SNAILFOT SAMFLING GUIDELINES

o For each set, sample 90-120 pots for large bycatch items, Sample at least
12 pots for snails and smaller bycatch items.
Sample 3 sets per day.

Length frequency samplings

- measure up to 70 Tanner crab and 70 King crab from bycatch
samples per day.

- measure up to 40 Pacific cod (unsexed) per dav.
once per dayy plus a sample of one othe;u$F§aGEﬁ€I;:occurring

C,g—snailﬁgpeciesﬁgnqe per duy.“_fij

try to get Some measurements of 3-4 of the most common spail

species sometime during your cruise. (reduce Cow*u5Mw
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THETRUCTIONE FOR TEMPORARY 9NATL OBSERVERS

As o youw will be on board o snail vessel for only o short time, and as
vou have had no opportunity to be specifically trained in sampling aboard o
snaill vessel, vou will not be expected to do the detailed sampling that
most snail observers do.  Your moin doeties will be to verify the amount of
gdible srnail weats tihat the ship produces for esach set, and Lo insurs
that the vessel compliss with the Fishery regulations. You should alszso be
able te collect the isnformotion required to £i11 ool the 1S Forms {(catch
information forml and possibly some basic species compoasition dato an the
A8 Forme (giving mainly the numbers and weights of snails {oode 30, crabs,
and Fish observed in the sampled pots),. As you will not be identifyving the
snnills Lo species, the species composition data will be greotly simplified.

/- & sefs for
§ e Cacl
t )

15 fFormd  The zets ahaulﬂxh@ pumbered seguentially (liks hauls)
s Pia e dire st pupbers . Baoord the end position of each sst
paﬁitimn of the 1«h:|n ot the time rebrieval for eoch selt is completed)
Flease see the "Instructions Ffor snall Fishery observers' For Filling mut
the rest of the form. The total set coteh is calculoted from yvour speciss
comnposibian data-—there wan’t be any ship’s estimate of total catch hecause
the officers normally only record the amount of snail meats Lhaot are
sroduced. (The guoto allogation ds in wmetric tgos of sooil weats. not in
total catoh.?  Sometimes the ships use a Ffactorgextropolate from the welght
af the cooked meats bock Lo the weight of the uncookKed meats. Your Jjob is
Lo verify the weights of the cooked meots (hy counting the travs and
checking tray weights)-—this will be the obsevrver sstimate of snail meatsz.
ana wou west hove this for every set reltrieved. The ship’s estimate moyv be
exnctly the same as bthe observer estimates, or, iFf they are using o factar
o extrapolaote bto row meatsy then the ship’s estimate of meols will be
difFerant by that Foactor.

ha

Bompling for species composition and incidence of probibited speciesi
Ganerolly observers samples 3 sels out of the J 4o & sets of spail nobts per
dav. Hample gach set by observing several portiaons of the longline set.
Seamprle s much of the sel as possinies for Ioree byootoh itemsd  dtems thot
are sorted out From the catch saon after each pet iz dumpsd:  these will
include any fish, such as. Facific cody sculningd Toanner crab or King orab,
Keep track of the pumber of pols vou observe for the larvgs byvootoh items,
cournt and weigh gach species or species group. Separabs the Tannsr oand
Karg crab species by species and sex and count each speciesdsex group
gseparataely as vou will enter bhese daoto on the 3% Fforms senarately, using o
specinl species code for the ovrabs--use your regular species code list for
evarything slise. Hove the crewmen ewmplty ob least 12 pots (wore i
possible) directly into your baskets s that yvou con count and weigh the
groups of the sneils and small bycatoh items.  IF you find any iarge
bvoateh items dn this somple, add Lhes Lo your lorge byoabtoh dobo, and
always remember to include the number of pots ebssrved for snaile to the
number of pots obhserved only for lorge byvocatche  Swoll byoatobh 1tems would
include hevmit crabs, sea anemones, britile starsy and other items thot
wotld be difficult to obtain 1004 of in the large bycatoh sfample.

3G Form?i For sach species or species groupy record the puwheyr of pots
vl pheserved for that species, and the btotol number and weight of each.
Yol will probably hove tweo sample sizes--bhe number of pots obhserved for




the large bhyratoh species ond the number of pots observed For gsnails and
small byoateh specigs. Follow the dirvections fFor caloulating the vradio
MEEEIDES .

Froforcament-—this will wainly be verifying the log entries Ffor the
ampunt of edible snail meats velaoined (note whelher raw or cooled meats are
medrig loggedd,  Mote amounts of ony whole snails that ore frozen whole.

ALY species exeept snails ore considered to be probibited species in this
Fishery, Do not get apselt i€ small amounts of cod are being consumed on
boord, but do nel allow cod Lto be used as bait. Yaonner crob should bhe
discarded overbosrd as scon as possible with a wminimum of dmjury.

i)




T MR, . FUYTIWARA
SAFAN SN&I‘ FISHFFY ASEQCIATION
TELEX NO, 721252246346

FROME MR, R NELSON, QORSERVER FROGRAM
NWAFC, NMFEZ
SEATTLE, WA

REF.:  OESERVERS FOR SNATIL VESRELS

T ahesrvers for the Eiliwo Mary No. 38 and Kaiww Maory Mo, 5 will
he avallable Ffor hoording ot Duheob darsoes on the afternoon of Moy
. 1987 (loecal timel, Mr. Itoh of the i
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regussted that two temporary Gb:n
ane wWeel until the planned cobse
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2%, 1287 Moru
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3. EBobh temporavy observers muas “citrﬁrﬂ Lo Duheh Hoarbor on

}
Moy Hy, 1727 aad the new observers smidaried,
Dutoch Moarhor
= vessel musth
ohaerver L8

ighing until o maw

nE when G
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e IF Ffor zome reEason a twmzﬂ"nry ogbhzarver iz not available for
0 vessel hecause of o change in events, vou will have to reguest
a wWoiver from bthe obssever reguirsment Frowm the Regionol irecio
of the NMFS Aluaska Region teo allow fighing wuntil an obzerver is
embarksd The Regional fdrector will fthen make a determination
ng o wh@ther the vessel or vessels will be allowed to fish,
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JAPAN FISHERIES ASSOCIATION

Japan-U.S. Fisheries Trade Office

SEATTLE OFFICE TEL (206) 624-1800

Suite 545 FAX {206) 467-1043
1111 3rd Ave. Building

Seattle, Washington 58101

April 17 1987

Mr. Rusell E. Nelson dJr.

Observer Program

NORTH WEST AND ALASKA FISHERIES CENTER
7600 Sand Point Way NE Bin C15700
SEATTLE WA. 98115

Dear Sirs,
RE: OBSERVER FOR EIWAMARU 38/ KAIYUMARU 5
Thank you for your telex dated April 14 1987 and your kindness.

We well realized our notify of fishing snail is short for your arrangement.
observers.

Kindly requested to consider following points.

1. U.S. Goverment just allocated snail quota to Japan on April therefor Snail
Association could not submit fishing effort plan for snail fishery before

allaocation clear.

2. As 3,000 tons snail quota were allocated, they want to start snail fishing soon
for minimize their loss because they have nothing to fish in this stage.

Will you please sypathize toJapanese local fishing companies under difficalt
situation and Kkindly arrangement of observers for the vessel to start fishing
snail , EIWAMARU 38 from April 26 and KAIYUMARU 5 from May 1st 1987,

We attach quarterly fishing effort plan for snail fishing.

Yours sincerely

Kaneyas 0
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UNITED STATES DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
NATIONAL MARINE FISHERIES SERVICE

Alaska Fisheries Center

Resource Ecology and Fisheries Management
7600 Sand Point Way NE

BIN C15700, Bldg. 4

Seattle, WA 98115-0070

May 18, 1989
Mr. Chris Hansen
Norfish
927 N. Northlake Way
Suite 210
Seattle, WA 98103

Dear Mr. Hansen:

Enclosed is the information on the Bering Sea snail fishery which you requested. The copy of
the letter to Dick Reynolds gives the foreign reported catch of edible snail meats for 1983 to
1988. It also includes some observations on the species composition of the catch when
targeting on Neptunea pribiloffensis or when targeting on the Buccinum species. I also
included a table giving the reported catch, along with the number of pots and the calculated kg.
of edible snail meat obtained per pot. For your interest, I also enclosed a copy of an article on
the Bering Sea snail fishery that appeared in the "National Fisherman" in March 1987 and a
copy of the one page regulations which pertain to the foreign snail fishery. I assume that a
U.S. vessel won’t be constrained by all of those regulations, but any foreign vessel that catches
snails would be. You should probably contact Craig Hammond of NMFS Enforcement (907)
586-7225, to find out what regulations would apply to a joint venture operation, such as
whether anything other than snails can be retained.

Let me know if you have any questions concerning the enclosed information. Please keep me
informed regarding your plans for a joint venture snail fishery. Observers for foreign snail pot
vessels have to receive special training, and it helps us to have as much lead time as possible.

Sincerely,

Janet M. Wall
NMFS Observer Program
(206) 526-4195




CODE OF FEDERAL REGULATIONS
TITLE 50

PART 611 -- FOREIGN FISHING

SUBPART G —-- NORTH PACIFIC OCEAN AND BERING SEA

§611.94 SNAIL FISHERY.

(a) Purpose. This section regulates foreign fishing for snails (all
species of the genera Neptunea, Fusitriton, Buccinum, Beringius, Volutopsius,
Clinopegma, Plicifusus, and Pyrulofusus) in the Bering Sea.

(b) Authorized Fishery:

(1) Allocatijons. Foreign vessels may engage in fishing only in
accordance with applicable national allocations.

(2) TALFF, DAH, DAP, JVP, Reserve. The annual total allowable level
of foreign fishing (TALFF), domestic annual harvest (DAH), domestic annual
processing (DAP), joint venture processing (JVP), and reserve for snails for
each calendar year are published in the Federal Register. Current amounts
are also available from the Regional Director.

(3) Closures The taking of snails for which nation Thas an

allocation is permitted provided that the fishery has not been closed
pursuant to §611.15.

(c) Area, pear, and other restrictions. No foreign fishing vessel may:

(1) Fish for snails east of 164° W, longitude, or within twelve miles
of the baseline used to measure the territorial sea;

(2) Fish for smails using gear other than pots; or

(3) Retain in the snail fishery any species other than snails.

(d) Additional statistical report., Each nation whose vessels engage in
this fishery shall report, by May 30 of the following year, annual catch and
effort statistics as follows: Effort in number of pots hauled and hours pots
soaked, by month, by 3° (lat.) x 1° (long.) statistical area; Catch in metric
tons of edible meat, by month, by 3° (lat.) x 1° (long.) statistical area.

[43 FR 59293, Dec. 19, 1978, as amended at 46 FR 1739, Jan. 7, 1981; 47 FR
44266, oct. 7, 1982; 48 FR 34762, Aug. 1, 1983] .

(23)
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Alaska Joint Venture Seafoods, Inc.

April 13, 1988

Ms. Janet M. Wall

Foreign Fishery Observer Program
Northwest and Alaska Fisheries Center
Resource Ecology and Fisheries Management
7600 Sand Point Way NE

BIN C15700, Bldg. 4

Seattle, WA 88115-0070

Dear Ms. Wall,

Thank you so much for the packet of Bering Sea Snail data which you mailed up
to me. [ know that your office must be getting very busy with all of the
spring seasons gearing up and | appreciate the time and effort you spent in
preparing the data.

As | have mentioned to you before, we are planning to begin fishing with the
Soviets in June of this year. I have discussed with the President of AJVS,
Mr. William Phillips, our conversations regarding permits and allocations and
have thus left the proverbial ball in his court in getting those processed.
He is going to Vladivostok early next week for a series of meetings with our
Soviet partners, so I should have scome concrete information on the standing of
the venture soon, Please know that [ will keep you posted as | learn more.

Again, thank you for all of your help and information.

Best regards,

Assistant the Chairman -

AG/ss

2550 Denzli, Suite 1406 * Anchorage, Alaska 99503 e (907) 279-0808 * Fax: (907)279-0811 # Telex: 332471 (APANC)




e Converstons_Betoc  (ships).. 802 (EEPH@) oo

meﬁm$uw£&sm@_ <L % eookedl )

l-}LQL ‘f&??

£ Raw whate X cooten

2.8 29

« 30 23

133 28

Buccismn sa
e §




(MT Ecbe lo> Mealxa

'3 0{?(9 mf“ ,ea‘lc% Mmz.a,y(ﬂ'gzc_)
1988 (no W‘Ui) DAYS FISHED %T nf%L,F" MEATS (o
1987 — /

[ jot% 4 F9i6 ] vewd

198 ¢ {5913 4930 X el o)
[98 5 (@3 ¥ . _jo4.0 -
/984 /26 _ 243.9 \ 306,( | Vesl ogts
/983 5 VY R ESTEER il b

/MM(/.wf fer /98 7)

ng) Moo by oy Mgmﬂ&a_

i _ ‘4 . % 7f .




