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INTRODUCTTON

The western GuIf of ALaska is an important, nursery area for
the earry life history stages of many species of fish (Kendalr

and Dunn L985), and is of particutar importance Èo walreye
polrock (Theracrra charcogramma) (Dunn et ar. 1994). within the
Gulf of Àraska, shelikof strait is a najor spar{ning site for a

large aggregat,ion of warteye porrock (Dunn et aI. 1994, Bates

L987). rn L985, the Fisheries-oceanography coordinated
Investigation (FOCI) program $ras established to study this large
spawning aggregation. The nain areas of research for Focr

include the following: determining the distribution and abundance

of early life history stages, investigating Èhe effect of biotic
and abiotic factors on early rife history stages, and

understanding the causes of int,erannuaL variabirity in
recruitment for walleye pollock.

since Focrts formation, many aspects of the early life
history of walleye pollock have been investigated: Bates (1987)

and Kendarl and Kim (in press) have studied the egg stage;
Kendall et aI. (198?) investigated the distribution, abundance,

and feeding of polrock rarvaei Kim and Kendarl (in press) and

Incze et al- (l-989) have studied the interaction of the physical
environrnent and poltock larvae. However, there has been 1ittle
investigation of the interaction between walleye pollock larvae
anci ihe larvae of other fish. The main objectives of this report
are as follows: (1) exanine the larval fish community structure
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and identify what species co-occur with porlock larvae ì (2)

examine how the composition of this co¡nmunity changes as the year

progresses, with an emphasis on March through early July, when

pollock spawning and pollock larval abundance are at theÍr peaks.

T,fETEODS

rchthyoprankton was routinery colrected v¡ith two types of
sanpling gear. A sameoto samprer (sameoto and Jaroszyinski
L969), with a mouth opening 0.3 rn high by 0.5 m wide and a 0.505

mm mesh net, sras used on many cruises to sample the neuston

Iayer. The water column between the surface and near bottom was

sampled using a lfÀRMjAP bongo sampler (Posgay and Marak 19gO) with
an inside diarneter of 0.6 rn and a 0.333 or 0.505 mm mesh net.

The bongo nets vrere lowered at a raÈe of 50 m/rnin of wire
out and retrieved at a rate of 20 n/rnin. since 1995, sampling

depth has been to near bottom on cruises focusing on the

collection of pollock eggs and early larval stages. Before that
year, standard l[ÀRllAP tows hrere nade only to 200 m, because the
verticar distribution of pollock eggs and larvae was unknown.

sanpling followed standard t{ÀRMÀp procedures (snith and

Richardson L977). During the lowering and retrieval of the bongo

nets, the shipts speed was adjusted to maintain a constant wire
angre of 45 degrees. Actuar sarnpling depths were calculated
using obselr¡ed wire angles or bathykymograph traces.



Prankton sampres were prese:nred in the fierd using a 52

formalin-seawater solution buffered with calcium carbonate chips
or sodiun tetraborate. À settled volume of plankton was later
determined. since l9go, alr fish eggs and ran¡ae have been

removed and lalr¡ae identified t,o the lowest possible taxon at the
Plankton sorting cent,er in szczecin, porand. For many specimens

of unknown specific identity, series v¡ere èstabrished and

referred to as a t'typs,t within the rowest certain category ( i. e. ,

Àgonidae A, Mvoxocephalus B). This was done in hopes that a

series could be assigned to a species as time progresses. some

larvae were identified only to genus because of inadequate

knowledge of individual species or poor physical condit,ion of the
specimen (i.e., sebastes spp. ). rn the appendix figures, spp.

and sp. are used interchangeably. up to so individuals per
species per station have been measured to the nearest 0.1 mm SL.

Prior to 1980, only species that vrere regularly abundant or
economically important were measured (e.g. Marlotus virrosus,
specíes of Hexagrarnmidae) .

The numbers of each taxon from each tow were converted to
numbers/unit area or density as follows:

Unit area (nurnber/tO rnz¡
-!or bongo tows: (n) (d) (10)/l(rz) (r) (r) l-for neuston tows: (n) (d) ( r.o ) / I þ) Cw) (rj :

Density (nwnber/loOO n3)
-for neuston tow: (n) (1000)/L$) (w) (I) l

where: n = number of taxa in sampler = radius of net opening (0.3 m for bongo net)h = effective fishing height of net, openíng 1o.rs mfor neuston sampler)
w = width of net opening (0.5 m for neuston sampler)
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I = length of tow, in meters (calculated from
calibrated flowrneter readings)

d = depth of water column sampled (calculated from
wire angles or bathykymograph traces for bongo'
samples; 0.15 ¡n for neuston samples)

To investigate changes in the abundance and conposition of
the larval fish community as the year progresses, all cruise data

r¡rere combined and then broken down into 2 week periods or date

windows (Table 1). The station patterns and locations of the

date windows vary greatly because the objectives of the cruises

often varied.

l,iithin the time frame of the date window, sets of rankings

for larval abundances vrere generated for each gear. These

rankj-ngs were based on the actual numbers of larvae of a taxon

that vrere captured, and on the percent occurrence (number of
stations where a taxon was collected divided by the total number

of stations sampled in the date window).

Co-occurrence of taxa was investigated using REGROUP and a

support program coNNEx (based on Fager 1957). This anaJ,ysis

praces taxa that co-occur into groups which are based on a set

affinity leveI. For this report, the affinity lever was set at
o.4, the level used by Kendall and Dunn (1985) in their report on

the ichthyoplankton around Kodiak Island, Alaska.

Distribution maps srere generated for taxa that had large
abundances or were frequently caught between March and rnid-July,
the peri-od of peak pollock rarvae abundance. The area sampred

was broken down into sectors of approximatery 215 niz. within
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each sector, the number of tirnes a sector was sampled during that
date window is represented by stíppring. The average catch/lO m2

of a taxon is represented by a dot, whose area is proportionar to
the average catclr/Lo m2 of that taxon at the stations within that
sector. using the mapsr ên estimate of Èhe catch/lO m2 can be

calculated by:

c = P2/2.52g1

where: C= catch/lO m2
P- percentage of the width of the sector

that is covered by Èhe diameter ofrrcatch dotrl

Lengthrzfrequency graphs s¡ere generated when data vrere

available. AIso, species that were abundant betv¡een September

through February, durÍng times of low lan¡al pollock abundances,

are discussed briefty in the results.

OCEÀ![OGRAPHY

Topography of the western GuIf of Àlaska is characterized by

numerous troughs and shallow banks. The shelf arear ês defined
by the 200 m isobath, is generally wide (6s-L7s km) and drops

abruptry Èo depths of 5000-6000 n in the Aleutian Trench.

offshore near surface circulation is dominated by the
Alaskan stream (Fig. 1) which runs southwesterly and roughry
parallel to the sherf break at 5o-1oo cm/sec (Meunch and

schumacher t-990, Reed et al. l-9go). Nearshore, the Araskan

Coastal Current (ÀcC) is the dorninant feature. This also flows
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southv¡esterly, ât mean speeds of 20-70 cm/sec (Schurnacher and

Reed l-980). Some water from the ACC enters the Bering Sea

through Unimak Pass (Schumacher and Reed 1983).

Reed and Schumacher (1986) reported that the salinity of
coastal waters may chançfe seasonally by as much as 7o/oo.

Likewise, the temperature can fluctuate about 7oC fro¡n winter to
summer. They also reported that some upwelting occurs for 2-3

months during the summer in the northern Gulf. rn the western

Gulf however, even though wind stress conditions appear to be in
the proper direction to induce upwelling, the observational

evidence indÍcates thaÈ upwelJ-ing does not occur.

Between March and June, many transitional oceanographic

conditions occur. Reduced precipitation and river runoff,
combined with weak wind st,rength results in reduced baroclinic
water transport and current speeds in the upper layer of Shelikof
strait (Kin L989). Also, ês the days rengthen, Èhe photic zone

deepens, the nixed layer depth becomes shallower, and the surface

rayer vrarms. These are the basic conditions needed for a

phytoplankton bloom, which in turn leads to increased zooplankton

production (Kim 1989).

REsULTS

Rankings for all the larvae captured in the bongo and

neuston nets are presented in Appendix Figures L-2. Rankings by

date window are shown in Àppendix Figures 3-19.
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There s/ere sixty-six taxa identified in the neuston samples

(App. Fig. 1). Larvae of Bathvmaster spp. and Hexaqrammos

decagrammus $rere the do¡ninant, species. Henilepidotus spp.,
Hexagrammos laqocephalus, and Àmmodvtes hexapterus larvae vrere

also abundant. Species of Hexagrammidae accounted for 5 of the
top L0 taxa. cottidae was the onry other farniry that was

commonly present in the neuston samples.

rn the bongo tows, 1r.g taxa srere identified (App. Fig. 2).
Larvae of Theraqra chalcoqramma were by far the most commonry

captured. other larr¡ae regurarly taken were Ammod]¡tes

hexapterus, Bathvmaster spp., sebastes spp., Hemirepidotus spp.,
and Osneridae. The most abundant families vrere pleuronectidae,

Hexagramnidae, Cottidae, and Gadidae.

An account of seasonal and geographic distribution of the
most abundant, taxa is given first. Families are discussed in
order of potentiar ímportance to warreye porlock larvae. Then,

the structure of the larvar fish community is described.

Seasonal and geographic distributiou
Gadidae (App. Figs. 20-29) -- Larvae of Theragra chalcogrramma

were the most abundant of any taxa taken in the western GuIf of
Alaska. !{alleye pollock accounted for 82.3å of the larvae taken
in the bongo tows, and 65.3? of arr the larvae caught. This
dominance is, in part, because walleye porrock has been the
target species of Àlaska Fisheries science center (Arsc)

ichthyoprankton sampling since 19g1. The rnajor flux of walleye
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porlock rarr¡ae occurred rnainry in southern shelikof strait
between april l-June l-5. Other large concentrations of pollock

Iarvae r¡tere found to the northeast and southwest of Kodiak Island
(App. Figs. 20-22). Between epril 1 and June 15, the mean length
of pollock lan¡ae increased from 4.3-7.4 nm sL. porrock larvae
v¡ere taken more commonly in the bongo nets, with large catch

varues found in the neuston net onry during periods of high

abundance (App. Figs. 24-25). Low numbers of pollock larvae were

collected in the bongo net throughout the year. A more in-depth
study of waLleye pollock larvae in Shelikof Strait vras presented

in Kendall et aI. (1987), and they are the focus of several

ongoing studies.

Pacific cod (Gadus macrocephalus) larvae hrere taken only in
Èhe bongo tows (Àpp. Figs. 26-29) , starting in earry April and

continuing unt,il mid-Juty (Rugen and Matarese j-988) . The mean

lengths of rarvae ranged from 4 . i- mrn SL in early April, to g. 9 mm

SL in early June. The lengths of Pacific cod larvae that $/ere

collected in July ranged between L2.4-36.0 ¡nrn sL (Rugen and

Matarese L988).

Large concentrations of pacific cod rarvae erere found

initiarry in an area to the northeast of Kodiak rsland, and

between the Shumagin fslands and Unirnak Pass. Fewer larvae $/ere

found in waters surrounding Kodiak rsrand (App. Fig. 26). rn
earry May they began to appear in shelikof strait, and by rate
May, larvae hrere evenry spread throughout sherikof strait and

southwest to the Shurnagin Islands (Àpp. Fig. 27) . More
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infonnation about distribution and the

Pacific cod larvae in the western Gulf

Rugen and Matarese (1999).

relative abundances of

of ÀIaska is available in

Hexagrammidae (App. Figs. 29-42)-- Hexagrammidae was the
dominant taxon in the neuston layer for most of the year, and. was

present in the bongo sampLes during most date windows.

Hexaqrammos decaqrammus larr¡ae srere present in the bongo

samples frorn late February to nid-June, and then reappeared in
November. The vast najority of H. decaqrammus larvae \Arere found

in the neuston layer virtuarly year-round, with onry the summer

months showing a rarge decrease in abundance. Mean rengths of
the rarvae were smarlest in october (9.3 mm sL), and rargest in
July (23.8 nm sL) . The mean length of H. decagrrammus rarvae in
the neusÈon tows increased only 3.4 mm between late october
(9.3 nn sL) and nid-June (r2.9 rnm sL). The distribution of H.

decacrrammus larvae in the western Gulf was sherf-wide (Àpp. Figs.
29-37) - They were found from nearshore to the shelf break, north
and south of Kodiak, and in and out of shelikof strait.

The other hexagramnid lar¡¡ae that vrere plentiful in the
western GuIf of Alaska included Pleurocrrammus mononterygius,
Hexasrammos sterleri, and Hexacrrammos lac¡ocephalus. rn the
spring, H. sterreri (Àpp. Figs. 3g-39) and p. monopterycrius (App.

Figs. 4L-42) h¡ere found in the neustonic layer from late February
through late Aprir. The mean lengths of these rarvae hrere

between L4.3 and 29.o rnm sL. These species appeared again
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between Septenber and mid-November, êt which ti¡ne the mean

lengths were between 8.4-L2.4 nm SL. They were found only

occasionally in the bongo samples. Hexagrammos laqocephalus

larvae e¡ere found in both the neuston and bongo samples beginning

in early September, and were captured in the neuston nets through

early November. During that period, the mean length increased

from 8.3-L2.0 mm SL.

AmrnodyÈidae (Àpp. Figs. 43-50)-- Amrnodvtes hexapterus larvae

were abundant over the first half of the year in both neuston and

bongo samples. High abundances of larr¡ae initially appeared in
early March in the bongo tows, and in Iat,e March in the neuston

tows. Lalr¡ae remained in relatively hígh numbers through early
July, but brere not collected during the remainder of the year.

The mean lengths of the lalr¡ae were stightly larger in the

neuston nets (9.6-29.7 nm SL) than in the bongo nets (5.4-18.7 mm

sr) .

Spatia1ly, A. hexapterus la¡r¡ae were guite widespread in the

western GuIf of À1aska. Both gears initially collected targe

numbers of larr¡ae near Kodiak Island (App. Figs. 43,47,49). In
the bongo samples, larvae were taken in an area much farther
northeast (App. Fig. 44). The pattern of high concentrations was

generally more homogenous in the bongo tows than in the neuston

tows. In the neuston, large catch values erere often
discontinuous (App. Figs. 4g-49). For the neuston tows, the

Iarge caEch/l-O mz values for A" hexapterus lar¡¡ae usually
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occurred near Kodiak rsland or in the slope waters, while in the

bongo, large numbers of larr¡ae were found Èo the northeast and,

southwest of Kodiak rsland, in shelikof strait, and in the

nearshore waters near the shu¡nagin rsrands (Àpp. Figs. 43-4s).

Bathlnnasteridae (Àpp. Figs. 51-55) -- There are three species of
Bathymaster found in Èhe study area, B. caerureofasciatus, B.

Leurolepis, and B. sicrnatus. They are arr identified as

Bathvmaster spp., because it is not possibre at this time to
differentiate the early rife history stages from one another
(Matarese et, aI. L9g9). These rarvae srere capÈured in highest
abundances from June to October in the neuston net, and from May

to september in the bongo net. They were corrected in both types
of gear and in most date windows. The mean rengths decreased

between nid-Àpril and nid-June.

Large numbers of Bathlrynaster spp. larr¡ae were taken in bongo

tows during late May to the east and southwest of Kodiak Is1and
(App. Figs. 52-53). The concentrations of larr¡ae vrere mostly
over the niddte sherf area. rn the neuston, large numbers of
Bathvmaster spp. were not found until rate June, mainly near

Kodiak rsrand (Àpp. Fig. 5s). rn late June and Jury, the average

number of Bathr¡master spp. per stati.on in the neuston sarnples was

568 and l-30 respectively (TabJ_e 2) .

scorpaenidae (App. Figs. 56-60)-- rn the Gutf of Alaska, there
may be as many as 27 species of sebastes (Matarese et al. j-9g9).



L2

Larvae of the genus Sebastes are difficult to specifically
identÍfy, and therefore they are generally lumped together as

Sebastes spp.. Mostly, these lan¡ae $rere found in the bongo

samples during the periods from May through rnid-Juty. The

largest numbers of Sebastes spp. lalr¡ae Ìrere found near the shelf
break, with smaller, homogenous concentrations found over the

middle shetf (App. Figs. 57-58,60). The mean lengths of sebastes

spp. larvae vrere between 5 and 6 rnm SL.

osmeridae (Àpp. Figs. 6L-67)-- Osnerid larvae vrere found in all
of the date windows. Although several species of osmerids are

present in the western Gulf of Alaska, only Ma1lotus virlosus
larvae can be specifically identified. They can only be

positively identified once the fin elenents can be clearly seen

(-33 nn SL) i Ìarr¡ae without disÈinguishable fin elements are

labeled Osmeridae.

Marlotus villosus larvae were captured in alr of the date

windows, except late June. The period of greatest abundance t'ras

in the fall. The spat,ial dist,ribution of M. villosus larr¡ae was

similar for both the bongo and neuston nets. Most of these

larvae were found over the rniddle shelf area and around Kodiak

rsland. The mean rengths o! M. vilrosus rarvae ranged from 23.4-

46.3 mm sL. The larrrae in the neuston and bongo were generarly

smallest in the fall and largest in the sunmer.
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osnerid rarvae began to appear in the bongo sampres during
late June. They ranked in the top Èhree based on numbers caught

and percent occurrence in september and october (Àpp. Fig 10).

These larvae were present in the neuston samples during the same

periods buÈ ¡nade up a much smaller proportion of the total catch.

Bathylagidae (Àpp. Figs. 6g-7 1) -- By far the most abundant

bathylagid was Leuroslossus schmidti. The numbers of larvae rrere

relatively small, but the distribution was widespread, especially
in late May (App. Fig. 7o). The larvae were found nostly in
offshore waters. The mean lengths of L. schrnidti larvae ranged

from 10.0 nn sL in early March, to L9.s mm sL in early June.

The only other bathyragid lan¡ae frequentty taken v¡ere

Bathvlaqus pacificus. These larvae were mosÈ abundant in April
and May. Their mean rength rar:r,rae increased from g.3 rnm sL in
early April to 11.4 nn SL in early June.

Myctophidae (App. Figs . 72-75) -- Àrthough numerous species of
Myctophidae occur in the Gulf of Alaska, only stenobrachius
leucopsarus larvae stere reLatively abundant in our collections.
These larvae stere found in the bongo samples during alI the date
windows, with the targest numbers found from Àprir through May.

