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in bongo sarnples, spring cruises.
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Figure L22. Distribution of station grouPs for dominant 283

taxa of eggs in bongo sauples, spring cruises'

FigUre L23. Dendrograns showing (a) species groups and 284

(b) station grouPs for dominant taxa of
larr¡ae in bongo samples, spring cruises.

Figure L24. Distribution of station groups for dominant 285

taxa of la¡¡¡ae in bongo samples, spring cruises.

Figure L25. Dendrograms showing (a) species groups and 286

(b) statíon grouPs for doninant taxa of eggs

in neuston, crr¡ise P080-
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FÍgrure L27. Dendrograms showing (a) species groups and 288

(b) station groups for douinant taxa of
Ian¡ae in neuston, c¡r¡ise PO80.

Figrure L28. Distribution of station grouPs for dominant 289

taxa of lan¡ae in neuston, crr¡ise Po80.

Figure !2g. Dendrograms showing (a) species groups and 29O

(b) station groups for doninant taxa of eggs

ín bongo samPles, cruise PO80.

Figure 130. Distribution of station grouPs for dominant 29I
taxa of eggs in bongo sanples, cruise Po80.

Figure 131. Dendrograns showing (a) species groups and 292

(b) station groups for dominant taxa of
larrrae in bongo samples, cruise PO80.
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Figrure 133. Dendrograms showing (a) species groups and 294
(b) station groups for doninant taxa of eggs
in neuston, cruise DÀ81.
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Figure 135. Dendrograms showing (a) species groups and 296
(b) station groups for dominant taxa of lalr¡ae
in neuston, cruise DAgl.
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Figure L37. Dendrograrns showing (a) specÍes groups and 2gg
(b) station groups for doninant taxa of eggs
in bongo samples, clrrise DAgl.

Figure 138. Distribution of station groups for do¡ninant 2gg
taxa of eggs in bongo samples, cruise DABI.

Figure 139. Dendrograns showing (a) species groups and 3OO

(b) station groups for doninant taxa of larvae
in bongo samples, cruise DÀ81.

Fígure 140. Distribution of station groups for dominant 3Ol_

taxa of la¡rrae in bongo samples, cruíse DAg1.

Figure L4L. Dendrograns showing (a) species groups and 3Oz

(b) station groups for do¡ninant taxa of eggs
in neuston, cruise MF83.
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Figure L42. Distribution of station groups for dominant 303

taxa of e99s in neuston, cn¡ise lfF83'

FigUre 143. Dendrograms showing (a) species groups and 304

(þ) station groups for doninant taxa of larr¡ae
in neuston, cn¡ise l{F83.
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Figure 145. Dendrograrns showing (a) species groups and 306

(b) station groups for doninant taxa of eggs

in bongo sarnples, ctlrtise l{F83.

Figrure L46. Distribution of station groups for doninant 3O7

taxa of eggs in bongo sanples, cruise MF83.

Figure L47. Dendrograns showing (a) species groups and 308

(b) station groups for dominant taxa of lan¡ae
in bongo samPles, cruise !'tF83.

Figrure 14É. Distribution of station grouPs for dominant 309

taxa of lanrae in bongo samples, cruise l'{F83'

Fígure LAg. Dendrograms showing (a) species groups and 310

(b) station groups for doninant taxa of eggs

in neuston, cruise !'tF87'
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Figure 151. Dendrograms showing (a) species groups and 3L2

(b) station groups for do¡rinant taxa of lalr¡ae

in neuston, cruise l{F87.
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Figrure 153. Dendrograms showing (a) species groups and 314
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Figure 154. Distribution of station groups for do¡rinant 31s
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Figrure 155. Dendrograns showing (a) species groups and 316
(b) station groups for dominant taxa of larr¡ae
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Figure 156. Distribution of station groups for doninant 3L7
taxa of la¡r¡ae in bongo 5¿mples, cruise lllFgT.
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1. ãBSTRAC:I

This study discusses the early life hístory of fish in coastal
waters of the northeast Pacific Ocean. It is based on plankton and
hydrographic data collected off l{ashingrton, oregon, and northern
California during the 1980s. Ten research crrrises were conducted.
during this period with cooperative ventures by the U.S. Northwest
and Alaska Fisheries Center (NI{AFC), now the ÀIaska Fisheries
science center, in seattre, and the soviet pacific Research
Institute (TINRO) in Vladivostok. The objectives of this study
ûtere (1) to docunent patterns in occurrence, distribution and
abundance of ichthyopLankton species in the neuston and water
column of the sanpling area, (2't to identify and descrj.be the
occurrence and distribution of nultispecies assemblages of
ichthyoplankton in this region, and (3) to relate spat,ial.
andtenporal patterns in the ichthyopLankton to the oceanogrraphy of
the sampli,ng area. These were the first large-scale
ichthyoplankton suríveys to be conducted in this region.

The study area extended, from the Strait of Juan de Fuca off
washington to northern carifornia, between 401f and 4go!{ and 3 to
200 mires offshore. Arthough the study was designed to sampre
during arl seasons of the year, six of the ten cruises hrere
conducted during spring months. sanpling during surnmer, autumn and
winter months was linited. During each cruíse, plankton sampling
for fish eggs and la:rrae, and hydrographic casts for determination
of temperature and salinity, were carried out at all stations.
Neuston sarnplers and bongo nets erere used t,o sample the plankton in
the surface J.ayer and water column, respectively. Oblique tows to
200 m, or 5 m from the bottom in water less than 200 ¡n deep v¡ere

carried out with the bongo samplers. Fish eggs and larvae !üere

removed from the plankton samples, identified to the lowest
taxonomic level possible, counted and measured.

Results and conclusíons from this study are presented in four
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najor sections in the report: (1) Tenperature and salinity patterns

and upwelling indices temperature and salinity patterns are

described for each sampling cruise, and monthly coastal upwelling
indices are presented for each year of the study and compared with
nonthtf Deans for the years 1946 to 1989 î (2't Taxonomic composition

and abundance of ichthyoplankton records of occurrence and

abundance of aII taxa of fish eggs and larrrae in the neuston and

bongo samples are given. Dominant taxa are identified and seasonal

and interannual variation in their abundance is documentedi (3)

Sunmary of info¡:mation on dominant taxa - for each of the doninant

taxa, tenporal and spatial patterns in their occurrence and

abundance during the study period are described and length

frequency distributions of larr¡ae are given. Reference is made to
previous investigations of ichthyoplankton in this and adjacent

regions, and conclusions are made regarding spawning, early life
history and rec¡r¡itnent patternsr (4) Multispecies spatial patterns

ín the ichthyoplankton and relationships with the enviro¡rment

these patterns were investigated lndependently for eggs and la¡r¡ae

in the neuston and water column using the multívariate technique of
numerical classifÍcation. The patterns are described, multispecies
assemblages of ichthyoplankton are identified, and their occurrence

and distribution are related to the oceanograPhy of the sanpling

area.

New Ínformation is available from this study on the

distribution and abundance of many species of fÍsh e99s and la¡r¡ae

in the plankton off the U.S. west coast. This is partÍcula'rly true

for many of the seldom studied mesopelagic taxa. overall'
knowledge of the spawning and early life history patterns of fish
species off Ï{ashington, oregon and northern california has been

increased. For some species (e.g. Enaraulis mordax and

Citharichthvs sPP. ), the EI Niño neteorological and oceanographic

event of Lg82/Lg83 is reflected in changed patterns in abundance

and distribution of their eggs and larvae. These patterns are

described in Chapter 3 of the results dealing with the dorninant



taxa individually. Investigat,ion of nultispecies spatial patterns
among the fish eggs and la¡r¡ae has led to the identification of
four geographically distinct ichthyoplankton assenblages in the
plankton of the study area. They include: 1) a coastal asse¡nblage
that is restricted to coastal and continental shelf waters and is
most proninent off t{ashington and northern Oregon during winter and
spring; 2't a slope/transitionaL assemblage that occurs largely
along the shelf edge and slopet 3) a Colunbia River plune
assenblage that is associated with the Colunbia River pluure during
summeri and 4) an oceanic assenblage that prevails in deep water
beyond the shelf edge and for which northern and southern
components are apparent during winter and spring. In addition, a

unique assenblage of lanral species is present in the neuston. It
is associated prinarity with the shelf and slope region but certain
species, such as Cololabis saira, Anoplopoma finbria and Sebastes
spp., are also dístributed throughout the oceanic zone. In
general, the boundaries to the ichthyoplankton assenblages are
fluid. Seasonal variation in occurrence and abundance of species
within assemblages is strong. The occurrence and dÍstribution of
these assemblages reflects tenporal variation and spatial structure
in the oceanographic environment. Adaptation of spawning patterns
among the various fish taxa in this region to the prevailing
oceanographic conditions is apparent. Co-evolution among the
fishes' spawning strategies withín the conplex and variable marine
ecosystem may have given rise to the high degree of structure
obserr¡ed Ín the ichthyoplankton spatial patterns and to the
muttispecies assemblages.