Couts Snal Caloho, <W%k et eopeddD)
e D L mbedilee s imealo C—M/daﬁf (eler) .

CL98L _Cheqe T8 A3 12,0 mbt 24O . o
§33

_— e ——— ——— e e—y e —— e e —— et —— e e e e ——— e ]

ey e javH /.68

| 983 3% ... S5 ]Y¥ol __ _ . _ __ 2556 .. ____ ..
7

.l__- —— __—-%_:_Z__@_O___‘_ 3 183

7$(D@W/tm&‘&k) o
Wmmﬁ\%m:
1984 allocaTlome> o 3,000 otk 1D o Addile s vealo .

£38_. . . bs . a3o0.]. . 340




i

K1eysyy Treus eeg Surasd v8eT UT SUOTSUAWL P ﬂm:umm.m u.oﬁﬂmﬁw

(siedjieus 009) W 00Z'S ~

uoiu
FLALTEH
i g~
#u|jbuo)

INITONOT LOd VNS 40 Wvyosvid

wyham



£iaysTy [reus EBIS 3utasg HgeT UT SUOTSUIWTP Jodyfeusg ;

10d71¥NS 40 WVHOVIA

J wo 0658

. ‘u‘_&wwﬂ.&a . '..‘.ﬁ
. & & ' J

A I ek /
A
RS0 10 pn
R o

’ / S £558
G A
s,

Nooy
aui| sy




—*am‘g,_&_aaﬁgéw_t ¢ Ldile spnea
€ PZ&L%MM %)

c,m'ujdazf (cale)
Chngel -78 43 112.0 it 26O

[27.4 /&

238 45 jl2.0 3. L0

g40 3l 7.3 [. 985
2303

353 55 }%0. .55

¥l 71 A 6.0 3./183
“iee

iz

| 984 aﬂ.c—c,a,tw- y w3 coe b VLM

X3% 5 130. | 3,340

T g T IR £ e e e o T T b = s T A T R T s L s T YT P M A IR [ A s TR Tl o s e & g e




ALl 2.4.1 e showld be nancbered |40 (o (or wohatcrer e pumber of seds cebriced.

‘Tﬁekélad)-%or' azch ébﬂtrWiaj- =l skke,nuh$bcxﬁ&3 atr l.&oﬁ Loch GMT
=¥~ :

INSTRUCTIONS FOR SNAIL FISHERY (OBSERVERS

Filling out Data Forms 15 and 33

FORM 1S - Daily Catch Summary for Snail Pot Vessels

(This form is most gsimilar to Form 1L p. 131-132 in the manual)

- JE O

This sample form is designed to be filled out for each groundline set

(hereafter referred to as simply "set"). If you can not obtain a of the

information asked for on thistZrm, record whit you can obtain. iéﬂajéﬁ&ﬁ%anke'ab!c o

i he—day. = so_that.-the-daily-eatch—and

biotogtoal d4ta can be attributed.to at. least-an-appropriate-location_such-as-
ition—or-a—pesition—of-cne—of-the—setsr—If- possible-,--of-course—

__. enter the sition of ,t ship at the time, retrieyal r each set is completed.

o B R R R e e B e AT B PRI andl e

pot of a groundline is set to the time the last pot of the same groundline is

retreived. Do not enter more than 99 hours of soak time even if the actual

soak time is longer. Make sure that the soak time is in tenths of hours, not

minutes. It might be better to ask for the time and date each set was made

and retréived so that you can calculate the soak time.

approximate if no exact time is obtainable. The number of pots should be the

number of pots retreived. (Do not include pots that were set but lost).

hert. Loow Mt QWMEM—“%%
The total set catech is calculated from your species composition data =
. see the calculation directions on another page. If you did not sample any
.' of the catch for a particular day - f£fill in at the end of the cruise by multi-
plying the no. of pots for each set times the average catch per pot for either
that area or for the entire cruise {use your judgement). [In calculating your
radiomessage, such a nonsampled day should not be included as a day on the
grounds and the calculated catch for the day should likewise not be included].
Try to obtain either the ship's estimates of whole snails or snail meats by
set, and correspondingly, make your own estimates of either whole snails,
snail meats, or both. Previous observers have made their own estimates of
both whole snails and snail meats (see calculation instructions on ancther
page). If either of these estimates are only edible whole snails or edible

snail meats, indicate so on the form, and in -your report list the snail
gpecies that are considered "edible". -

The time may be

FORM 35 = Species Composition for a Snail Pot Vessel

(See also the general instructions for Form 3 p. 67=72 in the manual).

This form enables the observer to decide the sample size for each species
depending on the incidence of the species, the size of the species, or other

f considerations. I would assume that snails would have the smallest sample

3 size, and I would recommend that such "prohibited" bycatch species such as
king crab and Tanner crab have as large a sample size as possible.




all 2.4.2

Set no. = be sure to note the no. of the sampled set, which corresponds to
the set no. for that day on Form 1S.

‘Species name & species code = use the code list for snails, the species code

list in the manual p. 73-79, and the codes for male and female king and
Tanner c¢rab. You may either use the common name (if there is one) or the
scientific name for snails. For other species, please use the common name =
it is easier for the debriefers to check.

Please note = For king and Tanner crab you should collect and record the data

for male and female crab separately. Use the "codes for male and female
king and Tanner crabs" « not the species codes for those species found in
the manual. Other crabs, such as lyre, Korean horsehair crab should have

the data collected and recorded for the combined sexes (See the example
Porxm 35).

No. of pots sampled = record. the no. of pots sampled for each particular
species. ’ .

L

Line 999 - "no. of specimens and total weight" This line is used to check
the accuracy of the keypunching. Total the numbers .in the rows below, as

shown on the example form. Do not fill in a total under "no. of pots
sampled”, however. : : )

If there is room on the form, skip a line between species with different
sample sizes. If there are more species than can be accommodated on this form
for a given set, go to a new page, being sure to record the data for that set
in the same numbered columns as on the first page. On the continuation sheet,
record the heading, but not 999. The first sheet, line 999 should include the
numbers for those same columns on the continuation sheet.

Length Frequencies and Form 7

Take length frequencies of the predominant snail species, plus the Pacific
cod, king and Tanner crab in the sample (see MEIntosh's report). Make sure
that the measured snails are randomly selected ~ i.e.: all Neptunea pribil-
cffensis, main Buccinum species from a 2=-pot sample, for instance.

Measure snails from the apex to the middle of the anterior canal. In
some cases, the margins of the anterior canal extended beyond the middle of
the canal, making this less than a total length measurement. Broken shells
(sometimes up to 50% of sample) are best handled by estimating the lengths -
excluding them might bias the length frequency if the tendency to break is
size dependent. Snails {like crabs) should be measured to the nearest 5 mm.

On form 7 use the reqular species codes for crab (not the special ones

with a separate code depending on sex). On form 7 you will be designating
the sex of the crabs with an "M" or an "F".



Calculations for Estimates to be Racorded on Form 18

A Observer's estimate of whole snails
B Observer's estimate of edible snail meats

C Total set catch (observer's estimate) = bycatch and all snails with shells

To calculate A:
no. of pots_in set : _ o
wt. of edible snails X no. of pots = estimated wt. of edible
in sample sampled for snails snails in set (A)

percfs prodedd i
To calculate B: o G4 WO

‘¥ Ao e avg. product! (see footnote-bottom of page)
L ' recovery of mixed

estimated wt. of X species of edible = estimated weight of
edible snails in set snails snail meats from set
- N *

To calculate C:

no. of pots in set estimated weight of
wt. of bycatch X no. of pots sampled = of bycatch species
species A in set for bycatch specieas A in set
A
Do this for each bycatch species or group of species that you want a separate
. weight estimate for. You will have to account for the weight of each species

in your samples, but if you don't need a separate weight estimate for a given
species, you can calculate its weight grouped with the weight of other species

with the same number of sampled pots. (See "Calculation of C, continued" on
next page.)

Note = Let me know if you don’'t understand the above = I didn't have time to
work out the correct figures for the example.

1(c::ncerning the average broduct recovery)

You will have to use your judgement as to what to use here. I don't
know whether there is apt to be a great difference in the product recovery by
individual snail species. If so, the product recovery of a random sample of
mixed gpecies of edible snails might vary considerably from set to set if the
species composition also varies drastically from one set to another.

If the above is the case, you might have to conduct product recovery

tests by species and apply it to the sample data by species (which involves a
greater number of calculations).

The procedure for conducting product recovery will also depend on circum-
v stances. Depending on the factory processing precedures it might not be
possible to monitor a known weight of snails with shells to a known weight of
. snail meats from those gsame snails. If that is so, you could possibly boil up

a pot of snails yourself, and very carefully extract the meats {or use a hammer
to break the shells).




all 2.4.4

Calculation of C, continued:

After calculating separately those species groups that have a different .
no. of sampled pots, or any species you want to calculate separately for othex
reasons, sum them all together as follows:

estimated weight -\
E: of bycatch species + estimated weight of =  total set
A=-->Z in set edible snails in set catch (C)

enter A, B, and C on the 15 data forms. It may not be necessary to calculate
both A and B. Find out whether the ship is reporting catch data in whole
snails or snail meats. (I suspect that they are reporting the data in snail
meats). We would like you to calculate and report an estimate which correlates
with their estimates of the catch. Thus—if—they—produce—estimatey—of~smail

1 - - ' B L - -1 e i -

an:éf—this—cn—Ferm—4G—aﬁyw&y—&é—feu-ha¥e-%he—Eima. We would like both
estimates on the 15 foms. »

To calculate C for sets that you did not sample{

sum the total set catch total number of average catch
for the three or more + pots from the = per pot for
sets you sampled that day sampled sets the day

estimate of total
average catch per pot X no. of pots in a = catch in a non-
for the day nonsampled set sampled set

Do the same procedure for each nonsampled set for the day and a similar
procedure to calculate A or B.

If they always set the same number of pots in each set, you can shortcut
the calculations as follows:

sum the total set catch the no. of
for the three or more T sampled sets = average set catch
sets you sampled that day for the day for the day

v

which in this instance
could be used for the
total catch for each
nonsampled set for the
day




Preparing Your Radicmessage:

Read the sampling manual p. 148-171 concerning radiomessages, esp. days

on grounds (DG), initial day of sampling (IDS), etc. Most of the catch data
will not apply, however.

Sum the catch data for each week from the 1S forms. The report week
is Sunday through Saturday, @GMT time. As soon after Saturday as possible,
get your figures together and report them in a radiomessage.

Some abbreviations, codes
SNAMTS = snail meats
SNAILS = whole snails
Otherwise, use whole words
D = decimal point
P = appears just before numerical check
“The sum of the digits‘in the weight is the "P" value .
initial day of sampling =~
Always use Metric tons in radiomessages unless designated otherwise

IDs

Example radiomessage:

NOJ DE(vessel call sign) MSG CATCHREP X

TO: RUSS NELSON, NWAFC, SEATTLE, WA

INFO: NMFS, BRK REGION, JUNEAU, RK

FROM: RICH MACINTQSH, Vessel Name, Vessel Permit No.,

59=57N 168-32W JUNE 23 (most recent GMT noon position and date)
ORL. TITPIS i

PARA 1 / vessel-_permit number/ June 17=23/4 aS1/

DGEDOP6/{_SNAMTS J8D52P16/ SNAILS 32D64P15/

TOTAL CATCH 80D56P 19/ SEASICK = DID NOT SAMPLE

JUNE 19/ PARA 2/ MAIN BYCATCH SPECIES IS PACIFIC

COD 5D13P9/ KING CRAB AND TANNER CRAB WERE

ODSQID OD@/ 1iDs JUNEL:‘: , T M ( ' a_fofa:{eat n.um_bers
all sets in 5&mf@d.dﬁﬁ$)

Let us know in your first message whether the ship is reporting snail

meats or whole snails. Do not be afraid to include short comments or questions

you have about the catch, sampling, data forms, or advice to the next observer.

