reef
Zapadni Reef
Zoltoi Sands
Zo1toi Sands
Zo1Èoi Sands
Lukanin
Lukanin
Lukanin
Polovina
Polovina
Polovina
Polovina
Polovína
Polovina
Vostochni
Vost,ochni
Vostochni



Table 3---List of northern fur seals tagged with plastic t,ags as seen during iluly juvenilemale roundups on St,. Paul rsland, L992. Tags were seen on bot,h foreflipþers(where two numbers are reporE.ed Èhe first is on the lefÈ) unless notedotherwise. Debris was removed from enÈangled sea1s. Monel tagged seals are t,obe reported elsewhere.

Date I-,ocation
Tag

number
Tag Tag
Eype color

EnÈ,anglement
gt,aE,us' Notes

7/3 Zoltoi Sands
7 /5 Kirovi

7 /5 Kir.ovi

7/s Tolstoi
7 /5 Tol-stoi

7/6 Northeast poinE.

7/7 Vostochni

7 /7 Vostochni

7/8 Vostochni
7/8 Vostochni
7/8 Vostochni

7/8 Vostochni
7/9 Gorbatch

7 /9 Reef

Allflex Iùhite
Allflex Orange

1,473
o744

1396

017- 018
1-260

13 31

059 - 060

1,320

t5L2
1511
1388

1508
L6t-162

157- 158

AlIflex

AlIflex
A11f1ex

AIIflex

AlIfIex
AIlflex

AIlflex
AIlflex
AIlflex

Allflex
AIlfIex

AIIflex

White

Green
Orange

Whit.e

Green

White

BIue
Blue
Vifhite

BIue
Green

Green

c
c

c
c

Tagged ,JuIy 29, 1990, oD polovina.
The number 0745 was oríginally
applied to the ríght side but not
seen at, this sighting. Tagged Aug
24, 1986, oD Kitoví.
Tagged on JuLy 22, 1990, on
Vostochni. Too large to count.
Tagged ,JuIy 11, 1991, on Tolst,oi.
Right. tag was the only one
sighÈed. Tagged rluly 24, 1999, on
TolsEoi.
Tagged on iluly 13, 1990, on
Polovina.
Tagged iluly 20, 1991, oD
Vostochni.
Tagged iluly 11- , 199 0 , on Zapadni .
Too large to count.
Tagged on VosE.ochni , JuLy 'l , L992.
Tagged on Vostochni, iluly ?, L992.
Tagged ,JuIy 22, 1990, on
Vost,ochni.
Tagged on Vostochni, JuJ-y'1, L992.
OnIy one tag noted, there may have
been two present. Tagged ,JuLy 29 ,1-99I, oD Gorbat.ch.
CounE,able size. OnIy one Eag
noEed, there may have been two
present . Tagged 'July 29 , 1991 , oD
Gorbatch.

F
N

ef

c
c
c

c
c

er



Tab1e 3. - -Contínued.

Date Locati-on
Tag

number
Tag
type

Tag Entanglement
color gtatus' NoE.es

7/e

7/e

Zapadni Reef Sands 54

Zapadni Reef Sands 075-076

Sands

Sands

Sands

Sands

13a-L32

o77 - 078

007- 008

1398

L525
t7t-1,72

029-030

119 I
039 - 040

]-528

1453

1,528

A11f1ex

À11fIex

AllfIex
AllfIex

AIlflex
A11flex

A11f1ex
À11f1ex

Allflex

Allflex

A11f1ex

AllfIex

AlIflex
A11flex

Blue

Green

Green

Green

Green

White

Blue
Green

Green

Orange

Green

Blue

White

Blue

Tagged on iluly 20, 1988, on
Vostochni (with a radío tag).
OnIy one tag noted, there were two
present. Tagged iluly 21, 1991 on
Lukanin.
Tagged ,JuLy 27, 1991, orr Zapadni
Reef Sands.
Only one tag noted, there may have
been two present. Tagged ,JuIy 21-,
L991, ofl Lukanin. Countable size.
Tagged ,JuLy 7, 1991, oD Zapadni
Sands.
OnIy one tag noted, there may have
been two present. Tagged ,JuIy 22,
1990, on Vostochni.
Tagged ,July 7, L992 on Gorbatch.
Tagged .fuly 30, 199t, oD Zapadni
Sands. Too large to counE.
Tag number on left noE, read but
tag was sighted. Tagged .Iu1y LS,
1991, or Vostochni.
Tagged ,JuIy 18, 1989, or Morj ovi.
Too large to count.
Countable size. Tagged iluly 18,
1-99L, on Polovina.
Tagged on JuIy 9, L992 on Zapadni
Reef Sands. Too large to count.
Tagged on iluly 27, 1990 on Reef .
Too large t.o count.
Tagged on ,Ju1y 9, 1,992 on Zapadni
Reef Sands.

7/9 Zapadni Reef

7/9 Zapadni Reef

7/9 Zapadni Reef

7/9 Zapadni Reef

7/to Tolsroi
7/70 Tolstoi

7 /1,o Tolstoi

7 /1,1, Zapadni

7/1,2 Zo1toi Sands

7/1,2 Zoltoi Sands

7/1,2 Zoltoi Sands

7 /1,3 Lukanín

c

ef

c
ef

c

et

H(,

c

et

et

et



Table 3. - -Cont,inued.