2. IIIIIRODUCTION

The present study concer¡rs the early lífe history of fish in
coastal waters of the northeast Pacific Ocean. It is based on

plankton and hydrographic data collected off the coasts of
l{ashington, Oregon and northern California, duríng the 1980s. The

ten research c¡rrises carried out during this period lÍere
cooperative ventures by the U.S. Northwest and Alaska Fisheries
Center (ñÍAFC), now the A1aska Fisheries Science Center, in Seattle
and tlre Soviet Pacific Research Institute (Tf¡IRO) in Vladivostok.
The pul?ose of these crr¡ises ¡tas to document patterns in
occurrence, distribution and abundance of lchthyoplankton species
in coastal waters of the northeast Pacific. They were the first
Iarge-scale ichthyoplankton su¡íveys to be carried out in this
region.

Prior to this study, nost investigatÍons of ichthyoplankton in
the tenperate zone of the northeast Pacific have been confined to
waters off Oregon and restricted on a spatial or temporal scale.
A list of publications dealing wíth ichthyoplankton in this region
is given in Table 1. Included are details of sanpling coverage,
sampling gear used, and kinds of data reported.

Prior to L972, data on ichthyoplankton in the northeast
pacific were sparse. Their main focus of the few studies fron this
area which presented ichthyoplankton data was pelagic invertebrat'es
or adult and juvenile fishes, and data on ichthyoplankton were

largely ancillary (Àron, 1958, L959, 1960, L962; Le Brasseur' 1965,

LgTOt Day, Lg7Ll. Subsequently, several studÍes investigat,ed the
ichthyoplankton of this region. Waldron (L972) examined the
distribution of fish larrrae during spring L967 off Washington and

Oregon, out to 550 lo offshore. Richardson (1973) docurnented

speci.es composition, relative abundance and the distribution of
dominant taxa in the ichthyoplankton off Oregon and southern
Washington during the summer of 1969. Àn eleven-year study (1960-

4



1970) of interannual variation in the occurrence and abundance of
lan¡al fish in Yaguina Bay off Oregon was carried out by Pearcy and

Myers (L9741. Laroche (1976) and Misitano (L977) conducted
ichthyoplankton surîveys in the vicinity of the ColunbÍa River
estuary and reported on species cornposition and abundance in the
ichthyoplankton. From ichthyoplankton surveys carried out during
the summer of L975 and L976, Richardson (1980) determined the
spawning bio¡nass of anchovy and associated their spawning with the
Colunbia River Plume. Pearcy g! al. (1977, and laroche and

Richardson (1979) reported on the distribution and abundance of
Iarr¡ae and juveniles of several specíes of flatfish off oregon.
Most of the above studies were restrícted in terns of saurpling
coverage to periods of less than a year, and discussion of
distribution patterns was limited.

Alrlstrom and Stevens (L9761 reported specifically on

ichthyoplankton distributions over an enÈensive area of the
northeast Paeific, including coastal, shelf and deep water (as far
out as 145olg tongitude) from off northwest Washington to southern
Baja California. This study deals specÍfically with lan¡al fish
species caught in the neuston. The NI{AFC/TINRO ichthyoplankton
cruises carried out off the U.S. west coast during the 1980s were
also extensive, both spatially and tenporally, and they !ùere the
first surîveys to document distribution of egg and larr¡al species in
both the neuston and the water column. Prelininary results from
these suriveys are presented in the following NWAFC Processed
Reports; Kendall and Clark (1982a, 1982b), Clark (1984, 1986a,

1986b), Bates (1984), Clark and Kendall (1985), Clark and Savage

(1988) and Savage (1989a, 1989b). Based on the same datar âD

investigation of the distribution and abundance of eggs and larr¡ae
of five species of flatfish off Washington, oregon and northern
California was carried out by Urena (1989).

Since Richardson and Pearcy's (L977) investigation of coastaL
and oceanic fish larrrae atong a transect of stations off Yaquina



Bay, Oregon, several studies have dealt with the identification and

distribution of species assemblages in the ichthyoplankÈon of this
reqion. The most inportant of these ís Richardson C!, 4.'s (1980)

study of la¡rral fish assemblages off the Oregon coast between the

colr¡¡nbia River and cape Blanco, during winter-spring months of, L972

to 1975. They documented the persistant occurrence of three major

species assenblages coastal, transitional and oceanic in the

area and associated them with adult spawning location and current

circulation Patterns. Their use of the pattern-recognition
techníque of nr¡merical classification to analyse spatial patterns

in the lan¡al fish data was a new innovation for ichthyoplankton

studies. Mundy (1984), Boehlert 4 4. (1985) and shenker (1988)

also deal with the occurrence of ichthyoplankton assemblages off
the oregon coast and interlret the distributional patterns

ecologically. Another study which addresses the relationship
between ichthyoplankton distribution patterns and environmental

conditions is Brodeur g! 4. 's ( 1985) investigation of the

distribution and abundance of fish larrrae in the upwelling zone off
Oregon during anomalous El Niño conditions'

The aím of the present study is to further the understanding

of the spawníng patterns and early life history of fish in coastal

and offshore waters west of WashingÈon, Oregon and northern

califorrria. The sanpling methods and coverage allow the

investigation of occurrence, dÍstribution and abundance of fish
eggs and lar¡¡ae in both the neuston and the water-colunn over a

Iarge geographic area and over a period of seven years. of

partÍcular interest is the occurrence' nature and dÍstribution of

species assemblages and how they nay be related to environmental

factors. Results are compared with those of previous studies off
Oregon that documented ichthyoplankton species assenblages on a

more limited basis. The distributional patterns are related to the

occurrence and spawning strategies of the adult fish plus the

oceanoçtraphy of the sanpling area'
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Although all the ichthyoplankton data collected durÍng the
1980 to 1987 west coast surî\reys are presented and discussed in this
report, two related papers which focus on part of these data have
been conpreted. The neuston data vere the basis for a study of
neustoníc ichthyoplankton in the northern region of the California
current ecosystem (Doyle, in press). This paper provides a Dore
thorough investigation of the occurrence, abundance and
distribution of fish eggs and lan¡ae in the neuston than is given
in the present report. Doyle et 4. (in press) used lan¡ar data
from the bongo collections to investigate muttispecies assemblages
of fish larr¡ae off the west coast and compare them with assenblages
of fish la¡rrae off the U.S. east coast. Discussion of the nature
and possible origins of the lanral fish assemblages is included in
this paper.



.. 3. g:!lgD:gÆÈ

The surr¡ey area extends from 48ol{ off northlrest l{ashington to
4oo!f south of Cape Mendocino off northe¡n California and from 3 to
2OO miles (4.8 to 322 to) offshore (Fig. 1). A narrow continental
shelf characterizes tþe coastal region. Off Washington and

northern Oregon, Èhe shelf width is less than 70 km, whereas off
sout¡ern Oregon and notthern California it narrows to less than 3O

h, reaching a miniur¡m of approxinately 10 }o off Cape llendocino.

A series of sr¡bmarine canyons transect the shelf and slope off
Washington and northern California. These canyons are largely
absent off Oregon where rocþr subnarine banks are found along the

shelf. A grid oî, L25 (naximnm) statíons was occupied during uost

crrrises, and stations were more closely spaced in the shelf and

slope zone than in deep water west of the 1OO0 m isobath.

The oceanography of the sunrey area is characterized by the

California Current system, a tlpical eastern boundary current
regine (Hickey, Lg7g, 1989). The main Californía Current is slow,

meandering, broad, and indistinct and it proceeds southwards along

the It.S. west coaSt (Fig. 21 . Sub-components of the CalÍfornia
Current include the northt¡ard-flowing California Undercurrent and

Davidson Current (Hickey, 1989). The California Undercurrent

consists of a jet-Iike poleward flow with a subsurface maximun-

Its core appears to be confined to the continental slope. The

northerly flowing Davidson Current that prevails on the coast,al

side of the California Current during winter is a seasonal surface

current (Fig. 21.