Between earJ-y March and earry June, the mean rength increased

from 3 .8 to 7 .g nm SL.

The larvae of S. leucoÞsarus initially occurred only near

the shelf break (Àpp. Figs. 72-73). Later they were found in the
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northern end of Shelikof SÈraiÈ and over much of the rest of the

shelf (Àpp. Figs. 73-75) . A dichotomy of sizes is quite

apparent; a rnajority of larrrae h¡ere under L0 mm SL, and a smaller

number measured -20 mm SL.

Protomyctorrhum thompsoni lalrrae vrere also present, but $rere

much less abundant than S. leucopsarus. They rirere most abundant

in Àpril and May, and the mean lengths of lalr¡ae ranged between

9.5 and L2.8 m¡n SL.

cryptacanthodidae (App. Figs. 76-79)-- Lyconectes aleutensis
rarvae were a frequent component of the neuston samples. Large

collections were made from March to July, with peak occurrences

in May and June. These rarvae iniÈialry appeared in the area

around Kodiak rsland (Àpp. Fig. 761 . once the abundances began

to increase however, high abundances (3oo-5oo/to mz¡ became wide-

spread across the sherf (Àpp. Figs. 77-79). The smarlest mean

Iength, L4.8 mm SL, was found in late March, and the largest,
26.5 mm SL, in late June.

Anoploponatidae (App. Figs. BO-91)-- High abundances of
Anoplopoma finbria larvae r^rere found in the neuston samples only
during late May and earry June. During this period, the mean

length of A. fimbria larr¡ae increased fron L3.3-L7.4 mm sL.

Before and after these date windows, A. fimbria larvae r¡rere

rarely found.
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Pleuronect,idae (App. Figs. g2-921-- preuronectidae larvae were

quite abundant in the sampres. A total of 15 taxa of fratfish
larvae were identified from the bongo samples, and Lo taxa hrere

identif ied in the neuston samples. The abundances vrere rnuch

lower in the neuston samples.

Hippocrlossoides elassodon were the most, abundant

preuronectid rarr¡ae. These larvae began to appear in smarl

nurnbers in early ÀpriI, but only in sherikof strait (App. Fig.
82). By late May, the nurnbers of larvae had increased

significantry, and the distribution had spread to most areas of
the shelf (App. Fig. 83). The largest concentrations were still
in Shetikof Strait,, with other sizeable collections occurring to
the northeast and southeast of Kodiak rsland. After late May,

larvar corrections dropped off drasticarry. Mean lengths of
rarvae increased fron 5.6 n¡n sL in rate aprir, to L5.3 nm sL in
early July.

Lepidopsetta bilineata larvae also had a wide distribution
over the shelf. These larvae hrere first found in the northern
part of sherikof strait in rate March (App. Fig. 85). During
Aprir, large concentrations of larvae first appear to the
southeast of Kodiak rsrand, and eventuarly large numbers of
larvae were found from Lower cook rnret to unimak pass (App.

Figs. 85-87). the mean lengths of larvae increased from 3.8 nlm

sL in early Aprir to l-r.9 rnn sL in late June. rn general, the
highest abundances of larvae !,rere found to the east of Kodiak

rsland and farther to the southwest along the Alaska peninsula.
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Atheresthes stomias larvae $¡ere another cornmonÌy occurring
pleuronectid. They were found from earry March through earry
June" The majority of the larvae were taken near the shelf break

during Rpril (App. Fig. 90); however, in late May (App. Fig. 91)

they were captured in the northern end of Shelikof Strait. Mean

lengths of A. stomias larr¡ae ranged between 7.7 nm sL in early
March, to 16.5 mm SL in early June.

Hippoolossus stenolepis larvae r^rere often taken between nid-
March and mid-June. The mean lengths ranged from rL.2 mm sL in
Iate March to 20.L ¡nm SL in late May. Glyptocephalus zachirus
(8.7-13.7 mm sL), Psettichthvs rnelanostictus (s.s-L2.7 nm sL),
Microstomus pacificus (7.2-9.0 mm sL), and rsopsetta isorepis
(4.7-7.4 nn SL) larr¡ae $tere caught between late May and nid-luly.

cottidae (App. Figs. 93-i.04)-- There vrere 33 cottid taxa
identified in the bongo sampres, and j-6 in the neuston samples.

There are several species of Hemilepidotus in the western

Gulf of Àlaska (Matarese et aI. 1989). Hemilepidotus larvae vrere

identified to species at the frexion and postflexion stages; H.

henilepidotus and H. jordani larvae in the preflexion stage were

identified as Hemilepidotus spp.. Hemilepidotus spp. larvae vrere

the rnost conmonly identified cottid larvae in our sampling area.

Larr¡ae identified as Hemilepidotus spp. were collected with both
gears, arthough they Ì¡rere much more abundant in the neuston

samples. rn the neuston net, Hemirepidotus spp. rarvae r^rere

common during the periods of February through April and September
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Èhrough early october. The largest abundances were found just
south and east of Kodiak rsland, and further to the southwest

around the shunagin rsLands (Àpp. Fig. 95-96). The areas of
concentrations were wideJ-y separated. The catches in the bongo

nets vrere comparativety quite smal1.

Very large numbers of Hemilepidotus hemilepidotus Lrere found

in the neustonic rayer. These rarr¡ae $rere taken beginning in
rate March, and continued t,o be taken through rate June (Àpp.

Figs. 97-1-00). During this period, the mean rength of the rarvae
increased from 9.9-L9.7 nm sL. Àreas of high abundance rtrere

widery spaced between 1450 w and unimak pass. HenilepidoÈus

sÞinosus and H. jordani larvae were less abundant than either
Hemilepidotus spp. or H. hemilepidotus. Hernilepidotus spinosus

and H. jordani larvae vtere found rnostly in the neuston samples

from late March through rate May. The mean lengths of H.

spinosus lalr¡ae ranged from 7.2-9.3 mrn SL, and H. iordani lalr¡ae
increased in length from L6.o-23.6 mm sL during this period.

Larvae identified onry as cottidae were present almost

exclusivery between early March and late June in the bongo

sampres (Àpp. Figs. 101-104). The numbers of cottidae larvae
were reratively smatl, but the larvae were quit,e evenly and

widery spread across the sherf area. The mean rengths of these

larvae ranged from 5.7-9.7 mm SL.

other cottid larvae that were less cornmonly caught included
Artedius harringtoni, and those identified as Glqnnocanthus type
A, and Myoxocephalus type B.
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Stichaeidae-- Many types of stichaeid lar¡¡ae srere present in
the bongo tows, but generalry they occurred in small numbers.

Luntrpnus macuratus, L. saqitta, and Lumpenerla longirostris
rarr¡ae were by far the nost abundant stichaeids taken. These

lan¡ae srere present rnainly during April and May. The mean

lengths of these lan¡ae were mostry between 10 and 20 nm sL.

Regroup analysis (App. Figs. 105-116)

Neuston (App. Figs. 105-Lo9)-- The regroup analysis of the
neuston sampres shows a reratively simpre sÈructure. rn the
neuston sampJ.es, the date windows had fewer groups and fewer taxa
with significant affinities than the bongo samples.

Hexagrammidae larr¡ae vrere a component in all the date windows.

Hexagrammidae and Hemilepidotus spp. were the only taxa with
significant affinities in February and early March (App. Fig.
105). rn late March, a group composed of stichaeidae and

Lyconectes areutensis was added (App. Fig. 105). From Aprir
until late June' Hexagranmidae, Lvconectes aleutensis, Ammodvtes

hexapterus, and Henilepidotus spp. rrere the most prevarent taxa
with significant affínities (App. Figs. 106-107). rn Jury, a

group composed of Bathy"naster spp., sebastes spp., and Anoplonoma

finbria $ras present. Bathvmaster spp. arso had a significant
affinity with Hexasrammos degagrammus (App. Fig. Lo8). For the
rernainder of the date windows, the rarvae with significant
affinit,ies hrere Bathvmaster spp., Hemilepidotus spp, and an

osmerid and hexagramnid (App. Figs. 1Og-t-09) .
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Bongo (Àpp. rigs. t-Lo-116)-- The bongo sampres had a much more

complex comrnunity structure than the neuston tows¡ In general,

Èhere vrere more groups present, more interaction between çtroups,

and more single taxa with affinities to taxa within groups.

In FebruârY, Henilepidotus spp. and Hexagrammos decaqrammus

formed the only group, with Hernilepidotus spp. arso showing a

significant affinity to Marrotus virlosus (App. Fig. 1t o) . rn
March, the recurrent group anarysis showed a structure wíth
Iittle int,eraction outside the groups (App. Fig. t1O). Two

groups composed of Leuroqlossus schrnidti and Atheresthes stomias

and Ammodvtes hexapterus and Hexagrammos decagrammus were present

throughout the month. rn Àpril and May a very conprex structure
of interactions lras present (App. Figs. Lt,1-LL3). Generalry, the
structure was composed of a main group of 4 to j_o taxa, one or
two smaller groups, and many taxa with affinities to taxa inside
groups. There was much interaction between taxa in different
groups, and between taxa in groups and those not in groups. rn
June, the conplexiÇy and number of taxa involved had decreased

greatry (App. Fig. 114). rn both June date windows, the
structure lras composed of four small groups and two other taxa
not in groups. None of the groups present in early June r¡rere

present in late June. For the remainder of the date windows, the
structure was composed of a centraL group and up to three other
taxa with affinities to rnembers of the group (Àpp. Figs. 1l_4-

1L6). From septenber to mid-November the central group always
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contained Osmeridae or Mallotus víI1osus, and usually
Hemilepidotus spp. or a hexagrammid"

DISCUSSION

The west,ern GuIf of Àlaska appears to be an important area

of larval production for rnany species of fish. Theraqra

chalcogramma, Bathvmaster spp., Àmmodvtes hexapterus, Gadus

macrocephalus, and many hexagrammíds, pleuronectids, and cottids
use this area extensively.

Theragra chalcoaramma is the dominant taxon in the samples.

Though present mainry from late March to late ,fune, they account

for over 65* of the larvae taken in alr sarnpring, and 92.32 of
the rar¡¡ae taken in the bongo neÈs. At their peak abundance, the

average number taken per station is over goo (Tabre 3). From

late April t,o the end of May, the average number taken per

station is greater than i-OO.

There v¡ere guite a few taxa whose larvae hatch at the same

tine as Theragra chalcooramma. Annodvtes hexapterus, Atheresthes

stomias, Stenobrachius leucopsarus, and Leurocrlossus schrnidti

appear to spawn sonetime during the winter. These larvae first
appear in earry March and continue to be a component of the
lan¡al conmunity into June and July. Most preuronectid,

stichaeid, cyclopterid, and agonid lan¡ae were also components of
the sub-surface rarvar community between March and July.
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Bathymaster spp. and Sebastes spp. also spawn in early
spring. Their rarvae are first found in April and frequently
appear in the bongo net through September. Bathymaster spp.

continue to be a component of the neuston samples through early
November.

The data suggest that osmerids spavrn during late
spring/early su¡nmer in the western Gulf of Àlaska. osmerid,

larvae begin to appear in the neuston and bongo nets in late June

in high abundances and were a component of the sampres through

late october. The smalrest larvae identified as MalLotus

villosus s/ere Èaken in september and were present, until May in
the bongo samples and into June in the neuston samples.

Species of Hexagrammidae appear to spat¡n in the late sunmer

and fall months. The hexagranmid larvae had the smallest mean

lengths in the fall, and were found nostly in the neuston 1ayer.

These ra:r¡ae continued to be a rnaj or component of the neuston

samples int,o the following spring.

Species of HeniLepidotus appear to spatrn during the summer.

Srnall Hernilepidotus spp. larvae hrere first taken by both gears in
september. They continue to be abundant untir the forlowing
Aprir, ât which time the various species of Hemilepidotus are

readily identifiabl-e. Henirepidotus henirepidotus, H. jordani,
and H. spinosus were all present in the neuston samples from late
March until May and June, but r^/ere rarely found in the bongo

samples.
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There are a number of other taxa whose larvae vrere of the

same size as pollock lan¡ae and rnight be using the same food

source. However, because Theracrra chalcogramma larvae !,rere so

dominant in the samples, intraspecific competÍtion would appear

to be a much more inportant factor than interspecific
competition. All the other taxa in the bongo samples combined

account for less than tgt of the total catch. There v/ere only
two taxa thaÈ had an average number of rarr¡ae greater than

1-OOlstation. rn Late June and earry July, Bathvmaster spp. had

567 and 130 rarvae/station respectively. Also in late June,

osmeridae had ]-46 larvae/station. These larr¡al abundances,

however, occurred in the neuston layer, and therefore, wourd

probably have a mininal effect on poltock larvae.
For mosÈ of the spring and earry summer, the sub-surface

waters exhibited a great abundance and diversity of larva1 fish
(Table 3) and a very complex structure of interaction (App. Figs.
11-L-114). During the rest of the year, the neuston rayer held

the greatest abundance of larr¡ae, whire the diversity was

relatÍveIy the same as in the sub-surface waters.

There is no evidence that any significant hatching takes
place between rate farr and early spring. All of the }arvae
present during that period had snaller mean lengths at, the end of
october than they did at the beginning of March, indicating that
no significant, amount of smarrer, newry hatched larvae were

present. This rnay be associated with the lack of appropriatery
sized food sources during the winter months. The spring and
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sunmer zooplankton composition is doninat,ed by pseudocalanus

spp., whose nauprii producÈion lasts from Rprir to Novernber

(McLaren L978), and are highfy imporÈant to the survival of fÍrst
feeding rar:'vrae (cooney 1996). However, in the winter months the
dominant zooprankters are rarger, offshore species (cooney l_996),

unsuitable for first feeding larvae.
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IJIST OF TABLES

Table l.--Cruise data of sanpling in the v¡est,ern GuIf of Alaska.
Cruises are arranged in chronological order.

Table 2.--Mean lengths (SL) and average number of lar¡¡ae caught per
neuston station by dat,e window of the more commonly
caught species. (Àverage no./station=totar no. caught
divided by the total no. of stations where larvae of a
taxon were collected. )

lable 3.--Mean lengths (SL) and average number of larvae caught per
bongo stat,ion by date ¡indow of the more conmonly-caught
species. (Average no./station=total no. caught divided
by the total no. of stations where larl¡ae of a-taxon s¡ere
collected. )
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Figure l-.--Near surface currents and some geographic and
bathygraphic features of the western GuIf of ÀIaska"
Currents based on Reed and Schumacher (1986) "
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IJIST OF APPENDIX FIGI'RES

1,.--Relative abundance (based on number caught,) of
fish larvae in the neuston tows.

2.--Relative abundance (based on number caught) of
fish larvae in the bongo tows.

3.--Relative abundance (based on percent
occurrence) of fish larvae in neuston tows,
Feb. L3-28, Mar. 1-15, Mar. 16-31_, Àpr. 1-15,
Apr. 1,6-30.

4.--Relative abundance (based on percent
occurrence) of fish larvae in neuston tows,
May L-L5, May 16-31, June L-15, June L6-30,
July 1-l-5.

5.--Relative abundance (based on percent
occurrence) of fish larvae in neuston tows,
Sept. 1-L5 , Sept. 16-3 0 , Oct. L-15 , Oct. t_6-
31, Nov. 1-L7.

6.--ReLative abundance (based on percent
occurrence) of fish larvae in bongo tows,
Feb. L3-28, Mar. L-lS, Mar. 16-31.

7.--Relative abundance (based on percent
occurrence) of fish 1arr¡ae in bongo tows,
Àpr. 1-L5 , ApF. i_6-3 0 .

8.--Relative abundance (based on percent
occurrence) of fish larvae in bongo tows,
May 1-L5, May 16-31.

9.--Re1ative abundance (based on percent
occurrence) of fish larvae in bongo tows,
June L-15, June 16-30.

l-0. --Relative abundance (based on percent
occurrence) of fish larvae in bongo tows,
July 1-l-5, Sept. i--l_5, Sept. 16-30, Oct. 1-
15, Oct. 16-3L, Nov. I-L7.

Ll.--Relative abundance (based on number caught)
of fish lanrae in neuston tows, Feb. L3-2g,
Mar. L-15, Mar. 16-31.

l-2.--Relative abundance (based on number caught)
of fish larvae in neuston tows, Apr. t-iS,
Apr. L6-30, May l_-1 5, May 16-31_.

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure

Appendix Figure
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13.--Relative abundance (based on number caught)
of fish larvae in neuston tows, June 1-L5,
June L6-30, July 1-15.

14.--Relative abundance (based on number caught)
of fish larvae in neuston tows, Sept. 1-15,
Sept.16-30, Oct.1-15, Oct.16-31, Nov. L-
L7.

15.--Relative abundance (based on number caught)
of fish lanrae in bongo tows, Feb. L3-28, Mar.
1-15, Mar.16-31.

L6.--Relat,ive abundance (based on number caught)
of fish lan¡ae in bongo tows, ApE. 1-15, Apr.
16-3 0 .

17.--Relative abundance (based on number caught)
of fish larr¡ae Ín bongo tows, May L-Ls, Mây
16-3 1 .

18.--Relative abundance (based on number caught)
of fish larr¡ae in bongo tows, June L-15, June
16-30, July 1-15.

19.--Re1ative abundance (based on number caughÈ)
of fish larrrae in bongo tows, Sept. 1-15,
Sept. 16-30, Oct. L-15, Oct. L6-31, Nov. l--
t7.

20.--Distribution of Theragra chalcocÍramma la¡r¡ae
in bongo tolvsr^ A. Mar. L6-3L, B. Apr. 1-15
(catch/3.O m'=P'/2.528L, where p:percerìtage of
width of sector taken up by dot, for catches
>500/10 rnz, P=42. 88 ) .

21.--Distribution of Theraqra chalcoqramma larvae
in bongo to1vs,^ A. Apr. 16-30, B. May L-L5
(catch/LO m'=P'/2.528L, where p=percêntage of
width of sector taken up by dot, for catches
>500/10 n2, p=42.g*).

