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ABSTRACT

During ,JuIy'and earLy August of Lggl-, studies of the

entanglement, of juvenile male northern fur seals (Callorhinus

ursinus) in marine debris were conducted on St, Paul Island,

Alaska, in the Bering Sea. Seals from 101 roundups were sources

of data for providing estj.mates of entanglement-caused mortality

and incidence of ent.anglement. Other dat.a vrere collect.ed on Lhe

kinds and sizes of debris.

The obse:r¡ed proportion of seals entangled in l-991 was less

than that obsen¡ed during the last several years and Lower than

that recorded duríng the commercial harr¡est and roundups from

L967 to 1986. The proport,ion of juvenile males obsen¡ed

entangled in 1991- was 0.2l-2. This raEe reflecE,s the cont,inued

reduction in the numbers of animals entangled in fragrmenÈs of

t.rawl webbing. The frequency of occurrence of trawl webbing

among the enEangling debris in 1991 was about half t.hat obsen¡ed

for t990 and the levels for 1990 were about. half t,hose of earlier
Ieve1s. In contrast, the proportion of seals ent.angled in other

types of debris did not change.

These studies confirm earlier estimaE,es indicat,ing that

after 1 year, seals entangled in smaff debris (IighL enough to
permit the animals to ret,urn t,o land) are reduced to about half
t.he number expected had t.hey not been ent,angled.



Lv

There is continuing evidence from the L99L studies that. the

rat,e of return (sun¡iva1) of tagged seals from which debris is

removed. is significanE,ly higher t,han for Eagged seals on which

entangling debris was left-
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I}IIIRODUCTION

Ent,anglement in marine debris, specifically in plastics

associated with the commercial fishing industry, has been

implicated as a significant factor in population trends obsen¡ed

for northern fur seals (Callorhinus ursinus) on the Pribilof
Islands, Alaska (Fowler 1,982, 1987, 1988; Fowler et aI. 1990b) .

The effects of ent,anglement in such debris on northern fur seals

have been examj-ned at, the populatíon leve1 (Fowler L982, 1985,

1-987) and at the leve1 of t,he individual (Fowler 1988). Studies

of entanglement and mortality among fur seals have been conducted

by the National Marine Mammal Laboratory, in cooperat,ion with the

Nat,j-onal Research Institute of Far Seas Fisheries of ,Japan

(Fowler and Baba 1991).

The objectives of Èhis work are 1) cont,inued monitoring of

the proport,ion of t.he seal population entangled, 2) determinaÈion

of the nature of entangling debris, and 3) determination of Ehe

mortality caused by Erawl webbing, especially as related to

ef f ect,s at the populat,ion 1eve1.

This report presents t.he results of field research conducted

during 1991 in t,he st.udy of entanglement and its impact. on

juvenile male norÈhern fur seals. ResuILs of this work, and t.hat.

of previous work rrrith which it. is compared, focus on juvenire

mares (aged 2 t,o 5 years) from st,. Paul rsland, alaska (in the

east,ern Bering sea, west of mainland Araska), as t.he component of
Ehe population most readily st,udied. The data, analyses, and

results of studies in 1991 presenÈed below are organized to
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indicate the leve1 of effort and sample sizes, to examine E,he

incidence of entanglement and iE,s ef f ects on sun¡ivaI, to

characLerize the entangling debris found on the seals, and Eo

compare t.he frequency of repeated sightings for entangled and

nonentangled seaIs.

¡,IETHODS

Entanglemen! among juvenile male northern fur seals is

studied duiing roundups, as described in Fowler et al. (1990a),

Fowler and Ragen (1990) and Fowler and Baba (1991). During

roundups, seals are herded into a group and allowed to pass

between obserr¡ers who watch for animals wich tags or entangling

debris. !ìlhen such seals are seen, the f low of seals is stopped

while each t.agged or enEangled seal is captured and che relevant

informaÈion (e.9., tag nurnber, tag t]æe, degree of wound, and

t)æe of debris) is recorded. Entangled seals and control animals

are t.agged. All work is conducted during the breeding season

while animals congregat,e at, ot near, breedíng rookeries along

the shoreline of t.he island.

As in previous years, the seals on which ent,anglemenc

research is focused are those judged to be of E,he size

historically t,aken in che conrnercial han¡est (approxímaEely 105-

t25 cm in t,oLal lengEh) . Unless indicaEed otherv¡ise, daÈa ín

this report, apply t,o juvenile (subadult) male seals of t.his size.

The total count and the counE of entangled anímals are used to
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est,imate the incidence of ent.anglement for comparison with that,

obsen¡ed in the conunercial ha:r¡est prior to 1985.

In 1991, the total count of juvenile males for one roundup

on one area (Zoltoi Sands on 31 .Iuly) was not recorded. In

calculaÈing the incidence of entanglement, wê subst,ituted the

mean number counted for the other roundups ín that area for the

missing count.

In 1991, as in 1989 and 1-990, entangled seals were caught.

and tagged, the nat,ure of each entanglement was recorded, tags

were applied t,o previously unLagged sea1s, and debris was removed

from each ent,angled seal. This is in contrast to roundup

procedures in years prj-or t.o 1"989 during which entangling debris

ïras lef t. on the animals. In addiCion to ent,anglement and tag

daE,a, characteristics of t,he entangling debris were also

recorded, including t,he color, weighÈ, and Elpe of debris. The

mesh and Ewine size were determined for net fragments and the

length of materials such as packing bands and ropes eras recorded.

Samples were reEained for future analysis. As in previous years

of Èhis study, two cont.rol seals about, t,he same size as the

ent,angled animal were also tagged t.o compare raEes of ret,urn in
succeedíng years.

In comparíng results from sÈudies conducted before and after
1989, the removal of debris was taken into account,. Thís was

particularly important, in calculacing Ehe proporÈion of seals

entangled. Under circumstances prior to 1999, some of the

resighted sea1s, having originally been ent,angled, would have



4

died and noL been obsen¡ed. For entangled seals seen in 1989 and

after, t,he debris was removed and the increased su:r¡iva1 resulted

in more being resighted. To account, for this, and to make the

dat.a comparable, we used the estinated sun¡ival of seals

enÈangled in sma1l debris (0.5 from past. sEudies: Fowler 1984,

1985, L987; Fow1er et al. 1989, L990a,b; Fowler and Ragen 1990).

The nr:mber of seals resighted after having had theír debris

removed in 1989 and 1990 was multiplied by t,his value. Half of

the resighted seals from which debris had been removed in 1990,

for example, urere assumed to have been seals that would have been

resÍghted as entangled seal-s in 1991 and would thus contribute to

the obserryed proportion entangled.

The growt,h of seals was also t.aken int,o account,, âs some of

the sur¡¡iving tagged seals v¡ere too large t,o meet Ehe síze

criEeria ahove. Estimates of the incidence of ent,anglement from

1990 presented ín Fowler and Baba (1991) were biased slightly

upwards from the lack of data t.o adjust, for t,hís fact,or including

the tagged seals Ehat had been entangled at the t,ime of tagging.

In 1991, t.he size of a sample of E,he resighted seals t,agged in

1990 and 1989 rÄras recorded and used t.o est,imace Ehe portion of

t,agged seals that, meec t,he size crj-t,eria 1 and 2 years after

being Eagged. Thus, in estíÍiating the incidence of entanglement

for t,his report,, only Ehat, portion of t,agged seals wiEhin the

designat,ed size criteria were included in the counE, of entangled

sea1s.
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Because some animals are rounded up more than once, the

sampling scheme for boEh control and entangled seals is one of

sampling with replacement. This is to be compared to the methods

used ín estimaEing the incidence of entanglement from the

conunercial ha:r¡est (prior to 1985) in which bot,h ent,angled and

nonent,angled seals were killed.
Analytical met.hods used in Che analyses of resight, daLa to

estj-mate t,he sun¡ival rate of ent,angled seals are presented in

the Appendix of Fowler and Baba (1991) as modificat,ions of those

used by Fowler and Ragen (1990) and Fowler eE aI. (1990b).

RESUITTS

Roundups

. One hundred and one roundups of subadult, male nort.hern fur

seals were completed on St,. Paul Island during iluly and early

August of 1991 (Tab1e 1) . During these roundups, 22,524 male

seals judged to be of the size hist,orically taken in the

cormnercial ha:r¡esE vrere counted. This total includes an

estimat,ed 25L (t 109, 0.05 conf idence inten¡al) for Zoltoi Sands

on 31 iluly.

As in previous years (Fowler and Baba 1991), about, 2S-3OZ of

each of E,he t,ot.a1 count,s were repeat sightings, based on counts

of t,agged seals. In all, 33 entangled subadult, male seals judged

E,o meet. the síze criteria were captured and double-t,agged wit.h

lReference E,o t,rade names does noE,
NationaL Marine Fisheries Sen¡ice,

imply endorsement, by E,he
NOAA.
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Table 1.--Summary of roundups of juvenile (subadult) norEhern fur
seal males conducÈed on St. Paul Island, Alaska, during
,Ju1y and August of 1991, including the number of both
the control and entangled seals in the t,otal tagged.