Coastal surface currents in this region are prinarily wind-

driven and display strong seasonal varíability (Huyer et al. ' 1975i

Hickey , LgTgt strub et aL., 1987). Spring and autumn transitions
in prevailing winds and associated coastal currents are driven by

large-scale changes in atrnospheric pressure systens over the North

Pacific. In winter, southerly winds resutt' in the northward



flowing Davidson..Current, onshore Ekman transport of surface water,
and downwelling close to the coast. A transition from southerly to
northerly winds occurs during spring, and by summer prevairing
conditions include a southward flowing coastal current, offshore
Ekman transport, and upwelling of cold oceanic water close to the
coast. The autumn transition fron northerly to southerly winds
leads back to the winter conditions.

The intensity of Eloan transport and associated upwelling is
variable along the coast. I{ean rnonthly upwelling indices (derived
fro¡n geostrophic wind stress Bakun, Lg73) for four 1ocations
along the 125oIV meridian, from northern Washington to northern
carifornia, show that the extent and intensity of upwerling
increases from north to south in the study area (Fig. 3). off
Washington and northern Oregon, the upwelling season is confined
largely to summer while winter is characterized by vigorous
downwelling. Along the northern california coast, winter
downwelling is weaker and less extensive and summer upwelling
indices are considerabty higher than off Washington and northern
Oregon. The region of ¡naximum upwelling along the U.S. west coast
is between Cape Blanco off southern Oregon and Point Conception,
southern California, with a local maximum at Cape ltendocino
(Parrish et al., 1981).

The oceanography of waters off the U.S. northwest coast is
nodified significantly by the colunbia River (Hickey and Landry,
1989). The colurnbia River is the largest point source of
freshwater flow into the eastern Pacific Ocean and its water forms
a low-salinity plurne that extends outwards fron the river mouth
above a shallow (<20 n) halocline (Fiedler and Laurs, t99O). The
extent and orientation of the plume is variable and subject to
seasonal changes in runoff and coastal circulation patterns. The
peak period of runoff is June and river discharge is usually at a

minimum during Septernber and Oct,ober (Fig. 41, (Landry et â1.,
1989).



During the years 1980 to L987, ten research cruises were

carried out in the study area. Although intended to sanple during
a}l seasons of the year, nost crrrises were conducted during spring
months and coverage of summer, autumn and ¡¡inter nonths ttas

Iinited. Complete coveraçfe of the 125 stations was not achieved on

evenz sampling occasion. Table 2 gives the nunber of statLons
sampled for ichttryoplankton during each cnrise along with the
c¡rrise dates and the vessel used. Stations occupied during each

crrrise are plotted in Figures Sa-j.

During each crrrise, plankton sanplÍng for fish eggs and larr¡ae
and hydrographic casts for determination of temperature, salinity,
oxygen and, in some instances, nutrient concentrations were carried
out at all stations. The water sanples were collected at standard
depths of 0, 1O, 20, 30, 5O, 75, 1001 1501 2OO, 25O, 300, 4OO, 50O

and 600 D as water depth permitted. Paired neuston tows, using
Sameoto samplers (Sameoto and Jaroszynskí, L969) with 0.3 m high by

0.5 m wide frames and 0.505 rnm nesh netting, IÍere conducted for 10

nínutes at each station, at a speed of 2.O knots to sample the
upper 15 cm of the water coh¡¡ûn. Following standard IIARMÀP

procedures, oblique tows to approxinately 200 n depth' or 5 m from

the bottom in water less than 200 n deep, were carried out at each

station using 60 c¡o frane bongo sanplers with 0.505 mm mesh nets
(Smíth and Richardson, L977). Flowmeters in the mouth of the
neuston and bongo sanplers lrere used to detemine the volume of
water filtered by each net. One of each of the paired neuston and

bongo samples rilere retained by the A¡rericans and the other by the
Soviets. The Àmerican plankton samples ltere processed by the
Po1ish Plankton Sorting Center in Szczecin, Poland. Fish eggs and

larr¡ae were removed from the samples, identífied to the lowest

taxonomic level possible, counted and measured. Identifications
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were later cheoked by biologists at the Northwest and A1aska
Fisheries Center. Counts of fish eggs and larrrae rilere converted to
numbers per 10 nz of surface area for the bongo sanples and numbers
per 1OOO m3 for the neuston sanples.

|(b,. Data a¡alysLs

Average distribution plots nere constructed for the doninant
taxa of eggs and lanrae in the neuston and water column. À grid of
74 squares was superimposed on the sanpling area. For each of
these squares, the abundance of the particular taxon rras summed

over the ten sanpling periods and divided by the total nr¡nber of
stations in each sçluare, to give mean abundance estimates.

The multivariate analytical technique of nr¡merical
crassification was used to examine spatial patterns in the
ichthyoplankton data. This technique involves grouping similar
entities based on numerical data such as, in this instance, species
abundance at a range of stations (Clifford and Stephenson, L975î
Boesch, L977; Gauch, 1982). No¡:mal and Ínverse classsificatíons
were carried out on the data sets i.e. both the species and
stations were crassified into groups. onry the dominant
ichthyoplankton taxa, which contributed significantly to the
overall spatial patterns, lrere included in this analysis. Taxa
occurring in less than approximately 5t of the samples for a
part,icular data set were removed. In addition, the data lrere log-
transformed príor to analysis.

The first step in the numerical classification procedure
comprises the calculation of correlation coefficients for each pair
of species or stations, for the species and station grouping
respectively. The Bray-Curtis dissirnilarity measure (Bray and
Curtis, L9571, used extensively in marine ecological studies
(Boesch, L977), was the one chosen here.
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It is expressed -as:

where "ik
i=
v
^nj
vÀnk

I
! lx"1-x"*l

ñ - ¡l=1
-ik--

I lx**x*)
!.1

dissinilarity between stations j and k
nr¡mber of species

abundance of nth species at station j
abundance of nth species at station k

This is followed by a clustering technique which leads to the
construction of dendrograms showing the relationship between

individual, and groups of, species or stations. Various clustering
strategies are available but those most widely used are
agglomerative and hierarchical in nature (Clifford and Stephenson,

Lg75; Boesch, Lg77'). In this instance the rrflexible sortingrl
strategy (Lance and lùillians, L967't htas used to fuse entitÍes
(stations and species). Each entity begins as an individual
element and the nost sinilar pair (those with the lowest
dissinilarity coefficient value) are joÍned first. Subseguently,
either another pair is formed, or a singte entity is added to a

pair that has already been formed. This process continues with
larger groups being fuséd at increasingly higher values of
dissinilarity until the entire population of entities is joined in
one cluster and the dendrogram is cornplete. With use of the
ftexible sorting strategy, a rrcluster intensity coefficientrr (which

can range in value from -1.0 to 1.0) is included in the algorithm.
This coeffÍcient affects the structure of the dendrogram in that it
influences whether or not an individual entity wil,I act as the
nucleus of a new group or join a pre-existing one. A val-ue of
-O.25 has become the standard where the flexible sorting strategy
is used (Clifford and Stephenson, Lg75; Boesch, L977 ) and this was

the value chosen here.
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After conpletion of the classificatíon of species and stations
for a particurar data set, the original abundance data were
rearranged according to the order that species and stations
appeared in the dendrograms. Groups of species and stations $rere
selecÈed based on the arrangement of entities in the dendrograms
and their distinction in tems of occurrence and }evels of
abundance of species and geographical distribution. Mean levels of
abundance for each species, in a constituent species group, were
then calcurated for each station group. rn this Danner, the
statÍon groups were characterised according to the occurrence and
abundance of groups of species. subsequently, the station groups
were protted on a map of the sanrpring area with a view to
identifying the occurrence of geographicatry distinct
ichthyoplankton assenblaçtes .

The Íchthyoplankton data sets at the Àlaska Fisheries Science
Center reside in binary conputer files on the Burroughs mainframe
computer (87900). Nunerical classification of the data sets and
plots of the resurting station groups were carried out using
custon-designed clustering programs (wriÈten in FORTRiNI) which are
available on the Burroughs system.
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5. RE8UI¡T8 At¡D CONCLUSIONS

5(a). rFannrrarrtu.lre rna 3elinitv Datterns a¡d !¡Þrelli¡Cf iDôices

Temperature and salinitv patterns

Horizontal Patterns of temperature and salinity are

illustrated for each of the ten cruises in Figrres 6 to 15'

Contours are ¿rann for surface temperaturer integrated teuperature'
and surface salinity. The integrated temperature values were

calculated from data representing the entire ¡sater colunn or, in
deep water the upper 2OO m' and weighted according to sampling

depth. These values are rePresentative of the water sampled by the

bongo nets, in which most of tt¡e ichtltyoplankton occurs.