Date I-,ocation
Tag

number
Tag Tag
Eype color

Entanglement,
status' Notes

7 /1,3 l-,ukanin

7/13 Lukanín

7/13 Kirovi
7 /i,3 KiÈovi
7/L4 Morjovi
7 / 1-4 Morj ovi
7 / 1-4 Vostochni
7/14 Vostochni

7 /1,4 Vostochni

7 /1,4 Vostochni

7 / 1,4 Vostochni

7/a4 Vostochni
7 / 1-4 Vostochni

7 / 1-4 Vostochni
7 / 1,4 Vostochni

7 /1-6 Gorbatch
7 /L6 Reef
7 /1,6 Reef

7 /1,6 Reef

7 /1-6 Reef

1,tft12742

081 - 082

MII1456

0956 -09s7
1515
1354
1511
157- 158

L21-4

bH88

143 1

L52t
1485

1513
L22t

L457
143 8
1-71,-L72

02L-022

119 8

monel

AIlfIex

monel

AllfIex
AllfIex
A11fIex
AIlfIex
AllfIex

AllfIex

monel

AllfIex

A11fIex
A11f1ex

AIlfIex
AllfIex
AllfIex
Allflex
A11fIex

AllfIex

A11fIex

Green

Orange
Blue
White
Blue
Green

Orange

White

Blue
White

BIue
Orange

White
White
Green

Green

Orange

c
ef
c
c
ef

Russian Èagged seal, weighed ZO
Ibs.
Tagged on r.Iuly 21, 1991 on Zapadni
Reef Sands.
Russian t,agged sea1, weighed 58
lbs.
Tagged Oct. 8, 1986, oD Morjovi.
Tagged iluly 7, L992 on Vost,ochni.
Tagged r.Iuly 17, 1990 on Morjoví.
Tagged iluly 7, L992, oD Vostochni.
Tagged ,JuLy 29, 199L, oR Gorbatch.
Countable size.
Tagged iluly 18, 1989, or Vostochni
(Sands). Too large to count.
Russían t,agged seal, weighed 72
lbs.
Tagged iluly 25, 1990 on Morjovi.
Too large to count.
Tagged iluly 8, L992, on Vost,ochni.
Tagged August 2, 1990, oD
Vostochni.
Tagged iluly 7, 1,992, on Vostochní.
Tagged iluly 19, 1989, oD
Vostochni.
Tagged JuLy 27, 1990 on Reef.
Tagged ,JuIy 26, 1990 on Kítovi.
Tagged iluly 30, 1991 on Zapadni
Sands. Too large Eo count.
Tagged iluly 13, 1991 on Lukanin.
Too large t,o count.
Tagged ,July 18, 1990 on Morjoví.
Too large to count.

ts
rÞ

ef
c

c
c

c
c
et



Tab1e 3. - -Continued.

Date Location
Tag

number
Tag Tag
type color

EntanglemenÈ
status' Notes

7 /17 Tolstoi
7/L9 Kirovi
7/20 Zapadni Sands
7/20 Zapadni

7/20 Zapadni
7/2o Little Zapadni

7 /21, Morj ovi
7 /21, Morj ovi
7/2L Morjovi
7 /21, Vostochni

7 /21- Vostochní
7 /2L Morj ovi
7 /21, Morj ovi

7/22 Vostochni

7/22 Vostochni

7/23 Gorbatch

7/23 Reef

7/23 Reef
7/23 Reef

7/24 Zapadni Reef

o27 -O28

1,41,7
1401
1,81-L82

wt2451,
119 0

1-547
P88433
79
]-552

1519
1,448
1,2]-5

MH2659

059 - 060

1,456

J.71,-L72

1505 - 1506
L449

1350

AlIflex

A11fIex
AIlflex
A11flex

MoneI
AIIflex

AIIflex
MoneI
AIlflex
AllfIex
Allflex
AIlflex
AIIflex
Monel

A11f1ex

AllfIex
Allflex

A11f1ex
A11flex

AllfIex

Green

White
White
Green

Orange

Blue

Blue
Blue

Blue
White
Orange

H(¡

c
et
c

ef
ef

c
ef
e'
c

c
et
c

Tagged iluly 15, 1991 on Vostochni.
Too large to count.
Tagged iluly 6, 1990, oD Lukanin.
Tagged July 1, 1990, oD Tolstoi.
Tagged ,JuIy 31, L991, on Lít.tle
Polovina.
Russian tâ9, weighed 62 Ibs.
Tagged ,July 16, 1989, on Zapadni
Sands. Very large animal.
Tagged ,July 14, 1,992, on Morj ovi.
Russian tag.
Tagged ,Ju1y 25, 1988, oD Tolstoí.
Tagged iluly 14, L992, oD
Vostochni.
Tagged iluly 8, L992, on Vost,ochni.
Tagged ,JuIy 26, 1990 on Zapadní.
Tagged iluly 18, 1989, or
Vostochní.
Russian tag, missing right tag;
weighed 67 1bs.
Tagged ,JuIy 2O, t991-, om
Vostochni.
Tagged on JuLy 27, 1990 on Reef.
Too large to count.
Tagged .Iu1y 30, L991,, on Zapadni
Sands. Too large to count.
Tagged ,JuLy 7 , 1-992 on Vostochni.
Tagged on ,JuIy 26, 1990 on
Zapadni. Too large to count.
Tagged on ,July L6, 1990 on
Vostochni Sands. Too large to
count -

Green

White

Green

BIue
White

Whíte

c

et

c
c



Table 3.--Continued.