Date Location
Tot,a1" in

roundup

TotaI
seals
tagged

7/5
7/5
7/3
7/3
7/3
7/7
7/8
7/8
7/8
7/8
7/8
7/e
7/e
7/e
7/g
7/e
7/g

7 /L0
7 /t0
7 /t0
7 /r0
7 /LL
7 /LL
7 /L2
7 /t2
7 /t2
7 /L2
7 /L3
7 /t3
7 /13
7 /13
7 /Ls
7 /ts
7 /75
7 /Ls
7 /ts
7 /rs
7/Ls
7 /L6
7 /L6
7/L6
7 /t7

Zoltoi Sands
ToIst,oi
Zapadni Reef Sands
Zapadní Reef Sands
Tolstoi
Zapadni Sands
Polovina
Polovina
Polovina
Lukanin
Kit,ovi
Vostochni
Vost,ochni
Vostochni
Morjovi
Morj ovi
Morj ovi
Reef
Gorbatch
Reef
Zoltoi Sands
Zapadni Reef Sands
ToIst,oi
Zapadni Sands
Zapadni
Zapadni
Zapadni
Polovina
Polovína
Irukanin
Kit,ovi
Vostochní
Vost,ochni
VosE,ochni
Vostochni
Morj oví
Morj ovi
Morj ovi
Reef
GorbaE.ch
Zapadni Reef Sands
Tolst,oi

254
111
L7L

89
45

923
379

38
31

155
150
263

25
245
230
'119

158
L34
248
t9

297
561
209
229
134
]-92

45
434

31
292

51
198
L29
264
].r4
266
234
118
22L
683

89
239

7
2
4
0
1

32
9
1
1
9
9

L2
0

11
4
6
5
4

10
0
I

25
13

9
6
7
4

13
1

13
5

11
5

15
2
7
I
5
2

22
6

12



Table 1. - -Continued.

DaE.e I¡ocation
Total" in

roundup

Tagged
sealsb

resighted

Total
seals
t,agged

7 /L7
7 /L7
7 /t8
7/t8
7 /18
7 /18
7 /te
7 /19
7 /\e
7/1,9
7 /20
7 /20
7 /20
7 /20
7 /20
7 /20
7 /20
7 /2r
7 /2t
7 /22
7 /23
7 /23
9 /24
e /24
7 /2s
7 /2s
7 /2s
7 /2s
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /27
7 /27
7 /27
7 /28
7 /28
7 /29
7 /2e
7 /2e
7 /30
7/3L

Zapadni Sands
Zapadni
Lit,tle Polovina
LiEtIe Polovina
Polovina
Polovina
Zo1t.oi Sands
KiÈovi
IJiE,t,le Zapadni
Zapadni Reef
Vost,ochní Sands
Vostochni
vostochni
Vostochni
Vost,ochní
Morj ovi
Morj ovi
Irukanin
Zapadni Reef Sands
Reef
Gorbat,ch
ToIsÈoi
Zapadní
Zapadni
Zoltoi Sands
Litt,le Polovina
IJÍttle Zapadni
Zapadni Reef
vostochni Sands
Vostochni
Vost,ochni
Vost,ochni
Vostochní
Morj ovi
Morj ovi
Zapadni Reef Sands
Polovina
Polovina
Lukanin
KiÈovi
Reef
Gorbat.ch
Tolstoi
Zapadnl
Zolt,oi Sands'

659
41-7
L52
135
353
308
153
L1,4

45
94
40

t27
2L

205
222
2]-3
397
560
139

85
1, 014

].47
t22
626
299
119
185
301

91
79

t7L
223

36
140
24L

46
190
234
195
9t

138
586
]-46
272
25r

22
18
11

7
1-7
18

9
13

3
7
2
z
0
9
5

10
2t
23

3
5

32
9
7

15
16

2
11
13

3
3
3

13
1
2

10,2
I

l4
L2
t2

3

0
3
0
0
0
3
2
0
0
0
0
3
0
3
0
0
0
4
7
6
0
0
0
3
0
0
0
0
0
0
6
3
0
0
1
5
3
3
0
3
0
3
3
4
0

25
9

13
I



Table 1.--Continued.

Date I-,ocation
Tot.al" in

roundup

Total
seals
tagged

7 /3t
7 /37
7 /3t
8/r
8/t
e/L
8/2
e/2
8/2
8/2
e/3
8/3
8/3
e/3

Lít,t,Ie Zapadni
Zapadni Reef
Litt1e Polovina
Morj ovi
Morj ovi
Vostochni
Polovina
Lukanín
KiE,ovi
Zapadni Reef Sands
Reef
Gorbatch
Gorbatch
Tolstoi

Totals

97
130
282
420
21,6
187
526
363

68
L20
r_51
248
463

54

22 ,524

5
6

L4
15
t4

5
19
t6

7
5
7

13
t6

1

920 101

"Seals that are judged Eo be of the size t,hat, were Èaken in the
comnercial han¡est prior to 1985.

bSea1s which had any kind of Eag (including monel t,ags applied co
pups ín L98'7, 1988, ot 1989) in ej.ther fore-flipper and that
were successfully resÈrained to read the tag. Includes any that
ïrere resight,ed more E,han once this year.

'The tot,al counE for this roundup is the mean for t,he counEs from
the other roundups conducted in t,he same locat,ion for 199L.
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nuribered green ÀIlflext tags bearing Ehe address of t,he National

Marine Mammal Laboratory (Table 2). One entangled seal tagged

with narrow white AlIfIex tags numbered 5524 was also captured

and the debris removed. A totaL of 68 sÍmilarly sized control

seals wit.h no.entangling debris were t,agged (Tab1e 2).

Tagged Sea1s from Previous Years

Nj-nety-nine seals which had been tagged during entanglemenL.

research in previous years vrere resighted in 1991 (tatfe 3). Of

these, 21 had A11f1ex t.ags applied in 1985, 1986, and 1988.

Twenty of E,he 21 resighted seals were tagged ín previous years as

controls. One had been entangled when t,agged and had lost its

ent,angling debris. The debris t,hat was lost. had been noÈed as

being medium in size (150-500 g in estímated weight) at the first
sighting of t.he seal.

SÍxty individual seals were resighted with Eags applied in
1990, the second year during which debris was removed from

entangled juvenile male sea1s. Of these, 39 had been tagged as

controls and 21 had been tagged aft,er being disentangled.

Eighteen were resight,ed wit,h tags applied in 1989, the f irst year

during which debris was removed. Of Ehese, 14 had been Eagged as

cont,rols and 4 had been tagged aft,er being disent,angled.
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Table 2.--Líst of green broad-banded Atlflex tags applied to
northern fur seals during roundups conducted on St.
PauI fsland, Alaska, 1-991-. The first tag number was
applied to the 1eft. flipper, E,he second to the right.
Entangling debris was removed from entangled seals
príor to their being released.

Tag
number Date Locat,ion

Entangled (e)
Control (c)

001
002
003 - 004
00s - 006
007 - 008
009 - 010
011-012
013 - 014
015 - 016
017- 018
019 - 020
02]--022
023-024
025- 026
027 -028
029 - 030
031- 032
033 - 034
035-036
037-038
039 - 040
04L-042
043-044
045 - 046
051 - 052
053 - 054
055 - 056
047 - 048
049 - 050
057- 058
059 - 060
06]--062
063 - 064
06s - 066
067- 068
069 - 070
07t- 072
073 - 074
075-076

7/6
7/6
7/7
7/7
7/7
7/7
7/7
7/7
7 /Lt
7 /tL
7 /tt
7 /t3
7 /t3
7 /13
7 /ts
7 /ls
7/1-6
7 /L7
7 /17
7 /L7
7/L8
7 /L8
7 /L8
7 /1,9
7 /t9
7 /te
7 /te
7 /re
7 /te
7 /20
7 /20
7 /20
7 /20
7 /20
7 /20
7 /20
7 /2t
7 /2t
7 /2t

F
F
M
M
M
M
M
M
M
M
M
M
M
M.
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Zapadni Reef
Zapadni Reef
Zapadni Sands
Zapadni Sands
Zapadni Sands
Zapadni Sands
Zapadni Sands
Zapadni Sands
Tolst,oi
Tolstoi
Tolst,oi
I-,ukanin
Irukanin
Lukanin
Vost,ochni
Vostochni
Gorbat,ch
Zapadni
Zapadni
Zapadni
Polovina
Polovina
Polovina
Polovina
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zoltoi Sands
ZoIE,oi Sands
Vost,ochni
Vostochni
Vost,ochni
Vostochni
Vostochni
Vostochni
Vost,ochni
Lukanin
Lukanin
Lukani-n

e
c
c
c
c
A

c
e
c
c
c
c
â
e
c
c
e
c
c
e
ô
c

c
c
e
c
c
ô
c
e
ô
c
c
c
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Table 2. - -Continued.

Tag
number Ðate Sex Location

Entangled (e)
Control (c)

077 - 078
079 - 080
081 - 082
083 - 084
08s - 086
087-088
089 - 090
09L-092
093 - 094
095-095
097-098
099 - 100
101- 102
103 - 104
105 - 106
107- 108
127 -L28
109 - 110
111 - 112
113 - 114
115 - 116
117 - 118
119 - 120
t2t-L22
I24-L23
t25-L26
139 - 140
]-41,-L42
L43-L44
]-45-L46
r47 -L48
149-150
]-29 -L30
131 - 132
133 - 134
135 -',13 6
137-138
tsL-L52
153 - 154
155-156
157-158
159 - 160
t6t-1,62
]-63-]-64

7 /2t
7 /2r
7 /2r
7 /2L
7 /2t
7 /21,
7 /21
7 /21-
7/22
7 /22
7 /22
7 /22
7 /22
7 /24
7 /24
7 /24
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /26
7 /27
7 /27
7 /27
7 /27
7 /2i
7 /27
7 /27
7 /27
7 /27
7 /27
7 /27
7 /28
7 /2s
7 /28
7 /2e
7 /2e
7 /2e
7 /2e

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

I-,ukanin
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Reef
Reef
Reef
Reef
Reef
Zapadni
Zapadni
Zapadni
Morj ovi
Vostochni
Vostochni
vostochni
Vostochni
Vostochni
Vostochni
Vost,ochni
Vost,ochni
Vost,ochní
Polovina
Polovina
Polovina
Polovina
Polovina
Polovina
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Zapadni Reef
Kit,ovi
Kit,ovi
Kit,ovi
Gorbat,ch
Gorbatch
GorbaEch
ToIst,oi

Sands
Sands
Sands
Sands
Sands
Sands
Sands

Sands
Sands
Sands
Sands
Sands

e
c

e

c
e
c
c
c
c
c
e
c
e
e
e
c
c
c

e
cb
c
e
c

ê
c
c
e
c

c

e

e

e
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Tab1e 2. - -Cont.i-nued.