Let us know 1f you feel that health or safety conditions aboard the
vessel make it inadvisable to place another observer abeoard.
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}\gpo'rt #1 Cruise # _ N0/ __ Vessel Code _ J FC' ]
AVessel NameChd\'ei H,:LM( Lo, 7¢
OPserver ﬁd:md& Mﬂc/f: 7’351-

Nationality JAPAN
Permit #JA -£4 -0833

Call sign JNCS
Dates Aboard /§ Jene — I8 Tk 1989
77

Mothership’ @ngline Vessel-Sha/ E’Q
Area Fished : {Circle appropriate areas)

T¥Pe of Ship : Stern Trawler

Bering Sea Area 51 Shumagin Area 61
Bering Sea Area 5-2.\ Chirikof
i

Bering Sea Area 53 Kodiak

Columbia Area 71

Area 62 'Eureka Area 72 : i

Area 63 Monterey Area 73

Aleutian Area 54 Yakutat Area 64 Vancouver Area 67

Southeastern Area 65

Ship Personnel : Nawme and position of offlcers important in fishing operationm,
factory, sampling

Captain %jl] 1Ealsi faufo

Translator (if any)

Estimated Date of Vessel Departure from FCZ _fff.tla{ th T 4/&‘«. i ot semmdicin e o
. o 7 7

1. Comment on the handling of probibited species by the crew
under normal [ishing operatlons when Lhe ObServer 15 nuol sampllnﬁ

[k btd s ~:a—wf€~u/¢'>-ﬂcm : Mfwam s
7‘{‘ s “"74"'- Se el /%‘* Cring O beand, e "’réerv?‘ldx\
wzw'ﬂim%@ﬁdua"fc—q{

, 4‘7 Wc?mfnc“'\—
é'ffn puspase, CCCMren.J _rr-u/ o e T 14’7‘ bee

ﬁMMIMQJpv%cI%M/MVéﬂ /afr-—')/rv-f

. How were ship's estimates of catch size made ?

S aTlhed sl




*

3. How were observer estimates of catch size .made 7

P s uc‘,-,t,c«zzwﬁﬁhfu X e ox LA
7% #:2;21 oo o r’{ po T “‘f“‘/y éz) -ﬂtf/ '
% 7‘:<:(11bm¢€7 é>45&z: /9h4ﬁff¥ enl edﬁﬁ;y g Strmplied,
&GWﬁaf%; dbawh?yégf' /2 ,ﬂqu 7 Sical gt ﬁfz—/mﬁgf‘76: 5%7-<;ﬁ2é2f,
A’WW} entd P el ih Seomopdd $Z prg ’*71*7»‘-41«(

V& I#h«#«t1ou7aZL1

4. How did the two catch-size estimates compare ? (If there were large discrepancies,
analyze the probable reasons. What were the percentage differences?)
(percentage difference = weight difference + observers estimate)

Y /maoa‘ ?pnomq'fx ¥4£4 Gﬁ;»izﬂ?/J 7ﬁé ctaa b dd nt PoeAon
A (oTim jf 7%”Z:4i aled S . .527¢ﬁ2444«c£ in ~547&n Ared

cdaeryeny 2atim L 2/’77;ﬁh(’/pr?caa<u4( PO 4 hwﬁbef c;goer?*
hrere ..S‘m.cjf’.' Obsin sen .éx.vf', =C77.é‘f ﬂ‘lz_J fjf/ﬂ 46:{'.:' 4S5, 47 T

Circle the appropriate answers.

S. Did ship personnel interfere with observer sampling duties or the sending of

radioc messages ? .
YES @

. Did you observe non-reporting or under-reporting of species groups in the
cumulative catch log ?

YES W) se reies
7. Did you observe the utilization of prohibited species ?

1

YES | NO

( YES NO

9. Did you observe any other possible violations ?
YES ( NO:

10. Did you observe any difference in the fishing pattern of the vessel you
were aboard as opposed to nearby non-observer vessels ?

YES NO &L A

8. Did you observe any gear conflicts ?

11. Did you advise the ship's officers about any o e fishery regulations or
inform them of any observed vioclations ? YES RO

IF YOU ANSWERED “YES" TO ANY OF TBE ABOVE QUESTIONS, DOCUMENT YOQUR OBSERVATIONS
AND DIALOG WITH OFFICERS OR CREW ON A SEPARATE SHEET. SEE MANUAL INSTRUCTIONS.




Cruise # ’22( Nationality ,2 &EMJ

12. Was ﬁour ship boarded by the Coast Guard while you were aboard ?

13. Were you able to conduct your own pro&uct recovery determinations ?

NO SOME [}mmxusmvn PROJECT | Species: Myxcd Swmasls

FISHERY SPECIFIC QUESTIONS: (Answer only those questions applying to you.)

. 14. Longline observers only : ' :

a. Did ship fish east of 140° W ? (If yes, describe)

YES NO
" b. Did ship fish in depths less than 500 meters in the area between
140° and 169° W. longitude ?

YES NO

¢. If answer to part b was yes, did Pacific cod make up more than 50%
of the catch of each set ? (If it did not, explain)

YES XO

15. Observers on trawlers fishing in the Gulf of Alaska :

a, Did ship bottom trawl between Dec. 1 and May 31 ?

YES NO If yes, describe

b. Did ship fish east of 140° W ? YES NO 1f yes, describe

c. Did ship bottom trawl east of 147° W ? YES NO If yes, describe

16. Observers on trawlers fishing in the Gulf of Alaska between Dec. 1 and May

a. Did the net have chafing gear ? YES NO If yes, describe

b. Did the net have rollers or bobbins ? YES NO If yes, describe

c. Did the net have a functioning net recorder ?

YES NO If no, explain
17. Observers of the coastal hake fishery : (foreign directed fishery omnly)

a. Did the net have chafing gear ? YES N0 If yes, describe
b. Did the net have rollers or bobbins ? YES NO If yes, describe
c. Did the net have a codend liner ? YES NO If yes, describe

d. What was the codend mesh size (stretch measure) ? mm.
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Report #i Cruise # ﬂ_ Vessel Code /P o / ‘Nationality _, Jgr swvese
Vessel Name (‘/’//mr,._' y 7P /V,; P& Permit # /Jo- 24-472F  Call Sign Zﬂfci
_Obse_fvér /{VMJCC’Q// Dates Aboard Tl /?-Aué.jo
Type of Ship Stern_Tr;%ler Mothership <E§E§I;;;_;;;§§i~5;‘*3frf'
Area Fished : | tCircle app;:épriate areas)
Bering Sea Area 51 Shumagin Area 61 Columbia Area 71
@Em ) . Chirfkof Area 62 Eureka  Area 72
Bering Sea Area 53 {:  . Kodiak Area 63 Monterey Area 73
| _ Aleutian Area 54 ' ‘.fakutat' ‘- Area 64 Vancouver Area 67

Southeastern Area 65

Ship Personnel : Name and position of officers important in fishing operation,
factory, sampling :

Captain - YpodeLove JM Translator (if any)- 7io. éég}v gy / ;zaada oy
% Piaber ~ ;é.xéomndt 4. M_

[ / .
fac 7;?’{ é/m?[,é_«“- Tuairedi Wl

Estimated Date of Vessel Departure from FCZ . 3/

L A basscions Unen Thb bbseTver & HOT sampling:
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2. How were ship's estimatés of catch size made ?
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" 3. How were observer estimates of catch size made ? _ -
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4, How did the two catch-$ize estimates compare ? (If there were large discrepancies
14
analyze the probable reasons. What were the percentage differences?)

//.c’. _A'%/ﬂ_////m/ /.c(mz/)/t?j// 7k ol ww-:/,ﬁ Ne.

iz J‘--—/:rw-u/ el Ja’;ﬁ»n;r /Léfwt'fmmz-zj ( 2l R tormments Afy?
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Circle the aerOpriaté answers.

5. Did ship personnel interfere with observer sampling duties or the sending of
radio messages ?
YES a@

6. Did you observe non-reporting or under-reporting of species groups in the
cumulative catch log ? )
o4k} NO

e

7. Did you observe the utilization of prohibited speciés ?

FEP N0
8. Did you observe any gear conflicts ?
' YES Qo

9. Did you observe any other possible violations ?
YES o,

10. Did you observe any difference in the fishing pattern of the vessel you
were aboard as opposed to nearby non-observer vessels ?
' YES

11. Did you advise the ship's officers about any of the fishery regulations or
I inform them of any observed violations ? EES NO

IF YOU ANSWERED "YES" TO ANY OF THE ABOVE QUESTIONS, DOCUMENT YOUR OBSERVATIONS
AND DTALOG WITH OFFICERS OR CREW ON A SEPARATE SHEET. SEE MANUAL INSTRUCTIONS.




Cruise # 0 7 Nhtionalitv :i

12; Was your ship boarded by the Coast Guard while you were aboard ?
| L qED»  No

13. Were.you able to conduct your own product recovery determinations ?

MorEn Sydle SPuriel

NO  SOME -~-EXTENSIVE PROJECT Species:

FISHERY SPECIFIC QUESTIOﬁS: (Answer only those questions applying to you.)

14, Longline observers only :

a. Did ship fish east of 140 W ? (If yes, describe)

YES NO :
b. Did ship fish in depths less than 500 meters in the area between
140° and 169° W. ‘longitude ?

YES RO

c. If answer to part b was yes, did Pacific cod make up more than 507
of the catch of each sét 7 (If it did ‘not, explain)

YES NO

15. Observers on trawlers fishing in the Gulf of Alaska :

a. Did ship bottom trawl between Dec. 1 and May 31 ?

YES NO If yes, describe

b. Did ship fish east of 140° W ? YES NO If yes, describe

c. Did ship bottom trawl east of 147° W ? YES O  If yes, describe

16. Observers on trawlers fishing in the Gulf of Alaska between Dec. 1 and May 31 :

a. Did the net have chafing gear ? YES NO LIf yes, describe

b. Did the net have rollers or bobbins ? YES NO If yes, describe

c. Did the net have a functioning net recorder ?

YES NO I1f no, explain
17. Observers of the coastal hake fishery : (foreign directed fishery only)
a. Did the net have chafing gear ? YES NO If yes, describe
b. Did the net have rollers or bobbins ? YES NO  If yes, describe
c. Did the net have a codend liner ? YES NO If yes, describe

d. What was the codend mesh size (stretch measure) ? mm.
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Richard A. MacIntosh! and David A. Somerton?

! National Marine Fisheries Service '
Kodiak, Alaska

2 Center for Quantitative Science,
University of Washington, Seattle

ABSTRACT

Gastropods make up 6-9 percent by weight of the inverte-
brates caught on the continental shelf and upper slope of the
eastern Bering Sea by research trawl surveys. Five species of
the genus Neptunea--N. lyrata, N. pribiloffensis, N. heros, N.
ventricaosa, and N, borealis—make up 87 percent of the snail
biomass and 68 percent of the snail numbers,

Fifteen of the most common large gastropods were grouped
according to the similarity of environmental variables meas-
ured at the sampling sites at which each species was found.
The variables used were annual maximum bottom temperature
and maximum rate of warming. The analysis identified three
thermal regions in the eastern Bering Sea in late summer, each
region having a distinct assemblage of large gastropod moltusks.

Neptunea spawn over a protracted period and capsular life
of embryos is probably more than six months., Female N,
heros, N. iyrata, N. pribiloffensis, and N. ventricosa mature at
shell lengths of 110, 110, 105, and 102 mm, respectively;
males mature at shell lengths of 95, 100, 90, and 37 mm,
respectively. Recent studies of Neptunea food habiis show
that a variety of organisms are consumed, including poly-
chaetes, bivalves, barnacles, fishes, and crustaceans.

Japan has harvested gastropods in the eastern Bering Sea
since at least 1971. Reported catch rates range from 0.9 to
4.0 kg/pot, and total Japanese catch has varied from 404 to
3,574 mt of edible meat per year. The United States has the
capacity to enter the fishery but will probably not do so until
snail products increase greatly in value.

INTRODUCTION

Large marine gastropods are a conspicuous element
of the eastern Bering Sea macrobenthos. Especially

abundant are members of the genus Neptunea, of
which one species or another occurs commonly over
the entire upper continental slope and shelf.

Eastern Bering Sea snails were rarely studied before
Japan started a commercial fishery in the early 1970's.
McLaughlin {1963} outlined the distribution of
invertebrates, including snails, taken north of the
Alaska Peninsula, but subsequent United States
research surveys generally ignored snails. In 1975,
National Marine Fisheries Service (NMFS) trawl

‘surveys began including an analysis of the distribution

and relative abundance of various snail species in the
eastern Bering Sea.

The Japanese Fishery Agency began research on
the eastern Bering Sea snail resource in 1973. Nagai
(1974) conducted research aboard a commercial
snail pot vessel, and subsequent work has been based
on pot and trawl surveys (Nagai, 1973a, 1975b; Nagai
and Suda 1976; Nagai and Arakawa 1978). Neiman
{1963) described eastern Bering Sea benthic assem-
blages but based her studies on bottom grab samples
that probably do not adequately represent larger epi-
faunal animals such as snails.

During the summers of 1975 and 1976, the North-
west and Alaska Fisheries Center of NMFS conducted
comprehensive trawl surveys covering approximately
566,000 km?® of the eastern Bering Sea shelf and
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1216  Benthic biology

upper slope (Fig. 68-1). These surveys were designed
to determine what demersal fish and shellfish com-
munities of the eastern Bering Sea could be affected
by development of continental shelf energy resources.
Data on fish and epibenthic invertebrates were
gathered from several hundred locations with a
modified 400-mesh Eastern otter trawl. The data
resulting from these surveys offer significant insight
into the population and biological characteristics of
numerous species of snails. This chapter brings
together information on distribution, species associa-
tion, biology, and the fishery for eastern Bering Sea
snails based primarily on data collected on NMFS
trawl surveys.

some TP ORIy, e e

s b 4R Pa e ba S
et ps e e

. E E
", «tarran TL"

Figure 68-1.