22.--Distribution of Theragra chalcoqramma lar¡¡ae
in bongo topsr^ A. May L6-31, B. June 1-15
(catch/LO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>500/10 rn2, P=42.g?) .
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Appendix Figure 23.--Distribution of Theragrra chalcoqramma 1arvae
i¡ Þongo tows, June L6-30 (catch/fO
m?=P?/2-.528L, where p=pêrcêntage of width of
sgctor taken up by dot, for caÈches >SOO/1,O
12, p=42.8t).

Appendix Figure 24.--DistrÍbution of Theragra chalcogramma la6¡ae
in neuston toqs, A. Apr. 1-L5, B. Apr. L6-30
(catchrzl} m'=p'/2.SZ1L, where p=percèntage of
width of sector taken up by dotl for catches
>500/10 m2, p=42.g*).

Appendix Figure 25.--Distribution of Theragra chalcogramma larvae
ip 4euston tows,-tfay tO-31 (catch/10
m2=p2/2.52g1, whãre p=percentage of width of
sector taken up by dot, for catches >5OO/LO
tn2, p=42.gt).

Appendix Figure 26.--Distribution of Gadus macrocephalus larvae in
bongo towsro À.. Apr. 1-L5, B. Apr. 16-30
(catch/J.O m'=p'/2.529L, where p=pêrcentage of
width of Fector taken up by dotl for ca{,ches
>Soo/Lo m?, p=42.8t).

Appendix Figure 27.--Distribution of Gadus macrocephalus larvae in
bongo towsr, A." May 1-j.5, B. May 16-31_
(catchrzlO m'=p,/2.529L, where p=percentage of
v¡idth of sector taken up by dotl for catches
>soo/10 m2 , p=42.g*).

Appendix Figure 28.--Distribution of Gadus macrocephalus larvae inbongo tow, June i-15 (catcvmæpz/z.s2gL,
where P=percentage of width of sector taken
up by dot, for cátches >500/10 rnz, p:42.8å).

Appendix Figure 29. --Distribution of Hexacrrammos decagrammus rarvaein bongo toys ,^ aTai. r-rs , 
-g:-tfar. 16-3 L

(cat,chrzlO m'=p,/2. 5291, where p=percentage ofwidth of sector taken up by dot, for catches
>Soo/Lo m?, p=42.gg).

Appendix Figure 30. --Distribution of Hexagrrammos decacÍrammus larvaein bongo towsr, À-Àpr. 1-L5, B. Apr. j-6-30
(catch/10 m¿=p¿/2.529L, where p=percentage ofwidth of sect,or taken up by dot, for caÈches
>5OO/IO m¿, P-_42.8å).

Appendix Figure 31. --Distribution of Hexaqrammos decagrammus Larvaein bongo tows,, ATay L-15, B. May 16-31_(catch/10 m'=p¿/2.s29j,, where p=percentage ofwidth of s,ector taken up by dot, for catches
>soo/10 m2 , p=42.8å).
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Appendix Figure 32. --Distribution of Hexasrammos decagrrammus larvae
in þongo tows, June 1-15 (catchr/lO
m2=p2/Z-.S2BL, where p=pêtcêrtage of width of
sector taken up by dot, for catches >5OO/LO
ß2, p=42"gt).

Appendix Figure 33. --Distríbut,ion of Hexagrrammos decagram¡nus larvae
in neuston !,owp, À. Mar. 1-15, B. Mar. L6-31
(catch/lo m'=P'/2.528L, where P=percentage of
width of Fector taken up by dot, for catches
>5oo/10 m2 , P=42.8å).

Appendix Figure 34. --Distribution of Hexagrammos decaqrammus larvae
in neuston þowp, A. Apr. 1-15, B. Apr. L6-30
(catch/lO m'=P'/2. 5281, where P=percentage of
width of sector taken up by dot, for catches
>500/L0 rnz, P=42.8t) .

Appendix Figure 35. --Distribution of Hexagrrammos decasrammus larr¡ae
in neuston þowp, A. May 1-15, B. May 16-31
(catch/lo m¿=P¿/2. 5281, where P=percentage of
width of sector taken up by doÈ, for catches
>500/10 n2, P=42.8t).

Appendix Figure 36. --DistrÍbution of Hexasrarnmos decaqrammus larvae
in neuston þowp, À. June L-15, B. June 16-30
(catch/LO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot,, for catches
>5oo/10 m2, P=42.8å).

Appendix Figure 37. --Distribution of Hexagrammos decagrammus larvae
in qeuston tows, July 1-15 (catchrzlO
m?=p2/2.s2g1, where plpercentage oh width of
sector taken up by dot, for catches >5OO/1,O
12, p=42.gt).

Àppendix Figure 38.--Distribution of Hexaqrammos stelleri Iarvae
in neuston Èows, A. Mar. 1-15, B. Mar. 16-3L
(catch/LO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>Soo/Lo m2, P=42.8t).

Appendix Figure 39.--Distribution of Hexagrammos stelleri larr¡ae
in neuston þowp, A. Apr. 1-15, B. Apr. 16-30
(catchrzlO m'=P'/2. 5281, where p=pêrcê[tage of
width of sector taken up by dot, for catches
>5oo/Lo n?, P=42.g*).
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40.--Distribution of Hexagrammos stelleri lArvae
in^neuston Èows, Ju;ã L6-30 lcatcfrTro rnz

=p2/2.S2g1, wheie p=percent,age of width of
sgctor taken up by dot, for catches >5OO/LO
ß2, p=42.g*) .

41.--Distribution of Pleuroqrammus monopterycrius
larr¡ae in neuston^Èoqs, A. Mar. 1-L5, B. Mar.
16-31 (catchrz1- O m2=P2/à .SZe;-, where
P=percentage of width of qector taken up by
dot, for cátches >500/10 m2, p=42.8?).

42.--Dístribution of Pleurogrammus monopterygius
Iarvae in neuston-toys, A. Àpr. 1-L5, B. Apr.
16-30 (catch/lo m?=p2/2.szaL-, where
p=pêrcêhtage of width of qector taken up by
dol, for cátches >500/1-0 m2, p=42.8S) .

43.--Distribution of Ammodytes hexapterus lar¡¡ae
in bongo toysr^ A. Mar. 1-15, B. Mar. 16-31
(catch/lO m'=P'/2.528L, where P=percentage of
width of pector taken up by dot, for catches
>SOO/LO m', p=42.9t).

44.--Distribution of Àmmodvtes hexapterus lalr¡ae
in bongo to¡rs,^ A. Àp;f-fS, g. epr. 16-30
(catch/LO m'=P'/z.528L, where p=percentage of
width of sector taken up by dot, for catches
>500/L0 rnz, p=42.gt) .

46. --Distribut,ion lalr¡ae
i¡ bpngo tows
m'=P'/2.5291, dth of
sector taken up by dot, for catches >SOO/LO
R2, p=42.gs).
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48.--Distribution of Ammodytes hexapterus lalr¡ae
in neuston tows, À. Apr. 16-30, B. May L-15
(catch/IO m'=P'/2.528L, where p=pêrcêntage of
width of sector taken up by dot,, for catches
>5oo/Lo m2, P=42.gt).

49.--Distribution of Ammodytes hexapterus latr¡ae
in neuston !oqs, A. May l-6-31, B. June 1-15
(catch/lO m'=P'/2.528L, where P=percentage of
width of sector t,aken up by dot, for catches
>5OOl10 m2, P=42.gt).

50. --Distribution of ^Ammodytes hexapterus lalr¡ae
in neuston þowp, A. June 16-30, B. Juty 1-L5
(catch/1O m'=P'/2. 5281, where p=pêECêntage of
wÍdth of sector taken up by dot, for catches
>5oo/10 mz , P=42. gS) .

5L.--Distribution of Bathvmaster spp. Ialr¡ae in
bongo tows,^ À.^ Àpr. 16-30, B. May L-15
(catch/1O n'=P'/2. 5281, where P=percentage of
width of sector taken up by dot, for catches
>5oo/10 rnz, P=42.8t).

52.--Distribution of Bathr¡master spp. lanrae in
bongo tows,^ A.^ May L6-31, B. June L-Ls
(catch/LO m¿=P¿/2. 528L, trhere p=percentage of
width of sector taken up by dot, for catches
>5oo/10 m2, p=42.8t).

53.--Distribution of Bathvmaster spp. Iarvae in
bongo tows,^ A* June L6-30, B. JuIy L-Ls
(catch/J-O m'=P'/2.529L, where p=pêrcentage of
width of sector taken up by dot, for catches
>5oo/10 m2, p=42.gt).

54.--Distribution of Bath'rmaster spp. larr¡ae in
neuston tow^s, ^4. May 16-31, B. June 1-15
(catchrzlO m¿=P¿/2.SZïI, where p=pêrceDtage of
width of Fector taken up by dot, for catches
>5oo/Lo m2, p=42.gå).

55.--Dist,ribution of Bathr¡master spp. Iarr¡ae in
neuston towp, ^4.'June 16-30, B. July L-15
(catch/lO m"=P'/2.528L, where p=percentage of
width of Sector taken up by dot, for catches
>Soo/Lo m?, p=42.8t).
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Figure 56.--Distribution of Sebastes spp. Ialr¡ae in
bongo towsr^ A.^ Àpr. 1-L5, B. Apr. L6-30
(catchr/1O m'=P'/2. 5291, where p=percêDtage of
width of sector taken up by dot, for caÈches
>500/10 m2, P=42.gt).

Figure 57.--Distribut,ion of Sebastes spp. larvae in
bongo towsr^ A.^ May 16-31, B. June 1-i-5
(catchrzlO m'=P'/2.528L, where p:percentage of
width of Fector taken up by dot, for catches
>500/10 m2, P=42.8t).

Figure 58.--Distribution of Sebastes spp. larvae in
bongo Èowsr^ A* June 16-30, B. July 1-15
(catch/lO m'=P'/2.528L, where p=percentage of
width of sector Èaken up by dot, for catches
>soo/Lo m2, p=42.gS).

Figure 59.--Distribution of Sebastes spp. larr¡ae in
neuston tow^s, ^À'. May 16-31, B. June 16-30
(catch/LO m'=P'/2.528I I where P=percentage of
width of ^sector taken up by dot, for catches
>5oo/10 nz , p=42.8t).

Figure 60.--Distribution of Sebastes spp. Iaf¡a^e in
neuston tows, .luly t-ts lcatêfuLo m?=p2/2 .s2gL,
where P=percentage of width of gector taken
up by doË, for cátches >So|/l-o m2, p=42.g?) .

Figure 6L.--Distribution of Mallotus villosus Ia¡r¡ae
in bongo to¡rs( A. Mar. 1-15, B. Mar. i.6-3L
(catch/LO m'=P'/Z.S2gL, where p=percentage of
width of sector taken up by dot, for catches
>5oo/10 rnz , p=42.gt).

Figure 62.--Distribution of Mallotus villosus larr¡ae
in bongo tows. A. Àpr. 1-15, B. Apr. 16-30
(catchrzlO m'=P'/2.529I, where p=percentage of
width of Fector taken up by dot, for catches
>Soo/Lo n2, p=42.8S).

Figure 63.--Distribution of Mallotus villosus I-arvae
in bongo tows, ltay r-rs lcatch/iõ;z=pz/z.s2gl-,
where P=percentage of width of çector taken
up by dot, for cãtches >5Oo/10 m2, p=42.gt).

Figure 64.--Distribution of Mallotus villosus larvae
in neusÈon tow^s, A. Mar. 1-L5, B. Mar. 16-3L
(catch/ LO m2=p?/2.52g1,, where p=percentage of
width of pector taken up by dot, for catches
>5oo/ t-0 mz , p=42.8?) .
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65.--Distribution of Mallotus villosus larvae
in neuston þoqs, A. Apr. 1-L5, B. Apr. L6-30
(catchr/lO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for cat,ches
>5oo/10 m2, p=42.gt).

66"--Distríbution of Mallotus villosus la:r¡ae
in neuston Foqs, A. May 1-L5, B. May l-6-3L
(catchr/lO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot,, for catches
>Soo/Lo m2, P=42.gt).

67.--Distribution of Mallotus villosus larr¡ae
i¡ rleuston tows, June 1-15 (catch/lO
m?=p2/2.52g1, where p=percenÈage ór width of
sector taken up by dot, for catches >íOO/LO
12, p=42.8*).

68.--Distribution of Leuroqlossus schmidti larrrae
in bongo tolrsr^ A. Mar. 1-15, B. Mar. 16-31
(catch/lO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>5OO/\O m2, P=42.8t).

69.--Distribution of Leuroqlossus schrnidti larvae
in bongo tops,^ À" Àpr. 1-15, B. Apr. 16-30
(catchrzLO m'=P¿/2.529L, where P=percentage of
width of sector taken up by dot, for catches
>5OOl10 n2, p=42.8?).

70. --Dist,ribution of Leurogrlossus sch¡nidti larr¡ae
in bongo towsr^ À. May 1-15, B. May 16-31
(catchrzlO m'=P'/2.529L, where P=percentage of
width of sector taken up by dot, for caÈches
>5oo/10 rnz , P=42.8?).

71.--Distribution of Leuroglossus schmidti larr¡ae
in þongo tows, June 1-L5 (catchr/lO
m'=P'/2.528L, where P=percentage of width of
sector taken up by dot, for catches >5OO/LO
fr?, p=42.gt).

72.--Distribut,ion of Stenobrachius leucopsarus
latr¡ae in bongo tpwç, A. Mar. 1-15, B. Mar.
16-31 (catch/10 m'=p'/2.529]-, where
P=percentage of width of qector taken up by
dol, for cãtches >soo/t-o m2 , p=42.8å).
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73.--Distribution of Stenobrachius leucopsarus
larr¡ae in bongo tpwq, A. Apr. 1-15, B. Àpr.
16-30 (catchrzl0 m'=P'/2. 5281, where
P=percentage of width of qector taken up by
dol, for cãÈches >500/L0 rnz, p:42.8t) .

74.--Distribution of Stenobrachius leucor¡sarus
Iarrrae in bongg t^ows, A. May 1-15, B. May 16-
31 (catchr/lO m'=P'/2.528L, where P:percentage
of width of secto^r taken up by dot, for
catches >5OO/10 rnz, Þ=42.88).

75.--Distribution of Stenobrachius leucopsarus
Iar¡¡ae in bongo tpwç, A. June 1-15, B. June
l-6-30 (catch/lO m'=p1/2.s29L, where
p=percêntage of width of qector taken up by
dol, for cãtches >500/10 m2, p=42.8å).

76.--Distribution of Lvconectes aleutensis lan¡ae
in neuston tows, A. Mar. 16-31, B. Àpr. L-1,5
(catch/1O m'=P'/2. 5291, where p=percêDtage of
width of sector taken up by dot, for catches
>500/10 rnz, p=42.gt) .

77.--Distribution of Lvconectes aleutensis lan¡ae
in neuston tow.s, A. Apr. 16-30, B. May i,-Ls
(caEc}r,/IO m'=P'/2.529L, where p=percêtrtage of
width of sector taken up by dot, for catches
>5oo/10 m2, p=42.88).

78.--Distribution of Lyconectes aleutensis lalr¡ae

79.--Distribution of Lvconectes aleutensis larl¡ae

80.--Distribution of Anoplopoma fi¡nbria lanrae
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Figure 8L.--Dist,rÍbution of Anoplopoma fírnbria larvae
ip neuston tows, June 16-30 (catch/lO
m2=p2/2.52gL, whäre p=percentàge of width of
sgctor taken up by dot, for catches >íOO/LO
ß2, p=42"gt).

Figure 82.--Distribution of Hippoglossoides elassodon
lar¡¡ae in bongq tgws, À. Apr. 16-30, B. May
1-15 (catch/LO m'=P'/2. 5281, where p=percêDtage
of width of secto¡ taken up by dot, for
cat,ches >5OO/10 m¿, P=42.8t) .

Figure 83.--Distribution of Hippoglossoides elassodon
Iarvae in bongo^to-ws, À. May 16-31, B. June
1-15 (cat,ch/1 O m¿=P¿ /2 . 5281, where p=percentage
of width of secto¡ t,aken up by dot, for
catches >5OO/10 m¿, P=42.8t).

Figure 84.--Distribution of Hippoqlossoides elassodon
lan¡ae in bongo^ tows, A. June 16-30, B. July
1-15 (catch/1O m'=P'/2. 5281-, where P=percentage
of width of secto¡ taken up by dot,, for
catches >5OO/10 m¿, P=42.9t).

Figure 85. --Distribution of Lepidopsetta bilineata la¡:r¡ae
in bongo to^ws( A. Mar. 16-31, B. Àpr. 1-15
(catch/1o m'=P'/2. 5281, where p=percêntage of
widÈh of Sector taken up by dot, for catches
>5oo/10 m2 , P=42.8t).

Figure 86.--Distribution of Lepidopsetta bÍlineata larvae
in bongo tows* A. Apr. 16-30, B. May 1-15
(catchr/IO m'=P'/2.529L, where p=percêntage of
width of sector taken up by dot,, for caÈches
>5oo/10 m2 , p=42. gå) .

Figure 87.--DistribuÈion of Lepidopsetta bilineata larvae
in bongo to^ws* A. May L6-3L, B. June 1-l-5
(catchrzl,O m'=P'/2.5281, where p=percentage of
width of sector taken up by dot, for catches
>5oo/10 n2 , p=42.8å) .

Figure 88.--Distribut,ion of Lepidopsetta bilineata larvae
il þongo tows, June 16-30 (cat,chrllO
m'=p'/2.S2BLt where p=percentage of width of
sector taken up by dot, for catches >1OO/LO
12, p=42.gg).
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Figure 94.--Distribution of Hemilepidotus spp. lan¡ae
ip bongo t,ows, Apr. L-lS (cat,chlL0
m?=P?/2iszet, orn"r" p=percàntage of width of
sector taken up by dot, for catches >500/10
frZ, p=42.gå) .
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89.--Distribution of Atheresthes stomias larvae
in bongo to¡rsr^ A. Mar. L-15, B. Mar. L6-3L
(catchrzlO m¿=P¿ /2.529L, where p=percent,age of
width of Fector taken up by dot, for catches
>500/L0 rnz, p=42.BS).

90.--Distribution of Atheresthes stomias lan¡ae
in bongo towsr^ A. Apr. L-Ls, B. Apr. 16-30
(catch/lO m'=P'/2.528L, where p=percentage of
width of sector taken up by dot, for catches
>500/10 m2, p=42.gt).