Tag
number Date Sex Location

Ent,angled (e)
Cont,rol (c)

1-65-t66
157 - 168
L69 -L70
L7t-L72
]-73-L74
t75-1-76
t77 -1-78
179 - 180
181- 182
183 - 184
185 - 186
187- 188
189 - 190
].9]--L92
]-93-L94
195-196
197-198
L99 -200
20L-202
203-204
205-206
207 -208
209 -2]-0
2Lt - 212

7 /2e
7 /zg
7 /30
7 /30
7 /30
7 /30
7 /3L
7 /31-
7 /3L
e/1
8/a
8/t
8/t
8/t
8/2
8/2
8/2
8/2
8/2
8/2
e/z
8/3
s/3
8/3

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

Tolst,oi
Tolstoi
Zapadni Sands
Zapadni Sands
Zapadni Sands
Zapadni Sands
IJittIe Polovina
Little Pol0vina
Little Polovina
Morj ovi
Morj ovi
Morj ovi
Morj ovi
Morj ovi
Polovina
Polovina
Polovina
Zapadni Reef Sands
Zapadni Reef Sands
Zapadni Reef Sands
Gorbat,ch
Gorbatch
Gorbat.ch
Tolst,oi

c
c
e"
e
c

â

c
e"
e
c
c
e"
e
c
c
e
c
c
ô
c

ed

'Female seal tagged with radio transmit,ters for behavioral or
feeding studies by 'Japanese biologists. Only one tag applied
(to the left flipper).

bTags reversed in numerical order on t,he f lippers of this seal.
"This seal was judged to be too large E,o meet, the size crÍt,eria.dThis seal died immediat,ely af ter being f reed of it,s debris. No
cont,rol seals were tagged.



Table 3.--List of tagged northern fur seaÌ9 seen during iluly juvenile male roundup
activiL,ies on St. Paul TsJ-and, 199L. Tags were seen on both f oref lippeis unless
noted oLherwise. Debris was removed from entangled seals.

Date Locat ion
Tag Entanglement

color status'
Tag

number
Tag
type Notes

7/t
7/3
7/3

7/s
7/s
7/s
7/7

7/7
7/7
7/7

7/7

7/7

7/7
7/8
7/8
7/a

7/8
7/8
7/8
7/a
7/e

7/e

Tolstoi
Zapadni Reef
Zapadni Reef

Tolstoi
Zolt.oí Sands
Zoltoi Sands
Zapadni Sands

Zapadni Sands
Zapadni Sands
Zapadni Sands

Zapadni Sands

Zapadni Sands

Zapadni Sands
Kitovi
Kitovi
Kitovi

Kitovi
Kitovi
Lukanin
Polovina
Vostochni-

Vostochni

6
]-32
1,L67

1r-80
0703
LL82
0734

1,2L3
]-250
13 17

L362

]-444

1-460
0094
1-r82
L298

t4L7
MK2808
1341
1,4L6
94

131

Al-1f 1ex
Allflex
AIIfIex

Allflex
AlIflex
Allflex
AlIfIex

AllfIex
AlIfIex
Allflex

AIIfIex

AIlfIex

Allflex
AIlflex
AlIfIex
AlIflex

Allf l-ex
MoneI
AllfIex
Allflex
Allflex

AIlfIex

Sands
Sands

blue
blue
orange

orange
orange
orange
orange

orange
orange
white

white

white

white
orange
orange
orange

ri¡hit,e

white
whíte
blue

blue

c
c
c

c

c
c

c
et

Tagged ,July 16, 1988, oD Zapadni.
Tagged iluly 29, 1988 on Vostochni.
Tagged July 15, 1989, on Zapadni
Reef Sands.
Tagged July 15, 1989 on Reef .
Tagged Aug. 24, 1989 on Reef.
Tagged ,JuIy 15, 1989 on Reef .

Tagged August 24, 1986 on
Vostochni.
Tagged iluly 18, l-990 on Vostochni.
Tagged iluly 23, 1989 on Polovina.
Tagged 'July 11, 1990 on Zapadni
Sands.
Tagged äuIy I7, 1990 on Zapadni
Reef Sands.
Tagged ,July 26, l-990 on Zapadnj_
Sands.
Tagged ,JuIy 27, L990 on Reef .
Tagged iluly 24, 1985 on Morjovi.
Tagged ,.Tu1y 15, l-989 on Reef .

Adult male. From study in
progress on Kitovi; only rear
flippers tagged.
Tagged July 6, 1990
Soviet tag. Missing
Tagged iluly A6, l-990
Tagged iluly 6, 1990
Tagged iluly 26, 1988
Missing left tag.
Tagged .Iu1y 29, 1988

on Lukanin.
tag on right..
on Gorbatch.

on lrukanin.
on Morjovi.

on Vostochni.

H
L.J

c
c
c

c
c
c



Table 3.--Continued.

Date Location
Tag EntangIemenE.

color status'
Tag

number
Tag
type Notes

7 /9 Vostochni
7 /9 vostochni
7 /9 vostochni
7 /9 vostochni
7 /9 Vostochni
7 /9 Vostochni

7 /9 Vostochni
z/to Gorbatch
7 /1-o Reef
7 /ro Reef
z/to Zoltoi Sands
7 /Lr rolstoi
7/LL Tolstoi
7/rL Tolstoi
7/1-1, Zapadni Reef Sands

7 /LL

7 /Lr
7 /LL

7 /\t
7 / 1-1,

7 /tr

Zapadni Reef

Zapadni Reef

Zapadni Reef

Zapadni Reef
Zapadni Reef
Zapadni Reef

Sands

Sands

Sands

Sands
Sands
Sands

7/r2 zapadni

7 / 1-2 Zapadni

a240
13 B3
r_388
1468
1-47 6
MH391

wn440
1-456
134 0
1-460
1,t7 4
1,21,L
t257
1435
007

009

13 14

13 19

L352
L4]-6
r47 4

007

019

Allflex
AllfIex
AIIfIex
AIlflex
AllfIex
MoneI

MoneI
AllfIex
AlIfIex
Allflex
AII- f Iex
All flex
Allflex
AllfIex
AIlfIex

AllfIex

AllfIex

Allf1ex

Allflex
Allflex
A11f1ex

AII-f lex

AIlflex

orange
white
white
white
white

white
white
white
white
orange
orange
white
green

9reen

white

white

white
white
white

green

green

c
et
c
c
et

et

c

e'
c
c
e'
c
c
c

c

c

c

Tagged tity zz, l-989 on Kitovi.
Tagged ,JuIy 22, 1990 on Vostochni.
Tagged ,JuLy 22, L990 on Vostochni.
Tagged JuIy 28, 1990 on Vostochni.
Tagged ,JuLy 29, 1990 on Polovina.
Soviet tagged animal. Mi-ssing
Ieft Lag.
Soviec tagged animal.
Tagged ,JuIy 27, 1990 on Reef .

Tagged ilu1y L6, 1990 on Gorbatch.
Tagged.JuIy 27, 1990 on Reef.
Tagged ilu1y 15, L990 on Gorbatch.
Tagged iluly 8, 1989 on Vostochni.
Tagged ilu1y 23, 1-989 on Zapadni.
Tagged JuIy 26, l-991- on Lukanin.
Tagged iluly 7, 1991 on Zapadni
Sands.
Tagged .Tuly 9, 1991 on Zapadni
Sands.
Tagged ,.Tuly 9, l-990 on Zapadni
Reef Sands.
Tagged iluly 1-9, 1990 on Zapadni
Sands.
Tagged ilu1y I7 , 1990 on Vost.ochni.
Tagged iluly 6, L990 on Lukanin.
Tagged ,Jlul-y 29, 1990, oß Polovina.
Han¡estable size.
Tagged iluly 7, 1-991 on Zapadni
Sands.
Tagged 'JuJ-y 11, 1,991, on Tolstoi.

P
,Þ

c



Table 3. - -Continued.