SNAIL RESOURCE

Seventy-two species of gastropods in 19 families
were identified in U.S. trawl surveys conducted in
1975 and 1976 {Feder et al. 1978: Pereyra et al.
1976; unpublished data, Table 68-1). While most
small species were usually found inside shells or other
objects, snails larger than about 60 mm in total
length were regularly retained by the trawl mesh,
The small codend mesh size (32 mm) and the bottom-
tending properties of the net allowed a reasonable
assessment of epibenthic snails larger than about 60
mm. How many of these larger snails avoid capture

B. POLARE

r L

Station locations and distribution of fifteen large eastern Bering Sea snails.
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by burrowing into the substrate is not known; esti-
. mates of abundance based on trawl surveys will
always be conservative,

Gastropods comprised 1.7 percent of the total
estimated biomass and 6.6 percent of the invertebrate
biomass in the eastern Bering Sea during the 1975
survey {Pereyra et al. 1976). These figures are similar
to the resuits of the 1978 NMFS trawl survey con-
ducted in roughly the same area, in which snails
made up 2.2 percent of the total biomass and 8.7

TABLE 68-1

Large marine gastropods 1219

percent of the invertebrate biomass (unpublished
data}.

Many of the species and most of the snail biomass
in the eastern Bering Sea are attributed to the family
Neptuneidae. Of 67 snail species caught during the
1975 and 1976 surveys, 33 were neptunids. Five
members of the genus Neptunea, N. lyrata, N. prib-
floffensis, N. heros, N. ventricosa, and N. borealis,
comprised 87 percent by weight and 68 percent by
number of the 1978 catch.

Gastropods identified from 1975 and 1976 NMFS
trawl surveys in the eastern Bering Sea. Species
followed by an asterisk (*) are the most commonly
encountered large (>>60mm) snails.

Class Gastropoda

Family Muricidae
Boreotrophon clathratus (Linnaeus)

N. ventricoss (Gmelin)*
N. pribiloffensis (Dall)*

Family Trochidae
Margarites giganteus (Leche)
M. costalis (Gould)
Solariella obscura (Couthouy)
S. micraulax
S. varicosa (Mighels and Adams)

Family Turritellidae
Tachyrhynchus erosus (Couthouy)

Family Epitoniidae
Epitonium groenlandicum (Perry)

Family Calyptraeidae
Crepidula grandis Middendorff

Family Trichotropidae
Trichotropis insignis Middendorff
T. kroyeri Philippi

Family Naticidae
Natice clausa (Brederip and Sowerby)
Polinices pailida (Broderip and Sowerby)

Family Velutinidae
Veluting velutina (Muller)
V. lanigera Moller
V. plicatilis (Muller)

Family Cymatiidae
Fusitriton oregonensis Redfield*

B. pacificus (Dall)
B. daili (Kobelt)

Family Buccinidae
Buccinum angulosum Gray*
B. scalariforme (Moller)
B. glacigle Linnaeus
B. solenum (Dall)
B. polare Gray*
B. plectrum Stimpson*
B. rondium Dall

Family Neptuneidae
Clinopegma eucosmia (Dall)
C. magng Dall*

C. achotensis

Beringius kennicotti (Dall)
B. beringii (Middendorff)*
B. stimpsoni (Gould)

B. frielei (Middendorff)

B. ¢rebricostatus undatus (Dall)
Colus spitzbergensis (Reeve)
C. herendeenii (Dall)

C. roseus (Dall)

C. hypolispus (Dall)

C. aphelus (Dall)

C. haili (Dall)

C. dautzenbergi (Dall)
Liomesus nassula (Dall)

L, ooides (Middendorft)
Neptunea lyrata (Gmelin)*

N. borealis (Philippi)

N. heros (Gray)*
Plicifusus kroyeri (Moller)*
P. incisus (Dall)

P. brunneus (Dall)
Pyrulofusus harpa (Morch)
P. deformis (Reeve)*

P. melonis (Dall)
Volutopsius fragilis (Dall)*
V. middendorfii (Dall)*

V. trophonius (Dall)

V. castaneus (Dall)

V. filosus (Dall)

Family Volutidae

Arctomelon stearnsii (Dall)

Family Volumitridae

Volumitria alaskana (Dall)

Family Cancellariidae

Admaete couthouyi (Jay)

Family Turridae

Aforia circinata (Dall)

Antiplanes thalaea (Dall)
Cenopota herpa (Dall)

Obesifoma simplex (Middendorff)

Family Pyramidellidae

Odostomia spp.
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SPECIES ASSOCIATIONS

It has long been recognized that species of marine
benthic invertebrates often occur together as groups
over broad geographical areas. Such groups, variously
referred to as communities, assemblages, biocenoses,
or faunistic complexes,. primarily result from similar
tolerances of their component species to environ-
mental variables, although within limited areas,
competition and predation may also play a significant
role. To the extent that group cohesiveness is envi-
ronmentally determined, the area occupied by a
group can be considered as a specific habitat type or
faunistic region. Previous research on the distribution
of benthic fauna in the eastern Bering Sea suggests
that there are at least three (Nagai and Suda 1976) or
possibly four (Neiman 1963) distinet faunistic regions
which appear to be associated with the distribution of
temperature near the sea bottom.

Early attempts at recognizing species groups
undoubtedly involved comparing species distribution
maps. Recently, marine ecologists have accomplished
this by using computer technigues, especially hier-
archical cluster analysis (Clifford and Stephenson
1975), which groups species with similar patterns of
abundance over a number of sampling sites (Field
1971, Day et al. 1971, Hughes and Thomas 1971).
Grouping species in this manner appears biologically
sound, since similarities in distribution patterns
strongly suggest a common response to some (usually
unknown) suite of environmental variables. An
alternative approach used in this study consists of

grouping species according to the similarity of envi-

ronmental variables measured at sampling sites where
each species occurred (Somerton and MacIntosh, in
preparation). Rather than grouping species by their
abundances, which may not be associated with
environmental variables, this new method allows
grouping by an explicit set of niche or habitat
variables.

The environmental variables used to group snails
are two aspects of temperature: the annual maxi-
mum bottom temperature and the maximum rate of
warming. These variables were chosen because they
are considered to be important determinants of
benthic invertebrate distribution (Nagai and Suda
1976, Neiman 1963) and because bottom-temperature
measurements for the eastern Bering Sea were readily
available (Ingraham 1973). Although other environ-
mental variables may affect snail distribution, we
have restricted our investigation to examining how
various snail species distribute themselves within a
heterogeneous thermal regime.

Large Bering Sea snails are probably long-lived and

certainly have a limited ability to move in response to
temperature changes. Therefore, long-term average
temperatures were considered more appropriate for
grouping species than temperature measurements
made at the time samples were collected. Maps of
monthly average bottom temperatures by quadrangles
of 1° were available from Ingraham (1973); however,
only data for May through August were sufficient to
construct a reliable picture of the temperature
distribution. Although the maximum beottom tem-
peratures are probably not reached by August,
the distribution pattern of temperature is established
well enough by that time to use as an index of the
yearly maximum. The maximum rate of warming
was chosen to be the difference between August and
July temperatures. To further smooth the data and
allow interpolation of temperatures at the sam-
pling sites, a fifth-order polynemial in latitude and
longitude, sometimes knowm as a trend surface,' was
fitted to both August temperatures and July-August
temperature differences. The observed spatial dis-
tributions of the 15 most abundant snail species (Fig.
68-1) were then translated into a collection of maxi-
mum temperature and maximum warming values by
evaluating each polynomial at all sites at which a
given species was observed. For example, Neptunea
heros, observed at 134 of 344 sampling sites, was
represented by a set of 134 maximum temperature/
maximum warming data pairs.

Arranging species into groups was accomplished in
two stages. First, a measure of dissimilarity, the
Mahalanobis distance, “D” (Morrison 1976), was
calculated for all pairs of data sets. This distance
measure was chosen in preference to the more famil-
iar Euclidean distance (Clifford and Stephenson

1975) because it scales the Euclidean distance be-

tween data sets by their covariance (Morrison 1976).
Group average sorting, one method of hierarchical
cluster analysis (Clifford and Stephenson 1975), was
used to join species into progressively larger groups.
The sequence from many small homogeneous groups
to one heterogeneous group is shown as a dendrogram
in Fig. 68-2.

Choosing the level of dissimilarity at which to
interpret the group structure of such a dendrogram
involves some judgment. Groups of two or three
closely associated species are formed at low levels of
dissimilarity. In Fig. 68-2, five pair-groups of species
are evident: N. heros and N. ventricosa, P, kroyeri
and B. scalariforme, C. magna and B. angulosum, V.

! Trend surface analysis is discussed in SYMAP User Reference
Manuel, available through the Laboratory for Computer
Graphics and Spatial Analysis, Harvard University.
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Figure 68-2. Dendrogram showing the similarity of fif-

teen species of snails, Groups labeled 1 through 4 occur at
a dissimilarity level of 0,5.

fragilis and B. polare, and N. pribiloffensis and
B. beringii. The species In these groups are quite
similar in the environmental variables which join
them and, as can be seen in Fig. 68-1, are also distrib-
uted similarly. At higher levels of dissimilarity,
species are joined that do not have identical distribu-
tions. Thus, the groups formed at these higher levels
of dissimilarity may have similar temperature toler-
ances but differ in other ecological requirements. If a
dissimilarity level of 0.500 is chosen, then all fifteen
species are included in four distinct groups (Fig.
68-2). The combined distribution of all members of
each group is shown in Fig. 68-3.

Although the four groups appear quite distinct,
they may not be statistically different. Two slightly
different techniques were used to test for statistical
differences. First, Hotelling’s ““T” (Morrison 1976),
a multivariate extension of Student’s ‘“t’’ distribu-
tion, was used to test whether each group was statis-
tically different from the others when maximum
temperature and maximum warming were considered
simultaneously. The results of these tests indicated
that each group was different from the other three at
a probability levei of 0.01. A second method for
testing for differences between groups consisted of
making univariate “t” tests (Sokal and Rohlf 1969)
on each variable, This was done because groups
which differ when the wvariables are considered
simultaneously may not differ when each variable is
tested separately. The results of the univariate “t”

Large marine gastropods 1221

tests are summarized in Table 68-2. If a significance
level of 0.05 is chosen, Groups 1 and 4 do not differ
with respect to either variable, Group 3 differs
from all other groups with respect to both variables,
and Group 2 differs from all other groups in maxi-
mum temperature but differs only from Group 3 in
maximum warming.

Another way of statmg these observations is that
the four species groups can be divided into three
distinct levels of maximum temperature and two
distinct levels of maximum warming (Table 68-3).
Although Groups 1 and 4 are statistically distinct
when both variables are considered simultaneously,
they are not different when each variable is consid-
ered alone. If Groups 1 and 4 are combined, then
three distinct faunistic groups exist: one associated
with cold water having a low maximum rate of
warming, a second associated with warmer water also
having a low maximum rate of warming, and a third

. associated with the warmest water which has a high

maximum rate of warming. .

The thermal characteristics of the three 1dent1f1ab1e
faunistic regions result from the manner in which
warming occurs during the summer. In spring, the
temperature above the bottom is uniformly cold from
the shore out nearly to the edge of the continental
shelf, where a northward advection of Pacific Ocean
water causes it to increase slightly. As summer
progresses, shallow nearshore areas are warmed by
insolation. Three types of thermal regions are pro-
duced: the coastal area (inhabited by Group 3),

Figure 68-3.
snails in the eastern Bering Sea.