Date Location
Tag

number
Tag Tag
E1æe color

Entanglement
gtatus' Notes

7/24 Zapadni Reef
7 /24 Tolstoi

7/24 Tolstoi

7/24 Tolstoi

7/25 Zoltoi Sands

7/25 Zolroi Sands
7 /26 I-,ukanin
7/27 Zapadni

7/27 Zapadni

7/27 Zapadni

7/28 Morjovi

7/2e Morjovi
7/29 Vostochni Sands

7 /30 Tolst.oi

7 /30 Tolstoí

7 /30 rolstoi

o466-O467
]-486

r99 -200

r_3 85

209 -2LO

1570
L476
209 -2LO

0s5 - 0s6

1,577

L352

L546
L2t4

031-032

081 - 082

1570

Allflex
À11f1ex

Allflex

A11f1ex

AllfIex
A11f1ex
AIlflex
Allflex
Allflex

Allflex
Allflex

AllfIex
Allflex

AIlflex

AlIflex

A11f1ex

Orange
White

Green

White

Green

Blue
Irlhite
Green

Green

Blue

!{hir,e

BIue
Orange

c
c

et

et

c

Tagged Aug. 24, 1986, oh Zapadni.
Tagged on Aug. 2, 1990 on
Vostochni.
Tagged Aug. L, 1997, oD Zapadni
Sands. Too large to count,.
Tagged on ,JuIy 22, 1990 on
VosE,ochni.
Tagged Aug. 3, 1991, oD Gorbatch.
Too large to count.
Tagged iluly 23, 1,992 on Gorbatch.
Tagged JuIy 29, 1990 on Polovina.
Tagged Aug. 3, 1991, oD Gorbatch.
Too large to count.
Tagged iluly 19, 1991, of, Zapadni
Reef. Too large to count.
Tagged ,JuIy 24, 1-992, or Zapadni
Reef Sands.
Tagged on .IuIy 17, 1990, or
Vost,ochni.
Tagged iluly 14, 1-992 on Morj ovi.
Tagged .IuIy 18, 1989, or Vostochni
Sands after removing two pieces of
debris from two 360 degree wounds.
It was then noted as a stunted
animal and cont.inued to appear so
ín L992 and showed scars from the
wounds.
Tagged iluly 16, 1991, oD Gorbateh.
Too large to count.
Tagged ilu1y 21, 1991, or Zapadni
Reef Sands. Too large to count.
Tagged iluly 23, 1-992 on Gorbatch.

c
ef
c

c

ef
et

H
Or

Green

Green

BIue



Tab1e 3.--Continued.

Date Locatíon
Tag

number
Tag Tag
tl4pe color

Entanglement
status' Notes

7 /28 I-.,ittle Zapadni

7/30 Zapadní Reef

7/30 Zapadni Reef

7/30 Zapadni Reef
7 /31- Gorbatch
7 /31- Gorbatch
7/3L Reef

7 /31- Reef
7/31 Reef

7 /31, Reef

7/30 Reef
7/3L Reef
7 /31- Zoltoi Sands

7/3I Zoltoi Sands

7 /3r Zolt.oi Sands

8/7 Kitovi
8/a Kitovi
I /L Kit.ovi

8/r Kitovi
e/t Kitovi

1586

137-138

L99 -200

M4778
r524
L242
99 - 100

L232
L3L7

095 - 096

1572
22
L576

1,428

1163

0956 -O9s7
1,549
1595

L41,7
r_59 8

A11fIex

AllfIex

A11fIex

MoneI
AIlflex
AllfIex
Allflex
Allf1ex
À11f1ex

AllfIex
A11f1ex
Al-1f Iex
A11f1ex

AIIflex

A11f1ex

A11f1ex
À11fIex
A11f1ex

A11f1ex
A11f1ex

Blue

Green

Green

BIue
Orange
Green

Orange
White

Green

Blue
Blue
BIue

White

Orange

Orange
Blue
Blue

T{hite
Blue

on Tolstoi

at. Zoltoi

ef

et
c
c
c

c
et

c
c
c

Tagged ,July 28, 1,992 on Litt1e
Zapadní.
Tagged ,JuIy 27, 1991, or Zapadni
Reef Sands. Too large to count.
Missing the right tag. Tagged
Aug. 2, 1991, of Zapadni Reef
Sands. Too large to counE..
Russian tag. Weighed 54 Ibs.
Tagged July 9, 1,992, or Gorbatch.
Tagged ,JuLy 23, 1989, âÈ Lukanín.
Tagged iluly 23, 1991 on Reef . Too
large to count.
Tagged ,JuIy 21, 1989, âE Reef .
Tagged ,Ju1y 11, 1990, oD Zapadni
Sands. Too large to count.
Tagged JuIy 22, L991, on Reef. Too
large to count.
Tagged iluly 7, L992, oD Reef .
Tagged on ,JuIy 17, 1988, oD Reef .
Tagged JuIy 24, 1-992, on Zapadni
Reef Sands.
Tagged .Tuly 25, 1990,
Sands.
Tagged ,Ju1y 15, 1989,
Sands.
Tagged Oct. 8, 1986, ât Morjovi.
Tagged ,.Tu1y 14, 1-992 at Morj ovi .