9L.--DistribuÈion of Atheresthes stomias larlrae
in bongo towsr^ A. May 1-15, B. May L6-3L
(catch/lO m'=P'/2.529L, where p=pêECêntage of
width of sector Èaken up by dot, for catches
>5oo/10 m2, p=42.gt).

92.--Distribution of Àtheresthes stomias larr¡ae
i;r b"ongo tows, June 1-L5 (catch/lO
m'=P'/2.5281, where P=percent,age of width of
sector taken up by dot, for catches >íOO/1.O
12, p=42.gå).

93.--Distribution of HemilepidoÈus spp. larvae
in bongo tolvsr^ A. Mar. 1-l-5, B. Mar. L6-31
(catch/LO m'=P'/2.52AL, where p=percentage of
width of sector taken up by dot, for catches
>5oo/l-O m2 , p=42.gt).
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97. --Distribution of Hernilepidotus hernilepidotus
larr¡ae in neuston towF, ^4. Mar. 16-31, B.
Apr. L-Ls (catch/lO m2=p2/z.52gLt where
P=percentage of width of qector taken up by
dot,, for cátches >500/J.0 m2, P=42.8S) .

98.--Distribution of Hemilepidotus hemilepidotus
Iarvae in neustçln Èows, A. Apr. 16-30, B. May
1-15 (catch/l O m?=Pz / 2 . 528L, w-here P=percentagã
of width of secto^r taken up by dot, for
cat,ches >500/10 m2, P=42.8t).

99.--Distribution of Hemilepidotus henilegidotus
larvae in neustgn tows, À. May 16-31, B. June
1-15 (catchrzl O m?=P?/2.528L, whère P=percentage
of width of secto^r taken up by dot, for
catches >5oo/10 n2, P=42.8å1.

l-00. --Distribution of Hernilepidotus hemilepidotus
Iarv^ae in neuston tows, June 16-30 (catch/lO
m?=p2/2.52gL, where p=percentage of 'widttr- of
sector taken up by dot, for catches >íOO/LO
ß2, p=42.gt).

101.--Distribution of Cottidae lar¡¡ae in bongo
tgws., À. Mar. 16-31, B. Apr. 1-L5 (catch/1-O
m'--P'¡2.5281, where p=perCêntage of width of
sector taken up by dot, for catches >500/10
il2, p=42.gå).

102.--Distribution of Cott,idae larvae in bongo
towr" A. Apr. 16-30, B. May l--15 (catchrzl0
m'=P'/2.529L, where p=percentage of width of
sector taken up by dot, for catches >5Oo/L0
h2, p=42.gå).

L03.--Distribution of Cottidae larvae in bongo
tgwq, A. May l-6-31, B. June t--15 (catch/10
m'=p'/2.S2gLt t¡here p=percentage of width of
sector taken up by dot, for catches >íOO/LO
ß?, p=42.g?) .

104.--Distribution of Cottidae l¡Rfae in bongo
tows, June L6-30 (catch/LO n?=p?¡Z.SZB1, where
p=percêntage of width of sector taken up by
dol, for cãtches >Soo/Lo m?, p=42.gå).
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105.--Results of recurrent, group analysis of
neuston catches by date window, A. Feb. L3-
28, B. Mar. L-15, C. Mar. 16-31. Boxes
encl-ose members of recurrent groups. Lines
connect taxa with affinit,ies outside their
groups. Numbers of occurrences are in
parentheses.

L06.--Results of recurrent group analysis of
neuston catches by date window, A. Àpr. 1-
15, B. Apr. 16-30, C. May 1-15. Boxes
enclose members of recurrent groups. Lines
connect taxa wiÈh affinitíes outside their
groups. Numbers of occurrences are in
parentheses.

L07.--Results of recurrent group analysis of
neuston catches by date window, A. May l-6-
31, B. June 1-15, C. June 16-30. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups. Numbers of occurrences are in
parentheses.

108.--Results of recurrent group analysis of
neuston catches by date window, À. July 1-
L5, B. Sept. 1-15, C. Sept. 16-30. Boxes
enclose members of recurrent groups. Lines
connect t,axa with affinities outside their
groups. Numbers of occurrences are in
parentheses.

L09.--ResulÈs of recurrent group analysis of
neuston catches by date window, A. Oct. 1-
15, B. Oct. L6-31, C. Nov. L-1-7. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups. Nunbers of occurrences are in
parentheses.

1L0.--Resu1ts of recurrent group analysis of bongo
catches by date window, À. Feb. L3-28, B.
Mar. L-L5, C. Mar. 16-31. Boxes enclose
members of recurrent groups. Lines connect
taxa with affinities outside their groups.
Numbers of occurrences are in parentheses.
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L1-1.--Resu1ts of recurrent group analysis of bongo
catches by date window, A. Apr. l--Ls, B. Apr.
16-30. Boxes enclose members of recurrent
groups. Lines connect taxa with affiniÈies
outside their groups. Numbers of occurrences
are in parentheses.

LLz.--Results of recurrent group analysis of bongo
catches by date window, May 1-15. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups. Numbers of occurrences are in
parentheses.

LL3.--Resu1ts of recurrent group analysis of bongo
catches by date window, May 16-31. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups" Numbers of occurrences are in
parentheses.

L14.--Results of recurrent group analysis of bongo
catches by date window, A. June 1-15, B. June
16-30, C. July 1-15. Boxes enclose members
of recurrent groups. Lines connect taxa with
affinities outside their groups. Numbers of
occurrences are in parentheses.

l-15.--Results of recurrent group analysis of bongo
catches by date window, A. Sept. 1-15, B.
Sept,. 16-30, C. Oct. 1-15. Boxes enclose
members of recurrent groups. Lines connect
taxa with affinities outside their groups.
Numbers of occurrences are in parentheses.

1l-6.--Results of recurrent group analysis of bongo
catches by date window, A. Oct. L6-31-, B.
Nov. I-L7. Boxes enclose members of
recurrent groups. LÍnes connect taxa with
affinities outside their groups. Numbers of
occurrences are in parentheses.
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Table l-. Collection daÈa of lalr¡ae in the
Alaska. Cruises are arranged in
order.

western Gulf of
chronological

Cruise Cruise dates
Nunber of
bongo stations

Number of
neuston stations

2t(E72
4vIF77
4DT78
2MF7 8
3MF78
4MF78
5MF78
1r{878
6MF78
1MF79
5TI79
r.Po79
r.sH81
1MF81
2MF81
2SH81
3uF81
4MF81
3SH81
1DÀ82
2D¡,.82
1CH83
t_sH84
LDï85
LPO85
2MF85
2PO85
1Gr86
1MF86
2MF86

Totals

Àpr. 19-May 11, 1972
Oct. 31-Nov. L4, L977
Mar. 28-Àpr. 20, 1978
June 1-9-July 9, L978
Sept. 8-2L, 1978
Sept. 24-OcE.7, L978
Oct. 15-Nov. L, L978
Oct. 25-Nov. L7 | L978
Nov. 5-24, L978
Feb. 13-Mar. 11, 1979
Uay 16-24, L979
Sept. 2-Oct. 11, L979
Mar. 5-18, 1981
Mar. L2-2O, 1981
Mar. 30-Apr. 8, 1981
Apr. L6-24, 1981
Apr. 26-!Iay 2, 1981
May 20-24, 1981
May 20-28, 1981
Apr. 4-23, 1981
May 21-31, 1981
May L6-31, 1983
Apr. 17-May 9, 1984
Mar. 11-Àpr. 2, 1985
Mar. 29-Àpr. 2L, 1985
May 1-12, 1985
May 16-June 8, 1985
Mar. 30-Àpr. 20, 1986
Apr. 2-L3, 1986
May 1-19, 1986

67
59
86
88
26
66
l_9
97
43
88
58
L7

131
31
89
60
79
75
57
83
62
62

160
69

154
62

189
L49

80
108

2,4L4

0
83

r.13
113

28
45
11

L01
2L
89

0
47

130
0
0

60
0
0
0
0
0

62
]-54

0
151

0
189
t49

0
0

L t546



Table 2.-- Mean lengths (SL) and average number of taxa caught per neuston station by date window of the more

commonly caught species. (Average no./station = total no. caught divided by no. of stations where

taxa were captured).
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Table 3.-- Mean lengths (SL) and average number of taxa caught per bongo station by date window of the more
commonly caught species. (Average no./station = total no. caught divided by no. of stations where
taxa were captured).

Fd tl-2¡ M¡r i_15 M¡r ló-31 Aq l_15 Ap tFs M¡yl-ts u.tr6-3r Juñ.r-rs Juñ.t6-s Jutyt-ts sopa t-t5 s.F tÞI G t-t5 od t6-Jt tov t-t7
^q 

Avg A'9 An 
^€ ^,9 

A!9 
^vg 

A{ 
^[ ^f ^n ^vg ^"g ^v9'ôM€¡næMsrnmMG¡¡mÍ4.nrc¡.¡nnoM.¡nmM.¡îmú.¡nrcM.ümM.¡ñæga&mt..næÍ.anmM€¡nnoMeånSrc¡o! øuehl l.noll augñl þnÍn ø4hl bqiñ dugll þryû a{il ¡ngú c¡úght l.ngih qughr þnÍh qugñr r.ñSh qwn þqûh øqñr bngû øWd bqû aqñ bqû aught hqth ought t.ngt¡ øughr r.nstñ

fheÁgtach.bog..mmt I I a3 2a5 aC UO aa 1233 52 t57t Er 6a 7a 15 tat

Gttu|ñtøæPàttus 92 .t t53 aa 3¡ 50 3! 7s r! !9

Añnodfl¿th.ttÞtetut l0 155 5a 3a7 53 l7a !t æt to7 ltc to9 06 t67 12 taf

a,tñrñtstetspp t9 71 21 6a 2Sa 6t Zrl 5a 22t ra6 66 20

SeøtstessØ t7 sz 3a Sa 15 5z 5t 51 5! t¡2 atl te

u.tbtushilo3us 5E 3?0 34 38a 30 367 t! S6 ta at I 16 aat øgl aO2 32 2St t6t 27a 117 22! S2 25a

Htwg¡ossùdesetâssoØn r! 5! a8 õ2 ro9 ó9 za !3 t9 ¡¡ 16 r5i

LcpØpsertbtñezt. ?9 31 5! at 5! a5 5o a9 36 Êo 25 92 t¡ lr¡

Athêrcsth.ts¡om[s 20 7t 29 7t S¡ a2 35 ta t7 ltz 29 t36 Zi t6S

H'Wglotlussênoteoß a3 lt2 ta ta3 16 ta! t3 ?Ot tt i6¡

Gltptoceû.tutzacñ¡ùs 22 at 20 9 I I S 106 2t t37

Ptâtch¡htt sr.iloh 26 a I

Ps.tùû,ãFm.t.¡os¡.tus le 127 ll 55

Ut¿.ostoñusrycncus tl 72 Z0 a0

tw*ilttsotepß 30 af 22 fa

Heñilqdotesw 27 6ô 2l E2 l2 9a ll 109 la! a! 2lZ at 160 5¡ 93 56

Stê@t.chtusþucoÞsatus 23 l8 tt a2 23 50 2t 32 39 55 2t ,2 2t ,a t S ¡l 26

Ptotoñtttotñuñtñoñpþr, I r et t2 aS tO r2a

Lcutogtossut*àñtüt 22 too 2s los t¡ tto r¡ tt¡ lE t32 t3 t59 23 t95 15

Ethlagusg.cútcu' ta !¡ t5 aa 28 95 t. tt7 17 tta

Het¿gÃnñosdecãq¿nñlJ r0 106 3l lO0 17 lr0 16 irö 32 tO, l2 l2a 12 tt9 55 t3!

n."qrmûostt9ceph.tu, 2! I aa 40 a2 2a tt 6

H¿ttgrtñño'tl¿tleil t7 ¡a 5! tlz 20 tto

P|øuqttnñùs nonqtet|9tus r a la 2 t3 3 tO ô

Ctc¡oprê¡dÀo l! 5t t6 32 25 5a 22 52 t5 ta

^Fnrd¿6 
t.2 66 t3 ta t< 13 ta 98 ta ¡5

Lunæñúsñ¿cutttut tt rl2 20 r2t ll lzt rô 1!6

LuñFnussg¡tt 27 t6a M!3 12 et I I 201

Lûtæneu.loagroshts 32 l2S I I 188

LEo¡æ¡os.teutøsis r¡ taa ll 169 la 162

Cot¡då6 t9 57 22 37 t¡ a¡ 25 Ot 2t !5 3! C7 3t

Gnîodn¡husA 2a 76 20 ta ¡e It

MlotocèFh.tus? ,t 23 fa 5! 91 20 9E

Att.ótusà.nngþil ta !¡ tZ !6 t3 a!

oiDàtd¡å 5¡ 9 !¡ c tl a zt g ,3 5

è
('l



46

6r 00d

t0 00

59 00

5a 00

5t 00

5ô 00

5J 00

51 00

51 00

s2 00

169 æt r6t 00 !a¡ 00 tas oo

Figure L.--Near surface currenÈs and èorne geographic and
bathygraphic features of the western G.urf of Alaska.
Currents based on Reed and Schumacher (L996).
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I CHTHYOPLANKTON RANK ABUN DAN CE
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Appendix Figure 1. --Relative abundance
fish lar¡¡ae in the

-NU^MBER CAUGHT rto¿0.00 I 6.40 !2.80 rg. ¿a 65.60 82. OO

(based on number caught) of
neuston tows.
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--Relative abundance
fish larr¡ae in the

(based on number caught) of
bongo tows.

Àppendix Figure 2.



FESRUAFY IJ æ

49

ICHTHYOPLANKTON RANK AEUNDANCE
c€^R' rEUSf0N Sf^0E' LARV^E

PERCEXT OCCURRENCE¡0.o0 40,ú t@ @

MrcH I+I1

3EX^Gn^ñS 0EC^Cn^ilS
åEñlLEPt00tus st.
PLEùi00iñs ñÈoP¡Eitctus
rEx^oims stÊLLEit
à^tt0tus YlLLosus
rEr^c¡¡il5 0c100n^ñs
8^rHtn^stÊi 5P.
HEIgEIDA€
5E8AS'E5 SP

ur toErïttE0

u¡cH r.r5

H€XÁôi^ñs 0€c^ci^ils
H€iIEPt00lus sP.
PtEùn0cFÁils rc¡0PtEirctus
¡.IAGiÑS SIELLEñI
HÉt^cn¡ñ5 0ct06RÁfts
üttofus YlLL0su6
ËE¡^GnÀñ10¡E
¡ñ0rtEs x€rAtfERUs
fEtAciñs Lrc0c€lx^Lu5
0sÉit0ÀE

ÍE¡A0R¡mS 0ECáCi¡ilS
XETACNÀmS S¡ELLEiI
PLEuioc¡^ilt iliott¿itctus
3EÉ[€Pt00tus sF.
HEillEPl00f us lEnltEPl00rus
HEñt LEtt00lus sPt iosus
HEX¡CñAffiS 0Ct00R^ñ9

0t stIfEoi^rE0
ñÀLLolus Yt!Losus
trco¡EctEs 

^tEUtEÍstssÌ tc¡^E¡oAE
tAlrrñ^5tEi sPt.

^mor¡Es 
HE¡ffEiùs

rEñlLEtl00lul J0i0^it
cHtñ0totxts oEcoi^rus
HEt^ûi^ms t¡c0cEPHALUs
HE¡^Citñt0¡€
oPxl000x Et0iô^tus
cYcL0tlE¡t0AE
ñr0l0c€?ß^LUs 0
cH¡iolorxls sPP.

¡ñtÈt

N€taoiAñ! DEc^o¡Ails
Lrc0xÉclEs ¡L€ulE¡¡ß
rEÉltEPl00f us üitt€tt00¡us
lHEi¡04^ cÍ¡Lc0ci¡il
añ0rl€l Í€x^PtEius
¡€ilLEPl00tus Jotoilt
ñALlotus vttL0s0s
DtSt¡fEôiÁ¡€0
HEIA4ÑS SIELLEiI
st tctsÁ€t0ÂE
HEñILEPIOOfUS SP.
¡€¡tLEPl00fus sPtx0su9
o€LolEPts ctcÐfE^

FLEUá00nñS tu¡oatEir6¡us

¿pioñ^ stLEius
c0ft t0AÉ

^ioltotoM 
rtÉit¡

xEtÂGR^ñ¡ L^C0CEtHrtUS

sEt¡StES Sat
c¡0l0AE
!r¡ DE¡l tF tË0
6^0u5 Érci0cEf¡aLUs
sÌEr0lnÀcÍtus LEuc0PS^ius

^tüÉiEsfHES 
5t0it^s

LÙÉE¡ELl^ L0¡6tiosr¡tS
cHtiolotxts sPt.
f, €tih¡¡Df tus ¡tPPoGLossotoEs
Htal00Lossus stExotEPts
LEFI00PSEf f Á 3rL rr€¡ra

PERCÊ[I OCCURñEICE

PERCE¡f OCCURRETCEo.@ to.ú ¡.o
PERCEìI OCCURRENCE0.m 20.@ .0,m m.m m.6 16.@

HEtA0i^ms 0EcA0t^ms
hEt[Ett00lus HEÈtLEtt00tus
LrcotEctEs 

^tEul€islshEtAoi¡ñs slEtLE¡t
HEnt(EPt00lus slli0sus
HEñITEPIOOfUS 5P
PLEUi00f,^ñS ru¡0Pt€¡Y0tus
ñ^LLotus YlLtosus
HErÁr¡^ñs sPt.
fxEi^01^ cH^Lc0cRÁñA
NEÉtLEtt0ofus Joio^rt

^ffiDrfEs 
HEXffEius

sttcx^Et0^E
0¡s¡ilEoi^tE0
¡¡PRo¡^ STLEXUS
cHInoLoPrts oEcûi^tu9

ÀxotL0¡0n^ Fló¡t^

ch¡noloPXls sPa
UI IOEÈf IFI EO

tÉ¡tootsETrA Ett trE^Î¡
c0ttt0¡E
6riloc^¡lHus 5P.
6tnoc¡¡lxus ¡
oPff1000¡ ELo¡c^lus
sE8^StES SP¡
ôADUS MCiOC€IH¡LUS
hrcfoPtst0^E

^fFE¡€StHES 
Sl0nt^S

HtPP0ôL0SSUS 5rErotEPtS
cfct0Pl€nt0A€

^ô0i 
l0^€

iloxocEatsÁLUs c
Éf0x0cE?ÍALUs 6
DELOLEFIS CIOA¡IEA

Appendix Figiure 3. --Relative abundance (based on percent
occurrence) of fish larvae in neuston towst
Feb. L3-28, Mar. L-15 , Mar. L6-31 , Apr. l--15 ,
Apr. 16-30.
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Appendix Figure 4.--Relative abundance (based on percent
occurrence) of fish larr¡ae in neuston tov/s,
May l--15, May L6-31, June L-15, June l-6-30,
JuIy l--L5.