Date Locat.ion
Tag

number
Tag
Eype

Tag Entanglement
color status' Notes

t/tz Zapadni

l/tz Zapadni

t/tz Zapadní

l/tz Zapadni Sands
l/tz Zapadni Sands
7/13 Lukanin
7/L3 Polovina
7 /1,5 Morj ovi
7 / 1,5 Mor j ovi
7/L5 Morjovi
7 / L5 Morj ovi (NEP)
7 / 1-s Morj ovi (NEP)

7/15 Vostochni
7 /L5 vost.ochni
7 /1-5 vostochni

7/L5 Vostochni (Sands)

7/15 vostochni (Sands)
7/15 Vostochni (Sands)
7 /1-5 VosEochni (Sands)

7/L6 Gorbatch

7/a6 Gorbatch

7 /1-6 Gorbatch

1317 Allflex

131-9 Allflex

L44O Allflex

0464 Al-l- tlex
L4'12 AIIf lex
141-7 AIlf Iex
t25'l A11f Iex
B0 Allflex
1208 AIIflex
133L A1l-f Iex
57 Allf1ex
0776 Al-l-f 1ex

13l- Al If lex
133 Allflex
1386 All-f1ex

1-392 A11f l-ex

1393 Allf]ex
1,420 Allf 1ex
I476 Allflex

009 All-f lex

1,242 A11f Iex

1435 AIlfIex

Tagged ilu1y I1, 1990
Sands.
Tagged iluly 11, I99O
Sands.
Tagged JuIy 26, L990
Sands
Tagged ,JuIy 24, L986
Tagged JuIy 28, 1990
Tagged July 6, 1990
Tagged ilu1y 23, 1989
Tagged ,fu1y 25, 1988
Tagged äuly 18, 1989
Tagged ,JuIy 13, l-990
Tagged JuIy 20, 19BB
Tagged ,JuIy 24, 1986
Missing right Lag.
Tagged iluly 29, 1988
Tagged ,JuIy 29, L988
Tagged JuIy 22, l-990
Harvestable size.
Tagged ,JuIy 22, 19'90
Too large Lo count.
Tagged ,JuJ-y 22, 1990
Tagged iluly 7, 1-990
Tagged iluly 29, 1-990
Showed a significant,
Tagged July 9, 1-99L
Sands.
Tagged ,JuIy 23, 1-989
Too large to count.
Tagged JuIy 26, 1990'

on Zapadni

on Zapadni

on Zapadni

on Zapadni.
on Vostochni.

on Lukanin.
on Zapadni.
on Tolstoi.
on Polovina.
on Polovina.
on Vost.ochni -

on Vostochni.

on Vostochni.
on VosLochni.
on Vostochni.

on Vostochni.

on Vostochni.
on Vostochni.
on Polovina.
scar.

on Zapadni

on lrukani-n.

on Lukanin.

white

whit.e

white

orange
white
white
orange
blue
orange
white
blue
orange

blue
bl-ue
whíte

white

white
white
white

green

orange

white

ef

et

e'

c
c
c
c

c
c
c

F
L't

c
c
c

c
ef
et



Tab1e 3. - -Continued-

Date L,ocation
Tag Entanglement

color gtatug'
Tag

number
Tag
type Notes

7/76 Zapadni Reef Sands

7 /1-7 Tolstoi

7/17 Zapadni
7/77 Zapadni
7/L7 Zapadni

7/t7 Zapadni Sands

7/17 Zapadni Sands

7/L7 Zapadni Sands
l/tl Zapadni Sands

7/r7 Zapadni Sands
7 / 1-7 Zapadni Sands

7/18 Polovina

7/rg Polovina

7/rg Polovina

7 /1,8 Polovina

7 / t9 Kir.ovi
7/L9 Zapadni Reef

7/79 Zoltoi Sands

7 /20 Morj ovi

L364

MK2 80 I

023
L4L
t1,92

011

1,2L1,

1264
r_336

1353
L472

L374

1399

L427

r457

a240
136r_

L20

o27

A11f1ex

MoneI

A1 I flex
AIlflex
Allflex

Al-1f lex

All flex

Al- I f lex
Al1 flex

AllfIex
Allf]ex

AlIflex

Allf1ex

Allflex

AIlflex

Allflex
AIlflex

Al-l-f Iex

AII flex

green
blue
orange

green

orange

orange
white

white
white

white

white

whíte

white

orange
white

blue

green

white et

c
c
c

Tagged July 17, L990
Reef Sands.
Soviet. tagged animal.
on righL.
Tagged iluly 13, 1-99L
Tagged JuIy 30, 1988
Tagged July t6, 1-989
Sands.
Tagged iluly 7, 1-991-,
Sands.
Tagged ,July 18, 1989,
Vost.ochni.
Tagged Ju1-y 24, l-989
Tagged July 15, 1-990,
Too large to count.
Tagged JuJ-y A7, 1990,
Tagged ,JuIy 28, 1,990,
Vostochni.
Tagged July 21, l-990,
Vostochni.
Tagged ,Jul-y 24, l-990,
Vostochni.
Tagged .IuIy 25, 1990,
Halr¡estable size.
Tagged JuLy 27, 1990,
Harvestable size. '
Tagged JwJ-y 22, 1990,
Tagged iluly t7 , L990,
Reef Sands.
Tagged Ju1-y 29, l-988,
Vostochni.
Tagged .IuIy 15, 1-99L,
Vostochni.

on Zapadni

Missing tag

on Lukanin.
on Zapadni.
on Zapadni

on Zapadni

on

on Zapadni.
on Reef.

on Morjovi.
on

on

on

on To1stoi.

on Reef.

on Kitovi.
on Zapadni

on

on

et

e'
c

c

et

Or
ef
c

c
c



Table 3. - -Continued.

Date I-,ocation
Tag EnLanglement

color sEatus'
Tag

number
Tag
type Notes

7/20 Morjovi

7/20 Morjovi
7/20 Morjovi

7/20 Morjovi

7 /20 Morj owi
7 /20 VosLochni
7 /20 vostochni

7 /20 Vostochni

7 /20 Vostochni

7 /20 Vostochni
7/20 Vostochni
7 /2o Vostochni Sands

7 /21- Lukanin

? /2L l-,ukanín
7 /22 Reef

l-390 AÌlfIex

l-430 Allflex
1,466 AIlf 1ex

bK3304 Monel

I'ttfl26 5 MoneI
130 AIIflex
1360 A11flex

136't Allflex

1-393 Allf lex

:..476 Al-Iflex
1485 AlIflex
L37L AlIflex

1-364 AIIf lex

bH3487 Monel
5524 Al-If lex

white

white
ynite

blue
white

white

white

white
white
white

whit.e

white

et Tagged ,JuIy 22, 1-990, oD
Vostochni.
Tagged iluly 25, 1990, oD Tolstoi.
Tagged JuIy 28, 1990, or
Vostochni.
SovieC tagged sea1. Right tag
missing.
Sowiet tagged seal.
Tagged ,JuIy 29, 1-988 on
Tagged July I7, l-990, oD
Reef Sands.
Tagged iluly 17, L990, or
Reef Sands.
Tagged ,JuIy 22, 1990, oû
Vostochni.

c
c

c
c

c

et

et
c
c

et

e

Vostochni.
Zapadni

Zapadni

P{

c

Tagged Aug. 2, l-990, oD Vostochni.
Tagged ,July 18, l-990, oD Tolstoi
Sands. Harvestable síze.
Tagged iluly 17, l-990, oD Zapadni
Reef Sands.
Left tag vras missi-ng.
This seal is not part. of the
entanglement research collection.
Two controls were taken and the
animal was disentangled but not
retagged with green tags. The
original tags were narrow white
Allflex. The seal's weight was 67
Ibs and it had black vibrissae.
Tagged .Tuly 9 , 19 85 , oû Gorbatch.
Too large to count. Size of a
mature bul-l.

7/23 Gorbatch 0003 AlIf l-ex orange



Table 3. - -Continued.

Date I-,ocation
Tag EntanglemenE

color statug'
Tag

number
Tag
type Notes

7/23 Gorbatch

7/23 Gorbatch

7 /23 Tolstoi
7 /24 Zapadni

7/24 Zapadni

7/24 Zapadni

7/24 Zapadni

7/24 Zapadni

7 /25 IJittle Polovina

7 /25 Little Zapadni

7 /25 Little Zapadni

7/25 Zapadni Reef
7/25 Zapadni Reef

7/25 Zapadni Reef

7 /25 Zoltoi Sands

7/25 Zoltoi Sands

7 /26 vost.ochni

1338 Allflex

L457 AIIflex

0224 Allflex
083 AIlf l-ex

]-252 Allf l-ex

1387 Allflex

L486 AlIflex

L487 AIlflex

L42'l A11f lex

L25O AIIflex

\4L2 Allf l-ex

0467 Allflex
1386 Allflex

L474 A11fIex

1,257 AlIf lex

1447 AllfIex

059 AIIflex

whi-Ee

white

orange
green

orange

white

white

whit.e

whit.e

orange

white

orange
white

white

orange

white

green

c

c

Tagged ,July 15, l-990, oD Reef .

Too large to count.
Tagged ,JuIy 27, 1990, or Reef .

Harvestable síze.
Tagged Aug. 9 , l-9 85 , oo ToIsEoi .
Tagged .TuIy 21, 1990, or Zapadni
Reef Sands.
Tagged iluly 23, l-989, oD Little
Zapadni. Too large to counL.
Tagged ,JuIy 22, 1990, or
Vostochni. Ha:r¡est.able size.
Tagged Aug. 3 , 1990, oD Vost,ochni.
Harvestable size.
Tagged Aug. 3, 1990, oD Morjovi.
Haruestable size.
Tagged 'July 25, 1990, oD TolsEoi.
Harr¡estable size.
Tagged ilu1y 23, 1989, oD Polovina.
Too large to count.
Tagged iluly 5, 1990, or Zapadni.
Harr¡estable size.
Tagged JuIy 24, 1986, oD Zapadni.
Tagged ,JuLy 22, L990, oD
VosE,ochni. Harvestable size.
Tagged JuIy 29, L990, oû Polovina.
Harvestable síze.
Tagged iluly 23, l-989, oD Zapadni.
Too large to count.
Tagged 'Ju1y 26, 1990, or Zapadni
Sands. Too large Lo count.
Tagged 'JuIy 20, 1991, oD
Vostochni.

c

et

c

et

c

H
co



Table 3. - -Continued.