Tagged JuIy 7, L992, one
Vostochni.
Tagged '.TuIy 6, 1990, ofl Lukanin.
Tagged .Iuly 30, 1-992, oD Tolstoi.

P\¡

c
c
c

c
c



Table 3. - -Continued.

Date Location
Tag

number
Tag Tag
type color

Entanglement
sÈatus' Notes

8/2 Morjovi

8/2 Morjovi
8/3 Vostochni Sands

8/3 Vostochni Sands

8/3 Vostochni Sands

8/3 Vostochni

8/3 Vostochni
8/4 Zapadni Sands

8/4 Zapadni Sands
8/4 Zapadni

8/4 Zapadni
8/4 Zapadni
8/4 Zapadni

8/4 Zapadní
8/5 Gorbatch

8/5 Gorbatch
8/5 Gorbatch
8/5 Reef

8/5 Reef

8/5 Reef

084 - 083

1584
084 - 083

1-221-

1,486

]-443

1593
!4L
1511
1,4L9

1518
1,6]-9
039 - 040

1533
09]-- 092

t521-
1507
]-L82

157- 158

1554

AIlflex

Allflex
Allflex

Allflex

AllfIex

Allflex
A11f1ex
AllfIex

AlIflex
AllfIex
Allflex
Allflex
Allflex

A11f1ex
A11f1ex

AllfIex
Allflex
AIlflex

Allflex

AllfIex

Green

Blue
Green

Orange

White

WhiE.e

Blue
Blue

Blue
!{hit,e

Blue
BIue
Green

Blue
Green

Blue
Blue
Orange

Green

Blue

c
c

Tagged ,JuIy 21, t99L, oD Zapadni
Reef Sands. Too large to count..
Tagged iluly 28, L992, oD Morjovi.
Tagged ,JuLy 2L, L99L, oD Zapadni
Reef Sands. Too large t,o count,.
Tagged iluly 19 , 19 89 , on
Vost.ochni.
Tagged on Aug. 2, 1990 on
Vostochni.
Tagged on iluly 26, 1990 on Zapadni
Sands.
Tagged ,JuLy 29 , L992 on Vostochni.
Tagged on iluly 30, 1988, orr
Zapadni.
Tagged iluly 7, 1-992, oD Vostochni.
Tagged ilu1y 7, 1990, oD Vostochni
Sands.
Tagged Aug. 3, 1992, oD Vostochni.
Tagged Aug. 3, t992, or Vostochni.
Countable size. Tagged iluly 18,
1991, orr Polovina.
Tagged ,JuIy 10, L992, oD Tolstoi.
Too large to count. Tagged iluly
2L, L991,, oD Zapadni Reef Sands.
Tagged ilu1y 8, 1992, oD Vostochni.
Tagged JuIy 7, L992, oD Vostochni.
Right, tag was the only one read,
the left one was sighted. Tagged
iluly 15, 1989, oD Reef .
Too large Eo count. Tagged iluly
29, 1991, or Gorbatch.
Tagged .Iu1y 17, 1-992, oD Tolstoí.

c
c

c
c
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Table 3. - -Continued.

Datê Locatíon
Tag Tag Tag Entanglement

number type color status' Notes

7/1-L Zapadni 1198 Al1flex Orange e' Tagged iluly 18, 1989, on Morjoví.
Too large to count.

'c seals that lvere controls when t.agged, ê' = seals from which debris had been removed
earlier.

P
\o
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been t,agged afÈer being disent,angled. Ten were resighted wit,h

tags applied in 1989, t.he first year during which debris was

removed. of t,hese, 7 (70t) had been tagged as controls and 3 had

been t,agged after being disentangled.

Incidence of EnE,anglemenE,

I{e examined 40 entangled juvenire male seals in the L992

roundups (37 seals were newly t,agged, 1 $¡as previously t,agged

with a monel tag that was left intact, and two were moner-tagged

seals from which t,he t.ags were removed and replaced with brue

A11f1ex t,ags) . The ent,angling debris was removed and the nature

of the debris was det,ermined. The sizes and kinds of entangling

debris, t,he extent, of any wounds, and the tightness of t.he

ent,angling debris on t,he animal are presented in Table 4.

of the 40 entangled seals examined, !9 (47.s+) were in trawl
webbing, 9 (22.52) in plast,ic packing bands, and Z (l7.SZ) in
string, sma1I Iine, cords, ot rope. The remaining 5 (12.52) were

ent.angled in oÈher debris.

The overall incidence of entanglement is estimated by the

ratio of all (bot,h initiat and subsequent.) entanglement sightings

Lo the total number of seals examined (Bengtson et, aI. 1989,

Fowler et al. 1990b). One-half of the han¡estable-sized seals

resighted in L992 after having debris removed in 1991 were

counted as entangled in 1992. All seals from 1989 and 1990 were

t.oo large to be included in the calculations. In all, 51.5

sightings were used t,o calculate the incidence of entanglement.

These obsen¡at,ions included 1) seals of harr¡estable size obserr¡ed



Tabre 4.--List of juvenire male northern fur sears tagged as
surveys conducted in ,fu1y and August of 1_992, SE.
the nature of t,he debrís on each animal. All tags
unless indicated otherwise. The entanglíng debris

entangled animals during
PauI Island, A1aska, showing
v¡ere broad green A11f1ex
was removed.