51

ICHTHYOPLANKTON RANK ABUNOANCE

oEAR' NEUSf0t SrACE' L^RVAE

SEPÍEMEEE T6.æ
SEPEUAER I'I5

olåRcEtlp.Soccu8$l}ocE .p.oo,0.*'po'

ol&*cÊtlp.oooccul[tltocE op.. .p..'po.'

.pERcEÈJo.gFcuRsiscE.o.6 re.@,æ.o

olåRcErlo.9occuR[i&cE op * 'p., 'po 
*

HEXACN¡MS LÀ6OCEPXAIUS

HE¡ÀOñ^Ñs 0cl0GiAÑs
EArHti^slEn sP.
05Éñt0^E
il^LLOIUS v¡Ltosus

NE¡AOiAÑS SfELLE¡I
RO¡OUILUS Joio^il
LEPl0c0ltus ¡FÉ^fUs
SEB^S¡ES SP

OI SI¡IEG¡AI€O
UN I D€¡T IFI ED

i^cR0uil!AÉ
NEñILEPIDOIUS SP.

3€t^oiÀms LÀ00cEPts^lus
H€XÁGiAffiS 0CT0Cn^ñS
O^1HYñASfER SP,
dEiILEPIOOIUS SP

x€tÀ0n^ffis slELlEñl
HEXAôF^mS SP.
0sÉit0A€
ñALlolus vlLtosus
R0ì00tLUs Joio^il
0t sl¡1EoR^fE0
sEEAS¡ES Sl.
PLEUiOCn^ilS rcN0Pf Eir6lus
Ai¡E0lus I

crct0PfERl0AE

^Pl0CrCIUS 
VENÌilCoSUS

HEXA6I^ñS 0EC^Cn^ms
c^stER0slEUs 

^cutE^1usPioÌoiYc¡0PHUñ rH0FS0rl
!¡toErr lFl€0

æ]wFt rs

olåRcEilL.0fcuR[ç¡iocE .e.@ .p oo 
'po.oo

ÉEXAOnAtrS LÀ60C€PH^tUS
H€X^cR^ffiS 0Cf0Gn^ñs
Ê^tHrñAs1€¡ sP.
xEx^oflñs SfELLERI
HEXACFÁffiS 0EC¡Ci¡ÑS

HEðfLEPIOOfUS SP

0sÉit0¡E
i^LL0¡us v ¡Llosus
PL€UiOCa^ilS ñt0F1Ef, rclus

^f,tE0tus 
r

cÁstER0slEus 
^culE^1us

w4ar.rt

HEittEPt00fus sP.
HEX^O¡^ús stE!LEil
¡EX¡ORÁMS LÀGOCEPXALUS

H€XÁC¡Àms 0EcÀ6i¡fts
HEt^Gims 0cl00RÂÑ5
PLEUROC¡^ms Éx0Pf Eitclus
ñA(L0rus v¡LLosus
aÀfxrÈ^sl€ñ 5t.

0sÉß10^E
UN I DE¡f IF IEO
rrE¡^ô¡^ cH^(coci^m

^P¡OCYCLUS 
Y€TlRICOSUS

s€g^stEs sP
PioroilcloFHUi rH0És0¡l

H€IACR¡MS SfELIEiI
HEXÀC¡AñS !A60CEPHAIUS
¡EX^C¡^mS 0C100ñÑs
H€NILE?IOO¡US SF.
PLEUnOon¡ftS ro¡oêf Eilclus
H€X^ôR¡ñS 0EC^0iÂm3
ñ^LL0tus vlLLosus
8^tHtn^stEi sF.
H€tÁGi^ffis sl.
XETAG¡ATIOA€

^Ptocrclus 
YENlllc05us

0str¡10^E
LE?t0c0ltus aRilrus

^¡¡E0tus 
I

Ércl0Pfll0¡E

5.--Relative abundance (based on percent
occurrence) of f ish larvae in neuston tot'/s '
Sept. L-Ls, Sept. l-6-30' oct' 1-15, oct' l-6-
3L, Nov. L-L7.
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Appendix Figure 6.--Relative abundance (based on percent
occurrence) of físh larvae in bongo tows,
Feb. L3-28, Mar. 1-15, Mar. 16-3L.
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Appendix Figure 7.--Relative abundance (based on percent
occurrence) of fish larvae in bongo tows,
Apr. l_-15, Àpr. t-6-30.
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8.--Relative abundance (based
occurrence) of fish larvae
May 1-15, May 16-31.

Appendix Figure on percent
in bongo tohrs,
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Appendix Figure 9.--Relative abundance (based on percent
occurrence) of fish latr¡ae in bongo tor,rs,
June L-l-5, June L6-30.



UY ÍTI

56
I CHIHYOPLANKTON

CE^R,80ffc0

PERCEXI OCCURREXCEæ.6 .C.6 .0,æ rc,ø

PERCEXI OCCUNRE¡CE
æ.6 r!.@ æ,d

RANK ABUNDANCE

Sf^CE' LARY^E

-r sæFr.ts

8^lfftMstEi st.
sEl^9fE! sP.
slE¡ot^cHtu5 t.
HtPr040ssot0Es EL^s3000¡
0LrllocEtH^LUS ¡ÁCXlruS
Élci09tm3 fÁctFlcus
Þ5Ett¡cHttts ELilo!ncfus
stEiil¡ft¡0¡ LEWm&S
iflou¡t0¡ sroùI
¡silsÌr^ lsolErI3
zmot^ stLEtus
tEi^*A CHIC04¡ü
rEUm4OSsU9 SCill0tI
åatHrt^ow tÁctftcut
lAfhrL^M ñ[LEit
0sEitDI
urtoE¡t¡FtE0
PiolotcÌotM t¡otsott
Pi0t0tcl0Pruñ ciocrEit
Lrc0rÊcrEs [€uIE¡3ts
ilciMl0Æ

^irEotu3 
I

tEt^Gtañs Nc^6ñ3
(E¡tooPs€tr^ !t!ttE^r^
MrEotus E0tl

0sErt0^€
HÊr^ilm3 t^oocEã{u¡
L luD^ 

^s¡Êi^l^tfflMltEi st.
ñlÊ0lu¡ H^ilt¡otqI
tsE¡IcHtHrs EtÆ0sltcfùsE¡^4m! oc¡fttru
s€tÆt:s s,
srErq^cHtu¡ tEUCffi[Us
i¡ttorus rtltosus
morwcforun tHotst
H€r^Grm8 $.
c0¡il0Æ
LErtffiE¡t^ rt!tiE^r^
0¡¡l¡t€4^tED
urtæ¡rI¡l€0

P€RCEXT OCCUNREICEo¡9o rp.o .9;ø - F.6 rc.O

PERCETI OCCURREXCEoe ¡p.6 .9;æ - 8.6 aO.@

ffiiE ffiir-r5

03Eit0Æ
HEitrEtt00t6 ¡r,
HEt¡affiS L^@CE?HAUÉ
s¡¡rü^ütG tEucæsM6
Et^qms ætoatE3
4t0¡u5 vItlos
slÊGefru¡ ¡?.
sElÉtãs s?.
¡Atfftust[t t.
Étd¡æ iÎ€tt4t
LlruA ^ilt^{l€otut r
0I¡t¡¡tú¡t€0
norffictffi tffiqt
L:UiRoS¡U! SCû¡On
tcEt¡rB 9.
tsrUcxtwt ElùosltctustMmrs t€t[u¡
[tEotu5 EUtl
MrEotus $.
Htftctostot4s ELÀSSODfl
i&qtru3 ¡sftttus
utoÊrf tFt€0

ffiñrñr

EñlLlrt00rut it.
É^tt0tu5 v¡Ltosu3
03Ett0Æ
[¡¡4¡m 3tÊL!EitEnrm 0cl0mñ3
E¡Àdñt t^ooc:tH{uslËi¡fl^ ü[cH¡ft
[l€otut r

u¡r0E¡ftft€0
{tE¡t05 sP.
c0rrt0^€
rlEIItchf¡r! Étd03ilcrusptælctu3 YE¡ttIc0sus
mtoncÎoru THoÉlOrt
StEr@r^qtu! t!uc@sIurE|MñS æC^flm!

reñtttt00ru3 s.
03f,rt0E
Ë¡â6m! t¡æ€Hlus
sElatEt s.
4!OtUi rItoss
SltnHtq LÊùcçsNSE¡^4ru ætHm¡
l^lErutEt st.
MIEIE I
ËtHñt 9tl!!4tsfgilStw r.{t:otut 2Hlæ6Stoct ¿^siouolrtrHñlq zefl¡ru!
¡cEltru! L
Ittwsll^ lIt¡E^r^
LÊquo$us scHt0n
rr0rñctomn trcÞ!il¡

witrT

{ñlt:tt00tu3 3t.
4tqrus tItloswaMrs YEtutusPfttwcforu rrcrlort
L€Umosiut silto¡trtE[d¡õ¡ ûotfEitctusËrA4ñ3 gT€rt€tl
Ët^q¡ñ! oEc^ciru
crcL0tr€it0Æ
aErÀ4ñ3 oclooim¡
*rHæs t^ooc€ta^tus
sl€¡il^CxtUS lEUCilSÀiUS
0ftit0Æ
5rEiiltcfftu3 sP.
sElÁst[s 9.
ilt€otus I

u ¡Gin r tc0
[tÊotus 2fËig¡ Et^tcooi¡m
!^lffru!ÎEt 5t.
{1€0lus E¡¡rt

Appendix Figure L0.--Relative abundance (based on percent
occurrence) of fish lanrae in bongo tows,
July 1-15, Sept.1-L5, Sept.16-30, Oct.1-
15, Oct. 16-31, Nov" 1-17.
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HEI^fimt st,
HEñltEFt00rut stlr0su3
xEiltEPl00lut H€ñ[EPt00tus
0t st¡¡t4^tE0
n^ttolus vlLtosus
PL€m0¡ñ3 ñr0?f:¡t6tus
Lrc0¡€cTEs IEut$sIs
iEx^0iAru sIEtLEil

^ñ0rtE3 
i€¡APfEiuS

sll98¡Et0^E
¡EñltE?l001us J0üArt
H€XAoiAñS oCtoC¡AilS
8^rHrn^stEi sæ.
cxtiototils oEcoi^tu5
oPHr0u E(0i0^¡us
HEX^qml t¡00c€P¡[us
crct0rlEil0AE
cHlR&0tÍts s?t.
nr0r0cEã^LU8 0
XE¡AOREIOÆ

--Relative abundance (based
of fish larr¡ae in neuston
Mar. l-15, Mar.16-31.

Appendix Figure 1_1.
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Appendix Figure L2.--Relative abundance (based on number caugtrt)
of fish larr¡ae in neuston tows, Apr. L-15'
Apr. L6-30, May 1-15, May 16-31.
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ICHIHYOPLANKION RANK AEUNOANCE
GEAR' TEUSTO[ STACE' TARYAE

APnf, 1t!

spEcrEs .l&ñ8ER',9âJG"r...* '',91* ,...* ,"0 *
HEt¡Ci¡ñS 0ECÀ04^ñS
HEñILÉPIOOIUS HEñILEIIOO'US
H€ÉILE'IDOfUS S?
PLEm0Ci^ms Ær0PtEir0tus
LICO¡ECIES ALEUfE¡SI5

3€itL¿Pt0orus sttrosus
iltLotùs vtLtosus
0tst¡t€cl¡tE0
HET^GiffiS SÌELLEiI
H€ilt€Pt00ru5 J0r0u¡
¡ñ0rfEs HEr¡Fr€nus
lHÊi^Gi^ cxÀLc0ôiaÉ^
HE!a0i^ñt0ÁE
st tcx¡EtDÆ
¡^PnorÀ s¡Larus
cxtrdotats D€coiatus
uxtoEif tFt E0

¡¡0P10P0il FtËit 
^rEPlo@sEft^ 6tLt[E¡lA

ctcl0Pt€tt0^E
corr t0^a
àr0xocEPHúus 0
ñr0¡@Et¡¡fus a

¡ÍH€¡ESTHES Stoñt^S
xtPP00Lossus srEx0LE ts

orHr000x ELoic^ru5
s€B^sl€s sÞt,
c¡0us ilc¡0c€tå¡(us

o€LoLE|!s ctô¡rt€¡

SP€CIES

NEr^Gl¡ñS 0EC¡6t^ftS
LYCoTECTES 

^LaUlEtStSHÉñILEIIOOIUS H¡ñILE'IOOIUS
¡l@rrEs Érfr€ius
ñat0fus vt(L05us
z¡Fro¡^ stLEius
0t stxfEôi^tE0
HEX^otffiS SrEtL€nl
Árollotoia ttatÀ
hañtLEPt00¡ut Jdo¡xt
otHl000r EL0¡0^tus
N€ÉtLEFt00tus 5rtiosus
LEFl00¡sEtl¡ atttrEÀrA
uitoEit tatE0

HÉX^GtÁñS DEC^GtAilS
HEñIIEPIDOIUS XEiILEPIOOIÙS
l¡€¡¡0¡¡ cH¡tc0ci^ña

^ñ0rl€s 
HEt^¡lERUS

Lfco|EctEs ¡tEurE¡sls
ñ^rtotus rttLosus
HE¡l(EPl001US J0r0^rr
0t strrEGR^ÌE0
HÊiILEPIOOIUS 5P.
sl tcH^Et0¡€
HÉÉILE?IDO¡US S?I¡OSUS
PLEUi0GTrñS rctO¿lEnrCtUS
àtx^ci^ñs s¡€LtE¡t
oat0LErts 6tc¡¡fEA

B^lHlã¡s¡Ei sPt.
z^ProiÁ 5¡LE¡Us
sE8¡SIES S¡P.
cott t0^E

^xoPto¡oM 
¡ tE¡t^

cHtr0t0¡åts stt.
urtoErr IrtE0
r€ll00ts€tt^ ttLtxÊ¡r^
HÉl¡c¡Âñ3 L^C0CEPXALUS

cdus McrocEÞH^tu5
srÊrili^cHtus LEUC0PSMUS
Ht?rútossus sf€r0LEPts
i€lr¡^roilus Htt?0ôt05s0t DEs

^tH€i€stÉs 
st¡it^s

LUTETE(t^ t0rcti0stits

spEcIEs olgñ8ER'rqtoucHrrr.. ''r.0:,0 .!.6 5¡ @

^ft0ttEs x¡¡ÞtE¡us
HE¡^6t^ñS 0ÊC¡6i¡ñs
rrcorEct€s 

^LEùfEiS¡Saror(0P0n¡ rtd¡â
0tstifEGi^tE0
s€lrstEs srP.
ãaLt0lus rtLtosus
ÌErrÉt^ c¡Atco6a^ft
xEitLEttD0tùs sFtiosus
x€iIEttDotus x€itLE?tootus

¡IOTOCEft¡LUS 5M.
0rHt000r ELo¡catus

HTPPOôLOSSUS Sr€iOLa¡ts
HEr¡d^ús srELLÊit
3¡rlLEPt00rus ioño¡¡t
0Et0LaPts ctû¡rrE^
5r tcH¡Et0^É
rrPr0cL0ssot0as EL^ssoDo¡

{t^0tÀHs 0ct00tffispL^llcxtxrs StELL^tus
G^0us n^cR0cEP¡A(US

c0t noAE
L€P100¡sÊtr¡ ¡trtxt¡rÁ
cLlPlocEPr^tus ¡¡cHttus
PsEltlc¡l¡fs 2

€roråirs !ts0¡

ia0@txus ¡0LE0tEs
LEPl0C0ftUS 

^iñ^fusPLEUi06rñS mtoPtairGtus
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I CH f HY OPLAN Kf ON

GEAR ' ilEUEIOI{

XUiEÉR C^UGHI ?rol0.6 r¿,00 ¿¡.00 .¡!,ú ¡a.ø NUfiBEN CAUGHI .IOI
¡0.00 .0.00 ô0.ù t0.6 too,ø

on number caught)
tows, ,June 1-L5,

trc!¡EclE9 [Eurilslt
ñ0ttEs Æ¡^rfEi6
¡EfaarME 0Ec^úims
rEhllEPl00tus HEillEPt00tus
80¡l@oil FlË¡tA
0rsr¡rEciAlÊ!
t¡utM!t€¡ 5P?.
¡*^cn^ñs sP.
¡moi^ stLEiut
st tchÆloAE
i^Ltolus vMosùs
rEÉtl€tt@t08 Joio^il
dEu0iñl 5lEtLEtt
fftüocEF¡^lus sPF.
0Lr?tocÊmtq ¿tcntiqs
sEE¡StÊ9 tæ.
NE¡^G¡lñ9 0Cl0!im5
0?xt00ft EL0¡0^tus
¡tPruôL0s6us 51EN0!EPl¡
8LE¡St^S iltOEUt
oEL0tt¡ts ôta^itEA
ñlçrustÙÉs P¡c¡FtQus
hÊtÆtñt0^E
c0ft I 0¡E
cYcL0¡t¿¡t0^E

€lrtsrüsl€i 9,
ffiorlÊ! isxurEius
HE¡^d¡tr EC¡Ci¡ñ6
sÉt^sfÊ9 sP.
Ltc0rEcfts ¡LEUtEists
Hant(E toofus ilitLEPtD0tùs
d0tt@0ñ^ flü¡^
xtñlrE?Imrug Jmol¡t
0lSlrlE!¡lrE0
hE¡ldtffi 5?.
0¡rt@s ELqorrls
HEtaqm 9fEl!tit
HEi(ttl00tu3 9.
re¡mtn{l 0cf00i¡ñs
itai(i8rw6 PættI{5
a^rHn^tr€it0Æ
sÎ¡a¡Æus rucl^ru3
i0¡0ultùs Joi!ilt
4roÉNil¡¡ED

8ÀlxlilatEi sP;
05Eilô¡E
E¡loims oEc¡dffis
¡ffiDtfEs H€xftEiuS
trÊo¡EctEl 

^LEUttffstSil0l@gt¡^lus st,
ÆitLPtEtG HEiltEPt00tuS
Ha¡¡oiml SfELLE¡l
st¡6r€s s.
Æx^0i¡m3 3P.