Crt¡ige IX80

Horizontal patterns of temperature and salinity during

March/April 1980 were tlpical for spring off the u.s. northr¡est

coast. Along the shelf, both at the surface (Fí9. 6a) and

throughout the water column (Fíg. 6b), temperature decreased from

north to south. Conversely, in the oceanic zone water temperature

increased ín a southerly directÍon. The occurrence of colder water

along the coast off southern Oregon and northern California, in
comparison with the ¡Íashington and northern Oregon shelf, was due

to the early occurrence of upwelling along this section of the

coast. This cold oceanic water is also noticeable in Èhe surface

salinity contours (Fig. 6c) which show that highest salinity values

occurred here. Further north off t{ashington and northern Oregon'

the Colu¡nbia River outflow was nanifest in reduced salinities. Àt

this time of year, the plurne is orÍented northwards and remains

urainly over the shelf (t.ig. 6c) .
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Cn¡ise PO80

The Augnrst 1980 data is representative of su¡nmer conditions
off the west coast when temperature increases in an offshore
direction and water is coldest along the entire coast (Figs. 7a and

b). Upwe1ling of cold oceanic water along the shetf causes this
pattern and results in water temperatures of 7-11oC at the surface
in the coastal zone. Temperatures of 15-18oC prevailed at the
surface throughout most of the oceanic zone (Fig. 7a). The

occurrence of the coldest water was most extensive along the
southern Oregon and northern California coast where upwelling is
most intense. The low-salinity water of the Colunbia River plume

is deflected in an offshore and slightly southerly dírection
during summer (Fig. 7cl due to the occurrence of northerly winds
and offshore Eloan transport at this tirne of year.

cn¡ise Bo81

Teurperatures during this cruise were slightly higher overall
than those for cruise TKSO as sampling was carried out during May

(Figs. 8a and b). The tlpical spring pattern was apparent,
however, with temperatures increasing in a southerly direction in
the oceanic zorre and in a northerly direction along the shelf.
Again, the conmencement of upwelting of cold oceaníc water from

Cape Blanco southwards is indicated by the mininum tenperatures
which vrere prevalent along this section of the coast. Surface
salinity contours show that the Colurnbia River plurne was oriented
along the Washington and northern Oregon coast,s in the usual spring
pattern (Fig. 8c). Its influence was more extensive on this
occasion, however, with salinity val-ues less than 29 ppt extending

from northern Washington to just north of Cape Blanco. River
discharge is at a maximun during May and June (Fig. 4).
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C¡lr¡ige DA81 '

Dnrring October/Novemþer 1981, temperatures at the surface
ranged from 11 to 15oC and lowest values were recorded along the
southern Washingrton and northern Oregon coast nhere Cotr¡nbia River
plume water occured (Fig. 9a). Integrated values show that
t¡roughout the water column, temperatures trere highest along the
entire shelf indicating that upwelling of cold oceanic water had

ceased (fig. 9b). Colunbia River discharge ís nÍni¡nal during
autunn (Fig. 4) and this is reflected ín the surface salinity
contours (Fig. 9c) which show mininr¡n salinity values of 29-30 ppt

restricted to a suall area off Washingrton, just north of the river
mouth. The extension of the 32 ppt contour into the oceanic zone,

however, resenbles the sumner offshore orientation of the plume

caused by offshore Eloan transport (Fig. 7cl -

cn¡l.se Dos2

Horizontal tenperature patterns during May of L982 (Figs. 10a

and b) Irere similar to those obse¡rred during May 1981 (Figs. 8a and

b), but values were lower overall by about loC. Temperatures were

particuÌarly lorr (<9oC) along ttre shelf and slope between Cape

Blanco and Cape Mendocino indicating that upwelling was stronger
and more extensive on this occasion than during the sarne perÍod in
19g1. The occurrence of maximurn salínities (>33 ppt) was also more

extensive (Fig. loc), reflecting the occurrence of upwelled oceanic

water along the southern section of the coast. The orientation of
the low-salinity Colunbia River plune water off Washington and

northern Oregon was more offshore and southerly during May 1982

(Fig. loc) in comparison r¡Íth uay 1981 (Fig. 8c) . This is
indicative of the commencement of offshore Ekman transport.
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Cn¡ise EQ83

The spring of 1983 Tras unusual in that temperatures were

higher than nomal throughout the saropling area, particularly along
the shelf, and no coastal upwelling ttas apparent even along the
southern Oregon and northern California coasts (Figs. 11a-c).
These unusual conditions were associated with the strong EI Niño-
Southern OscÍIlation (ENSO) event which took place during the
autumn of Lg82 through late summer of 1983 in the Pacific Ocean

(Brodeur gþ 4,. , 1,985) . A surface layer of high tenperaturet
offshore water !Ías advected onshore along the western coast of
North America resulting in unusually high sea-Ievels, enhanced

poleward transport, an increase in depth of the the¡mocline, and a
reduction in coastal upwelling and southward transport of cold
water (Lynn, 1983; Simpson, 1983; SnÍth and Huyer, 1983). The low-
salinity water of the Columbia River plune remained very close to
the coast, essentialty off Washington, during spring of this year
(Fig. 11c) .

Crt¡ige uf83

Tenperature patterns during autr¡mn of 1983 were simíIar to
those obsen¡ed during autumn of 1981 (figs. 9 and 12) with watmest

water occurring throughout the water colunn, along the coast (Fig.
12b). A different pattern of salinity contours was apparent,
however, and the restriction of the Colunbia River plune to the
shelf off Washington and northern Oregon (Fig. L2cl reflects the
absence of significant offshore Elsnan transport that year.

Cruises POS,I anð EÀ85

For MarchrzApril 1984 (Fig. 13) and ApriL/t(ay 1985 (Fig. 14),
t,emperature and salinity patterns were again tlpical of spring
conditions in the sarnpling area and comparable to patterns obsen¡ed

duríng cruises TK8O, PO81, and PO82 (Figs. 6, 8' and 10).
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Tenperatures inareased from north to south except along the coast
where cold, upwelled water was apparent off southern Oregon and

northern Calífornia. the Cotr¡nbia River plume extended along the
shelf off Washington and northern Oregon-

cn¡ige ur87

Temperature and salinity patterns for January L987 were

somewhat similar to spring conditions with a southward increase in
water temperature (Figs. 16a and b), and a northward and coastal
orientation of the Coh¡¡nbia River plune (Fig. 16c). There was an

absence of cold, upwelled water along the coast south of Cape

Blanco, however, and the a¡nount of river discharge, and associated
reduction Ín salinities, was minimal.

Uowelti¡q i¡dices

For each year of the survey, mean nonthly upwelling indices
for four locations along the f25olV meridÍan (northern l{ashingrton to
northern California) are plotted together with mean values over the
years 1946 to 1989 in Figures 16 to 22. The indices are derived
from geostrophic wind stress (Bakun, L973) and are expressed as the

volume of water (rn3) which is transported offshore in one second,

for lOom of coastline.

During 1980, upwelling indices were largely sinilar to the

Lg46 to 1989 values off WashÍngton and Oregonr except for an

unusually high negative value in February (Fig. 16a-c). Off
northern California, indices were significantly higher than normal

in Uay and August (Fig. 16d) suggesting stronger upwelling. In
1981, values hrere stightly higher than the mean during JuIy off
Washington and Oregon (Figs. 17a-d) and significantly higher than

the mean fron April to July off northern california (Fig. 16d). It
seems that offshore transport and upwelling intensity was greater

than usual off northern California during 1980 and 1981. May seems
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to have been an anomalous month during L982. For each of the four
Iocations along the coast, upwelling indices nere significantly
higher than usual (Fig. 18) and the May value !'¡as the annual peak
for the Oregon and northern Calífornia coasts (Figs. 18b-d). This
unusually strong upwelling, for thÍs tine of year, Ís reflected in
the horizontal patterns of temperature and salinity for cruise PO82

(Fig. 10) .

The EI Niño event of 1983 is reflected in the annual pattern
of upwelling indices for that year (Fig. 19). Off l{ashington and
Oregon, index values were significantly depressed during the
summer, and at 42olf were below the mean during aII months of the
year (Figs. 19a-c). Off northern California, at 39ol{, values nere
significantly below the nom during the first half of the year but
sinilar to mean values from June through Decenber. It seems that
for this section of the coast, the cornmencernent of upwelling was

sigmificantly later than usual whereas further north, upwelling was

weak and totally dininished from spring through autumn.