Tag
numberl Date

Location
(Rookery name)

Descríption of debris
Mesh Twine

Wt. TighE- Wound size size Foot-
Ty¡le (g) Color ness2 (deg. ) (cm) (mm) note

1501
L502
1503
1509
L5L4
1515
AO7073
L52L
l.522
1,523
]-528
1,532
153 6
153 I
]-542
1543
1,546
1551
1554

7/6
7/7
7/7
7/7
7/7
7/7
7/8
7/8
7/e
7/g
7/e
7 /1,O
7 / 1,1,

7 /L1-
7 /L2
7 /1,3
7 /14
7 /1,4
7 /L7

97.3
41.7

2L4.5
1-6

1050 .2
737.8

3.4
2L8.4

2
2.7
8.4

376.2
1,94.L
]-5.4
1.6

43.9
0.5
2.4

<I

0
0

360
360

0
0

270
180
180

0
90

0
300

0
360

0
0
0
0

L9.5
20
L2

22.8
22

22.2
10 .5

23
24.3
21,.L
28.3
2a.5
18 .5
22.2
21, -3
19 .5
20.8

22
22.4

Morj ovi
Vostochni
VosÈochni
Vostochni"
Vostochni
Vostochni
Vostochni
Vostochni
Gorbatch
Gorbat,ch
Zapadni Reef
TolsÈoí
Zapadni
Zapadni
Zoltoi Sands
Lukanin
Morjovi
Vostochni
Tolstoi

trawl
trawl
seine
rope
trawl
trawl
monofilament
trawl
packing band
packing band
rope/twine
trawl
trawl
seine?
waxed twine
trawl
packing band
packÍng band
packing band

grey
green
orange
grey
mixed
green

green
blue
blue
grey
green
oransJe
blue
9rey
9rey
yelIow
yel1ow
black

t.
vt
vt.
vE,
vt,
vE,
vt
vE,
vt.
f
vt
vt
vt
vt
vt
t
t
vt
f

2
3
1
5
5
3

N
ts

<1
4
4
1,2
2
2
5
1
1
2
5
15
5

4
5



Table 4.--Continued.

Tag
numberl Dat.e

Irocation
(Rookery name)

wt.(g) color
Tight- l{ound
ness2 (deg. ¡

Twine
size Foot-
(mm) noteType

Mesh
size

( cm¡

1557
1558
1563
1565
15 69
1573
L575
1578
1,579
1,582
1586
1s89
159 1
l.592
1599
1603
1605
1610
1611

7 /L8
7 /t8
7 /20
7 /20
7 /23
7 /23
7 /24
7 /24
7 /26
z /ze
7 /28
7 /2e
t /zg
7 /29
7 /30
7 /3O
7 /zt
8/L
8/a

318
<1

2.5
L37.4

67.8
3.9
1.3
o.7

103 .9
77

13 .4
18

1.5
5

76.5
1.8
1.5
3.5

s9 .6

blue
whit,e
green
yellow
green
green
9reen
blue
green
green
mixed
green
9rey
black
grey
yellow
black
green
orange

23.5
24
2L
2L
2L

22.3
23.L
23.9

23
2!
2L

22.4
23.4
2r.2
20.3
21.2
26.1-
22.2
20.8

3.5

1
3
3
4
2
9
2
3
7
3
2
4
2
a4
11
1.5
4

Polovina trawl
Polovina sEring
Zapadni twine
Zapadni trawl
Gorbatch trawl
Reef cord
Zapadni Reef twine
Zapadni Reef packing band
Kitoví trawl
Morjovi trawl
Little Zapadni trawl
Vostochni Erawl
Vostochni trawl
VosEochni rubber ring
Tolstoi t.raw1
Zapadni Reef packing band
Zo1toi Sands packing band
Lukanin trawl
Polovina trawl

9

10N
N

11

t
t
vt
vÈ,
t,
vÈ,
vt,
È
vt.
t
vt
t
t
I

0
360
180

0
0

360
360

0
150

0
180

0
60
15

240
0
0
0
0

t
È
1
I
1



Table 4.--Continued.

Tag
numberl Date

LocaÈion
(Rookery name)

Tight,- Wound
ness2 (deg. ¡

Twine
size Foot-
(mm) note

Description of debris

wt,.
(g) ColorType

Mesh
síze
(cm)

1,61,6
L619

8/a
8/z

Polovina
Vostochni

plastic ring
packing band

L4.8 white
3.5 blue

360 37
0 22.1_

9
13

t
t

lTag number for tag placed on both flippers (See Table 2).2^I Ioose, rn = moderaE.ely tight, t. = tight, vt = vêry tight.3Debris was a combination of wtrite with ãome blue repãir È,wine.aThis monel tagged seal was entangled but not retaggãd with A1lf1ex tags. Its weight was
.very light for a S-year old animal (SZ Ib = 25.9 kg).
'On this seal there was a 6-inch wound behind the left flipper where the debris had worninto the skin and the flipper had become wrapped in mesh.6lvhen captured, this seal wãs tagged wÍth monel number A22457; the monel tag was replacedwith an All-flex tag numbered as indicated.TThe twine of this wèbbing was flat with the maximum width about 5mm and the minimum about

3mm.8thís seal appeared to have just recently become entangled.eThe wound on this seal had been 360 degiees but was grown over the debris ín a few spots,
.^leaving an open wound wíth a totat of only about 1Bo deg,rees.l0The wound on this seal was very deep.lrwhen captured, this seal was tágged-with monel number A223O3; the monel tag was replaced
with an Al1flex tag numbered as indicated.