^loPl@oil 
tltnl¡

6^0t0^E
¡rIEPt00lu6 J0¡0dt
5tlcH^€t0Æ
0l 5l¡lEli¡tÐ
É¡¡tEil00tus s¡,
0¡Nt000 ElMlru5
EtÆnffil 0ct00i¡ns
r!Ëi¡ciA cNAtc0dffi
ntq¡05t0ñs P¡ctFlcus
LEPt4PSEftA Sltl¡E^t¡
6LtPl0cÊ?i^t03 ¡¡6[tius
c0ÌttDÁE
NrP¡0cL0s0LoE5 tL^s€000i
l3ElTlcHtits trL^ÍosTlctú5
crcl0rtEit0^t
5llch¡Eul tuic¡^Îus
U¡IOE¡I I FIEO

^¡ottaiceg 
txststs

txott! sP.
m¡ouIu9 Joio^rt
a¡lEotus Æ^ilr
¡¡0!tt tAÉt^
sfEfogácHtu! sa

&Yilt

NUÆER CÄUGHI .¡o'
0l@ r!.ø r?.d r!l,F rf.ú rFd

13.--Relative abundance (based
of fish lan¡ae in neuston
June 16-30, JuIy L-15.

Appendix Figure
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iCHIHYOPLANKTON RANK ABUNOANCE

CEAR' IEUSTON STAGEI LARY¡E

SEreTSEF IGS

ÍEt^ci^ñs L^60c8¡H^tus
xEr^oims ocl0c¡Arus
8^¡HrilSlEl SP

05ËilD^E
ñ¡LL0tus YtLtosus

HEXÁ6i^ñ5 St€tL€ñt
NEÉILEPIOO'US SP.
0t st ¡tEci^¡80
LEPt0C0TTUS AiiAtUS
R0i0ulLUs J0l0^rl
ñ¡cR0uil0^€
uN t0E¡ I tF t€0
sEt^slEs sP,

HEIAG¡ÑS LAGOCE'HAIUS
HEX^CtAñS oct00i^ds
H€Ëtt€Pt00fus sF.
H€X^6imS 5tÊLtEål
8^lhrñ¡stEß sP.
i¡LL0fus Ytttosus
HEXÁOiAÑS SP.
0sEil0^E
Ptfui0Gi¡il5 Er0PtEit6tus
0t stxTEci^rE0
f,orouttus J0F0Á¡t
SESAStES SP.
ÀPlocraLUl YEttitcosus
crct0t¡EiI0tE
¡itEDlus I
rErA6i¡Ñ3 0Ec^d¡rus
6^Sf€i0stEùs 

^cuLEÁf 
us

Pt0twct0?run lk0ps0it
UXIOEN'IFIEO

@E8t&r

P(EUi@læÉ ilroPtEitctus
HUA6FMS SfELIERI
HETAfrAÑS LAGOCE'XÁIUS
HEt¡0F^ñ 0ct00Rñs
xEl^cFañs 0Ec^Gn¡ñs
H€ñtt€¡t00tùs st.
n^tt0tu3 vtLLosus
0sËñt0^€
8^lfftr^stEi st.
H€IACñAmS St.
H€XAOiAñIOAE
¡Ploctctus rE¡t¡¡cosus
LEPloCotluS dn^tus

^itE0tu5 
r

irclolfft0ÁE

NUñSER CAUCHf.IO.0,@ óa.oo r!..N 20a.æ 2r?.6 !&,ú

NUñ8ER CAUGHÍ .IOIr¡.@ 2..ø ¡a.@

lruFr.r5

NEr^6ilftS L^00C€?AAtUS
xEx^Gi¡trs 0cT00aAtus
8^1Hrñ^StEn Sl.
ÞL€!¡0c¡^Hs úio?r€irctus
SEXAGiAMS SIELLERI
05É¡10^E
å^tL0lus YtLLosus
HEÌAORÀúS OECAGi¡ÑS

H€ñtL¡fl00tus sÞ.
¡itEotus r
G^S¡Ei05t€U5 

^CULE^lUS

rcvæñl¡t

H€ñtLEtt00tus st.
PtEUtoõi^n3 ñr@lEir0tus
HE¡¡OFÑS SfETt4I
HEI^CiAñS 0EC^01lm3
HErÁ0i¡Ñs t^60cEaff^LUs
HErÁciñ3 0ctom¡ús
ñÁLL0tus rtt(osus

8ÀtHrÈÁstEñ s?.
U¡I OE¡T IFIEO
H€X¡6n¡ñ10^€
0sEi¡0^E
rHEn^0n^ cÍ^tc0G¡ÁñÁ
ÁPt0crcLUs Ynfnlcosus
s€¡^sf€s st

NUñSER C^UGHI .IO'ta0.6 2ro,@ !6.d ¡9 6

l-4. --Relative abundance
of fish larr¡ae in
Sept. 16-30, Oct.
L7.

(based on number caught)
neuston t,ows, Sept. l--l-5 ,
l,-15, Oct. l-6-31, Nov. 1-

Appendix Figure
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I CHTHYOPLANKION

CEAR ¡ BOilGO

ilUñBER CAUCHf0,@ Jo.oo ¡0.@ ø.@ r2o,@ r!0.6

NUISER CAUCHT .lol0.m ra.oo rra.6 24.,6 !!r.d ..ô.ú

NUHBER CAUGHÍ .IOI0,@ t0.00 20.@ ¡0.6 ¡o.@ rô.m

RANK AEUNDANCE

SIAGEI LARVAE

uEcH f 15

n^LL0fus vtLLosus
HEittEPt00lus 5r.
HEt^0i^ñs D€c^0iffis
LEUi0GL0SSUS SCHit0¡t
PtEUi0oi¡ñs ð¡0PtEtt0tus
rRlôt0¡3 sP.

^motlÊ5 
iE¡^?¡ERUS

stE¡0lt^cxlus tEUc0PsAius
Pi0l0ncl0fruñ rx0ils0tt
E^thrt^ous PActFtcus
xExa4¡ñs stEttEñt
ATHERESTtsEg SlOiIAS
rrco¡EcfEs 

^tEurE¡slsl¡tcNDo¡ f¡tcts000¡
rE¡A0¡¡ru3 St.
uttoE¡t ¡fl E0

^ffiorÌ85 
H¿¡^?tEius

¡€ÉtLEPt00tus 5P.
r€u8octossut scÍnt0It
rEl^0Fffis 0Ec^6R^ñs
ult0tus YtLtosus

^rÍEiEstffEs 
st0rt¡s

sl€x0tiAcHt0s tEUc0?s^rui
c0rÌ t0À€
HÉñILEFIOOTUS SEiILEFIOOIUS
PtEVi00t¡Ñs mx0?f€it6lus
HlPl0ct0ssus stEr0tEPIS
crcL0Ft€it0Æ
Mt^c0c0tlus zo¡u¡us I

0sEit0Á€
xEx¡cn^ñs srELL€it
lFEi^0i^ cxaLc0GiAñ^
PRot0ñtctoPrui f H0ps0¡t
cfftR0!0Pits oEcoFAtus
LEPI00?SÊtt¡ ôtLti€A¡¡
LtcotEctEs 

^LEUt€t5lssl tci^Et oaE
HEittEPl00tus s¡tiosus
É^ci0ùit0ÁE
stE¡otiAaHtus s¡.
l^fxtl¡@s PÀctttcus
til6t0rs sr.
HEittiIFtEius v¡L!osus

Mqca i+¡t

^ñ0rt€s 
¡€¡¡PrEiu5

ñ^tL0lus vtLLosus
LEUiooL0ssus scHñt0tt
HEXACi^ñS D€CAôi^WS

^tx€¡EstHEs 
st0ñt^s

LEPt00tsEf tA stt txE^t^
lupE¡us s^0tlt^
sTEi0tF^cxtus tEUc0Ps^iut
HtPr00L0ss0s stEr4EPts
c0tl0aE
0lsl¡lEôi^rE0
crcL0tlE¡t0^E
¡EñIL€PIDOIUS SP.
iHER^ôiÁ CH¡LC0Ci^üA
o^lffYtA005 ?¡ctt¡cus
HENILEPIOOIUS HENIIEPf OOÌUS
Lrco¡Ecl€s 

^LEufE¡slsFn0t0ñYct0àuÈ trcfso¡t
E^lffrL^C¡0ÀE
cHl¡0Lotxts oEcoi^tus
LÙfEius i^cut^IUs
uxt0€¡t lF I E0
rnt0L0P5 sF

0sEntD^E
å¡cR0uFl D^€
sltGHAEtoAE

PÍOL¡S SP.
HEntLEtt00tuS sPt¡0sus
cHtñ01o¡tsts sF.

ARiÊ0tus ÉArt I
P0¡0cLt¡us ¡0thiocRl

z0¡nc t0aE
z^Pioi^ stLE¡us
cllH^llcHlÍr5 5f t6È^€us
HEÉILEPIOOIUS JOROAII
HEII fiIFIENUS SPF
6AoUS ñ^Ci0CE?X^LUS
XEXAOiAMS SÌELLE¡I

^itE0tus 
aErEstñALts

aitEolus sP.

Appendix Figure 15.--Retative abundance (based on number caught)
of fish lan¡ae in bongo tows, Feb. L3-28, Mar.
1-15, Mar.16-31.
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ICHIHYOPLANKION RANK ÁBUNOÂNCE

cE^R, 80100 sl^cE, L^Rv^E

rUñ8€R C^UCHT .ro' NUñ8ER CAUCHÎ .IO,
¡20.æ ¡@.6

rHEi¡orr cH^Lc00FF^
rilorr€s rExflEnus

^rHÊ¡EslxEs 
Sf0it¡5

L€Fr@asÊtt^ 6tLt¡EÀt^
c^0us ilcrocEPx^LUs
st€ì@^cÉtus LEUc0¡s^nu5
c0¡rtD¡E
LEUioCLoSSUS SCHñt0ft
HEr^Crh5 0EC^Gi^ilS
0tstxfEô¡¡rE0

ñ^LLotus YttLosús
clcL0PfE¡t0¡E
sncHÆt0¡E
¡^lfrLAGUS ?¡CIFICUS
HEñILE¡IOOTUS SP,
Ht?FúLossus srErûEPts
c¡0tD^E
X.ñIL€PIDOf U5 HEñItEPIOOIUS

LUpETUS ¡^C[AlUs
ñr0¡0cÊtx^Lus 6
PR0l0tcl0¡&t lruÉs0tt
Frú¡s sr.
¡cortDÆ
nrorocEñatu5 G

sE¡Ásf€s str,
L'COTECI€S ¡LEUIEISIS
¡^tÀcoEolrus ¡oxutus r

^iO'LOFOM 
F¡üIA

ritcLæs st,

^60rt0¡€ 
c

cHtrolæxts iuc^10¡
Mr¡c0c0lrus l0¡ur6

r!Euroilms úr@lErr6¡us
UXI OEiI IFIED
¿0Âicr0^€
rtPPoctossol0És Êt^ss000r
i^ourt¡us 

^strEtLUscHt¡ot@ffts oEcol^tus
¡¡tior^ sttEËus
ct lFillcHtËrs sllcñ^EUs
LUÉtrEL(A t0i6tnosllls
iEtriMo¡tus H¡trocLossotæ3
rsEtf tcÉrhra ÉLdcsf lcluS
c¡tr4@Ht3 sr.
(LoLEtls 6lcÁrf¡¡
HEi[Ért00Ìu5 Stlro$3
Ml€0tu9 E[rt

¡itE0tus Húrtrcfort
o^!rcoflu3 sEllGu

LE t0c0frùs ¡rMrus
HEit tRttrÉius sP,

MCa0mt0^E
tAtL¿torlE[¡^ ct[tutÆts
0^lfftf¡Gus FlLLEll
t^rHrL^ct0^€

r¡^qr?fÉñIDAE
crclolrciÊ srt
^c0¡r0^E 

¡
¡0r0cLtiut ¡0txr0cßl
PL^llcfffHfs stELLAlus
Lfors€ll^ ÊxlLl5

lxEiÁciÁ ci^tcoclñ^
rm0rlEs ¡Et^?¡Êius
cous ñ¡crocEP¡^lus
L€FIOOPSE¡IA SILIIEAIA
c^0t0^€
atfÉiEstres sf0ñt^s
0¡st¡fE0i¡tED
stExoli^cH¡us L€uc0Psrius
c0lttD^€
LUfEIUS ÉACULAIUS
ruf€¡Ett¡ L0¡ctaostñts
crcL0ttEil0ÀE
HEXACT¡ÑS 0€C^0r^ñS
LEUioôL0SSUS SCHñt0tt
Ht?rocl0s5u5 srE¡oIEPts
st tca^€t0^E

^00¡I0AÊ¡AlxrüstEi st,
HtP?0ôt0ssot0Es EL^ssoD0r
ñforocÊtx^LUs I

ilL(OIUS YtL(oSUS
LrcorEctEs 

^LEUIErslsrr0t0ñrct0Èw ÌH0fs0rt
0^lHtt^cus PActFlcus
acort0^E c
sE€^stES Stt.
urtoEit tttE0
LUptrus sÄc¡ft^
FrcL I S 5t,

¡il€01u5 Í¡fr¡tcl0¡t
5rEro[acHtus s?,
ilcftui t0ÁE
z^P¡on¡ SttErus
HaxtLEPt00rus H€ñttEtt0orus
¡¡t¡c0c0ltus !0xúu5 r

HEñttEtt00rus 5F.
0¡src0tlus sEttcai
riorto?m Flilfr^
DELOLE'¡S GICATIEA

^i¡Eotùs 
E^¡il

Poioct¡rus roftrc¡ I
l^ftsftrô10^t
Í€LÉOST ffFE ¡
iroroa€¡hÁLUs stt.
i^0@tius 

^s¡REtLùsilotoca¡H¡tus 6

^txEtEStEs 
sa,

asEtt¡cxtxrs Et[0s¡tcfus
PL€WECrES 0ùþit lU6ÊrCUt^lU
cxti0t0dts s¡.

^@¡10Æ 
r

FL^ttcar¡ts srELt¡fus
lllLlcËlxrs 0o00El
rsÊlllcHrHrS 2

L¡tf0c0tlus úu¡ùa
8^lxrL¡cus ñ[LEtt
ilct0txt0A¡
ilc¡oc¡ous P¡ortils
cxtiolotits o¡coi^rus
cl¡xAilcHlfrs sllGM€us
to^rct0^¿
rEct0LlP¡rls l€L^clcus
cHt¡0Lo?Hts xuc¡for

Appendix Figure 16.--Relative abundance (based on number caught)
of fish lalr¡ae in bongo tows, ÀPr. 1-15, Apr.
16-30.
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ICHIHYOPLÀNKTON RANK ABUNOANCE
Sf^CE, t^RV^E

NUñ8ER C^UCHT .to¡r0,¡o ¿r,60 J2..0 ¡¡.20 r¡,@

¡xEi^cn^ cts¡Lc06i^r^

^m0tt€s 
HExftEiUs

LEPt00PSEIt^ StttrÉ^t^
c¡ous É^CRoCEPHALUS
SIE¡OIRACHIUS L€UCOIS¡RUS
ff tPP00L0ss0t0Es EL^S5oDO¡
c0t¡tDAE
LUf€ius ñACIÁfUS
0tn0c^ìtHUs sP.
0t s trtEct^fE0

cYcL0PtEn¡0^€
ñf0x0cEPN^Lus I
ACOTI D¡E
LEUFOOIOSSUs SCHÈIO1¡
HEXAoiAmS DEC¡6iñS
¡rH€iEstk€s st0itAs

6^tHfL^CùS P^CtFtCUS
Lrco¡Ect€s 

^LEUtEtsts0¡0t 0ÀE

slt cl^€t 0A€
É^tt01us YtLLosus
ñr0xocEPts^LUs c
x€it LEPt00f us HEtttE¡ t0ot!5
ir0x0cEPhALUs sPt.
LU#E¡US S^Cl¡tA
AFfEDIUS X^trtì0toxt
Pñ0¡0nrcl0Piui tH0fs0¡t
LUf€ì€LL^ t0[0tRostits
UN IOEiIIFIEO
iAOUL¡iUS ASPNELLVS
HtPPoCL0SSUS SttiotEPts
Pt^ItchÌars srELL^tus

^coitoÁE 
a

Poioclt¡us iotHnocxt
zÞion^ stLEìus
ðrct0¡xt0Â€
0Àstc0ltus s€il0€i
il(^cocottus Io¡ulus I
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abundance (based on
Iarr¡ae in bongo tows,

number caught)
May L-L5, May
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18.--Relative abundance (based on
of f ish latr¡ae in bongo tows,
16-30, July 1-15.

Appendix Figure number caught|
June 1-15, June
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L9. --RelaÈive abundance
of fish lalrrae in
Sept. l-6-30, Oct.
L7.