The annual upwelting pattern was baclc to nornal in L984 at all
four locations (Fig. 20). Index values rdere slightly higher than
the mean, however, in JuIy off Washingrton and Oregon, and in June
through Septenber off northern California at 39oN. During both
1985 and 1987, upwelling indÍces erere very similar to the 1946 to
1989 mean values, for all months of the year (Figs. 2L and 22) .
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Tab1e 3 gives the total number of the different taxonomic
categories (families, genera and species) identified for eggs and

la¡nrae in the neuston and bongo samples, over all sampling periods.
A greater diversity of taxa, botþ for eggs and la¡¡¡ae' was

encountered in the bongo samples than in the neuston. In addition,
a higher nunber of lanral taxa rras recorded than egg taxa ì 23

fanilies of la¡r¡ae as compared with 17 of eggs in the neuston and

38 of lar¡¡ae as comPared with 19 of e99s in the bongo sanples. the
sigmificantly lower nu¡nber of genera and species recorded for eggs

than for lan¡ae is due, to a certain extent, to difficulties with
egg taxonomy. Although there are still problems with the
identification to species of several groups of larvae, ê.Ç. the
rockfish, &ÞêSG, spp. , taxonony at the egg-stage Ís more

difficult and there are many instances when eggs ean only be

identified to fanily level (Matarese et al. ' 1990). The lower
diversíty of taxa among eggs may aÌso be attributed to the fact
that many of the fislr species concerned are demersal spawners t ot
in the case of rockfishes are viviparous, and therefore do not
appear in the plankton untit the eggs hatch into free-swinning
larlrae, ê.Ç. the hexagrarnmids, cottids, A@9¡!1¿@, hexap'Èen¡s, and

Roncnrilus j-gEflêlljt.

Tables 4-7 list all taxa identÍfÍed for each stage (eggs and

lanrae) and gear (neuston and bongo) t1pe, along with their
percentage occurrence and nean abundance in all samples collected.
For each category, only a smatl proportion, usually less than a

third of the taxa recorded, contributed significantly to total
abundance of fish eggs or larrrae. Many species, particularJ.y in
the bongo samples, were rare. In general, these rare taxa occurred
in less than L*, and in some instances less than 0.1t, of a}l
samples collected.

The do¡ninant taxa, which t,ogether account for grreater than 80å
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of total abundance of eggs or larrrae in the neuston or bongo
sanples, are listed ín Table 8. A total of 32 species ín 19

fanilies are included along with four categories identified to
genus level onJ.y; Bathylacnrs spp., $bag@, spp., Sebastolobus spp.
and Citharichthvs spp. In addition, many eggs belonging to the
fa¡rilies Bathylagidae, Dlyctoplridae, Paralichthyidae and

Pleuronectidae were not identified beyond the family level, as was

the case wÍth osmerid larnrae. It is inportant to note that the
genus Sebastes spp. consists of a multispecies complex; about 40

species are known among the adults fron the study area.

The association of the doninant taxar âs eggs and/or lanrae,
with the different sampling gears is also docu¡nented in Table 8.
The anchorry, Engraulis ggþX, is the only species that hras

prominent both as eggs and lanrae in the neuston and bongo samples.
osmerids, bathylagids, myctophids, and Sebastolobus spp. were
prominent only in the bongo sanples, being either rare or absent in
the neuston. In contrast, Cololabis saira, Anoplopona fi¡rbria, the
hexagranmids, and nost of the cottids !ìtere associated almost
exclusively with the neuston. Àmmodytes hexapterus and &¡g¡!!W
iordani were prominent only in the neuston. They were common in
the bongo sanples but were taken in much lower nunbers and less
frequently than in the neuston (Tables 5 and 7'). Apart fron Q.

saira which spasrns in the epipelagic zoîe, the latter group of
species occurred only as larr¡ae in the neuston samples. The

hexagranmids, cottids, À. hexapterus, and R. jordani are demersaÌ

spawners and $. fimbria is a bathlpelagic spawner, thus their eggs

are rare in the surface zone. Eggs of the deep water species
Chauliodus macouni srere prominent in the neuston and bongo sarnples

but as lan¡ae only in the bongo samples, whereas Tactostoma
macropus !Ías associated prinarÍIy with the neuston and only in the
egg stage. The offshore species, Trachipterus altivelis and

Icosteus aenigrmaticus, hrere among the dominant taxa in both the
neuston and bongo samples but only as eggs. The medusa fish,
Icichthys lockinqtoni and mernbers of the familÍes Paralichthyidae
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and Pleuronectidae, were prominent in the bongo samples both as

eggs and larrrae but in the neuston only as eggs. Their larr¡ae were

Iargely absent fron the neuston (Table 5).

Ievels of relative abundance anong the do¡ninant taxa, for each

of the stage and gear categories, are given in Tables I to 11'

Data from the ten sarnpling periods were conbined to calculate the
percentage of total egg or lanral abundance accounted for by the

individual taxa.

For fish eggs in the neuston, the fanily ParalíchthyÍdae was

extremely abundant, accounting for approximately 568 of all e99s

caught in the sanples (Table 9). The other flatfish family,
pleuronectidae, was ranked second ín terms of abundance and its
constituent species together accounted for almost 20* of e99s in
the neuston. Of the remaining taxa, Encrraulis gÈ95¡!gr lfrachipterus
altivelis and g@!oþE spp. were the only ones that accounted

for greater than 1t of total egg abundance. The uost abundant taxa

of rarr¡ae in the neuston incruded Henílepidotus EgiJlgsggr

Hexac¡rammos decagrammus, &EG, spP., 9g!g.t.G. @, and

Ànoplopoma fi¡rbria, each of which accounted for greater than 10t of
total lan¡al abundance (Tab1e 10). Encrraulis mordaxt

Tarletonbeania crenularis, @ marmoratus, and

Am¡nodlÊes hexapterus also figrured pronínently in the neuston

samples, accounting for between 3 and 6t of aII larrrae caught.

The offshore, deep water taxa including the bathylagÍds and

nyctophids erere most abundant in the bongo samples and together

comprised approxirnately 4Ot of total egg abundance and just above

60* of total lan¡al abundance (Tables 11 and L2l . The rnyctophids

were more numerous than the bathylagids. The most important

species of larr¡ae were Bathylagus ochotensis among the bathylagids,

and Diaphus gEEa, Stenobrachius leucopsarus, and Tarletonbeania

crenularis among the nyctophids. Stenobrachius leucopsarus was

extrenely abundant and accounted for 38.98 of aII larvae caught
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(Table L2r. ÀIthough poorly represented as larrrae, paralichthyid
and pleuronectid eggs fignrred proninently in the bongo sarnples
accounting for approximately 24+ and 2o*, respectively, of totar
abundance (Table 11). Enorautis mordax was also prominent, both as
eggs and larvae, and ranrar sebastes spp. again accounted for
approximately lOt of a1t larn¡ae caught. Osnerid larr¡ae also
contributed significantly to total lan¡al abundance and conprised
3t of all larrrae in the bongo sanples.

Tables 13 to 16 give some insight into seasonal variation in
abundance of the dominant species in the ichthyoplankton of the
study area. Mean abundance of total and the doninant taxa of eggs
and larr¡ae in neuston and bongo samples are given in Tables 12-15a
for each of the ten sanpling periods and the ten data sets are
arranged in order of the tining of the sarnpling cruises. Relative
abundance values for the dominant ichthyoplankton taxa, e>çressed
as percentage of total abundance, are given for the same data sets
in Tables 13-16b. Seasonal coverage is linited as six of the ten
sanpling crrrises took place during spring and the renaining four
¡rere spread over summer, autunn and winter. Nevertheless, some

seasonal trends are apparent. These tables are referred to in
greater detail in the next section which deals with the dominant
taxa individually.