N(,
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ent,angred (n = 40) , 2) t,he repeated sightings of animals
disentangled in 1992 (n = 9) , and 3) tfre seals resighËed from
1991 after having had debris removed (n = 2.5). This varue (n =

2.5) was obtained as forrows: first, wê determined whether the
sears tagged in 1991 were of appropriate síze. There were 13

obsen¡ations of 7 individuar sears tagged in 1991 after Èheir
debris had been removed, including the repeated sightings of
these same sears ín 1992. Five of these obsen¡ations were of
seals thaE met Èhe size criÈeria. of these 5, we assumed a 50?

sun¡ival rate if the seals had remained entangled, yielding a

Eot,al 0f 2.5.

The incidence of entanglement, for 1992 was calcuLat,ed as

0-29* (51-5/L7,630), an estimate that is subject to slighÈ upward

bias as iÈ assunes thaÈ the seals from which debris was removed

would not, have lost their debris. Thus, Èhe lgg2 íncídence of
ent.anglement is within the range obsen¡ed from 19gg to 1991,

although higher than last year,s value of O.2tt (Table 5; Fig.
1) . This reduction is cont.Ínuing evid.ence of a decline in the
obsen¡ed íncidence of enÈ,anglemenÈ f rom t.he 0.43 obsen¡ed between

1976 and 1985 (Fig. l; Fowler et, aI. 1990b, Table 5). However,

wit,h t,he addition of the incidence obserr¡ed in Lgg2, lr'o Erend is
evidenÈ in the period since 1999.

Compared with L976-86, the lower incidence of ent,anglement.

among juvenile male seals is att.ribuÈable to a red.uction in the
fract.ion entangled in trawl webbing. During ]-9g2-g6, t,he mean

percenE of seals entangled in trawl webbing was 0.272 (Fowler et
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Table 5. - -The percent, of juvenile male nort,hern fur seals f rom
SÈ. Paul Island, A1aska, entangled in marine debris as
recorded from L967 to 1984 during the commercial
han¡est (data from Kozloff et aI. 1996) and from 1995
Eo 1992 duríng roundups (data updated from Fow1er
et, aI . Lgg2') .

Year Percent enEangled

L967
1968
]-969
]-970
t97t
L972
t973
L974
L975
]-976
L977
]-978
1979
1980
1981
L982
19 83
L984
1985
1986
]-987
1988
1989
199 0
199 1
t992

0.15
0.16
0.20
0.28
0 .41
0.43
0.48
0. s8
0.7t
0.42
0.35
0.46
0.40
0.49
0 .43
0 .41
0 .43
0 .39
0.51
0.42

o.28
0.29
0.32
0.2L
0.29
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Figure 1. The percentage of juvenile male northern fur seals
found entangled in the cormnercía1 han¡est, from t967 to
L984 and in research roundups from 1985 to 1-992 on St.
Paul Is1and, Alaska (updated from Fow1er et aI. L992) .



27

ar. 1990b). rn 1988, t,he percent ent.angled in trawr webbing

dropped to 0.15?; a reduction of s6z (Fowler et aI. 1990b). This
proportion remained low in 1989 and 1990, and became even rower

in 1991 (0.06?, Table 6). In ]-992, however, the rate of
entanglement in trawl webbing was higher than in 1991 but, remains

about 50? of the revels obsen¡ed for bet,ween 1992 and 1996.

Resightings and Sun¡ival

A surnmary of the number of tags applied to juvenire males

and the nurnber resíghted in each subsequent year is shown in
Table 7 for each year since 1985. No roundups were conducted in
1987. A Èotal of t02 seals judged t,o be of han¡estable size were

tagged and released in 1991. of these, 68 vrere contrors and 34

were entangled when captured. rn L992, a7 of these controls
(25.02) were resíghted. Seven (20.62) seals tagged following
removal of debrís in 1991 (n = 34) were resighted in !992. This

Ímplies that t,he resight,ing raÈe for disent,angled seals after 1

year was 82.42 of that for E,he controls (20.6/25.0 = 0.924).

This ís not significantly different from a rat,io of 1.0 (chi-

square test,, P

seals relative to controls is significantly higher than that of

entangled sears from previous years (chi-square test, p < o.05).

In L992, 3 of |ul:e 279 rrcont,rolil seals (1.1?) tagged in 1996

vrere resighted, whereas none of the group of :-28 animals tagged

as enÈangled in 1,986 were resighted. Of t,he four seals resighted

in !992 and t.agged in 1988, one had been origínaIIy tagged as an

ent.angled seaI.
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Table 6.--Debris found on juvenile male northern fur seals from
St. Paul Island, A1aska, tggl-gz, elq)ressed as the
incidence of ent,anglement, (obse:r¡ed þercent) amongjuvenile males entangled by debrís cãtegory (data for
1981-91 from Fowler and Ragen 1990, Fowler and Baba
L991, and Fowler et al. L992) .