Date Location
Tag Ent.anglemenE

color gtatus'
Tag

number
Tag
type Notes

7 /26 Vostochni

7 /26 Vostochni

7 /26 Vostochni

7 /26 Vostochni

7 /26 Vostochni

7 /26 Vostochni

7/26 Vostochni Sands

7 /27 Polovina

7 /27 Polovina

7 /27 Pol-ovina

7 /27 Polovina

7 /27 Polowina
7/27 Zapadni Reef Sands

7 /28 Kirovi
7/2a Lukanin
7/29 Gorbatch

I /29 Tol-stoi

7 /29 Tolstoi

06s

o67

1,302

L37L

l.392

145 0

1,2L4

005

005

13 r-9

L427

143 0
13 59

806
r4L
L447

0736

bE11_85

A11f l-ex

All flex

ÀIIflex

Al-If lex

A1 I flex

Al-I f 1ex

Al-If l-ex

AlIfIex

Al-1f lex

Al-1f Iex

A11f1ex

AIIfIex
A11f1ex

Rot.o
All-f Iex
AllfIex

All-f lex

Monel-

green

green

white

white

white

white

orange

green

green

white

whit.e

white
white

blue
green
whíte

orançJe

et

Tagged .Iuly 20, 1990, oD
Vostochní.
Tagged ilu1y 20, l-990, oû
Vost.ochni.
Tagged Ju1y 7, 1990, oD Vostochni.
Too large to count.
Tagged iluly 18, L990, oD Tolstoi
Sands. Harvestable size.
Tagged ,JuIy 22, 1990, or
Vost.ochni. Too lar$e to count.
Tagged 'JuIy 26, 1990, oû Zapadni.
Harvestable size.
Tagged July 18, L989 ,
Sands.
Tagged July 7, 1991,
Sands.
Tagged iluly 7, 1-99I,
Sands.
Tagged July aI, 1990
Sands.
Tagged iluly 25, 1990,

et

et

et

c
et

on Vostochni

on Zapadni

on Zapadni

on Zapadni

on Tolstoi.

P
\o

et

c
c

HarvesE.able size.
Tagged ,Ju1y 25, 1-990, or Tolstoi.
Tagged .Tu1y A7, 1990, or Zapadni
Reef Sands. Too large to count.
Number of tags and side not not.ed.
Tagged JuJ-y 27, 1991, oû Polovina.
Tagged Jul-y 26, 1990, oo Zapadni
Sands. Too large to count.
Tagged August 24, 1985, oD
Vostochni. Too large to count.
Soviet tagged animal.



Table 3"--Continued.

Date Location
Tag EntanglemenE

color status'
Tag

number
Tag
type Notes

7/30 Zapadni Sands

7 /3r Litt.l-e Polovina

'7/3r Little Zapadni

7 /3r LittIe zapadni

1/3r Zapadni Reef

7 / 31, Zol-Loi

7 /3L Zoltoi

7 /3r Zol-roi

8/L Morjovi
8/L Morjovi
8/L Morjovi
8/L Morjovi

8/L Vostochní

8/2 Kitovi
8/2 Kitovi
8/2 Kitovi

I / 2 l,ukanin
8/2 Polovina
8/2 Polovina
8/2 Zapadni Reef Sands

1-29

1336

L4T9

L47 0

085

].L64

L279

L459

Lt7
143
L432
MH391

1378

31
151_
1,257

L4T7
r47
1,49
tL66

AIlfIex

Allflex

AlIflex

Altflex

Allflex

AlIfIex

AllfIex

AllfIex

AIIflex
AllfLex
AIIflex
MoneI

Allflex

All-f lex
AIlfIex
AIlflex

Allflex
AIlfIex
AIIflex
Allflex

green

white

whit.e

white

green

orange

orange

white

green
green
whit.e

white

blue
green
orange

white
green
green
orange

et

gt

et

Tagged ,JluJ-y 27, 1991, oD Zapadni
Reef Sands.
Tagged iluly 15, 1990, oD Reef .
Too large to count.
Tagged July 7, 1990,' or Vostochni
Sands. Too large to count.
Tagged July 28, 1990, or
VosÈochni. Harvestable size.
Missing left tag.
Tagged iluly 21- , l-9 91 , oD Zapadni
Reef Sands.
Tagged ,Ju1y 15, 1989, oD Zoltoi
Sands. Too large to count.
Tagged ilu1y 25, 1989, or
Vost.ochni. Too large to counc.
Tagged ,JuLy 27, l-990, oÊ Reef .

Too large to count.
Tagged ilu1y 26, 1991 at, Vostochni.
Tagged JuIy 2'7, 1991 at Pol-ovina.
Tagged iluly 26, 1990, oD Lukanin.
SovieE. tagged animal. Missing tag
on left.
Tagged iluly 21-, 1990, or Vostochni
Sands. Harvestable size.
Tagged 'Ju1y 18, 19BB on Kitovi.
Tagged iluly 28, 1991 on Kitovi.
Tagged lTuly 23, 1989, or Zapadní.
Too large. to count.
Tagged .Tuly 6, 1990 on Lukanin.
Tagged ,JwLy 27, 1991 at Polovina.
Tagged Jul-y 27, 1991 on Polovina.
Tagged ,JuIy 15, 1989, oD Zapadni
Reef Sands. Too large to count.

N)
o

c
et

c
e'
c

c
c
c



TabIe 3. - -Continued.

Tag Tag Tag Entanglement
Date Locat.ion number type color status' Notes

8/3 Gorbatch 1444 A11fl-ex white c Tagged JuIy 26, 1990 on Zapadni
Sands.

B/3 Gorbatch 1453 Allf1ex white c Tagged ,Jul-y 27, 1990 on Reef . Too
large to count..

B/3 Gorbatch 007 Allflex green c Tagged ilu1y 7, 1-99L on Zapadni
Sands.

8/3 Gorbatch I41- ALlflex green c Tagged JuLy 27, 1991-, or Polovina.
8/3 Gorbatch 1-242 Allfl-ex orange c Tagged iluly 23, 1989 on Lukanin.

Too large to count.
8 / 3 Gorbatch I44L Al1f lex white e' Tagged ,JuIy 26 , 19 9 0 , oD Zapadni

Sands. Harvest.able size
8/3 Reef L26 Al1f1ex blue e' Tagged JuIy 29, 1988 on Vostochni.

Too large to count.
g/3 Reef 1-369 Al-lflex white e' Tagged iluly L7, 1990, oD Zapadni

neéf Sands-. Too large to count. :
8/3 Reef L47O AIIfIex white c Tagged July 28, 1990, or

Vostochni. Harvestable size. In
previous sighting left tag was
recorded'as the one that was
missing.

'c = seals that were controls when tagged, e = seals that were entangled at t,ime of being
sighted, ê' = seals from which debris had been removed earlier.
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Incidence of Ent.anglement

!ìIe examined 38 enLangled juvenile male seals in che 1991

roundups (the 33 seals newly tagged, and one previously tagged,

as mentioned above, and 3 that were judged Eo be larger than

historically ha:rrested, and 1 that died) t.o remove and determine

Ehe nature of their entangling debris. The sizes and kinds of

entangling debris, Èhe ext,ent of any wounds, and t,he t,ightness of

the entangling debris on the animal are presented ín Table 4. A

key to E,he E,ags applied during the 1990 field season is provided

in Table 2.

Of t,he 38 entangled seals examined, t2 (31.6?) were

entangled in t.raw1 webbing, t4 (36.8?) in plastic packing bands,

and 10 (26.3+) in st,ring, small line, cords, or rope. The

remaíning 2 (5.3?) were ent,angled in other debris.

The overall incidence of entanglemenE is est,ímated by che

ratio of all (both initial and subsequent) entanglement sightings

t.o the total number of seals examined (Bengtson et aI. 1988,

Fowler et al. 1990b) . As in 1989 and 1990, t,he sampling design

in 1991 included resightings of anj.mals from which debris was

removed during t,he same season; t,hese anímals were count,ed as

ent,angled. Seals from which debris was removed in 1989 and 1990

were also resighted ín 1991. Under Ehe design of previous years

a portíon of these seals would have died and not been counted had

the debris not. been removed. To maíntain consist,enCy, this must

be taken inÈo accounE, using E,he suñ/ival of about, 50? per year



Table 4. - - List of juvenite male northern fur seals
surveys conducted in .TuIy and August of
the nature of the debris on each animal.

tagged ae ent.angled animals during
L99L, SE. Paul fsland, Alaska, showing

The entangling debris vtas removed.

Descriotion of debris

Tag
numberlDate

Location
(Rookery name)

Tight - Vlound
Color ness2 (deg. ¡

Twine
size Foot-
(mm) noteType

wt,.
(g)

Mesh
size
(cm)

003
005
0r_5
o2r
031
033
039
045
05r_
o57
063
067
o69
077
087
093
r_05
109
111
1-27
1,27
129
139
r45
151
r57
1-63

1/7
7/7
7 /rr
7/L3
7 /16
7/1,7
7 /r8
7/r8
7/19
t /20
7 /20
7 /20
7 /20
7 /2a
7 /2L
7 /22
7 /24
7 /26
7 /26
7 /26
7 /26
7 /21
7 /27
7 /27
7 /28
1/2e
7 /2e

0
0

360
0
0

90
0
0

360
0

30
0

180
0

t-5
0
0
0
0
0

360
180
160

0
0
0
0

26 .5
23 .0
20 .8
23 .5
22.3
22 .5
27 .4
21, .9
31.0
24.3
51.5
24 .0
39.0
23 .0
36.5
19.1
25 .8
23 .0
26 -5
26.2
33 .5
2I. B

22.5
26 .4
42 .5
2r.5
24 .0

3

2-5

2.5

2
4

B

r_ .5
4.5

5
3

<1
2

2.5
3
5

Zapadni Sands
Zapadni Sands
Tolst.oi
Lukanin
Gorbatch
Zapadni
Polovina
Polovina
Zapadni Reef
Vostochni
Vost.ochni
Vostochni
Vostochni
I-,ukanin
Zapadni Reef
Reef
Zapadni
Vostochni
Vost.ochni
Vostochni
Morj ovi
Zapadni Reef
Polovina
Polovina
Kitovi
Gorbatch
Tolstoi

trawl
rope
packing band
packing band
packing band
trawl
packing band
packing band
trawl
packing band
trawl
packing band
fiber
trawl
chord
packing band
chord
trawl-
packing band
chord
chord
monofilament
trawl
packing band
trawl-
trawl
twine

'76.O
35.0
2.9
3.5
4.0

310.0
3.5
2.3

r_6.0
2.O

38.5
2.0
9.0

1-46 .5
9.0
3.3

41.0
18 .5
3.0
8.2
3.4
3.0

1_35 . 0
1.5

44 .5
130.5

1.3

green
yellow
blue
clear
yelIow
grey
green
whiEe
grey
white
grey
blue
white
grey

blue
grey
orange
yeIlow
grey
BIack

blue
green
blue
grey
green

N)

t
t
vt
m
t
wtr
t
t
t
m
vt.
m
vt
vt
t.
m
t
L
t
m
vt
vt
wt
I
I
m
m

2
13



Table 4 - Continued.