(based on number caught)
bongo tows, Sept. 1-15,
L-l-s, Oct. 16-31,, Nov. L-
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Appendix Figure 20.--Distribution of Theraqra chalcocrramma larvae
in bongo topsr^ A. Mar. 16-31, B. Àpr. l--l-5
(catchrzLO m'=P'/2.528L, where p=percêntage of
widÈh of sector taken up by dot, for catches
>5oo/l-o m2, P=42.8t).
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Appendix Figure 21.--Distribution of Theragra chalcogramma lalr¡ae
in bongo to¡vsr^ A. _Apr. 16-30, B. May l--Ls
(catch/ Lo m'=P' / 2. 528t, where p=pêtcêDtage of
width of sector taken up by dot, for catches
>5ool10 rnz, P=42.8t) .
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Appendix Figure 22.--Distributi larvae
in bongo t 1--L5

lcatchfÙ tage of
wiatn or se( catches
>5oo/ 10 m2, P=42.88).
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23.--Distribution of Theraqra chalcogramma larvae
ip þongo tows, JGã:-30 (catcrr/ro
m'=P'/2.528L, where p=percentage of width of
sgctor taken up by dot, for catches >500/10
R2, p=42.gg).
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Appendix Figure 24.--Distribution of Theragra chalcoqramma la:¡¡ae
in neuston tows, A. Apr. L-15, B. Apr. L6-30
(catch/1o m'=P'/2. 5291, where P=percentage of
width of sector taken up by dot, for catches
>Soe/Lo m2, p=42.8S).
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Appendix Fisure'u' --?i=;:*î:l't"ît='ffi'*i*ffi rarvae

m2=p2/2.52g1-, where p:percentage ór width of
sgctor taken up by dot, for catches >íOO/LO
[2, p=42.g?).
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Figure 26.--Distribution of Gadus macrocephalus rarvae in
bongo tows,oA., Àpr. 1-l_5, B. Apr. 16-30
(catch/10 m'=P',/2.529L, where p=percentage ofq¡idth of sector taken up by dotl for caÈches
>5oo/l-o rnz, p=42.gt). - ¡
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Figure 27.--Distribution of Gadus macrocepharus larvae in
bongo towsr^ À.^ May 1-15, B. May 16-31_
(catch/LO m'=P'/2. 5281, where p=pêrcêntage of

Appendix

width of Sector taken up by dot, for catches
>5oT/l-o m2, p=42.e*).
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Appendix Figure 28.--Distribution of Gadus macrocephalus lanrae in
bongo tow, June l-r5 (catffiõ-æp?/z-528l'
wheie p=percentage of width of çector taken
up by dot, for catches >500/10 m2, P=42.8?).
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Appendix Figure 29. --Distribution of Hexagrammos decagrammus larvae
in bongo toys,^ A. Mar. 1-15, B. Mar. L6-31
(catch/LO m¿=P¿/2.528L, where p=pêtcêDtage of
width of Sector taken up by dot, for catches
>5oo/10 m2, P=42.8t).
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Appendix Figure 30. --Distribution of Hexagrammos decagrammus larvae- in bongo tops,^ l. apr. 1-15, B. apr. fa-¡o
(catch/Lo m¿=P¿/2.528L, .where p:pêrcenÈage of
width of sector taken up by dot, for catches
>5oo/l-o m2 , P=42.88).
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Figure 31- --DGtribution of Hexasrammos decasrammus r_arvaei" þ"lqg-roys, Ä. May 1_1s, T. l¡ay ro_¡r(" .l:tZlO m,=pr/2.SZA1, where p=pe-rcentage ofwi!!n of sector taken up by dot,, for ca{ches>500/1_o m¿, P=42.99) .
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32. --Distribution of Hexaqrammos decaçlrammus larr¡ae
in þongo tows, June 1-15 (catch/L0
m'=p'/2.5291, where p=pêrcêDtage of width of
sector taken up by dot, for catches >íOO/LO
12, p=42.gs).

Appendix Figure



79

c¿rc¡¡ ro #

0 l-2 J-5 6-to I t-t5 >t5 0 I l0 too 500 '5OO

Figure 33. --Distribution of Hexaqrammos decaglrammus rarr¡aein neuston !ow5, À. Dfar. 1-15, B. ¡{ar. 16-31(cqtch/10 m?=pz/2.52gL, where p=percentage of

Appendix

width of pector taken up by dot, for catches>500/L0 rn2, p=42.8g) .
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Figure 34. --Distribution of nex@mus larvaein neuston toer^s, A. Apr. 1-15, B. Apr. 16-30(catch/lO m2=p2/Z.SZ}L, where p:pêrcêntage of

Appendix

width of Fector taken up by dot, for caÈches
>Soo/Lo m2, p=42.8g). - ¿



81

r6'1 30W 159 30

caErt to #

(x.x.x)<)<)
0 l-2 ¡-5 8-10 I l-15 '15 0 I 0 I 00 500 >500

Appendix Figure 35. --Distribution of Hexagrammos decagramrnus larvae
j-n neuston þow5, A. May 1-15' B. May 16-31
(catchr/lo m'=P'/z.528L, where p=petcêDtage of
v¡idth of sector taken up by dot, for catches
>5OO/10 m2, P=42.8t).
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Appendix Figure ge 
" --Oistribution of Hexagrammos decaçlrammus larvae

in neuston þowp, A. June L-15, B. June 16-30
(cat,chrzlO m'=P'/2. 5281, where p=percêntage of
width of Fector taken up by dot, for catches
>5oo/10 m2, P=42.8t).
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Appendix Figure 37. --Dist,ribution of Hexagrrammos decagrrammus larvae
in neuston tows, July 1-l-5 (catch/1,O
m2:p2/2.szgL, where p=percentage oh width of
sector taken up by dot, for catches >5OO/LO
12, p=42.gå).
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Figure 38.--DistrÍbution of Hexagrrammos sterleri rarvaein neuston tow-s, A. Mar. 1-l_5, B. Mar. 16-31
(catch/1O m2=p2/2.52gL, where p=percentage of
width of çector taken up by dotl for catches
>5oo/10 m2 , p=42. gå) . 
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Figure 39.--Distribution of Hexasrammos stelleri larr¡ae
in neuston tow-s, A. Apr. L-L5, B. Apr. t-6-30
(catchrzl O mz=p?/2. 52gt-, where þ=percèntage of

Appendix

width of Fector taken up by dot, for catches
>5oo/ 10 rnz , p=42. gt) .
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40.--Distribution of Hexacrrammos stelleri l4rvae
in^ neust,on t,ons, Jü;t L6-30 lcatcrrTro rn2

=P2/2.5281, vrhere p=pêrcêDtage of width of
sector Èaken up by dot, for catches >SOO/LO
rn2, p=42.gs).
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Appendix Figure 41.--Distribution of pleuroqrammus monoptervgiusIan¡ae in neustonJows, -A. Mar. f-fS, B. Irfar.16-31 (catch/lo m2=p2/á. szei, -where
P=percentage of width of qector taken up bydot, for cátches >5OO/10 m2, p=42.gg).
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42.--DistrÍbution of preurogrrammus monoþterygius
larrrae in neuston^togs, -À. Apr. f-fS, B. Apr.16-30 (catch/lo m2=p2/z.S2gL-, where
P=percentage of width of qector taken up bydot, for catches >SoO/LO m2, p=42.gt).
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Figure 43.--Distribution of Àmmodytes hexapterus ra¡r¡aein bongo tohrsr^ A. l,tar. f-fSl B. Mar. j.6-3L
(catch/lO mr=pr/2.529L, where p=percentage ofwidth of Fect,or taken up by dotl for caÈ,ches>íoO/Lo m2, p=42.g*).
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Appendix Figure 44.--Distribution of Ammodytes hexapterus larvae
in bongo to¡vs,^ A. Apr. 1-15, B. Àpr. 16-30
(catch/lO m¿=P¿/2.528L, where p=percertage of
width of sector taken up by dot, for catches
>500/10 m2, p=42.gt).



91

c¡6/ ro íi

0 l-2 l-5 6-10 il-ts >ts o I to too 5oo >5oo

Appendix Figure 45.--Distribution of Ammodvtes hexapterus larvae
in bongo tolvs,^ À. May 1-15, B. May t6-31-
(catchrzlO m'=P'/2.529I, where p=percentage of
width of sector taken up by dot, for catches
>soo/to m2, p=42.8S).
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Àppendix Figure 46.--Distribution of Àmmodvtes hexapterus larvae
ip bpngo tows, June 1-L5 (catch/LO
m?=p?/Z.S2gL, where p=pêrce¡tage of width of
sgctor taken up by dot, for catches >5OO/LO
12, p=42.gt).
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47.--Distribution of Àmmodvtes hexapterus larvae
in neuston !oqs, A. Mar. 16-31, B. Apr. l--15
(catchr/10 m¿=P¿/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>500/10 rnz, P=42.8*) .
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Appendix Figure 48.--Distribution of Àmrnodvtes hexapterus lan¡ae
in neuston tows, A. Apr. 16-30, B. May 1-1S
(catch/lO m'=P'/2.529L, where p=percentage of
width of sector taken up by dot, for catches
>SOO/LO m2, P=42.8t).
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Appendix Figure ¿9.--Oistribution of Àrnnodytes hexapterus larvae
in neuston þowp, A. May L6-31, B. June L-15
(catchrzlO m'=P'/2.528L, where p=percentage of
width of Sector taken up by dot, for catches
>500/10 n2, P=42.8t).
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Àppendix Figure 50.--Distribution of Ammodvtes hexanterus lan¡ae
in neuston !,ow^s, A. June l-6-30, B. July 1-15
(catch/Lo m'=P'/2.5283-, rrrhere P=percentage of
width of sector taken up by dot, for catches
>5oo/10 m2, P=42.8S).
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5l-.--Distribution of Bathyrnaster spp. larvae in
bongo tows,. À.^ Apr. 16-30, B. May L-ts
(catch/LO m'=P'/2.528I, where p=percentage of
width of sector taken up by dot, for catches
>5oo/10 m2, P=42.8t).
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Appendix Figure 52.--Distribution of Bathvmaster spp. Iarvae in
bongo Èows,^ A.^ May l-6-31-, B. June 1-L5
(catchrzlO m¿=P'/2.528I, where P=percentage of
widÈh of sector t,aken up by dot, for catches
>5oo/10 m2 , p=42.8t).
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Appendix figure s¡.--Oistribution of Bathr¡masÈer spp. lar¡¡ae in
bongo towsr^ A.^ June 16-30, B. July 1-l-5
(caEc,lr./LO m'=P'/2.528L I where P=percentage of
width of sector taken up by dot, for catches
>500/L0 rnz, p=42.8å) .
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Appendix Figure 54.--Distribution of Bathvmaster spp. larvae in
neuston tow^s, ^À'. May 16-31-, B. June 1--15
(catch/LO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>5oo/10 m2, P=42.8å).
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Appendix Figure 55.--Distríbution of Bathvmaster spp. larvae in
neusÈon towp, ^4. June t6-30, B. July L-15
(catch/10 m'=P'/2.529L, where p=pêECentage of
width of Fector Èaken up by dot, for catches
>5oo/10 m2 , p=42.gå).
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Appendix Figure Se.--Oistribution of Sebastes spp. larvae in
bongo tows,^ À.^ Apr. 1-15, B. Àpr. 16-30
(cabc}:'/Lo m'=P'/2.528L, where p=percêntage of
widÈh of Fector taken up by dot, for catches
>5ool10 m2, P=42.8t).



t-0 3

cårch/ io ¡F

')(.xo)Q
0 l-2 J-5 6-r0 il-r5 >t5 0 I 0 I 00 500 '500

Àppendix Figure Sz.--Oistribution of Sebastes spp. larvae in
bongo tows,^ A.^ May 16-31, B. June 1-15
(catch/lO m¿=P¿/2.5281-, where P=percentage of
width of sector taken up by dot, for catches
>soo/Lo mz, P=42.8t).
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Appendix Figure 58.--Distribution of Sebastes spp. larr¡ae in
bongo tows,^ A.^ June 16-30, B. JuIy 1-15
(caEch/Lo m'=P'/2.528L, r¿here p=pêrcêntage of
width of sector taken up by dot, for catches
>5OO/10 rnz , P=42.821 .
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Àppendix Figure 59.--Distribution of sebastes spp. lan¡ae in
neuston tow^s, ^4. May 16-31, B. June l_6-30
(catchrzlO m'=p'/2.529L, where p=pêrcêntage of
width of sector taken up by dot, for catches
>500/10 m2, p=42.gt).
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Appendix Figure 60.--Dist,ribution of Sebastes spp. lagrag in
neuston tows, Juty f-fS 1caænlIo m2=P2/2.528L1
where P=percentage of width of çector taken
up by dof,, for cátches >5Qo/ro m2, P=42.8t).
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Figure 6L.--Distribution of Mal1otus villosus 1arvae
in bongo to¡rs . A. Mar. 1-L5 , B. Mar. 16-3 i.
(catch/L0 m¿=P¿/2.SZBL I where p=percentage of

Appendix

width of Fector taken up by dot, for catches
>5oo/10 m2 , p=42.8S) .
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Appendix Figure 62.--Distribution of Ma1lotus villosus larvae
in bongo to^wsÅ A. Apr. 1-L5, B. Apr. l-6-30
(catch/Lo m¿=P¿/2.528L, where p=perceDtage of
width of sector taken up by dot, for catches
>5ool10 rnz, P=42. 8å ) .
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Appendix Figure 63. --Distribution of Mallotus villosus 'rêrvae
in bongo tows, uay r-rs lcatch/iõ;z=p2/z.s2BI,
where P=percentage of width of gector taken
up by dot, for cãtches >Soo/Lo m?, p=42.gt).
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Appendix rigure e¿.--Oistribution of Mallotus villosus larvae
in neuston þow^s, A. Mar. 1-15, B. Mar. L6-3L
(catch/lO m'=P'/2.528L, where p=pêECêntage of
width of sector taken up by dot, for catches
>500/10 n2, p=42.8t).
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Àppendix Figure 65.--Distribution of Mallotus villosus larr¡ae
in neuston þowp, A. Apr. L-15, B. Àpr. L6-30
(catchrzlO m'=P'/2.528L, where P=percentage of
width of sector taken up by dot, for catches
>5oOl10 m2, p=42.8t).
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Appendix Figure Oø.--Oistribution of Mallotus villosus larvae
in neuston .!otls, A. May 1-15' B. May L6-31
(catchr/lO m¿=P'/2. 5281, where P=percentage of
width of ^sector taken up by dot, for catches
>500r/10 m2, P=42.8t).
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Àppendix Figure 67.--Distribution of Mallotus villosus lar¡¡ae
in neuston tows, June 1-15 (catch/1O
m2=p2/2.szgr, where p=percentage óe width ofsector taken up by dot, for catches >íOO/LO
R2, p=42.gg).
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Appendix Figure 68.--Distribution of Leuroglossus schnidti larvrae
in bongo tops ,. A. Mar. L-15 , B. Mar. 16-31
(catch/Lo m'=P'/2.528J-, where p=pêÍcêntage of
width of gector taken up by doÈ, for catches
>5oo/ 10 m2, P=42.8*).
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Appendix Figure 69.--Distribution of Leuroslossus schmidti larr¡ae
in bongo tows,^ ÀIApr. 1-L5, B. Apr. 16-30
(catch/10 m'=p'/2.529L, where p=percentage of
width of Fector taken up by dot, for caÈches
>5OOl10 m2, p=42.8t).
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Appendix Figure 70.--Distribution of Leuroglossus schnidti larvae
in bongo toys,^ A. May 1-L5, B. May 16-31
(catch/Lo m'=P'/2.528L, where p:percentage of
width of sector taken up by dot, for catches
>soo/Lo m2 , P=42.8å) .
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Appendix Figure 7L.--Distribution of Leuroglossus schrnidti lan¡aei¡ Þongo tows,.lGe f:rs (caEc/ro
m2=P2/2.52g1, where p=percentage of width of
sector taken up by dot,, for catches >5OO/LO
[2, p=42.g?).
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Appendix Figure 72.--Distribution of
larvae in bongo
L6-31 (catchrzl-0
P=percentage of
dot, for catches

Stenobrachius leucopsarus
tpwç, A. Mar. L-l-5, B. Mar.
m'=P'/2.528L, where
width of qector taken up by
>500/10 m2, P=42.8å).
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Appendix Figure 73.--Distribution of
larr,¡ae in bongo
16-30 (catch/10
P=percentage of
dot, for catches

Stenobrachius leucopsarus
tpwE, A. Apr. L-l-5, B. Apr.
m'=P'/2.528L, where
width of qector Èaken up by
>5oo/10 m2 , p=42.8S) .
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Àppendix rigure z¿.--Oistribution of Stenobrachius leucopsarus
larvae in bongg tows, À. May 1-L5, B. May L6-
3l- (catch/J.O m'=P'/2.528L, where P:percentage
of width of secto-r taken up by dot, for
catches >500/10 m2, p=4z.gtl.
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Appendix Figure 75. --Dist,ribution of
larvae in bongo
L6-30 (catch/LO
p=percentage of
dot, for catches

Stenobrachius leucopsarus
towq, A. June L-1S, B. June
m'=P'/2.5281, where
width of qector taken up by
>5oo/Lo m2, p=42.8t).
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Àppendix Figure 76.--Distribution of Lyconectes aleutensis larvae
in neuston tows, A. Mar. 16-31, B. Apr. L-15
(catch/1O m'=P'/2. 5291, where p=percentage of
width of sector t,aken up by dot, for catches
>5oo/10 m2, p=42.g?).
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Appendix Figure zz. --oistribution of Lvconectes aleutensis lar¡¡ae
in neuston !oqs, À. Apr. l-6-30, B. May 1-15
(catchrzl0 m¿=P¿ /2.528L, where p=percentage of
width of sector taken up by dot, for catches
>5oo/L0 m2 , P:42.8t) .
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Appendix Figure zg.--pistribution of Lvconectes aleutensis larvae
in neuston tows, À. May L6-31-, B. June l--L5
(catchrZlO m'=P'/2.528L, where P=percent,age of
width of sector taken up by dot, for catches
>500/10 m2, P=42.8S).
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Appendix Figure 79.--Distribution of Lvconectes aleutensis larvaej-n neuston tows, À. June L6-30, B. JuIy 1-15
(catch/1O m'=p'/2.529I, where p=percentage of
width of sector taken up by dot, for catches
>5oo/10 mz , p=42. gt) .
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Àppendix Figure 80.--Distribution of Anoplopona fimbria larvae
in neuston þoqs, A. May 16-31, B. June L-l-5
(catch/lo m'=P'/2.528L, where p=petcentage of
width of sect,or taken up by dot, for catches
>5oo/ l-o m2 , P=42.8t) .
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81.--Distribution of Ànoploporna fimbria lan¡ae
in qeust,on tows, June 16-30 (catch/lO
m2=P2/2.szgL, where p=percentage of widÈh of
sector taken up by dot, for catches >SOO/LO
h2, p=42.gt).
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Appendix Figure 82.--Distribution of Hippoglossoides elassodon
Larvae in bongo^ tgws, A. Àpr. L6-30, B. May
l,-15 (catch/1 O m'=P' / 2. 5281, where p=percêDtage
of width of secto_r taken up by dot, for
cat,ches >5oo/ 10 m2 , P=42.8*l .
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Appendix Figure 83.--Distribution of Hippoqlossoides elassodon
larvae in bongo^ tows, A. May l_6-31, B. June
1-15 (catch/1 O m'=P' / 2. 5291, where p=percentage
of width of secto-r taken up by doÈ, for
catches >500/10 rnz, p=42.8Ð .
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Appendix Figure 84.--DistribuÈion of Hippoglossoides elassodon
larvae in bongo^to¡vs, A. June L6-30' B. JuIy
1-15 (catchrzlO m'=P' / 2.528L, where p=petcêlltage
of width of sectog taken up by dot, for
catches >5ool10 m2, P=42.8t1.
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Figure gS.--Oistribution of Lepidopsetta bilineata lalr¡ae

in bongo to^ws( A. Mar. 16-31, B. Apr. L-t-5
(catch/lO m'=P'/2. 529L, where p=pêrcêntage of
width of sector taken up by dot, for catches
>5OOl10 rnz, p:42. Bt ) .
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86. --Distribution of Lepidoosetta bilineata lar¡¡aeAppendix F
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Appendix Figure 87.--Dist,ribution of Lepidopsetta bilineata larvae
in bongo to¡,rsß A. May 16-31, B. June L-15
(catchr/lO m'=p'/2. SzgL, v¡here p=percentage of
width of sector taken up by dot, for caÈches
>500/10 rnz, p=42.8t).