Distribution of the four faunistic groups of
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intolerable for most species and are probably respon-
sible for the fact that relatively few snail species
inhabit the coastal areas. Group-2 snails have wider
and more southern ranges than any other.group.
Although three of the six species in this group are
found in the Arctic Ocean, five occur in the Gulf of
Alasgka, and one, Fusitriton oregonensis, occurs as far
south as California. Since at least two species in
this group, F. oregonensis and Neptunea lyrata, occur

1222
TABLE 68-2
Summary of univariate “t" tests between all groups taken in pairs.
Shown for each pair of groups are symbols representing the probability levels of tests
. -on maximum temperature (upper) and maximum rate of warming (lower).
Probability levels associated with each symbol are NS = P> 0.05, * = 0.01 <P £ 0.05, ¥* = P < 0,01.
. Group - Number of Mean maximum Mean maximum rate
number observations temperature of warming
1 94 166" 0.31
2 624 2.49 0.63
3 302 394 1.18
4 241 1.72 0.54
GROUP
1 2 3
*
2
NS
ok kK
3
¥* % * %
N8 - I *k
4
NS NS *
which rapidly warms and reaches the highest tem- & 'ée . f
peratures; the central region (Groups 1 and 4), deep .ee':\ § o faods _&f f\g‘: .
enough to escape much of the summer warming and go ‘\.{.e‘ F J é§'¢o“q§ é‘so* q\ﬁg .@? Qg"\e‘
relatively unaffected by advected water from the 75° ARCTICOCEAN ¢V ¥y ¥ ee o3 ¥v ol
south; and the outer continental shelf region (Group 70" 1 r 1 A
2), maintained at a relatively warm temperature by o
advection. . E.BERING SEA
The thermal preferences of the fifteen species of 2 wﬂ 1] [ N I di I I
snails, as indicated by their latitudinal ranges in the . g = T ].
eastern Pacific, eastern Bering Sea, and Alaskan E % wepaciFicocsan { {
Arctic, appear to agree with the temperatures at 3 e
which they were observed within the study area (Fig. 40
68-4). The ranges of all Group-3 snails extend from 5 [
the Alaska Peninsula northward into the Arctic 0 ~ N
Ocean. None have been found in the Gulf of Alaska. GROUP GROU? GROUPS
Members of this group are associated with shallow 3 2 Taa
coastal waters characterized by large seasonal temper-
ature fluctuations. Such temperature changes may be Figure 68-4, Latitudinal ranges of fifteen species of

shails in the northeast Pacific Ocean, eastern Bering Sea,
and Arctic Ocean off Alaska. Data on ranges are from

Abbott 1974, Golikov 1961, MacGinitie 1959, Macpherson
1971, and Oldroyd 1927.

in shallow water south of the Alaska Peninsula, they
may inhabit the relatively deep water along the
outer continental slope because there is no strong
seasonal cooling there. Groups 1 and 4 have ranges




TABLE 63-3

Summary of significant differences (P<<0.05) between groups,
showing the arrangement of the four groups into
three distinct categories of maximum temperature and two
distinet categories of warming rate

Maximum rate of warming

Small Large
Cold 1,4
Maximum Warmer 2
Temperature  Warmest 3

intermediate between the two others, and it is inter-
esting that they contain all three of the species
studied which can be regarded as endemic to the
Bering Sea. Thus, the coastal areas are inhabited

by species whose ranges extend into the Arctic, the

deeper areas are inhabited by spécies whose ranges
extend south of the Alaska Peninsula, and the peren-
nially cold central region is inhabited by species
which tend to be endemic.

Previous studies of the distribution of benthic
invertebrates in the eastern Bering Sea have shown
patterns similar to those shown in Fig, 68-3. Neiman
(1963) defined four zoogeographic complexes of
benthic invertebrates in the Bering Sea: Pan-Arctic
complex in the cold central region, sub-Arctic-Boreal
complex on the upper portion of the continental
slope where there is relatively warm water of constant
temperature, Arctic-Boreal complex in a region
intermediate between Pan-Arctic and sub-Arctic-
Boreal, and low-Arctic-Boreal- complex in shallow
water which heats down to the bottom in summer.
Nagai and Suda (19786) discussed the distribution of
snails and bivalves in the Bering Sea and defined three
distributional zones: coastal, cold water, and deep.
Although the geographical area assigned to each of
these three zones was not as similar to that shown in
Fig. 68-3 as Neiman’s (1963) faunal regions were, the
general pattern was still the same,

Qur results, in conjunction with the findings of
Neiman (1963) and Nagai and Suda (1976), sup-
port the hypothesis that thyee identifiable thermal
regions exist in the eastern Bering Sea during the late
summer and that associated with each region is a dis-
tinct assemblage of snail species. Furthermore, from
the ranges of these species, the Bering Sea appears to
be a transition region where both boreal and arctic
species occur within their specific thermal habitats.
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LIFE HISTORIES

Relatively little is known about the life histories of
the 15 common large eastern Bering Sea snails dis-
cussed here. All but Fusitriton oregonensis® are
dioecious, are fertilized intemally, and produce egg
clusters from which crawling young are hatched.
Thorson (1950) and Shuto (1974) discussed the lack
of a pelagic larval stage (lecithotrophic development)
among some prosobranch gastropods and its effect on
their evolution and distribution. Members of the
genus Neptunea have a fairly protracted spawning
period; Neptunea capsules at all stages of develop-
ment can be found in the eastern Bering Sea from
June through August (personal observation). Golikov
(1961) reported the spawning period of four Nep-
tunea species in the eastern Bering Sea as ranging
from 2.5 to 5 months with no spawning before the
end -of May or after Octobey. - Neptunea lyrate

‘hatched after about three months of capsule life. In

more temperate Danish waters, Pearce and Thorsen
(1967) found that N. antigua (L.) spawn from Febru-
ary through April and have a capsule life of about six
months. Neptunea species in the Bering Sea may
have a longer capsule phase; a N. veniricosa cluster
containing embryos with calcified shells was collected
in July and held in-an aquarium at 5 C for six months
before hatching (personal observation).

The capsules and clusters of 6 of the 15 large,
common easterm Bering Sea snails have been de-
scribed: Neptunea lyrata, N. heros, and N. ventricosa
by Golikov (1961); Pyruiofusus deformis by Gonor
(1964); Fusitriton oregonensis by Howard (1962);
and Beringius beringii by MacIntosh (1979). In the
eastern Bering Sea, clusters are usually laid on the
shells of large snails, but they are also occasionally
found on rocks, waterlogged wood, and debris of
human origin. The high incidence of clusters on snail
shells may simply reflect the scarcity of other hard
stable surfaces in the environment. Egg clusters of
the various species vary considerably in size, shape,
color, and number of individual capsules. Group
spawning must occur among some of the Buccinum
species, because, although females seldom exceed
70 g in weight, round clusters of egg capsules weigh-
ing over 4 kg and containing thousands of capsules
have been found (personal observation). Number of
capsules per cluster and number of well-developed
embryos per capsule for three of the four large
eastern Bering Sea Neptunea are shown in Table 68-4.

2 Fusitriton, a member of the tropical family Cymatiidae,
lays a cluster of capsules from which pelagic larvae hatch.
{Personal communication, Dr. Alan Kohn, University of
Washington, Seattle.)
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TABLE 68-4
Number of well-developed embryos per capsule and number of capsules per cluster
in three species of eastern Bering Sea Nepfunea.
N. pribiloffensis N. heros N. ventricosa

No. of clusters examined - 1 3 5
Capsules per cluster—range 74-134 Co 2741 - e e 37.111
Capsules per cluster—mean 103 34 81
Embryos per capsule—range 0-6 0-7 1-4
Embryos per capsule—mean 3.2 34 2.9

Because some clusters may be the product of more
than one female and females may lay more than one
cluster per spawning season (see Pearce and Thorson
1967), it is difficult to determine the net production’
of young per female.

Aging of neptunid and buccinid snails is difficult
and has been successfully accomplished only for
Babylonia jeponica (Reeve), a small (<70 mm) fast-
growing buccinid found in shallow waters along the
coast of Japan (Kubo and Kondo 1953), Pearce and
Thorson (1967) speculated that large, sexually
mature specimens of Neptunea antigua from Danish
waters were about 10 years old. In that study, N
antigua were about 10 mm long at hatching and grew
10-20 mm in a year,

Some eastern Bering Sea Neptunea, N. heros in
particular, have opercula with well-defined growth
rings on the exterior surface; but it is not cerfain
whether these rings represent annular growth. If they
do, then animals approximately 110 mm in length are
more than 15 years old.

Size at maturity of the four large eastern Bering
Sea Neptunea has been documented by MacIntosh
and Paul (1977). Female N. heros, N. lyrata, N.
pribiloffensis, and N, ventricosa were found to
mature at 110, 110, 105, and 102 mm, respectively;
corresponding lengths of males were 95, 100, 90, and
87 mm. Females of all four species examined appear
to mature at shell lengths 10-15 mm greater than
males of the same species. Pearce and Thorsen (1967)
found mature female N. antigua in Danish waters to
be larger than males. They also reported that females
did not feed during the average 21 days of capsule-
laying and that most females subsequently died be-
cause of the rigors of spawning. Shimek (1979)
similarly found that females of N. lyrate and N.
ventricosa probably do not feed during the prespawn-
ing and spawning pericd. He speculated that this,
coupled with the need to produce many large yolky
eggs, tends to select for large females with increased
energy reserves.

Shimek (1979) reported that the diets of N. prib-
iloffensis, N. lyrata, N. heros, and N. ventricosa in the
eastern Bering Sea consisted of a variety of organisms
including polychaetes, bivalves, barnacles, fishes, and
crustaceans (Table 68-5). Other studies of the diets
of related species suggest that snails are scavengers
and facultative predators (Blegvad 1914, Hunt 1925
Avery 1961, Pearce and Thorson 1967).

JAPANESE FISHERY

Japan has commercially harvested snails in the
eastern Bering Sea since at least 1971 (MacIntosh
1980). The fishery occurs east of 175°W on the
continental shelf northwest of the Pribilof Islands.
Nagai described several aspects of the commercial
fishery, including gear, species captured, size-compo-
sition of the catch (1974), incidental catch (1975a),
and catch-per-unit-effort (1975b). Statistics available
since 1972 indicate that about 3,000 mi of edible
snail meats (11,000 mt live weight) were harvested
each year from 1972 through 1975 (Table 68-6).
Total weight and recoversd meat weight data from
the 1974 harvest indicate an edible meat recovery of
27 percent. This value is similar to values of edible
meat recoveries of from 26.8 to 30.6 percent ob-
tained by MacIntosh and Paul (1977) for four species
of eastern Bering Sea Neptunea.

The most common gastropod in Japanese catches
made northwest of the Pribilof Islands in 1973 was N.
pribiloffensis, about 70 percent of the catch by
weight (Nagai 1974). Buccinum angulosum and B.
scalariforme accounted for an additional 23 percent
of the catch.

In 1977 Japan hegan to supply the United States
with statistics on the number of vessels and amount
of effort expended in the eastern Bering Sea snail
fishery. Vessels licensed for this fishery range from 26
to 490 gross mt and from 25 to 50 m in length.
Between June and October 1977, three vessels caught
404 mt of edible meat, approximately 15 percent of




Large marine gastropods 1225
TABLE 68-5
Diets of four eastern Bering Sea Neptunea expressed as the number of each species
examined containing & given item (from Shimek 1979).
Contents N. pribiloffensis N. lyrata N. heros N, ventricosa Total
Nothing I ! 92 T3 . o104 340
Tissue 3 12 21 29 65
Tissue and Sand 7 15 12 ) 19 53
Sand 23 28 16 19 86
Polychaetes 21 18 12 14 63
Cuticle 1 8 3 4 16
Bivalves 1 4 2 1 8
Barnacles 0 4 3 10 17
Fishes 0 1 1 2 4
Crustaceans 1 1 3 3 8

Japan’s 3,000 mt quota. The vessels had an average
catch of 2.7 mt of meat per day. In 1978, a maxi- .

mum of nine vessels caught 2,200 mt of edible meat
between May and November. The average catch rate
during the 1978 fishery was 2.9 mt/d. In 1979 three
vessels caught only 537 mt of edible meat in a fishing
season that began in July and ended in October. The
average daily catch was 2.8 mt of meat per vessel day.

Fishing gear consists of baited pots fished at
intervals on a groundline. The pots are truncated
cones, roughly 88 cm in height, with a single opening
or tunnel approximately 12-15 ¢m in diameter on the
top. Webbing covering the pot has 6-cm meshes on
the lower 23 cm of the pot and 12-cm meshes on the
remainder.

We know little about Japanese fishing techniques,
but in 1973, one vessel fished about 6,000 pots on 12
groundlines (500 pots/groundline) and took three
days to pick and rebait the entire set of gear, An
average catch rate of 4 kg/pot/3-day soak was re-
ported by that same vessel (Nagai 1975a). In the
1977 fishery, the average catch rate was reported as
0.9 kg/pot/33-hour soak {Unpublished data, NMFS,
1979, Juneau).

All processing of the snail catch now occurs on
board the catcher vessel. This consists of crushing the
shells, briefly cooking the meats, and removing
any soft parts and shell fragments. The meais are
graded by size and quality and quick-frozen in trays.
Small snails in the catch may be frozen whole.

The only available figures on the value of the snail
fishery are derived from estimates of the ex-vessel
price of snail meats. These figures are used by the
United States as a base for calculating fee schedules
for foreign vessels fishing within the extended juris-
diction zone. Estimated ex-vessel prices for the years
1976-78 are $600, $600, and $1,657 per metric ton

of meat. At these ex-vessel prices, the 1976 and 1977
eastern Bering Sea catch was worth $242 thousand,
the 1978 catch was worth $1.3 million, and the 1979
catch was worth $890 thousand. :

Until recently, there was no U.S. regulation of the
eastern Bering Sea snail fishery. Implementation of
the Fishery Conservation and Management Act
of 1976 provided the United States a tool to moniter
and manage the snail fishery within the 200-mile
conservation zone. A preliminary management plan
developed by NMFS for the Secretary of Commerce
is currently the basis for regulations goveming the
fishery. Because there is currently no domestic

TABLE 68-8

Catch and effort statistics of the Japanese snail fishery
in the eastern Bering Sea, 1972-78

Fishing

effort

Catch {mt) (vessel

Year edible meat Total weight?® days)
1972 3,2180 11,900 NA
1973 3,319b 12,300 NA
1974 35740 13,237 NA
1975 3,447° 12,767 NA
1976 NA¢ NA NA
1977 4044 1,500 152
1978 2,1844 8,100 749
1979 5374 1,990 150

1Values are estimates derived from the weight of edible meat
and whole snails taken by the fishery in 1974.

bData provided by the Japan Fisheries Agency through the
U.S. Embassy, Tokyo, Japan.