Trawl net
Year fragments

Packing Cord, rope,
bands and string

Monofilament Misc. Sample
net. fragrment,s items size*

19 81
]-982
19 83
19 84
19 85
1986
1988
19 89
1_990
199 1
L992

0.29
0.24
0.30
0.22
0.35
o.27
0.15
0.1-2
0.11
0.06
0.14

0.08
0.10
0. 07
0.09
0.0s
0.06
0.07
0.10
0.11
0.08
0"07

0. 04
0.04
0.02
0.0s
0.08
0.07
0.05
0.06
0.07
0.06
0.0s

0.00
0.01
0. 01
0.02
0.01
0.01
0.00
0.02
0.01
0.01
0.01

0.03
0.01
0 .03
0.01
0.01
0.01
0.01
0.01
0.03
0.00
0.03

1,02
L02
1-1-2

87
76
70
53
47
7L
38
40

'sample sizes occasionally include debrís from seals larger than
would be count,ed for determining the proportion of juvenile males
Èhat are entangled.
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Tab1e 7.--Comparison of nurnbers of tags applied (in parentheses)
and resighted (percent resighteà- shown in Ëracket,sbelow E,he nt¡mbers resíghted) by year for entangled andnonenÈangled male northern fur seals from 1985 through1992 (none tagged in 19gZ). Each row corresponds tothe tags released in the first year for E,hat-row*.

Year

19 85 1986 1988 19 89 1990 1991 ]-992

(L72)

CONI|ROIJS
(nonentangled)

37
l2t.s)
(279)

13
17 .61

40
[14.3]

(104 )

I
1.4.71

32
[11. s]

20
Lte.21

(85)

7
t4.11

25
te.0l

11
t10.61

26
[30.2]

(114 )

4
t2.31

5
t1.81

11
t10.51

t4
t16.31

39
t34.21

(68)

0
[0]

3
t1.11

3
12.el

7
t8. rl

18
l1s.8l

t7
12s.0l

(80 )

(8s) t2
[14.1]

(128)

EMIAIiTGLED
(DisenÈangled after 19gg)

1
lL.2l

6
14.71

(s2)

00tot tol

41
t3.11 t0.81

52
te.6l t3.81

(43 ) 11
l2s .61

(s7)

0
l0l

0
t0l

1
t1. el

4
te.3l

2L
t36.81

(34 )

0
t0l

0
t0l

1
l1.el

3
t7.01

I
114.01

7
t20.61

(40)
*Updated from Fowler et al (]-992) .
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Rat'ios of t'he portion of entangled seals resighted each year
t,o t,hat of cont.rols are shown in Figure 2 (updated from Fowler et,

al. L992). An increase in Èhe sun¡ival attributable to removíng

debris is shown in data plotted for seals tagged in 19g9 and 1991

(stars in Fig. 2). However, t,he combined data for 19gg-g2

indicate t,hat, seals freed of their debris may have a lower
sun¡ívaI rat.e than that of cont,rols. The weight,ed mean annual

sun¡ival rat,e of disent.angled seals for the data accumulat,ed

since 1989 is 0.93 of that for controls.
The approach of Fowrer and Baba (1991; a weighted mean,

assuming that the probability of resighting is the same for both
caÈegories of seals and that su:r¡ival from entanglement, in sma1l

debris is the same from year Èo year) may be used for esE,ímating

sun¡ival of enÈangled seals compared E,o controls. Usíng only the
rat.ios for the ]-992 resight data for sears t,agged during 19g5-

1988 (Fig. 2), Èhe estimated su:r¡ival- of entangled seals is 0.53

that of cont,rols. using juvenile male sears tagged, wiÈhout

removing debris, in 1986, 1998, and 1999 as resighEed in arl
years through L992, the estimated annual sun¡íval is also 0.53"

This is to be compared with the 0.55 from Fowler and Baba (1gg1).

Thus, t,he resulÈs from L992, âs well as t,he cumulat,ive data,

as present,ed in Tabre 7 and Figure 2, continue t,o show t,hat the
probabíIity of su:r¡ivaI for an entangled seals in smal] debris is
about half what it would be without the debris (Fowrer et al.
1990b) .
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Figure 2. Relative rates of return for entangled juvenire mare
northern fur seals compared to controls (nonent,angled
t,agged sears) for varying time inten¡aIs (updated, from
Fowler et aI . 1,992, wit,h the data from this report) .
Each data point represents the fracE.ion of entangled
sears resighted divided by the fraction of controls
resighted (both from Tabte 7) for the corresponding
time inten¡aI (for example, t,here are two daLa poiñts
for 3 years corresponding to the 1995-gg and fgge-gg
inEen¡a1s) . The st.ars correspond to the relative
return rat,e for seals with debris removed.
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Characteristics of Ent.angling Debris

Weights and mesh sizes of debris removed from seals ín ]'992

are list,ed in Table 4. The data f or trawr net fragrments are

shown by size cat,egory in Table g and indicate that debris
dist'ribut,ions are very similar to t,hose seen in prevíous st,udies.

For Èhe combined data since 1983, about 742 of the trawl debris
found on seals weighed between 0 and 150 g, abouÈ 19? of the

debris weighed beÈween 150 and 500 g, and about gz of t,he debris
weighed over 500 g (Tabte g).

Irlít,hin- Season ResighÈing Rate

Alt,hough the collective data from 1995 to ]-992 indicate
simíIar intraseasonal resightÍng rates, there is a great deal of
year-to-year variability (Table 9). A1so, there is a higher
inÈraseasonal resighÈíng rat,e for entangled (or disentangled)

seals than for controls in 5 of Èhe 7 years. The resight,ed

fraction for t,he overarl mean has been close to 25? in bot,h

groups since 1985 (Fowler et. al. 1990b).