Deserintion of debris

Tag
number Date

Location
(Rookery name)

Tíght - ïüound
Color nessr (deg. ¡

Twine
size Foot-
(mm) noEeType

vtr.
(g)

Mesh
size
(cm¡

L69
L71,
L77
183
185
19L
r-9 3
199
205
21L
5524

7 /30
7 /30
7 /31
8/r
8/a
8/r
8/2
8/2
8/3
8/3
7/22

Zapadni Sands
Zapadni Sands
Lit.tle Po1ov.
Morj ovi
Morj ovi
Morj ovi
Polovina
Zapadni Reef
Gorbatch
Tolstoi
Reef

t.rawl
packing band
trawl
packíng band
twine
twine
twine
packing band
packing band
monofilamenL
trawl

white
ye11ow
blue
black
brown
white
white
white
blue
clear
grey

360 22.5
o 2r.7

270 r-5.5
o 26.0

.300 23.5
340 31.5
3s0 23.7

0 22.7
180 23.O
360 8.0
360

203 .0
1.6

23.3
3.0
3.5
5.0
5.8
2.8
2.O
1.8 <1

vt,
m
vm
1
t
vt
vt
m
m
vt
vt

6

2.5

2
15
2

NJ
,5

rTag number is that pJ-aced on the left flípper (See Table 2) .2I = Ioose, In = moderaEely tight, t = tight, vt = verY Light.
3Debris was a combination of black and white.
awound had healed over the debris.sseals tagged wich numbers 1-69, 1-83 and 191 were larger than harvestable size and not

counted in the calculat,ion of the incidence of entanglemenE.
6Debris on this seal had cut through flesh and into trachea so that the seal breathed
through the hole. Animal was released after removing t.he lebris but died very shortly
thereafter.TThis seal was tagged previously but apparently noE. during entangl-emenL research. Two

controls v¡ere t.aken and the animal vras dise4tangled but not retagged with green t.ags. The
original tags were narrow white ALtflex. The seal's weight was 67 lbs and it had black
vibrissae. The right. tag number was 5533.
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that characterizes t,he portion of the seal population entangled

in smalr debris (Fowler et aI. 1990b). Thus, in carculating the

incidence of enE.anglement for 1991, half of t.he han¡estable sized

seals resighted in 1991 as seals from which debris had been

removed in 1990 were count,ed as entangled in t99!. All sears

from 1989 were considered too large to be included in Ehe

calcuLations. In all, there were 47.25 sightings that qualified.
for calculating the incidence of ent,anglement. These included 1)

seals of ha:¡¡esÈable size obsenred entangled (n=35), 2) the

repeated sight,ings of animals from which debris had been removed

in 1991 (n=6), and 3) one fourth of the seals resighted from t-990

af t,er having had debris removed (n=6. 25) . Thj-s latter number was

obtained as follows: firsE, we obserr¡ed 25 seals tagged in 1990 as

seals from whích debris had been removed (the 21 mentj_oned

earlier plus theír repeated sightings). Half (n=12.5) of these

met, the size crit,eria (based on 9 of 18 seals evaluated meeting

the criteria) . of Ehese r2.s seals, if E,hey had remained

entangled, half would have sun¡ived t,o be seen as enE,angled seals

in L991 for a total of 6.25 seals.

The incidence of entanglement, for 1991 was t,hus o.2ogz

(47.25/22,524), an est,imate t.hat is subjecc to slight. upward bias
as it assumes that t,hese seals would not. have lost Eheir debris.
Even so, t,he 1991 incidence of ent,anglement is less t,han t,he

obsen¡ed incidence of 0.322 ín 1990 (Table s; Fig. L, noting the
revision of the value for 1990 from 0.33 t,o account for growth

and surrivar of sears from which debris had been removed. as
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Table 5. - -The percent of juvenile male northern fur seals from
St. ÞauI Is1and, Alaska, enEangled in marine debrís as
recorded from l-967 Eo t984 during the conunercial
ha:¡¡est (data from Kozloff eE aI. 1986) and from 1985
to 1991 during roundups (data from Fowler and Baba
1991). The values for 1989 and 1990 have been
corrected t,o account for surr¡ival and growt,h of seals
from which debris was remowed the year before and,
t,herefore, differ slightly from prevíously reporÈed
values.

Year Percent entangled

1,967
19 68
L969
]-970
L97t
]-972
]-973
L974
1,975
]-976
1-977
]-978
L979
1980
19 81
]-982
1983
19 84
19 85
19 86
L9g7
1988
19 89
1990
19 91

0.15
0.16
0.20
0.28
0 .41
0 .43
0"48
0 .58
0.7L
0.42
0.35
0.46
0 .40
0.49
0.43
0.41
0.43
0 .39
0 .51
0.42

0.28
0.29
0.32
0.2t
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Figure 1. The percent,age of juvenile male northern fur seals
found ent,angled in the corwnercial ha:r¡est, from 1967 to
L984 and in research roundups from 1985 to 1991 on St.
Paul Island, Alaska (updated from Fowler and Baba
1991).
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erçlained above) . This reduction is conE,inuing evidence of

decline in the obsen¡ed incidence of ent,anglement f rom the 0.42

o se:r¡ed between L976 and 1985 (Fig. 7-, Fowler eE a1. 1990b,

Table 5).

Compared to E,he entanglement of L976-86, the relatively

smaller proport,ion of entangled juvenile male seal-s conLínues t.o

be attributed to a reduction in t.he fraction entangled in trawl

webbing (Table 6) . For the period 1-992-86, Ehe mean percent, of

seals entangled in trawl webbing was 0.27e6 (Fowler et a1. 1990b) .

fn 1988, t,he percent, enÈ,angIed in trawl webbing dropped to 0.15?;

a reduct,ion to 56? of earlier levels (Fow1er et, aI. ].990b) . This

proport,ion remained 1ow in 1989 (Fowler and Ragen 1990) and 1990

(Fowler and Baba 1991), and even lower in 1991 at, about 0.06?

(Tal¡Ie 6). Thus, t,he 1991 rat,e of ent,anglemenE, in t,raw1 webbing

is about, 5Ot of Ehe leveIs of incidence obse:r¡ed for this

cat,egory of debris between 1988 and 1990 and about,202 of the

levels between 1981 and 1985.

VÍithin-Season Incidence of Ent,anglement

Lit,tle attention has been paid to t,he possibility that the

j-ncidence of entanglement'among northern fur seals might change

over the course of t,he season. T,ead by the subjective impression

t,hat more entangled juvenile male seals were seen in the last, few

roundups of E,he 1991 season, t.his Erestíon was addressed with an

analysis of the data for 1989 t.o 1991. The season was broken

into five periods corresponding to t,he 5 weeks beginning with

1 iluly each year. The incidence of entanglement for each period
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Table 6.--Debris found on juvenile male northern fur seals from
St. Paul Is1and, 1981-91, elq)ressed as the incidence of
entanglement (obsen¡ed percent) among juvenile males
entangled by debris cat,egoqf (data for 1981-89 from
Fowler and Ragen 1990 and for 1990 from Fowler and Baba
1991) supplemented with data from Ehe 1991 field study.

Trawl net
Year fragmenÈs

Packing Chord, rope,
bands and string

Monofilament Misc. Sample
neÈ fragment,s items size'

19 81
1982
19 83
19 84
r_9 85
l_986
1988
19 89
1990
199 1

0.29
0.24
0.30
0.22
0.36
0.27
0.15
0.t2
0.11
0.06

0.08
0.10
0.07
0.09
0.05
0.06
0.07
0.10
0.11
0.08

0.04
0.04
0.02
0.0s
0.08
0.07
0.05
0.06
0.07
0.06

0.00
0 .01
0.01
0 .02
0.01
0.01
0.00
0.02
0.01
0.01

0.03
0.01
0.03
0.01
0.0r_
0. 01
0.01
0. 01
0.03
0.00

t02
L02
1,12

87
76
70
53
47
7t
38

'Sample sizes occasionally include debris from seals larger than
would be counted for determiníng the proport,ion of the juvenile
males that are entangled.
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was calculated as e>q)lained above for 1990 and 1991 (i.e.,

account,ing for resighted seals, mortalíty, debris removal, and

sampling wiEh replacement). For 1989, corrections for growth and

sun¡ivaI of seals from which debris was removed were noE applied

as debris was left, on entangled seals in 1988. The data used in

these calculations and Ehe resulËs are shown in Table 7. Figure

2 shows a comparison of t.he results over time for both season and

year. AS can be seen, there is a tendency for Ehe data in 1991-

to show an increase in E,he incidence of entanglemenE for t,he

first, 4 weeks. This E,rend, however, is not seen in t'he other

years, especially in 1989 when any E,rend would be seen as the

reverse of that for 1991. In víew of the variability beÈween

years, lhese data do not support the conclusion of a consistent

trend wichín season. Furt,her analysis is possÍble with the data

from earlier years and can be conducted províded E,here ís

justificaEion for doing so.