*NA designates that data were not available.

4 As reported to the United States under provisions of the
Fishery Conservation and Management Act of 1976.
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. fishery for snails in the eastern Bering Sea, the total

allowable catch has been ailocated to Japan, the only
nation now involved in the fishery. Japan’s 1977-79
quotas were set at 3,000 mt of edible meat, the same
level as the average catch for the years 1972 to 1975.
Changes in total allowable catch and Japan’s harvest

level will depend upon newly acquired bxologlcal and
socioeconomic data.

PROSPECTS FOR A DOMESTIC SNAIL FISHERY

Domestic fishermen and processors have expressed
interest in the Alaskan snail resource, but their future
involvement is less certain than the future involve-
ment of Japan. The rapidly expanding and highly
profitable king and snow crahb fisheries are currently
dominating domestic fishing activities. Although crab
vessels would be well suited to snail pot fishing, most
crab fishermen consider fishing for Gulf of Alaska
and eastern Bering Sea bottomfish as an alternate or
supplemental activity. Attempts to initiate a snail
fishery in the Gulf of Alaska have not so far been
productive: they have been exploratory in nature but
show promise as potential off-season operations in
the next few years, Innovative processing and mar-
keting techniques as well as a continued increase in
the value of the traditional frozen meat product will
be necessary conditions for the initiation of a do-
mestic snail fishery.

=
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" The Snail Resource of

the Eastern Bering Sea
and Its Fishery

RICHARD A. MaciNTOSH

The Alaskan continental shelf is an
area of vast fishery resources. Fish and
crab resources are well known and have
long been exploited by many fishing
nations; potential resources, like east-
emn Bering Sea snails, are virtally un-
known. Several species of large snails
occur in relatively high abundance in
Alaskan waters and offer considerable
fisheries potential.

Japan has harvested snails in the
eastern Bering Sea since the early
1970°s and there is potential for the
development of a U.S. domestic fishery

ABSTRACT -4 trawl survey in the easi-
ern Bering Sea outlined the distriburion and
relative abundance of several large snails of
commercial importance. Snails made up 6.6
percent of the inveriebrate biomass with
members of the genus Neptunea being most
abundanr. These snails lack a larval stage
and are faculiative predators and scaven-
gers. Japan has harvested snails in the area
since at least 1971 . Reported caich rates in
pots ranged from 0.9 t0 4.0 kgipot und total
Japanese catch has varied from 404 to
3.574 1 of edible meat per vear. The United
Stares has the vessel capaciry to enter the
Jfishery bur probably will not do so until

there is alarge increase in the value of snail
products.

May 1980
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Buccinum sp., photographed in Alaska’s Auke Bav
by Lou Barr, then with the NMFS Auke Bay

as well. This report presents informa-
tion about the Japanese fishery in the
castern Bering Sea, life history charac-
teristics for the principal snail species,
and discusses the potentiality for U.S.
participation in the harvest of this
unique shellfish resource.

The Snail Resource
and Its Composition

During the summer and faii of 1975,
the Northwest and Alaska Fisheries
Center of the National Marine Fisheries
Service (NMFS) conducted a com-
prehensive trawl survey over 566.000
km? (218,600 miles?) of the eastern Be-
ring Sea shelf and upper slope (Fig. 1).
This survey was designed to identify
principal demersal fish and shellfish
communities of the eastern Beririg Sea’
which could be affected by develop-
ment of continental shelf energy
sources. Data on fish and epibenthic
invertebrates were gathered from sev-
eral hundred locations with a modified
400-mesh eastern otter trawl. The re-
sulting data offered significant insight
into the population and biological

Richard A. Macintosh is with the Northwest and
Alaska Fisheries Center., National Marine
Fisheries Service, NOAA , 2725 Montiake Blvd..
Easz, Seattie, WA 98112,

Fisheries Laboratory, Northwest and Alaska

Fisheries Center, Auke Bay. AK 99821.

characteristics of numerous species of
“snails. : .

Gastropods made up 1.7 percent of
the total biomass and 6.6 percent of the
invertebrate biomass in the survey area
(Pereyra et al.1). ,

Distribution of snails throughout the
area is patchy, with the areas of highest
concentration also supporting a high
biomass of fish and epibenthic inverte-
brates. Snail biomass in some areas ex-
ceeded 3.000 kg/km? (17,000 pounds/
nmi?); however, if the trawl is not effec-
tive at catching species of snails that

sometimes burrow into the substrate,
then the biomass may acrually be much
higher. ‘

About 15 species of large (>3 cm)
snails are common in the eastern Bering
Sea (Tabie 1). Members of the genus
Neptunea are by far the most abundant
in terms of both numbers and biomass.
The Pribilof neptune, N. pribiloffensis.
(Fig. 2), is probably the most abundant
Neptunea: N. lyrata, N. ventricosa,
and N. heros (Fig. 2) are also very

1pereyra. W. T..J. E. Reeves, and R. G. Bak-
kala. 1976. Demerszl fish and shellfish resources
of the eastem Bgring Sea in the baseline year
1975. Northwest®and Alaska Fisheries Center.
NMFS. NQAA. Y725 Monake Bivd. E., Seal-
tle, WA 98112, Processed rep.. 519 p.
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Table 1.—Scientific nemes of lzrge snalls
takan in the eastern Baring See during the
1973 trawl survey of the NMFS Northwest and
Alaska Fisheries Canter.

Bennguss berngi (Modendors. 1849)
Buccinum angulossum Gray, 1838
8. plecrum Sumpson. 1865

8. polare Gray, 1839

B. scalarrorme Moller, 1842
Cinopegma magna (Dall, 1875)
Fusiron oragonens:s |Redfield, 1848)
Neptynes heros (Gray, 1850)

N. fyrara (Gneiin, 1791)

N. pribiottensis (Call. 1919)

N. ventnicosa (Gmedin, 1731)
Picifusus kroayeri MGller, 1842)
Pyruioiusus Jeformis [Reave, 1347}
Volutoosus fragiis (Dadl, 1891)

V. mycaoendortfi (Dall. 1891)

common. The mean shell lengths of V.
pribiloffensis, N. lyrata, N. ventricosa,

and N. heros were 100, 115, 102, and

121 mm, respectively (MacIntosh?).

The genus Buccinum is also well rep-
resented in the eastern Bering Sea. Six
species of this genus were taken in the
1975 survey, of which four, B. an-
gulossum, B. plectrum, B. polare, and
B, scalariforme, were fairly abundant.
Although quite mumerous, these smal-
ler snails (58-75 mm average shell
length) contribute relatively little to
total snail biomass in the eastern Bering
Sea. Buccinum angulossum (Fig. 3) is
representative of the size and general
form of these snails.

Most species of eastern Bering Sea
snails do not occur over the entire shelf
but are retricted to specific depth and
temperature regions. In general, those
species that have continuous distribu-
tions into the Guif of Alaska inhabit the
wanmner, deeper waters near the conti-
nental shelf edge, while those species
having a more northerly distribution
into Arctic waters inhabit the colder (at
least seasonally), shallower, inshore
waters. Basically, N. pribiloffensis and
N. Ivrata are temperate water snails and
are charactenstically found in deeper,
warmer waters along the edge of the
continental shelf. In contrast, N. heros
and N. venrricosa, which range into the
Arctic Ocean, inhabit shallower, sea-

*Maclmtosh, R. A. 1976. A guide to the iden.
tification of some common eastern Bering Sea
snails. Northwest and Alaska Fisheries Center,
NMFS, 2725 Montlake Blvd. E., Seattle, WA
98112, Processed rep., 27 p.
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Figure t.—Location of traw] survey area of the NMFS Northwest and Alaska
Fisheries Center in 1975 {inside dashed line} and areas of high snail density .

(all species combined).

sonally cooler waters near the coast of
western Alaska,

Numerous trawl surveys have been
conducted in the Guif of Alaska, but
very little attention has been paid to the
snail resources of the area. Although
quantitative data are lacking, it is ap-
parent that N. pribiloffensis, N. lyrata,
and Fusitriton oregonensis make up the
bulk of the snail biomass. Fusirriton
reaches a length of 13 ¢cm and ranges
from the California coast to the Gulf of
Alaska and the eastern Bering Sea. All
three species occur at depths from at
least 50 to 250 m with the latter also
found inshore to the intertidal zone.
Large catches of N. pribiloffensis and
N. lyrara have been made by trawlers
and pot fishermen of Kerchikan,
Petersburg, Kodiak, and Cordova.
Overall, species diversity appears to be
less and distribution of snails appears to
be more patchy in the Gulf of Alaska
than in the eastern Bering Sea,

Life History

Most snails listed in Table 1 have
similar life histories. The sexes are

separate and fertilization is internal.
Among the large Neptunea, sexual
maturity occurs at a shell length of

'00-110 mm (Maclntosh and Paul,

1977) which probably corresponds to
an age of about 10 years. Definitive
work on aging has not been compileted.

A fearure of the life histories of all
but one® of the common large snails is

‘the production of egg capsules from

which crawling young are hatched.
Thorson (1950) and Shuto (1974) have
discussed this lack of a pelagic larval
stage (termed lecithotrophic develop-
ment) among some Prosobranch gas-
tropods and the effect it has had on their
evolution and distribution.

In the eastern Bering Sea. egg clus-
ters are usually laid on the shells of
large snails. Both living and dead shells
are utilized as substrates, and there ap-
pears to be little correlation between the

Fusitriron oregonensis. @8 member of the tropi-
caily oriented family Cymariidae . apparently has
pelagic Jarvae although no literature on the sub-
ject exists. Pers. commun. Alan J. Kohn, Univ.
Washington. Seattle, WA 98195.
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N pribvoffenss

Figure 2. —The four large Neptunea from the eastern Bering Sea. clockwise from
upper left, N. heros. N. Ivrata, N. pribiloffensis. and N. ventricosa.

species of snail depositing its eggs and
the species the cases are deposited on.
Egg clusters of the large eastern Bering
Sea gastropods vary considerably in

size, shape, color, and number of indi-

May 1980

vidual capsules contained. The cap-
sules. clusters, and young of many
species remain undescribed.

Very little is known about the feed-
ing habits of Bering Sea snails.

Figure 3.—Buccinum angulossum,
one of four common Buccinum in the
eastern Bering Sea.

Laboratory studies (Avery!) have
shown that Fusirriton oregonesis, Nep-
tunea lvrata, and Buccinum plectrum
respond to a variety of scents including
those of freshly killed mussel. nereid
worm, crab, mud shrimp. and fish.
Eastern Bering Sea snails are probably
facultative predators and scavengers.

Japanese Fishery

Japan has commercially harvested
snails in the eastern Bering Sea since at
least 1971. The fishery occurs east of
long. 175°W on the continental shelf-
northwest of the Pribilof Islands. As-
pects of the commercial fishery have
been described, including gear. species
captured. and size composition of the
catch (Nagai. 1974); incidental catch

*Avery. ]. 1961. Qiyservation on certain aspects
of the feeding habits of four species of camivo-
rous marine gastropods. Friday Harbor Labora-
tory Library, Friday Harbor. WA 98250, Unpubl.
manuscr.. 29 p-
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(Nagai, 1975a); and catch-per-unit-
effort (Nagai, 1975b). Solittle informa-
tion is availfable for this fishery that only
a fragmentary account of its history can
be pieced together. Statistics available
since 1972 indicated an annual harvest
of about 3,000 metric tons (1) (11,0001t
live weight) of edible snail meats
through 1975 (Table 2). Data for both

- total weight and recovered meat weight

of the 1974 harvest indicated an edible
meat recovery of 27 percent. The value
compares favorably with values of edi-
bie meat recoveries from 26.8 percent
to 30.6 percent generated for four
species of eastern Bering Sea Neprunea
by Maclntosh and Paul (1977).

The most common gastropod in
Japanese catches made northiwest of the
Pribilof1siands in 1973 wasN. pribilof-
Jensis which composed about 70 per-
cent of the catch by weight (Nagai,
1974). Buccinum angulossum and B.
scalariforme accounted for an addi-
tional 23 percent of the catch.