For fish larrrae occurring in the neuston, it is important to
consider diel variation Ín catches as some species are only
occasionally abundant in the neuston (Doyle, in press). The
pattern of diel variation in catches of total fish larr¡ae differs
significantly between the neuston and bongo samplers (Fig. 2i).
There is very littl-e variation over 24 hours for the bongo samples,
whereas in the neuston, catches were considerably lower during
daylight hours than at night. Between 0800 hrs and 1900 hrs,
catches in the neuston were always less than 38 of total catch,
while from 2000 hrs to 0600 hrs, catches per hour ranged from 5t to
LzZ of the total lan¡al fish catch (Fig. 23a) . Tr¡o factors may
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contribute to ttrÍs diel pattern: (1) Vertical urigration of larr¡ae
into the neuston at night causes an increase in catches during
darkness, and (2) enhanced avoidance of the neuston sampler during
daylight reduces catches during the day. One of both of these
factors may operate among the individual species of lan¡al fish in
the neuston. the patterns of occurrence of these species in the
neuston are exar[ined and interpreted in the next section.
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5 (ct . 8u¡marv of lnfo¡uatLo¡ o¡ donl.¡a¡t taxa

ENGRAT'I¡IDÀE

EpgraulLs rordaa

The northern anchovy, Encrraulis !¡g¡g!ax, is a small, pelagic
schooling fish which occurs along the west coast of North America

from Baja California to British Colr¡nbia (Hart, L973i Eschmeyer 4
4.. , 1983 i Matarese et ê1,. , 1989) . It is of coDmercial importance
prinarily off central and southern California where it is used

mainly for reduction to fish meal. Tbree subpopulations exist; the
northern subpopulation extends from British Colu¡nbia to north of
San Francisco, the central one occurs off southern California, and

the southern one off Baja California. the central and southern
subpopulatíons are much larger than the northern one. Off
California, northern anchorry sPawn during a1l months of the year
but with a definite pealc in February to Aprit (Lasker and Smith,
Lg?71. The northern subpopulation is known to spawn during the
sunmer and early fall (Laroche and Richardson, 1980; Richardson,
1981). Eggs and lan¡ae are pelagic.

Engraulis mordax eggs and lalr¡ae were prominent in both
neuston and bongo samples collected during the present study
(Tables 4-8). Althougb on average they occurred in less than 6t of
the samples collected, mean abundance levels etere relatively high;
approximatety 32 eggs and 10 larn¡ae per 1000 m3 in the neuston and

6 eggs and 13 larrrae per 10 urz in the water column (Tables 4-71 .

The percentage of total abundance which anchovy eggs and latr¡ae

accounted for in the neuston and water column ranged from 32 to 7Z

(Tables 9-L2') .

Among the individual cruises, anchovy eggs and larr¡ae were

recorded prinarity during late spring, sunmer and autumn months

(Tables 13a-16a). Interannual variation in their occurrence and
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levels of abundance, however, was considerable. Although extensive
sampling was carrÍed out duríng spring of 1980 to 1985 (Table 2'

Fig. 5), 1980 and 1983 ¡tere the only years when spring sanpling
yielded significant nunbers of eggs and la¡r¡ae. During cruise TK80

(April/Uay), eggs were particularly abundant in the neuston (Table

13a and b) and well represented in the water colunn (Tab1e 15a and

b). Lrarîvae, however, Itere scarce in tt¡e neuston (Table 14ar b) and

Irere absent in the bongo samples (Table 16a). The mean abundance

of anchory eggs was at a maximum in the neuston during the spring
crrrise EQ83 (Table 13a) and eggs were also abundant in the ¡¡ater

coh¡mn (Table 15a), accounting for almost 18* of all eggs recorded

on thís occasion (Table 15b). La¡rrae were less aþundant but still
well represented in both the neuston and bongo samples during thÍs
crr¡ise (Tables 14a, b and 16a, b). Of the spring-sanpling cruises
in 1981, Lg82, 1984 and 1985, only PO81 yielded any anchovl¡ - no

larr¡ae were recorded and eggs were taken in low nr¡rubers in the

neuston (Table 13a and b).

Anchorry eggs and larn¡ae were abundant in the neuston during

crr¡ise POSO in August of 1980 (Table 13a and 14a). Eggs ¡tere less
abundant in the water column (lable 15a) but larr¡al abundance lras

at a maximum (Table 16a) and anchorry accounted for 66? of aII
larrrae caught in the bongo samples (Table 16b). In late autumn of
1991 (cnrise DÀ81) r no eggs were taken but lanrae hrere abundant in
the neuston (Table LAa, b) and scarce in the water column (Table

16a, b). Records of anchovy eggs and lan¡ae during the autumn and

winter crr¡ises, IIIF83 and MF87, Iilere very sparse (Tables 13at LAa,

and 15a).

Anchovy lalr¡ae taken during these surirteys ranged from 2.5 to
32 n¡r in length, but most srere between 5 and 15 rn¡n (Figure 24 and

Table L7l. A seasonal increase in mean lan¡a1 length is obvious in
the bongo data. A difference of 2.2 mm in mean larval length

between spring and summer sarnpling is significant and suggests a

period of lanral growth. However, the occurrence of many small
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la¡r¡ae (<3 n¡n) in the bongo samples both during spring and summer

sarnpling, along with the abundance of eggs, indicates continued
spawning over these months. This seems to be true at least for the
year 1980 when eggs were taken during April/DIay and August. On

average, larrrae in the neuston were larger than those in the water
column and larr¡ae less than 3 rnrn in length were restricted to the
bongo samples (Fig. 241. This suggests that hatching occurs in the
water colrun¡r and that larrae, particularly the larger ones, migrate
vertically into the neuston.

Diel variation in catches shov¡s that anchovy larr¡ae nere nost
abundant in the neuston samples at night during hours of darkness
(Fig. 52a). Apart fron one sample taken at 17 hrs, the percentages
of the total catch of anchovy (over 24 hrs) taken duríng 6 to 21

hrs local tine were very low. It seems that the larrrae may migrate
into the surface layers after dusk and return to deeper layers in
the water column at dawn. Avoidance of the sampling gear, however,
particularly by the larger lanrae, during daylight hours nay also
contribute to the obsen¡ed pattern in diel variation of catches.

Mean distribution plots for anchovy eggs and lan¡ae in
neuston and water col¡mn are presented in Figures 54a, 55a,

and 57a. These distribution plots ttere constructed
superimposing a grid of 74 squares on the sampling area.
of these squares, the abundance of the selected doninant
summed over the ten sanrpling periods and divided by

nurnber of stations in each square, to give mean

estimates. In general, abundance of anchovy eggs and lanrae are
highest off Washington and Oregon and particularly offshore of the
Columbia River estuary. In both the neuston and water colunn, e99s

appear to be concentrated closer to the coast, in the shelf and

slope region (Figs. 54a and 56a) whereas lalr¡ae can be more widely
distributed with occurrences sometimes extending into deep water
beyond the shelf edge (F.igs. 55a and 57a).

For

the
56a,

by
each

taxa were
the total
abundance
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Inthespringoflgso(Aprilrzuay)reggswereconcentrated
nainly along the northern Oregon coast in both the neuston (Fig.
54b) and water column (Fig. 56b). In August of the same year, e99s

nere recorded prirnarity in the neuston and their distribution
extended further offshore than in the spring but was still centered
in the vicinity of the Colr¡nbia River estuary (Fig. 54c). Larrrae

were more widely distributed, and in both the neuston and water
coh¡mn were recorded in deep water as well as over the shelf and

stope off Washington and northerrr Oregon (fÍgs. 55b and 57b).
Records of lan¡ae off southern Oregon and northern California were

sparse, however. It seems that lan¡al dispersal occurred in an

offshore and, to a lesser extent, southerly direct,ion from the
apparent spawníng area close to the Cotunbia River estuary. In the
Iate autr¡mn of 1981 (Oct.-Nov.), large anchovy la¡rrae were abundant

in the neuston (Tables 14a and 17) and they were concentrated close
to the coast off the southern tip of Washingfton and along northern
oregon (Fig. 54c).

During Àpril-l,tay 1983 t eggs were restricted to coastal and

shelf stations off southe¡n Washingrton and the northern-most part
of Oregon, close to the Colurnbia River estuary (Figs. 54d and 56d).

Lårivae, however, had a Dore southerly distribution. In the
neuston, they rrere concentrated mainly along the nid Oregon coast
(Fig. 55d) while in the water colt¡mn their distribution extended

from northe¡n Washington to Cape Mendocino off northern California
(Fig. S7d). These patterns of distribution suggest that larrrae had

drifted in a southerly direction along the coast.

The above data indicate that anchovy eggs and la¡r¡ae are

prominent ín the ichthyoplankton of this area' both in the neuston

and the water column. The apparently greater abundance of the
pelagic eggs in the neuston than in the water column may be due to
flotation of the eggs to the surface. The smallest larr¡ae (<4 ¡nn),

however, were restricted in their occurrence to the bongo sautples

suggesting that larr¡ae rnigrate out of the neuston on hatching.
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Lanral size distribution data and diel variation in neuston catches
suggest that there is a tendency for lanrae, particularly the
larger ones, to migrate vertically into the neuston at night and
return to deeper levels in the water coh¡mn at dawn.