Resightings and Su:r¡ival

An annual sununary of the number of tags init,ially applíed to

juvenile males and t,he number resighted in each subsequent year

is shov¡n in Table 8 for each year since 1985. No roundups were

conducted in 1987. A t,otal of !71 seals judged E,o be of

han¡estable size were tagged and released'in 1990. Of these, L7.4

srere controls and 57 were entangled when captured. In 1991, 39

of these controls (34.2*) were resighted. Twenty-one (36.8? of

the origínaI group of 57) of t.he seals tagged aft,er removing

E,heir debris in 1990 were resighted in 1991. This implies chat,
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Tab1e 7.--Resightings of entangled seals and calculated estimates
of juvenile male northern fur seal entanglement on St.
Paul fsland, Alaska, 1989-199!. Data has been broken
inÈo weekly periods with corresponding sample sizes.
The incidence of entanglement is estimated by dividing
t.he number of entangled seals by the sample size.

Year !{eekr First- Second-
year year Entangled

sightings sightings seals
Sample Incidence of
síze entanglement

tggg2

L9902

Lgga2

1

¿

3

4

5

1

2

3

4

5

1

2

3

4

5

3

24

18

10

10

¿z

26

11

2

6

0

4

4

3

2

1

1

7

9

5

4

5.00
30.00
18.00

11.00
1r_.00

22.75
26.50
]-1,.25

2.25
3.75

1,3.25

L4.25
13 .00

l_141

9L26

83 18

4787

433 3

5462

7088

4159

1s93

4669

6909

3887

5466

0.0044

0.0033

0.0022

0.0023

0.0025

0.0042
0.0037

0.0027

0.0014

0.0008

0 . 0019

0.0037

0.0024

2

¿

11

13

L2

rweek 1 is 1-7 ,July, week 2 is 8-L4 ,JuIy, week 3 is LS-2t.fuly,
week 4 is 22-28.Iu1y and week 5 is 29.Tu1y- 4 Aug.2No correction is apptiea to Ehe dat,a tor rÞgg becáuse debris was
not removed in 1988. The nr¡¡nber of ent,angled seals est,imat,ed
t,o have been seen for 1990 and 1991 is based on first-year'
sight,ings plus one fourth of the second year sight.ings Eo
accounE for surr¡ival and growth of seals from which debris was
removed in the year before.
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Figrure 2. Weekly incidence of
nort,hern fur seals
Alaska, âs based on

= 1gg0 = 1991

345
Week

ent.anglement for juvenile male
seen in roundups on St. Paul Island,
data in Table 7 for 1989-91.



33

Table 8. - -Comparison of numbers of tags applied (in parentheses)
and resighted (percent, resighted shown in brackets
below the numbers resighted) by year for entangled and
nonenE,angled male northern fur seals from 1985 through
1991 (none t,agged in 1987) . Each row corresponds E,o
t,he E,ags released in t.he first year for that row'.

Year
Cont,rols

(nonent,angled) 19 85 1986 1988 19 89 1990 L99L

(L72) 37
t21. sl

(27e)

13
17 .6)

40
t14.31

(104)

I
Í4.71

32
[11. s]

20
Íle.21

(86 )

7
t4.11

25
le.0l

11
110.61

26
t30.21

(114)

4
12 .31

5

t1.81

11
t10.61

t4
t16 . 31

39
134.21

(68)

Year

EnE,angled 1985 1986 1988 19 89 1990 19 91

(8s ) t2
[14.1]

(L28)

1
It.2l

6
14.71

(s2)

0
t0l

4
t3.11

5
te.6l

(43 )

0

t0l

1
t0.81

2
t3.81

11
12s.61

(s7)

0

t0l

0

t0l

1
t1.31

4
te.3l

2t
136.81

(34 )

tpdated from Fow1er and Baba (1991).
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the resighting rate for disentangled seals after 1 year was

LO7.6Z of that, for the conErols (36.8/34.2 = 1.076). This is not

significantly different. from a ratío of L.0 (Chi-square test,

P

controls is significantly higher t,han that of entangled seals

from previous years (Chi-square test, P < 0.05).

In 1991, 5 of 279 seals (or l-.8?) t,agged as controls in 1986

were resighted whereas none of the group of 1-28 animals tagged as

entangled in 1986 were resighted. No animals tagged as entangled

in 1985 were resighted in 1990; however, four controls from 1985

were resight,ed. These sample sizes are Eoo sma1l Ë,o Eest for a

significant change from t.he original rat.io of tagged entangled

seals t,o controls for thac year (Table 8) "

Dat,a for relat,ive races of resight,íng ent,angled to control

seals tagged between 1985 and 1990 and t,hose seen in 1991, are

shown in Fignrre 3 along with data from previous work (updated

from Fowler and Baba 1991). The data from L99L for seals

resighted from tagging from 1985 E.hrough 1988 (Fig. 3) are

consist,ent, wit,h t,he results of earlier work (Fow1er et, aI.

1990b) , showing an entanglement, relat,ed sun¡ival rat,e of about

50?. The íncrease in Ehe sun¡ival rate atE,ribut,able to t,he

removal of debris is shown in dat,a ploE,E,ed for seals tagged in

1989 and 1990 (as sE,ars in Fig. 3). In spite of t,he higher

survival for 1990-91 dat,a, the combj-ned data for the t,hree points

shovrn by stars in Figure 3 indicat.e E,hat, the seals freed of t,heir

debris may fail t,o elq)erience sun¡ival as high as the conEro1s.
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Figure 3. Relative rates of return for entangled. juvenile male
northern fur seals compared to controls (nonentangled
tagged seals) for varying cime int,en¡als (Updated from
Fow1er and Baba 1991, with the data from this report).
Each data point. represents t,he fraction of enÈangled
seals resighted divided by t,he fraction of cont,rols
resighÈed (both from Table i) for E.he corresponding
t,ime inten¡al (for example, there are 2 dat,a poínts for
3 years corresponding t,o Ehe 1985-gB and 1996-99
int,en¡als) . The stars correspond t,o t,he relat,ive
return rate for seals wit,h debris removed.
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Using the second approach of Fowler and Baba (199L) for

estimating su:rrival (assuming that, the probability of resight,ing

is Ehe same for both categories of seals) qhe percent of the

entangled seals resighted is divided by the percenL of the

cont,rols resight,ed. This ratio is then raised to the power of

1/n where n is the number of years since the E,agged seals were

released. This is the estimated annual su:¡¡ival from, or the

probability of sunriving the hazard of, entanglement--assuming

sutî\¡ival from ent.anglement in sma1l debris is the Same from year

to year. Such calculations were carried ouË for the returns for

seals tagged in 1988 (Tab1e 8). The results indicated an annual

sun¡ival of 0.57. This is to be compared with the weighted mean

of 0.55 from Fowler and Baba (1991) for previous years using t,he

t,ot.al sample of resight,ed seals from the corresponding year as

weights (e.g. , t4 seals from 1988 resighE,ed in 1988) .

Thus, t,he cumulatíve data, as presented in Table I and

Figure 3, continue to show an estimated annual probability of

sulr¡iving entanglement of about 0.5 for seals enÈangled in small

debris.

Charact,eristics of Ent,angling Debris

Because t,he debrís was again removed from Ehe enEangled

seals in 1991, it was possible to direct,Iy determine weights of

E,he debrís. Specif ic weight.s and mesh sizes are listed in

Table 4. These dístributíons are very similar to those seen in
previous st,udies (Fowler and Baba 1991) . For the combined data

since 1983, about, 743 of E,he debris found on seals weighed
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bet,ween 0 and 150 g, about 18? of the debris weighed between 150

and 500 g, and about 8? of Èhe debris weighed over 500 g

(Table 9) .

Within-Season Resighting Rate

Although the dat.a for 1990 indicated a higher resightíng
rat,e for contrors than for disentangled seals (Table 10), the

data for 1991 are again consistent wíth hist,oric data. The more

general picture from the collective results of 6 years shows that
Ehe fraction of seals t,agged as entangled seals and resighÈed in
the same field season are about E.he same as for controls, âs seen

in previous work (Fowler et aI. 1990b). This resighted fraction
has been close to 25? in bot.h groups.

DISgUSSION

Entanglement-related field st,udies of juvenile male northern

fur seals from 1989 Ehrough 1991 were different from those of
earlier years in Èhat. debris was removed from ent,angled animals.

Accounting for this difference, E,he incidence of entanglement

conEinues to be lower than in years prior to Lgg7. The estimate

from 1991 is the lowest of t,he last 4 years and provides further
evidence t,hat a change has occurred in t,he incidence of
entanglement,. The reduct,ion f or each year is aFcributable t,o

ress entanglemenE, in Erawl webbing, with t,hat, for 1991 being t,he

lowest obsenred since L9g2 (when data are avaíIable for
comparison). An e>çlanation for such a change can noÈ be

conclusively est.ablished at t,his t,ime. However, the dÍfferences
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Table 9.--Annual percent,age frequency distribution of the size of
measured debris from enEangled male norÈhern fur seals
thaE, were t,agged and released (dat'a for 1983 to 1989
from Fow1er and Ragen 1990).

Year <r-50 g (?) 1s0-s00 g (?) >s00 g (?)