L34

Àppendix Figure 88.--Distribution of Lepidopsetta bilineata larvae
i¡r Þongo tows, June t 6-30 (catch/lO
m2=P2/2.5281, where p=perceàtage of widÈh of
sector taken up by dot, for catches >SOO/IO
h2, p=42.g?).
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Appendix Figure 89.--Distribution of Atheresthes stomias larvae
in bongo towsr^ A. Mar. i.-l-s, B. Mar. 16-31
(catchrzLO m'=p'/2.529L, where p=percentage of
width of sector taken up by dot, for caÈches
>Soo/Lo m2, p=42.8*).
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Àppendix Figure 90.--Distribution of Atheresthes stomias lan¡ae
in bongo toysr^ A. Apr. L-Ls, B. Apr. 16-30
(catch/lO m':P'/2.528L, where p=percêDtage of
width of sector taken up by dot, for catches
>500/L0 m2, P=42.8t).
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Appendix Figure 9l-.--Distribution of Àtheresthes stomias larvae
in bongo tows," A. May 1-15, B. May 16-3i-
(catch/lO m'=P'/2.528L, where P=percentage of
width of Sector taken up by dot, for catches
>5oO/ l-o m2 , p=42. gt) .



t_3 I

Appendix Figure 92.--Distribution of Àtheresthes stomias larvae
i¡ b^ongo tows, June 1-1S (catch/L0
m?=P2/2.52g1, where p=percèntage of width of
sector taken up by dot, for catches >SOO/LO
h2, p=42.g?).

curro#

'\.{o)(J
0 r-2 J-5 6-10 il-t5 >t5 0 I 0 I 00 500 ' 50O



l_39

þùdrffi c6/lo#

0 l-2 J-5 6-10 lt-t5 >tl 0 0 00 500 ,5oo

Appendix Figure 93.--Distribution of Hemilepidotus spp. larvae
in bongo t,oys ,^ A. Mar. l_-15 , B. Mar. 16-31
(catchrzL0 m¿=p¿/2.529I, where p=percentage of
width of sector taken up by dot, for catches
>soo/10 m2, p=42.g*).
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94.--Distribution of Hemilepidotus spp. Ia:r¡ae
i¡t Þongo tows, Apt. 1-15 (catchrzlO
m'=p'/2.528L, where p=pêrcêntage of width of
sgctor taken up by dot, for catches >500/10
ß?, p=42.gå) .
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Appendix Figure 95.--Distribution of Hemilepidotus spp. larr¡ae
in neuston þoqs , A. Mar. 1-15 , B. Mar. 1-6-31
(catch/Lo m'=P'/2. 5281, where P=percentage of
width of sector taken up by dot, for catches
>5oo/10 rnz, P=42.8t) .
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Appendix Figure 96.--Distribution of Hemilepidotus spp. Ian¡ae
in neust,on þoqs, A. Àpr. 1-15, B. Àpr. l-6-30
(catch/Lo m'=P'/2.528L, where p=percêDtage of
width of sector taken up by dot, for catches
>5oo/10 m2, P=42.8t).
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igure 97.--Distribution of Hemilepidotus henilepidotus
lalr¡ae in neuston towp, ^A. Mar. 16-31, B.Apr. L-l_s (catch/10 m,=pr/2.szgL, where

Àppendix F

P=percentage of width of qector taken up by
dot, for cãtches >soo/10 m2, p=42.8å).



L44

canl ro #

0 l-2 3-5 6-t0 il-r5 >t5 0 0 I 0O 500 '500

Appendix Figure 98.--Distribution of Hemilepidotus hemilepidotus
Iarr¡ae in neustgn tows, A. Àpr. 16-30' B. May
1--15 (catch/1 o m?:Pz / 2 . 528L, wirere p=pêrcêntage
of width of secto¡ taken up by dot, for
catches >5ool10 m2, P=42.8t1.
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Figure 99.--Distribution of Hemilepidotus hemirepidotus
Iarrrae in neustgn tows, A. May 16-3j., B. June
L-Ls (catch/J_O m'=p' /2. 5291, where p=percentage
of width of sector taken up by dot, for
catches >500/10 m", p=42.9t).
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LOO. --Distribution of Hemilepidotus hernilepidotus
Ia:r¡-ae in neuston tows, June L6-30 (catch/lO
m2=p?/2.5281, where P=percentage of width of
sector taken up by dot, for catches >5Ùo/lo
ß2, p=42.8t).
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Àppendix Figure t-0L. --Distribut,ion
tgws-, A. Mar.
m?=P2/2.s2g:-,
sector taken
12, p=42.gt).

of Cottidae l-arvae in bongo
L6-3L, B. Apr. L-15 (catch/L0

where P=percentage of width of
up by dot, for catches >500/10
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Appendix Figure IO2.--Distribution
tçrw,^ A. Apr.
m'=P'/2.s29r,
sector taken
Ít2 , p=42. gt ) .

of Cottidae lalr¡ae in bongo
L6-30, B. May 1-15 (catch/10
where P=percentage of width of
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Appendix Figure
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REGROUP. NEUSTON
(0.40 affinity level)

Àppendix Figure L05.--Results of recurrent group analysis of
neuston catches by date window, A. Feb. i3-
28, B. Mar. L-L5, C. Mar. i_6-31_. Boxes
enclose members of recurrent groups. Lines
connect taxa with affiniÈies outside theirgroups. Numbers of occurrences are in
parentheses.

February 13-28: 48 samples

H e x ag ra m mos ste//eri ('l 8)

Pleurog rammus monopterygrus (23)

Hemilepidotus spp. (33)

Hexagrammos decagrammu s (45)

Bathymaster spp. (5)

March 1-15: 64 samples

P leu rog ra m mu s mo nopte ryg iu s (27 )

Hexagrammos steller¡ (14)

March 16-31: 96 samples

Hexagrammos sfe//eri (31 ) Hexagrammos decagrammus (86)

Pleurogrammus monopterygius (25)

Hemilepidotus spp. (23)

Hemilepidotus hemilepidotus (18)

Hemilepidotus sprnosus (1 4)

Lyconectes aleutensis (9)

Stichaeidae (8)
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REGROUP. NEUSTON
(0.40 affinity level)

Àppendix Figure 106.--Results of recurrent group analysis of
neuston catches by date window' À. Apr. l'-
15, B. Apr. 16-30, C. MaY 1-15. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups. Numbers of occurrences are ín
parentheses.

April 1-15: 120 samples

He milepidotu s sprnosus (34)

Mallotus villosus (21)

April 1È30: 92 samples

Mallotus vr7losus (16)

Delolepis g¡gantea F)

hexapterus (18)

Hemilepidotus jordani (17\

May 1-15: 19 samples

Hexagrammos decagrammus (181

Hemilepidotus henilepidotus (61

Lyconectes a/eutens,s (6)

Pleu rog rammu s mo nopt e ryg iu s (23

Hemilepidotus spp. (27)

Hexagrammos decagrammus (112)

Hemilepidotus hemilepidotus (59)

Lyconætes aleutensis (49)

Hexagrammos steileri (37)

Hexagrammos decagrammus (83)

Hemilepidotus henilep¡dolus (32)

Lyconectesaleufensls (38)
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REGROUP. NEUSTON
(0.40 affinity level)

Appendix Figure Lo7.--Results of recurrent group analysis of
neuston catches by date window, A. Ùtay L6-
31, B. June 1-15, C. June L6-30. Boxes
encLose members of recurrent groups. Lines
connect taxa with affinities outside theír
groups. Numbers of occurrences are in
parentheses.

May 16-31 : 123 samples

Ammodyles hexapterus (36\

Lyconectes aleutensis (46)

Hemilepidotus sprnosus (19)

Anoplopoma fimbria (24)

Hexagrammos decagrammus ( 1 0g)

Hemilepidotus hem¡lepidotus (ZZ)

Myoxocephalus spp. (1 1 )

O p hiodo n e lo ng atu s (1 5)

June 1-15: 48 samples

June 16-30: 58 samples

Hemilepidotus hemilepidotu s ( 1)

Ammodytes hexapterus (17\

Lyconectes aleutensis (20)

Hexagrammos decagrammus (39)

Hemilepidotus hem¡lepidotus (ZO\

Anoplopoma finbria (7)

Hemilepidotus iordani (6)

Lyconectes aleutensis (26)

Hexagrammos decagrammus (42)

Bathymaster spp. (33)

Myoxocephalus spp. (13)

Ammodytes hexapterus (1 6)



July 1-15: 20 samples

Hexagrammos decagrammus (15)

September 1-15: 36 samples

Osmeridae (9)

September 16-30: 51 samples

Hexagrammos lagocephalus (48)

Hexagrammos octogrammus (36)

Hemilepidolus spp. (26)

Hexagrammos steileri (2'l)

Bathymaster spp. (28)

Bathymaster spp. (12)

Seöâsfes spp. (7)

Anoplopma finbria (5)

Hexagrammos lagocephalus (3a)

Hexagrammos octogrammus (27 )

Bathymaster spp. (22)

1,54

REGROUP. NEUSTON
(0.40 atfinity level)

Appendix Figure L08.--Results of recurrent group analysis of
neuston catches by date window, A. July L-
15, B. Sept. l--l-5, C. Sept. 16-30. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside their
groups. Numbers of occurrences are in
parentheses.
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REGROUP. NEUSTON
(0.40 affinity levet)

Hexagrammos lagocephatus (21)

Hexagrammos octogrammus (19)

Bathymaster spp. (14)

October 1-15: 21 samples

Hex agrammos ste//eri ( 1 O)

Hemilepidotus spp.(S)

October 16-31: 33 samptes

tsathymaster spp. (1 4)
Osmeridae (1 3)

November 1-17: 112 samples

Mallotus villosus (25)

Hemilepidotus spp. (20)

Hexagrammos lagocephalus (21)

Hexagrammos octogrammus (20)

Hexagrammos steileri (32)

Pleurogrammus monopterygius (18)

Hexagrammos decagrammus (13)

Hexagrammos decagrammus (64)

Hexagrammos ste//ert (86)

Hemilepidotus spp. (93)

Hexagrammos octogrammus (61 )

Pleurogrammus monopterygøs (56)

Hexagrammos lagocephatus (6g)

Appendix Figure 109.--Results of recurrent group analysis of
neuston catches by dat,e window, A. Oct. L-15, B. Oct. 16-31, C. Nov. I-),7. Boxes
enclose members of recurrent groups. Lines
connect taxa with affinities outside theirgroups. Numbers of occurrences are in
parentheses.
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REGROUP. BONGO

(0.40 atfinity level)

Appendix Figure Ll0.--Results of recurrent group analysis of bongo
catches by date wíndow, À. Feb. 13-28, B.
Mar. L-15, C. Mar. 16-3L. Boxes encl,ose
members of recurrent groups. Lines connect
taxa with affinities outside their groups.
Numbers of occurrences are in parentheses.

February 13-28: 46 samples

Mallotus villosus (25)

March 1-15: 60 samples

Leuroglossus schmidti (191

Atheresthes stom¡es (14)

Hexagrammos decagrammu s (1 6\

Ammodytes hexapterus (30)

Hemilepidotus spp. (21 )

March 16-31 : 126 samples

Atheresthes stomias (17)

Leuroglossus schmidti (26)

Mallotus villosus (29)

Theragra chalcogramma (O)

Lepidopsetta bil¡neata (15\



REGROUP - BONGO
(0 40 affinity level)

April 1-15: 126 samples

Hemilepidolus spp (26))

Ammodytes hexaplerus (122)

Theragra chalcogramma (1O9\

Stenobrachius leucopsarus (77)

Athereslhes stomias (741

Bathytagus pacilicus (371

Lepidopsena b¡l¡neala (52)

Hexagrammos decagrammus (44)

April 16-30: 182 samPles

Lumpenella longirostris (331 - Theragra chalcogramma (1521

- /¡¡¡¡s/y!¿s hexaPterus (173)

- Lepidopsetta bilineata (94ì- -

Cottidae (63)

Gadus macrocephalus (51)

Bathylagus pacilicus (12\r
Lumpenusmaculatus (51Ì,

Stenobrachius teucopsarus {.55)
Athereslhes slomias (42)

Leuroglossusschmidli (351

Hippoglossus stenolePis (34)
t/yCloPlcfludu (Jo,

Agonidae (31) 
-

H
ur{

Appendix Figure 111.--Results of recurrent group analysis of bongo catches by
date window, A. Àpr. L-15, B. Apr. 16-30. Boxes enclose
members of recurrent groups. Lines connect taxa l^tith
affinities outside their groups. Numbers of occurrences
are in parentheses.



REGROUP. BONGO
(0.40 affinity level)

May 1-15: 151 samples

Lumpenusmaculatus (47)

Hex agrammos decagrammu s

Gymnocanthus A (14)

Myoxoæphalus B (9)

Myoxocephalus G (7\

(30)

P
ur
æ

Appendix Figure Lr2---Results of recurrent_group anaJ.ysis of bongo catches bydate window, May t--15. góxes eiclose membãrs ofrecurrent_ groups. Lines connect taxa with affinitiesoutside their groups. Numbers of occurrences are inparentheses.

Theragra chalcogramma (1271

Ammodyteshexapterus (144\

Lepidopsetta bilineata (741

Gadusmacrocephalus (56)

Cyclopteridae (34)

Conidae (43)

Hippoglossoides elassodon (25)



May 16-31: 2O7 samples

Glyptæephalus zachirus (421

Lumpenus maculalus (481

Lyconectes aleutensis (60)

Bathymaslet spp. (175)

H ippglossoides elassodon (1 65l-

Theragra chalcqramma (1881

Ammdytes hexapterus (176)

Lepidopsetta bl¡neata (1491

macrocephalus (125)

Leuroglossus schmidli (64)

Athereslhes stomias (74)

Stenobrachius leucopsarus (70)

Agonidae (90)

Cyclopteridae (83)

Cottidae (103)

Bathylagu s pacificu s (30)

REGROUP. BONGO

(0.40 affinily level)

Appendix Figure 113.--Results of recurrent group analysis of bongo catches by
date window, May 16-31. Boxes enclose members of
recurrent groups. Lines connect taxa with affinities
outside their groups. Numbers of occurrences are in
parentheses.

H(¡
ro
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REGROUP. BONGO
(0.40 affinity level)

June 1-15: 55 samples

June 16-30: 66 samples

Ronquilis jordanl (16)

S t eno brac h iu s I eu cops aru s

Osmeridae (17)

Afledius meanyi (0)

July 1-15: 22 samples

P s ett ic hthy s mel ano st¡ ctu s (5)

Hippoglossoides e/assodon (13)

Glyptocephelus zachirus (15)

Leurog lossu s schmidti (20)

Atheresthes sfomras (18)
Cottidae (13)

Gadus macrocephalus (8)

Lepidopsena bilineata (1 1) Bathymaster spp. (37)

chalcogramma (23)

Ammodytes hexapterus (25)

(20)

P s ett i c ht h y s m e I ano st ¡ ct:%
= Bathymaster spp. (62)-
lSoh¡clac cnn 133\

'Cottidae (28)

=Lepidopsetta b¡l¡neata (22)

Hippoglossoides e/assodon (30) = Glyptocephalus zachirus (19\

M ictosto mus paci ficus ( 2)

Seöasfes spp. (17)

Stenobrachius spp. (1 1 )

Bathymastq spp. (20)

H i ppog lo ssoides e lassodon (1 1 \

M icrostomus pacificus (7)

Appendix Figure 114.--Results of recurrent group analysis of bongo
catches by date window, A. June 1-L5, B. June
16-30, C. July L-15. Boxes enclose members
of recurrent groups. Lines connect taxa rrtith
affiníties outside their groups. Numbers of
occurrences are in parentheses.



September 1-15: 15 samples

Osmeridae (12)

Hexagrammos lagocephatus (9)

Limanda aspera (5)

September 16-30: 54 samples

Bathymaster spp. (11)
Mallotus villosus (121

Hexagrammos ste//eri (9)

Seöastes spp. (13)
Mallotus villosus (181

Hexagrammos lagocephatus (31 \

Hemilepidotus spp. (33)

Hexagrammos octogrammus (16)

Osmeridae (34)

October 1-15: 33 samples

Hexagrammos lagocephalus (16)

Hemilepidotus spp. (26)

161_

REGROUP . BONGO

(0.40 affinity level)

Appendix Figure 115.--Results of recurrent group analysis of bongo
catches by date window, A. Sept. 1-15, B.
Sept. 16-30, C. Oct. L-15. Boxes enclose
members of recurrent groups. Lines connect
taxa $¡ith affinities outsíde their groups.
Numbers of occurrences are in parentheses.



L62

REGROUP. BONGO
0.40 affinity level

Appendix Figure 116.--Results of recurrent group analysis of bongo
catches by date window, À. Oct. 16-3L, B.
Nov. L-1,7. Boxes enclose members of
recurrent groups. Lines connect taxa with
affinities outside their groups. Numbers of
occurrences are in parentheses.

October 16-31: 37 samples

Osmeridae (1 0)

November 1-17: 94 samples

Mallotus villosus (48)

Hemilepidotus spp. (64)