Disentanglement of Large Ma1es

During the J-992 roundups, 10 enËangled male seals Èhat were

too large to be counted as part of Lhe entangrement, studies
(i.e., larger than the sears t,aken in the commercial han¡est

prior to 1985) were captured to remove the debris. Some of these

were fuII adul-t males. The date and location of debris removal

for the large male seals are listed in Table 10.
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Table 8 - - -Annua1 percentage f requency dístribut,ion of ¡he size ot
measured trawl debris from entangled male northern furseals t,hat were tagged and releaéed (updaÈed fromFowler and Ragen 1990, and Fowler et aI. Lgg2) .

Year <1s0 g (?) 1s0-500 g (?) >s00 g (?)

19 83
19 84
1985
19 86
1988
19 89
1990
1991
]-992

Total

84
57
78

]-28
53
43
7t
11
19

544

s3 (63)
46 (81)
56 (72')
92 (72)
3e (72)
34 (79)
se (83)

e (82)
13 (68)

400 (74)

23)
]-2)
20)
2t)
1s)
16)
14)
18)
2t)

100 (18)

19
7

t6
27
I
7

10
2
4

t2 (r4)
4 (7)
6 (8)
e (7)
7 (13)
2 (s)
2 (3)
0 (0)
2 (]-t)

44 (8)
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Table 9.--comparison of nu¡nbers of t,ags applied E.o entangred and
conÈroI juvenile male northern fur seals in 19g5,
1986, and 1988 through 1-992 with the nr¡mbers in each
category resighted Èhe same season. The numbers in
parenÈheses are the percent of the tags applied that
were resighÈed in the same season.

Number of t,ags

Year

ConE,roIs

Applied Resíghted

Entanqled

Applied Resíghted

19 85

1986

19 88

19 89

1990

]-99]-

L992

TotaI

r70 3s (20.6)

16s s4 (32.7)

104 2t (20 .2)

86 20 (23.s)

]-]-A s6 (49.1)

68 L8 (26.s)

80 22 (27 .s)

787 226 (28.7)

76

70

52

43

57

34

40

372

2t (27 .6)

t9 (27 .L)

1s (28.8)

I (18.6)

18 (31.6)

6 (t7 .7)

7 (]-7.s)

94 (25 .3)
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Tabl-e 10.--List of male northern fur seals from which entanglíng
debris was removed in 1'992 during roundups of juvenile
males. Most of these seals were larger than would
have been included in entanglement research (i.e.,
data on debrís t)æe and size would not have been
recorded); some were adult males or of equivilant
size.

Number Date
(,Ju1y)

LocaÈion Notes

t7

23

Zapadni Reef

Reef

Zapadni Reef

PoLovina

26 Kitovi

This seal was about 7 years
old with two very deep wounds
which bLed significantly. The
debris was a large piece of
green trawl webbíng.

One of these seals was only
slightly larger than would
have been counted for
entanglement, studies. Of the
other two, one may have been
6-7 years old, the other 8-9
years o1d.

Sands

Sands24

25
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Although Èhe 1-992 est,imate of the incidence of entanglement
was higher than t.hat, for 1991 (Ehe lowest since t.he 1ate 1960s),
the incidence of entanglement, est.imated for lgg2 is consistent
with those for lggg through 1ggo. The combined set of data
continue to indicat,e that a decline occurred in the incidence of
ent,angrement forrowing 1996. The reduction f or t,his period of
time is attributable to less entanglement in Èrawl webbing, with
t,hat, for 1991 being t.he 1owesÈ obsen¡ed since Lgg2. An

e:çlanation for such a change cannoL be concrusivery estabrished
aÈ t'his Èíme. However, the d.ifference between t,he incidence of
entanglement for 19gg-92 and that of previous years may be a
result of changes in the raÈe of loss and d.íscard of net
f ragments f rom f ishing vessers. consistent, with t.he data f or
debris on norE,hern fur seals, Ehe abundance of trawl webbing

debris obselr¡ed on sampled beaches of several Alaskan islands has

arso declined in recent years (s. .fohnson 1990). various
educaÈíonaI programs at, the national and internalionaL level have

been in place for several years, and international regulaÈions
prohibit t'he discard of such debris. other studies are necessary
to determine if less debris is actuarly entering t.he marine

environmenÈ.

SI]MMARY

EnÈanglement research on juvenile males in 1,992

demonstrated:
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A continued reducE.íon of Èhe overarl i-ncidence of
entanglement from about O.4Z (1975_96) Èo 0.322 or less
from 1988 t,hrough L992¡

The rate of entanglement in trawl webbing in ].992

increased over levers obsen¡ed in 1991 but remain about

one-half of entanglement Ievels observed for this kind
of debris in prevj_ous years (1991-96) and very similar
t.o that obse:r¡ed during 19gg-90;

Data for rerative rates of return of entangled seals for
years in which debris was not removed continued to
produce an estimated annual survivar of entangled sears

t.hat is about. one-harf that of nonentangled seals; and

There is continuing evidence from the tggz studies that
the rate of return of tagged seals from which debris Ís
removed is significantly higher than for tagged,

entangled seals but not as high as for cont,rols.
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