19 83
19 84
19 85
1986
1988
19 89
1990
1991

Total

84
57
78

L28
53
43
71-
11

525

s3 (63)
46 (81)
55 (72)
92 (72
38 (72
34 (79
s9 (83

9 (82

387 (74)

te Q3)
7 (t2)

L6 QO)
27 Qa)
I (1s)
7 (]-6)

10 (14)
2 (L8)

e6 (18)

t2 (L4\
4 (7)
6 (8)
e (7)
7 (13)
2 (s)
2 (3)
0 (0)

42 (8)
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Table 10.--Comparison of nu¡nbers of tags applied to enEangled and
control juvenile male nort,hern fur seals in 1985,
1986, 1988, 1989, and 1990 with the numbers in each
category resighted the same season. The nr:mbers ín
parentheses are the percent of the tags applied that
were resighted.

Number of Èags

Year

Controls

Applied Resighted

Entanqled

applied Resighted

19 85

1986

1988

19 89

1990

19 91

Total

]-70 3s (20.6)

L6s 54 (32.7)

104 2r (20.2)

86 20 (23 .s)

]-74 56 (49 .1)

68 L8 (26.s)

707 204 (28.9)

76

70

52

43

57

34

332

2t Q7 .6)

t9 (27 .t)

1s(28.8)

I (18.6)

18 (31.6)

6 (L7 .7)

87 (26.2)
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between t,he 1988-91 incidence of entanglement and t,hose of

previous years may be a result of changes in t,he raE,e of loss and

discard of neÈ fragments from fishing vessels. Consistent wit,h

the data for debris on northern fur sea1s, Ehe abundance of trawl

webbíng debris obsen¡ed on sampled beaches of several Alaskan

islands has also declined in recent, years (,Johnson, S. t990 ,

personal conununication) . Various educational programs at

nat,ional and internat,ional levels have been in place for several

years, and international regulations prohibit the discard of such

debris. Other studies are necessary to determine if less debris

is actually enE,ering t.he marine environment,.

ResulE,s of E,he L99I studies are consistent wit,h those of

earlier work in showing thaE some animals escape from their
entangling debris. However, âs documented in Fowler et' aI.
(1990b), t,he animals that, lose E,heir debris are predominancly

seals ent,angled in small debris (less than 150 9) . Such loss is

one factor contribut,ing to suta¡j-val f rom entanglement,. The

resulÈs of Ehe ]99t studíes are consisÈent with this conclusion

with the demonserat,ion of íncreased sun¡iva1 of tagged seals from

which debrís was removed duríng E,he 1989 and 1990 field studies.

ST]MI4ARY

Ent,anglement research on juvenile males in 1991

demonst,rat,ed:

1) A continued reduct,ion of the overall incidence of

entanglemenc from about, 0.4? (1975-86) to less than
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0.34t in 1988 E,hrough 1990, and down to 0.2!+ ín 1991;

Ent,anglement in t,rawl webbing ín 1991 was less than half

of entanglement, levels obsen¡ed for E,his kind of debris

in 1990 which iE,self was about half of that, in previous

years (1981-86) and very similar E,o that obsen¡ed in
1988 and 1989;

Data for relative return rates of entangled seals for
years in which debris was not removed contínued to

produce an est,imat,ed rate of mortality due Èo the

hazard of entanglement alone (i.e., independent of

natural causes of mort,ality) of about, 0.5 per year; and

There is cont,inuing evidence from E,he 1991 studies that

the raÈe of return of tagged seals from whích debris is
removed is signifÍcantly higher t,han for tagged,

entangled seals but, not as high as for controls.

ACKNOWT,EDGMEIII S

This research was partíalIy funded by the Nat,ional Marine

Fisheries Sen¡ice's Marine EntanglemenÈ Program, ¡.Tames Coe,

Program Manager. V{e would like to t,hank Patience Brown, Steve

Ins1ey, ilohn Mason, Daníe1 Meares, and Marc Webber as addíE,ionaL

members of E,he roundup crew for 1991. The help of groups such as

t,his have been cnrcial t,o t,he collection of t,he data on fur seal

ent,anglement. George Ant,onelis, Chrísty Baham, Alexander

Boultnef , Brad Hansen, St,efanie Hawks, .Tuliana Hydanos, and Terry

Spraker provÍded occasional help during t,he 1991-roundups. we

2)

3)

4\



42

gratefully acknowledge t,he reviews and ediÈorial help in the

writing and improving of Ehis paper as provided by ,Jason Baker,

Barbara Bennet,t,, .fames Coe, Gar'lf Duker, Sharon Giese, ,James Lee,

and Beth Sinclair.



43

CITATTONS

Bengtson, iI. Ir., C. V{. Fowler, H. Kajimura, R. Merrick,

S. Nomura, and K. Yoshida. 1988. Fur seal entanglement

sEudies: .Juvenile males and newly-weaned pups, St. PauI

Island, Alaska. fn P. Kozloff and H. Kajimura (ediÈors),

Fur Seal Investigations, 1985, p. 34-57. U.S. Dep. Commer.,

NOAA Tech. Memo. NMFS F/NWC-]-46.

Fowler, C. W. 1-982. Interactions of northern fur seals and

conunercial fisheries, p. 278-292 In Proceedings of the

47iu]r North American Wildlife and Natural Resources

Conf erence. vfildlif e Management Institut,e, Washington, D. C.

Fow1er, C. W. 1984. Entanglement in fishing debris as a

conÈributing factor in E,he decline of northern fur seals on

the Pribilof Islands, 33 p. Nat,I. Mar. Manunal Lab.,

Nort,hwest and Alaska Fish. Cent., Natl. Mar. Fish. Se:î'v.,

NO.AA, 7600 Sand Point Way NE, BIN C15700, Seattle, WA

98115, (Background paper submitt,ed t.o t,he 27tr}:r Annual

Meeting of the Standing Scientific Committee of the North

Pacific Fur Seal Conunission, 9-13 April L984, held in
Moscow, U. S. S. R. )



44

Fowler, C. W. 1985. An evaluation of the role of entanglement,

in the populat,ion dynamics of northern fur seals on the

Pribilof Islands. In R. S. Shomura and H. O. Yoshida

(editors), Proceedings of Èhe Workshop on Lhe Fate and

Impact, of Marine Debris, 26-29 Nov. 1984, Hono1ulu, Hawaii,

p. 29L-307. U.S. Dep. Commer., NOAA Tech. Memo. NMFS

NOAA- TIVI- NMFS - SWFC - 5 4 .

Fowler, C. W. 1-987. Marine debris and northern fur seals: A

case st,udy. Mar. Pollut, . BulI . 18 ( 6B) 2326 - 335 .

Fowler, C. Vü. 1988. A review of seal and gea lion entanglement.

in marine debris. fn D. L. Alverson and 'J. A. June

(editors) , Proceedings of Pacific Rim Fishermen's Conference

on l4arine Debris, Kailua-Kona, Hawaii, Oct. 13-16, 798'7,

p. 16-63. Natural Resources Consultants, 4055 21"st Ave. w.,

Seattle, WA 98199.

Fow1er, C. W., and N. Baba. 1991. Entang1emenE, Studies, SL.

Paul Island, 1990: juvenile male northern fur sea1s. AFSC

Processed Rep. 91-01, 63 p., Natl. Mar. l{ammal Lab.,

Northwesc and A1aska Fish. CenE., Nat,I. Mar. Fish. Ser:lr.,

NOAA, 7600 Sand Point Way NE, BIN C15700, Seattle, v{A

98115.

Fowler, C. W., R. Merrick, and N. Baba. 1989. Ent.anglement

studíes, St. Paul Island, .1988; .ïuvenile male roundups.

NWAFC Processed Rep. 89-01, 24p. Natl. Mar. Manrnal Lab.,

Alaska Fish. Sci. Cent., Natl. Mar. Fish. Serrr., NOAA, 7600

Sand Point. Way NE, BIN C15700, SeaEÈle, !{A 98115.



45

Fowler, C. W., R. Merrick, and N. Baba. 1990a. Ent.anglement

studies, St. Paul Is1and, 1989, juvenile male roundups. In
H. KajÍmura (ediÈor), Fur seal invest,igations, 1987 and

1988, p. 85-89. U.S. Dep. Coruner., NOAA Tech. Memo. NMFS

F/NÍ{C- 180.

Fowler, c. w., R. Merrick and ,f . D. Baker. 1990b. studies of
the population Ieve1 effects of entanglement on northern fur
sea1s, pp. 453-474 In R.S. Shomura and M.I¡. Godfrey

(editors). Proceedings of the Second Int,ernational

Conference on Marine Debris, 2-'7 April 1999, Hono1u1u,

Hawaii. U.S. Dep. Coruner., NOAA Tech. Memo. NMFS, NOAA-TM-

NMFS-SWFSC-154.

Fowrer, c. w., and T. iI. Ragen. 1990. Entanglement studies, st.
Paul Island, 1989 ,Juvenile male roundups. NVIIAFC Processed

Rep. 90 - 06, 39 p. Natl . Mar. Nlanmal f,ab. , Alaska Fish. Scí .

Cent., Natl. Mar. Fish. Serv., NOAA, Z600 Sand point, Way NE,

BIN C15700, Seattle, WA 99115.

ilohnson, s. w. 1990. Entangrement debris on Al-aska Beaches,

1989. N!{AFC Processed Rep. 90-10, 16 p. Alaska FÍsh. sci.
Cent., Auke Bay L,ab., Nat1. Mar. Fish. Sen¡., NOAA, p.O. Box

210155, Auke Bay, AI( 99821.

Kozloff , P., A. E. York, and iI. Scordíno. 1996. populatíon

assessment,, Pribilof Islands, Alaska. In p. Kozloff
(editor) , Fur seal ínvesE,igations, 1994, p. 6-15. U.S. Dep.

Conuner., NOAA Tech. Memo. NMFS F/NWC-97.