Until 1977, the number of vessels
involved in the fishery was unknown.
In some years.-the Fisheries Agency of
Japan licensed 21 vessels but it is un-
likely that all of these vessels actally
took part in the fishery. Patrols of
NMES in the eastern Bering Sea ob-
served ony 14, 5, 0, and 6 vessels
fishing snails in the years 1571 through
1974, rcspcctwe]y, and no vessels in

1975 and 1976°. Records submitted for
1977 by the Japanese in compliance
with the Fishery Conservation and
Management Act of 1976 indicated that
three vessels fished in the eastern Be-
ring Sea (east of long. 175°W) during
the vear. These vessels were given an
allocation of 3,000 t of meat by the
North Pacific Fishery Management
Council. Fishing began in June and
terminated on 16 October, at which
time the combined catch of the vessels
was 404 t of edible meat—about 15
percent of Japan's allocation. The aver-
age catchrate in 1977 was 2.7 t of meats
per vessel day.

The 1978 season began in May and

$The 1974 total included one factoryship which
processed snails from the five cawcher vessels.
This appears to be the only year in which fishing
vessels did not process their own caich.

Table 2.—Caich and sfiort statistics of the Jepanese
anail fishary in the sastemn Baring Sea. 1972-78.

Fishing
Cateh (tf etior?
adble Total (vessel
Yoar - maat weght' days)
1972 23218 11,900 A3
1973 Bng 12.300 NA
1974 13.574 13237 NA
1975 447 12,767 MA
1978 NA NA NA
1977 404 1500 - 152
1978 42.184 8.100 749

Walyes are estimates dermed from the weignt of eibie mest

antt whole snais faken by the ishery in 1974,

0ata provided by the Japan Fishenes Agency through the
LS. Embassy. Tokyo. Japan.

MNot availabie.

*As reported to the Unied States under provisions of the
Fishery Conservation and Managemant Act of 1978,

ended in November. There was a con-
siderable increase over 1977 in both
effort-and catch, with about 2,200 t of

snail meats taken in about 760-vessel-

days (average 2.9 t/day}). Fishing effart
peaked in August when nine vessels

‘fished northwest of the Pribilof Islands

along the edge of the continental shelf.
Vessels licensed for this fishery range
from 96 to 490 gross tand 25to0 50 m in
fength {(Fig. 4) (unpublished data, U.S.
Embassy, Tokyo, Japan). Similar ves-
sels are used in the Japanese longline
and crab fisheries in Alaska and, in fact,
several vessels fished for crab before
switching to the snail fishery in the
1978 season.

Fishing gear consists of pots fished at
intervals on a groundline, The snail
pots are truncated cones 88 cm in height
(Fig. 5). The diameter of the tunnel in
the top of the pot varies from 12 to 15
cm and webbing on the side of the potis
6-cn mesh over the lower 23 ¢cm of the
side and 12-cm mesh on the remainder.
Snails, being predators and scavengers,
are strongly attracted to the fish bait in
the pots.

Littlte s known about Japanese
fishing techniques, butin 1973 one ves-
sel fished about 6,000 pots on 12
groundlines (500 pots/groundline) and
took 3 days to pick and re-bait the entire
set of gear. An average caitch rate of 4
kg/pot per 3-day soak was reported by
that same vessel (Nagai. 1975a). In the
1977 fishery, the overall average catch
rate was reported as 0.9 kg/pot per 33-
hour soak {unpublished data, 1979,
Alaska Regional Office. National
Marine Fisheries Service, NOAA,
Juneau, AK 99802).

All processing of the snail catch now
occurs on board the catcher vessel. This
consists of crushing the shells, briefly
cooking the meats, and removing any
soft parts and shell fragments. The
meats are graded by size and quality
and quick frozen in trays. Small snails
in the catch may be frazen whole.

The only available figures on the

Fxgure 4, —A Japan:se snall ﬁshmg vessel in the castern Benng Sea.

M
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Figure 5.—Snail pot used by the Japanese fishery in the eastern Bering Sea.

value of the snail fishery are derived
from estimates of the ex-vessel value of
snail meats that are used by the United
States as a base for calculating fee
schedules for foreign vessels fishing
within the extended jurisdiction zone.
Fee schedules for the years 1977-79
were based on the ex-vessel snail meat
value of 3600, $600, and $1,657 pert
for the years 1976-78, respectively.
The ex-vessel value of snail meats in
1977 was probably higher than the re-
ported 3600, At these ex-vessel prices,
the 1977 eastern Bering Sea catch was
worth only $242,000 and the 1978
catch was worth 51.3 million. In 1979,
if the total catch is similar to that made
in 1978 (2,187 t of edible meats), its
ex-vessel value will probably be in ex-
cess of $3.6 million.

Until recendy, there was no U.S.
regulation of the eastern Bering Sea
snail fishery. Implementation of the
Fishery Conservation and Management
Act of 1976 gave the United States a
tool to monitor and manage the snail
fishery within the 200-mile conserva-

May 1980

tion zone. At this time. a preliminary
management plan developed by NMFS
is being used by the North Pacific
Fishery Management Council (o man-
age the fishery.

Because there is currently no domes-
tic fishery for snails in the eastern Be-
ring Sea. the total allowable catch has
been ailocated to Japan, the only nation
now involved in the fishery. So little
data are available on the snail resource
and fishery that Japan's 1977 and 1978
quotas were set at the same level as
previous vearly catches, i.e,, 3,000 t of
edible meats. Changes in total allow-
able catch and Japan's harvest level will
depend upon newly acquired biological
and socioeconomic data.

Prospects for a
U.S. Snail Fishery

United States fishermen have made
lirtle effort to initiate a domestic fishery
for snails in the eastern Bering Sea.
With only slight modifications, domes-
tic crab vessels currently fishing for

king and snow (Tanner) crab in the
eastern Bering Seacould fish for snails.

Although there has been little prog-
ress toward a domestic snail fishery in
the Bering Sea, seafood processors
have made several recent arempts to

" initiate fisheries in other parts of

Alaska. In Prince William Sound, as in
many other areas of the Gulf of Alaska,
snails are regularly taken ifi crab pofs
despite the large mesh used. New Eng-
land Fish Company®, Petersburg
Fisheries, Inc., and others have had
samples of Alaskan snails analyzed and
have explored marketing possibilities.
North Pacific Processors of Cordova, in
an effort to build a broader based Prince
William Sound pot fishery, installed a
snail crushing machine and purchased
snails from fishermen during the
1977-78 snow crab season. Ounly 5,000
pounds of snails were delivered during
the season. Small deliveries were artri-
buted to relatively good snow c¢rab
fishing, the low price (US$0.06-0.10/
pound) paid to fishermen. and the un-
expectedly low concentrations of snails
encountered.

The current attempt to develop a
snail fishery in Nova Scotia, Canada,
should be of interest to Alaskan proces-
sors. The Nova Scotia Department of
Fisheries has developed an escargot-
like product that is produced from
marine snails similar to those found in
Alaska. It is attempting to develop a
market for the marine snails Buccinum
undatum and Neptunea decemcostaia
that are taken in the lobster pot fishery™.

Discussion

Snails are an underutilized resource
in Alaska. Although our knowledge of
their distribution and relative abun-
dance is increasing. a data base that
provides estimates of stock size and
condition is not yet available. Studies
on distribution and abundance. species
associations, age and growth, trophic

*Mention of trade names or commercial firms
does not imply endgrsement by the National
Marine Fisheries Sendce. NOAA.

TEmest Cadegan. Nova Scotia Departmem of
Fisheries, Box 2221, Halifax, Nova Scotia.
Canada. Pers. commun.




relationships, and biochemical genetic
relationships of four species of eastern
Bering Sea Neptunea are now being
" conducted by NMF5.

The prospects for rapid development
of Alaska's snail resources are uncer-
tain. Snail stocks in the Gulf of Alaska
are essentially unexploited and eastern
Bering Sea stocks may well be under-
exploited. Recent flucmations in snail

" catch and effort in the Japanese eastern
Bering Sea fishery are probably a re-
sponse to political and economic fac-
tors and not to the availability of snails.
The increased cost of distant water
fisheries and the remarkably low
dockside valye of snail meats (est.
$1,700/t in 1978) would seem to limit
the growth of the fishery. The recent

" reduction of Japanese snail allocations

. in the 200-mile fisheries zone of the

U.S.S.R. and the strength of the

Japanese yen in world money markets,

however, might have the opposite ef-
fect. :

Domestic fishermen and processors

20

R

have expressed interest in the Alaskan
snail resource, but their fumre in-
volvement is more uncertain than the
future invoivement of Japan. The
rapidly expanding and highly profitable
king and snow crab fisheries are cur-
rently dominating domestic fishing ac-
tivities in the area. While crab vessels
would be well suited to snail pot
fishing, most crab fishermen are look-

ing at Gulf of Alaska and eastern Bering

Sea bottomfish stocks as an alternate or AN

supplemental activity. Attempts to inj-
tiate a snail fishery in the Gulf of Alaska

have not been productive to date. They '

have been exploratory in nature but
show promise as potential off-season
operations in the next few years. Asin
the eastern Bering Sea. the resource and
harvesting capacity now exists, Innova-
tive processing .and marketing
techniques as well as continued in-

crease in the value of the traditional.

frozen meat product will be necessary
conditions for the initiation of a domes-
tic snatl fishery.
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Eiwa Maru No. 38 Crit: 004  Vessel: JPO2 Page 15
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Table I. Ship”s Snailmeat Reports, Observer”s Snail Estimates, and PRR

Norm, Yellow Yellow Snails Nep- YL+YS Bucc.
FM FM Total Large Small tunea —----- +0ther —————-—-

Date Tally Tally YMeats Meats Meats Snails Meats Snails Nept. Snails Bucc.+0th.

6/10 33 374 370 140 170 1635 0.226 1316 0.236 319 0.188
6/10 42 476 480 180 220

6/10 28 310 320 100 140 1287 0.249 1032 0.233 255 0.314
6/10 30 332 340 120 140 1729 0.197 1352 0.192 377 0.212
6/11 34 376 390 130 170
6/11 40 442 410 140 170

6/11 20 244 250 80 100 70 1680 0.149 1140 0.158 540 0.130
6/11 35 427 430 150 180 100

3
4
5 6/11 33 402 390 140 160 90 1999 0.195 1500 0.200 499 0.180
1 6/12 38 464 470 170 190 110

2

3

6/12 28 342 340 120 140 80 1869 0.182 1530 0.170 339 0.236
6/12 32 391 390 140 170 80

.’l. 6/12 31 374 380 130 160 90 1774 0.214 1278 0.227 496 0.181
- 6/12 36 435 430 150 180 100

1 6/13 34 410 400 140 170 90 1670 0.240 1341 0.231 329 0.274
2 6/13 33 398 400 140 170 90
3

6/13 35 422 430 150 180 100 2483 0.173 1930 0.171 553 0.181

4 6/13 26 317 320 120 140 60 2175 0.147 1529 0.170 646 0.093
5 6/13 30 365 380 180 120 80
1
yA

6/14 30 365 360 140 150 70 2014 0.179 1605 G.181 409 0.171
6/14 29 353 340 130 140 70

3 6/14 32 400 400 150 160 90

4 6/14 36 451 450 170 180 100

5 6/14 31 388 390 130 170 90 1900 0.205 1349 0.222 551 0.163
1

2z

6/15 34 426 420 160 160 100 2154 0.195 1628 0.197 526 0.190
6/15 34 426 430 160 180 90

6/15 29 348 340 150 110 80 2263 0.150 1000 0.260 1263 0.063
6/15 30 360 360 150 120 90

3
4
1 6/16 29 348 370 160 120 90 2098 0.176 1565 0.179 533 0.169
2 6/16 31 372 350 150 110 90
3
4

6/16 33 396 400 170 130 100 2620 0.153 1760 0.170 860 0.116
6/16 32 384 390 170 120 100

5 6/16 30 361 360 170 100 90 1981 0.182 1455 0.186 526 0.171

5. 6/16 28 336 330 160 90 80
y 6/17 30 361 370 170 110 90 2403 0.154 1970 0.142 433 0.208
2 6/17 26 312 310 140 90 80

.3 6/17 36 472 360 170 110 80 2317 0.155 1922 0.146 395 0.203
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)

6/17 32 419 440 210 120 110
6/17 28 367 390 190 110 90 2160 0.181 1576 0.190 584 0.154
6/18 19 249 270 130 70 70
6/18 26 341 360 170 100 90
6/18 36 472 500 240 140 120

6/18 23 300 300 130 90 80 1884 0.159 1353 0.163- 531 0.151
6/18 25 326 330 140 100 90

6/19 34 444 440 190 130 120 2185 0.201 1782 0.180 403 0.298
6/19 37 483 480 210 140 130

6/19 38 496 500 210 160 130 2533 0.197 1890 0.196 643 0.202

6/19 39 499 500 240 140 120 2562 0.195 2050 0.185 512 0.234
6/19 37 473 470 230 130 110

6/19 41 524 510 250 140 120
6/20 20 256 260 130 70 60 1388 0.187 760 0.263 628 0.096
6/20 30 384 380 190 100 90
6/20 34 435 450 220 120 110