The seasonal varÍation in occurrence and abundance of eggs and
larrrae indicates that spawning may occur from eprÍl to October with
the peak period being in the summer, ppobably from June to Àugust.
Interannual variation in the tining and extent of spawníng is
apparent, however, and the occurrence of high levels of abundance
of eggs in epril /lqay 1980 and of eggs and lan¡ae in Aprilr/l{ay 1983

suggests that spawning conmenced earlier than usual in these years,
particularly so in 1983. Richardson (L973t L977) and RichardsonÉ
At. (1980) did not find anchovy larrrae ín the plankton off the
Oregon coast during spring months of the years 1969, L97L, L972,
L974 and L975. ,June was the first month in which they rrere
recorded durÍng these years. In L973, however, Ríchardson g! 4.
(1980) found low numbers of them in plankton sanples collected
during March and April. Brodeur et al. (1985) also documented the
early occurrence of anchovy larn¡ae in the plankton off Oregon
during 1983 and concluded that the warn inshore waters which
resulted from the strong EI-Niño event (meteorological and

oceanographic anonaly) of 1983 provided a substantial spatial and

tenporal ex¡ransion of the spawning habitat for Encrraulis mordax.

The temperature data presented here (Figs. 6, 8, 10, 11, 13,

and 14) show that throughout the survey area, water temperatures
nere significantly higher during the spring of 1983 than spring of
other years. These higher temperatures may have caused both a

northerly rnigration of anchovy into this region and an earJ-y

co¡nmencement of spawning that year. Off southern California durÍng
spring of the same year, spawning actÍvity of the central
subpopulation of northern anchovy was marked by an extended
spawning range (to the north) and faster egg maturation (FÍedler,
1984).
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The abundance of ancho\ry eggs in the study area during spring
1980 is more difficult to explain. It seems that spawning also
conmenced earlier than normal that year but tenperatures were not
unusually high during this period.

The scarcity of anchovy larnrae durÍng autr¡m¡r 1983 (cruise
MF83) contrasts with their occurrence in significant nunbers,
particularly in the neuston, during autum¡r 1981 (cntise DA81).

Given the early coumencenent of spawning during 1983, it is
probable that spawning nas dininished during the summer of that
year and had ceased by autumn, resulting in the scarcity of larr¡ae
in the region by late autumn.

Spawning of the northern subpopulatíon of northern anchovy

seens to occur mainly in coastal waters off southern Washington and

northern Oregon, an area which is inftuenced strongly by Colunbia
Ríver mnoff. It is also apparent that during the summer, spawning
and drift of larnrae extend further offshore, into deep r¡ater beyond

the shelf edge, than in spring when eggs and larrrae are largely
confined to a narron band of coastal water. This pattern fits in
wÍth the seasonal variation in orientation of the Colunbia River
ph¡me which in turn is related to the seasonal variation in
Iongshore flow of coastal waters. In general, plume water is
advected northward and remains close to the coast during winter and

early spring whereas during the summer the plume is advected

offshore and southwards (Landry et aI. ' 1989; Fiedler and Laurs,
1990). Richardson (1980) concludes that anchovy spawning off the
pacific northwest coast is associated with starm' near-surface
waters of the Colunbia River plume. Results from the present study

concur with this conclusion.

OsITERIDAE

Smelts belonging to the fanily Osrneridae are smal}, silvery'
shallow-water fishes. Most are entirely narine but some are
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anadromous or occur in freshwater. Schooling is a characteristic
behaviour and they spaurn demersal eggs in coastal watersr on

beaches or on stream botto¡ns. Off the U.S. west coast, six species
of smelt are found; the whitebait snelt, Allosmenrs eÌongatus, the
surf smelt, Hvoouresus pretiosus, the capelin, Mallotus villosus,
the night snelt, Spirinchus starksi, the long-fin smelt, Spirinchus
thaleichthys and the eulachon, Thaleichthvs pacíficus (Hart, L973ì
Eschneyer g! ê.L., 1983) . Occasionally, the arctic species Osmerus

mordax is recorded. Its distribution, however, is essentialty fron
British Coh¡nbia northwards. Apart from lan¡al capelin, eggs or
Iarr¡ae of the above species cannot presently be identified
(Matarese g! êI., 1989) .

During the present study, only la¡¡rae rrere recorded and they
were identified to family. They occurred nainly in the bongo
samples (Table 8) accounting for just over 3t of all lanrae caught
in this gear (Table LZl. Mean abundance in the water column was

5.8 la¡r¡ae per 1O n2 and they rÍere taken in approximately 5t of alt
bongo samples collected (Table 7). Larrrae were also present in the
neuston but were much less abundant in these samples (Tables 5 and

10).

Smelt larrrae ¡rere recorded prinarily during winter and spring
months (Tables 14a and 16a). They were most abundant during April-
May 1985 (cruise BA85), in the bongo sanples. Levels of abundance

hrere also high in January 1987 and in April/May 1980. Mean lan¡al
size was lowest during the latter- three saurpling periods (Table
18). It seems that the annual pealc in spawning nay occur in late
winter and early spring. SprÍng sanpling in the years 1981 to 1984

also yielded smelt lan¡ae but nunbers were low in conparison with
spring of 1980 and 1985. La¡rrae were recorded during August of
1980 suggesting that spawning may continue throughout the surnmer

months - abundance levels, however, were low. On average, the few

Ian¡ae that occurred in neuston samples were larger than those
taken in the water column (Table 18, Fig. 25). There may be some
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vertical uÍgrat,ion of the latnrae, particularly the larger ones'
into the surface layers.

The diEtribution of osmerid la¡rrae was conflned to coastal and

shelf waters along the !{ashingrton and Oregon coast and as far south
as Cape Mendocino off northern CalLfornia (Fig. 59a). Highest
levels of abundance were recorded most frequently off l{ashingrton
and northern Oregon, close to the Colr¡nbia River estuary (Figs. 59

b-f) ). There nay be some association between snelt spawning and

the Colr¡rnbia River plune during spring. High concentratíons of
smelt larrrae Day also occur, however, off southern Oregon and

northern Californía (Figs. 58 and 59d).

I'fost previous stud,ies of fish larr¡ae off the Oregon coast have
found that smelt lan¡ae are by far the most abundant taxa occurring
in inshore and coastal waters, usually accounting for greater than
508 of aII larr¡ae caught in this zone (Iaroche, L976; Richardson
and Pearcy, L977; Richardson et al., 1980; llundy' 1984). Smelt
have been found in the ichthyoplankton during all months of the
year but peaks in abundance were common in spring-and early summer

months. lr[undy (1984) recorded highest levels of abundance of
recently-hatched larr¡ae during February to May. These studies
indicate that most spawning takes place during spring off oregon.
Concurrent with obse¡r¡ations during the present study, Laroche
(L976't and Misitano (L977) documented hígh concentrations of smelt
larr¡ae and juveniles in the vicinity of the. Co1u¡nbia River nouth
and estuary. Osmerid larrrae are scarce in CaICOFI ichthyoplankton
collections (Stevens et al. ' L987, 1988, 1990).

Interannuat variation in abundance of smelt latrrae was also
obserrred during previous studies. Richardson et al. (1980) found
Ievels of abundance to be unusually high during spring of L9'15,

conpared to levels in spring of L972 to L974. llundy (1984) also
documented a significant, degree of interannual variation in
abundance of smelt larrrae off Oregon during L969 Eo L972. Brodeur
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et al. (1985) found smelt larr¡ae to be rare off oregon during
April to Septenber 1983, in association with a decrease in
abundance of other inshore taxa in that year when anomalous
oceanographic conditions prevaited due to the El Niño phenomenon.

The scarcity of osnerid larr¡ae along the Washington and Oregon
coasts during cn¡ise EQ83 may also reflect this association.
However, Iarr¡ae were sinilarly scarce during spring of 1981 (cruise
PO81) in this region.

BATEYIJ,ã,GIDÀE

Deep sea snelts are small, Desopelagic físhes found in the
nidwaters of all naJor oceans (Hart, L973i Esch¡reyer et aI., 1983).
Five species are known to occur off Washington, Oregon and northern
California; Bathylagus nitleri, .8. ochotensis, .Ð. pacificus, B.
wesethi and Leuroglossus stilbius (Matarese gE âI., 1989). Although
important in the food web, they are of no commercial or
recreational ímportance. Eggs and larr¡ae are pelagic.