6/20 48 669 670 320 190 160 2550 0.263 1755 0.291 795 0.201
6/20 49 683 680 320 190 170

6/21 42 585 590 280 160 150 3095 0.191 2077 0.212 1018 0.147
6/21 41 571 570 270 160 140

6/21 36 502 500 240 140 120 2944 0.170 2370 90.160 574 0.209

6/21 2% 398 400 180 110 110 1803 0.222 1180 0.246 623 0.177
6/21 27 371 380 170 160 110
6/21 36 494 490 220 130 140
6/22 43 590 590 270 150 170 3069 0.192 2080 0.202 989 0.172
6/22 44 604 600 270 160 170
6/22 30 412 410 180 110 120

6/22 47 650 660 300 210 150 3829 0.172 2967 0.172 862 0.174
6/22 37 511 510 240 160 110

6/23 44 608 600 280 190 130

6/23 30 415 410 190 130 90 1672 0.245 1292 0.248 380 0.237
6/23 41 567 570 260 180 130

6/23 43 628 630 260 200 170 2733 0.231 2150 0.214 383 0.292
6/23 32 468 470 200 140 130

6/24 34 497 500 210 160 130 2917 0.171 2292 0.161 625 0.208
6/24 33 482 480 200 150 130

6/24 40 585 380 240 180 160 3177 0.183 2260 0.186 917 0.174

6/24 37 474 470 220 150 100 2354 0.200 1922 0.193 432 0.231
6/24 38 486 490 230 160 100

6/25 29 372 360 170 120 70 1831 0.197 1135 0.256 696 0.101
6/25 33 423 430 200 140 90

6/25 30 384 390 180 130 80 2286 0.171 1805 0.172 481 0.166
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6/25
6/25
6/26
6/26
6/26

6/26
6/26
6/26
6/27
6/27
6/27

6/27
6/27
6/27
6/28
6/28
6/28

6/28
6/28
6/28
6/29
6/29
6/29

6/29
6/29
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34
35
30
38
28

30
28
34
29
29
35

29
31
33
26
27
29

33
30
28
25
24
26

480
494
424
537
395

389
363
441
376

376

454

(404

432
460
363
376
4504

479
436
407
363
348
377

470
510
420
500
430

390
360
440
380
380
450

390
430
470
370
380
400

480
430
390
360
360
390

490
410

190
250
190
240
220

170
160
190
180
170
200

200
210
230
190
170
150

220
230
200
170
170
190

240
180

Cr#: 004  Vessel:
Report 2

180 100 2186
130 130

150 80 2491
170 90

140 70 2422
130 90 2786
120 80

150 100 2028
130 70

130 80 2266
150 160

140 50

140 80 2584
150 90 2251
120 60

140 70 1760
100 110

140 120

110 90 2242
120 70 2490
110 80

110 80 2226
110 30

170 B8O

160 70 2711

Jp02

0.215
0.169
0.178
0.140
0.217

0.168

0.16%6
0.209

0.216

0.192
0.157

0.162

0.151

1695
1965
1950
2365
1625

1635

2225
2000

1388

1705
1933

1767

2208

0.218
0.173
0.185
0.127
0.209

0.183

0.157
0.190

0.223

0.199
0.166

0.158

0.154

Page 17
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491 0.204
526 0.152
472 0.148
421 0.214
403 0.248
631 0.127
359 0.223
251 0.359
372 0.188
537 0.168
557 0.126
459 0.174
503 0.139
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Table II. PRR Summarized by Workday

Yellow Yellow Snails Nep— YL+YS Bucc. W

Total Large Small White Total —-—=-=—— tunea =---—— +0ther —w———we--

Date Meats Meats Meats Meats Snails Meats Snails Nept. Snails Bucc.+0th
6/ 9-6/10 370 140 170 60 1635 0.226 1316 0.236 319 0.188
6/10-6/11 660 220 280 160 3016 0.219 2384 0.210 632 0.233
6/11-6/12 980 340 400 240 5548 0.177 4170 0.177 1378 0.174
6/12-6/13 1210 420 510 280 5927 0.204 4549 0.204 1378 0.203
6/13-6/14 680 260 290 130 4189 0.162 3134 0.175 1055 0.123
6/14-6/15 810 290 330 190 4054 0.200 2977 0.208 1077 0.176
6/15-6/16 1020 390 360 270 6981 0.146 4325 0.173 2656 0.102
6/16-6/17 730 340 210 180 4384 0.167 3425 0.161 959 0.188
.17-6/18 750 360 220 170 4477 0.168 3498 0.1l66 979 0.174
6/18~6/19 1240 530 380 330 6602 0.188 5025 0.181 1577 0.209
6/19~6/20 760 370 210 180 3950 0.192 2810 0.206 1140 0.158
6/20~-6/21 1760 840 490 430 8589 0.205 6202 0.214 2387 0.180
6/21~-6/22 990 450 260 280 4872 0.203 3260 0.2i8 1612 0.174
6/22-6/23 . 1070 490 340 240 5501 0.195 4259 0.195 1242 0.193
6/23-6/24 1710 710 540 460 8827 0.194 6702 0.187 2125 0.216
6/24-6/25 1220 570 400 250 6471 0.189 4862 0.200 1609 0.155
6/25-6/26 1320 600 470 250 7099 0.186 5610 0.191 1489 0.168
6/26-6/27 1210 530 410 270 7080 0.171 5625 0.167 1455 0.186
6/27-6/28 1280 610 430 240 65395 0.194 5613 0.185 982 0.244
6/28-6/29 1180 600 340 240 6958 0.170 5405 0.174 1553 0.155

é}?.9—6/30 410 180 160 70 2711 0.151 2208 0.154 503 0.139
5
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STARB'D

Figure I. Starboard Side of Eiwa Maru”s Stern.
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Figure I1I. Snailpot Sampling Flowchart.
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SNAIL IDENTIFICATION NOTES

I. lLorger shells

A+ Fresence of a radial rib forming n shoulder at lenst in the spine whorls,
and usunlly on the body whorl as well

l. Fine radinl sculpture, often with 15-20 slightly more prominent ribs.
Usually 3 ribs on upper whorls. No axial sculpture.

(Most common species.)

2. Frominent, regular radial sculpture (9 - 12 bands), sometimes with
finer bands between, Two, sometimes three bands visible on topmost
whorls, May have a slight lamellation on body whorl., No fine radial
sculpture above the body whorl.

(1 t':' 3 OF these ln SOme S'nﬂlpleﬁjj """"""""""""

A. Frominent, but slightly irregular radial sculpture (9 bands). One to

one and one~half bands visible on topmost whorls, Two egually thick
ribs,

4, Fine radial sculpturey prominent lamellation of body whorl, Knobbed
axial sculpture.

. %, No radial sculpture, Knobbed axial sculpture. Shell is heavy in
weight, someltimes lamellated at body whorl. Single shoulder on
topmost whorls.

B, No shoulder formed by n radial rib.

1. Strong axial, Knobbed sculpture. Knobs are angled and parallel to the
top angle of aperture. Yellow operculum..

i A § LA - o B S AR e RO SR 4

2y Fine axial sculpture, irregular. FlaKy yellow-brown periostracum.
Sometimes slightly Knobbed,

iAo RS K. (-~ A S A LY

(Aperture interior is often purplish.)

3, Medium prominent axial sculpture, finely spaced., Multiple ridges in
ench sculpture band, Erownish periostiracum.
{This one tends to be pink.) Beringius freilei
4., Extremely fine radial and axial sculpture, almost smooth.
(This one tends to be purple.) Voluptosius middendorffii

e i B I SR AD DI e S8 T S5 D e i D e e e e

S+ Fairly subtle axinl sculpture, rounded whorls.
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1. Angle (sometimes Knobbed) in cenier of body whorl. Shell is roughly
cone~-shaped.

EAESRE S memdlomS

(A very small percentage of these don’t have a well—-defined angle.
Very small specimens are often found in the catch. Erownish in
colory these never have a pinkish tone.)

2+ Radinl sculpture ridge above cen
o

center of body whorl. Some axial
sculpture visible above body whorl.

Brown periostracum.
(The radinl ridge might not be present in all specimens. This
species is brownish and never has the pinK hue that B, scalariform
and B. plectrum often have.)

3+ Thin radinl sculpturing anpd régulur axial sculpture through top (spir

whorls, .
Buccinum pleckrum :

(If shell is covered with growth/mud, look for spiral sculpture on
bady whorl next to the aperatures)

4, Virtually no radial scdlpture, axial sculpture well defined and curve
Buccinum scalariforme
(Spiral sculpture is essentially not wvisible without magnification
This usunlly has a pinkK or purple hue.)

e Axial scuplture wavier and less distinct than B. scalariforme.
Buccinum sglenum
(Not in Kessler’s guide. Shell is light tan, has no pink or purpl
Confusion here--someone else savs the axial sculpture is more
distinct than in B, scalariforme. Dorsal relief has been describe
as having a "melted looK" to it.>

Opercular focus not central.

1+Thin, brown periostracum, a single radial ridge above center of body
wiall,

peqmid magn:a
les

0
{(Dne to fifteen of these in most samp « Yery chocolate coloring

least in some places.)

2. Tall spire

a. Regular, upiform radial sculpture in 20 - 29 bands.

j—p— B~ PP ) R -

(Be aware that most Colus species are Colus halli. Colus spp. is
fine.)
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be Frominent shoulder is almost flattened; not very uniform spiral
sculpture; very long anterior canal.
Aforin circinata

{Not very abundant--usually occupied by hermit crabs,.)

ce Distinct axial sculpture; no radial sculpture.

| AN L - . AR R A P L.}

(If the anterior canal is brokKen on this species, it can be very
difficult to distinguish from B, scalariforme--look at the
eperculum. Spire is also taller and more flattened.)

ds, No radial or spiral sculpture; non-curved sutures.
Arctomelaon stearnsii

PO LA BT g R 5 L

3+ Chunky spire, radial sculpture, shoulder ridge with small Knobs.

LAy A g = g P

(One ta ten of these in most saomples, The Knobs at the shoulder
really set this apart from Neptunea pribiloffensis, although some

N. borealis and similarly sized N. pribiloffensis are hard to tell
aparts N. borealis is usunlly no longer than 30 mm,.)

Notes on other spails?

AR R e - T -

hoirs., (Rare in catches.)
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. anterior canal. (Very few in catches.?




Bausket sample‘Form (2
Frohibited species form (2D

The following gear will be checked out to the observer:

Ealculator (1)

Extra calculator batteries (2)

Calipers (1) or clay calipers

Book- Hart (1)

Book- Keen and Coan (1)

Book— McIntosh (1)

Book- Kessler (1) {or xerox copy)

Species identification manunl {(esp crab Key)
Marine mammal guide (1)

Number of data forms to take for a two-month cruise

Farm 18 —-— 30
Form 25 ~- 80
Form 7 - 30
Form 11 -- 15
Radio rpt worksheets RM -— 1

Radio rpt worksheets RM-1  --
Enforcement report #1 -
Cruise report #2 -

RN O

Extra instructions and handouts

English letter of introduction

Transloted letter of introduction

Fersonal history sheet

Notice to vessel captains {(translated-Japan only)
Geary weather and sea codes (tLranslated)

Meal and bath schedules {(translated)

Fot and groundline diagrams

tanguage helper and translated phrases

Other snail articles, copies of previous reports

Sampling manunl
Enforcement manual (plus sheets on snail fishery)
Snail sampling instructions

k3



SNAIL FOT ORSERVER EQUIFMENT LIST

Baskets (2 ar 3)

Set of castors

Rope

Lined pads(2)

Clipbonrds (2)

Logbook (1)

Scouring powder (1 can)

LF#5-1 rust preventor (16 oz bottle-with cap)

50 kg scale (1)-(observer should:check: atcuracy with stundurd
weight before leaving?l.

S kg scale (1)

2 Kg scale (1)

Filoment tape (1 roll)

Sponge (3)

Flastic bags (15)

Rubber gloves (3 pair)

Glove liners (3 pair)

Hardhat (1)

lLife vest

Survival suit ’

First aid Kit (1) -(check contents for completeness)

Measuring strips (3) '

Manilla folder (1)

Carbon paper (10 sheets)

Graph paper (9 sheets?

In ecardbaard box in baosket?

Fencils #2 (129

Fens (5)

Fencil erasers (2)

Flastic ruler (1)

Loonseleaf rings for extra forms (3)
Scoteh tape (1 rolld

Thumbtacks (1 containert about. 25 tacks)..
Rubber bands (1 container; about’ 40 rubber bands)
Tape measure (1) o

Thumb counters (12

Twine (1)

To be obtained during: training?

Roin pants (1)

Rain Jacket (1)

Boots (1 pair)

Large ring looseleanf notebook ?ar data¥forms
Index pages for notebook (10)

Fermanent felt-tip marker pan (1)
Plastic sheets