Bathylagid eggs are dÍfficult to identify to species,
particularly prior to the developnent of the enbryo, and most of
those caught in the west coast ichthyoplankton collections were
assigned to fanrily Bathylagidae or the genus Bathylagus spp.
(Tables 4 and 6). Very few bathylagid eggs !Íere encountered ín
the neuston (Tables 4 and 13a). fn the bongo sarnples, however,
they were abundant (Tables 6, I and 15a) and total bathylagids
accounted for approximately 88 of all eggs collected by this gear
(Table 11). Some of the eggs in the bongo collections $rere

identified to the species Bathylacrus ¡nilleri, Ð. ochoEens:þ,, and B.

wesethi (Table 6). Bathylacrus ochotensis was the most freguently
recorded species (Tables 6 and 15a). Lan¡al taxonomy is more

complete and most bathylagid lan¡ae collected were identified as B.

ochotensis or B. pacificus. As for the eggs, lanrae qrere most
abundant in the bongo samples (Tables 7 and 16a). Bathylagus
ochotensis was most common, accounting for 7.32 of all larvae in
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the bongo collections (Table L2r. Bathvlagrus pacificus, comprised
just under lt of larn¡ae in the bongo samples. The species Þ.

nilleri and I€g@ stilbius were also encountered in these

collections but they tÍere rare (Table 7).

Bathylagid eggs and la¡rrae occurred in the plankton during all
seasons over the seven year sanpling period. They were most

abundant, however, during winter and spring months and were rare in
collections taken during cruise PO8O, in late summer (Tables 15 and

16) .

Peak levels of egg abundance occurred during the January

cn¡ise of 19BZ (MF87) when bathytagid eggs in total accounted for
approximately 25t of aII eggs caught, at a Dean aþundance of about

47 eggs per lOroz (Tabtes 15a and b).. They were also relatively
abundant during early spring of 1984. During April,/May of 1980 to
1983, and 1985, abundance of bathylagíd eggs was relatívely IoIÍ.
Levels were at a uiniur¡m during late summer of 1980. In late
autumn of 1981 and 1983, numbers of bathylagid e99s ÌIere higher
than durÍng the late spring nonths but lorcer than the winter and

early spring records. Most of tlre unidentified bathylagid eggs are

Iikely to belong to the species p. æho.E,ens:þ,.

Abundance of bathylagid lanrae, mostly E. ochotensis and to a

Iesser extent E. pacificus' Ifas at a peak during early spring of
1984 (Table 16a). Levels of abundance ríere also consistently high

during the later spring months of 1980 to 1985. As with the eggs,

Iarr¡ae were rare in the late summer collections of 1980. They nere

also scarce, however, during the late autr¡mn of 1981 and early
winter of 1983. In January of L987, bathylagid larrrae lúere

moderately abundant in the bongo collections.

The above patterns of seasonal variation in occurrence and

abundance of bathylagid eggs and lalr¡ae indicate ttrat spawning

occurs prinarily during winter and spring nonths. It nay co¡nmence
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in late autumn and extend into early sumner but the peak period
appears to be winter and early spring. Larval size distribution
data also support this conclusioni minimum and mean lan¡al sizes
were snallest during early spring and winter cnrises (Tables 19 and
2or. The najority of rarr¡ae for both species, however, were ress
than 15 nm in lengrth (FÍgs. 26 and 27). Interannual variation in
bathylagid abundance appeared to be nininal. Egh$tes. ochotensis
larr¡ae were significantly more abundant during April/May 1933 than
during the same months of 1980, 1991, LgBz and 1985 (Tabre 16a).
Egg abundance, however, did not varlr significantry among the latter
sampling periods (Table 15a). Perhaps levels of lan¡al sun¡ival
Ìtere higher for B. ochotensis early in spring of 1983 as a result
of the El Niño warming effect of that year.

Bathylagid eggs and larrrae were widely distributed and
occurred in coastal and shelf waters as weII as in deep water
(Figs. 60, 61, and 62). on the whore, revels of abundance were low
throughout the sanpling area but mean levels of abundance of total
bathyLagid eggs and B. ochotensis larrrae rÍere slightly higher in
the southern sector off southern Oregon and northern California
(rigs. 60 and 61). rn contrast, larrrae of E. pacificus seeu to be
more prominent off !{ashington and northern oregon (Fig. 621. rt
seems that spawning is wÍdespread in the study area for both
bathylagid species but that deep water off southern Oregon and
northern carifornia is the most favourable spawning area for E.
ochotensis, whereas B. pacificus may have a more northerry spawning
distribution, centered off l{ashington and Oregon.

Bathylagid lalr¡ae belonging to the species .8. milleri, B.
ochotensis, E. pacificus, and Leurocrlossus stilbius have been
recorded previously off Oregon, mainly in deepwater (Richardson,
L973; Richardson and Pearcy, L976; Richardson et aI., 1980). Às

with the resul-ts presented, B. ochotensis was found to be by far
the most abundant species, p. @Lcus. Iras common and the other
two species hrere rare. Richardson et aI. (1980), who documented
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the occurrence o.f lan¡al fish assemblages off Oregon during spring
ot L972 to 1975, fOund that p. ochotensis and !. pacificus larr¡ae

rÍere extraordinarily abundant in spring of L973 and sparse in the

other years. This degree of interannual variation in lanral
abundance was greater than that obsern¡ed duríng this study. L
ochotensis and þ. pacificus are also co¡nmon in the ichthyoplankton
in deep water off central, southern and Baja California and E'
ochotensis is the most abundant of the two species in this region
(Loeb g9 gt. ' 1983; Stevens g! EÈ., 1987' 1988' 1990) '

CEIUI¡IODONTTDÀE

Víperfishes are small, slender deep sea fishes that occur in
all oceans. One species, the Pacific viperfish, Chaul-iodus

macouni, occurs off the U.S. west coast, its range extending from

off Baja California to the Beríng Sea. It is essentially
Þathlpelagic and has been recorded as deep as aPproxinately 420O n

(Fitch and Lavenberg, 1968 i Matarese g9 .d. , 1989) . Latnrae,

however, are epipelagic.

Eggs of g. nacouni were common in both the neuston and water

column, occurring in approxinately 10* of the neuston samples

collected (Table a) and 21t of the bongo samples (Table 6). Levels

of abundance were low, howeverrand 9. macouní did not contribute
significantty to total egg abundance (Tables 9 and 11). Chauliodus

macouni larr¡ae were absent from neuston sanples but occurred in
13.5t of all bongo sanples collected (Table 7). L,an¡al abundance

was also low overall and accounted for less than 18 of all lalr¡ae

recorded in the bongo catches (Table L2l.

Eggs and larr¡ae of g. macouni were taken during all seasons

and all cruises (Tables 13a-L6a). Levels of abundance were

consistently low throughout the samplÍng periods. Eggs, however,

were slightly more abundant during auturun and winter cruises than

in spring and summer (Tables 13a, 15a). It seems that spawning
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occurs year-round but may be heightened during late autu¡rn and

winter months. La¡:rrae ranged in tength from 7 to 54 nm and were
fairly evenly represented ttrroughout this range (Fig. 28) . Nr¡mbers

of lan¡ae collected plus ninimum, mean and maximu¡n larr¡al lengths
did not vary to any great extent among cruises or seasons (Tabte
2Ll.

Overall, the distribution of g. macouní eggs and lanrae ranged
from off Washington to northern California and was essentially in
deep water beyond the shelf (I.igs. 63a, 64a, and 65a). Records
were sparse close to the coast. Distribution patterns during
individual cn¡ises indicate that eggs and larrrae tend to be sparse
off Washington in comparison with occurrences off oregon and

northern California (figs. 63 b-d, 64 b,-9, and 65 b-f). Spawning
activity may be most intense in the southern sector of the sanpling
area.

Chauliodus macouni larn¡ae have been recorded previously in
deep water off Oregon (RÍchardson, L973; Richardson and Pearcy,
L977; Richardson et g!. , 1980) and they are common in CaICOFI

ichthyoplankton collections taken off central and southern
California (Loeb et al., 1983).

IIEI.ãITOSTOI¡IDÀE

Fanily Melanostomidae comprises the scaleless dragonfishes
which are dj-stributed widely in the bathlpelagic and mesopelagic
realm of the world's oceans. Members of this fanily occurring off
the U.S. west coast include the genus Eustomias spp. and the
species Bathophilus flemincri, opostomias uritsuii, and Tactostoma
macropus (Hart , L973; Eschmeyer et 4.. , 1983 i Matarese et âÌ. ,

1e8e).

Tactost,oma macropus, the longfin dragonfish, was the only
species recorded during the present study. Its eggs were abundant
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during Augrust tr980 (cruise PO80) but were absent from sarnples

collected during aII other e¡r¡ises (Tab1es 13a and 15a). They were

more abundant in the neuston than in the bongo samples suggesting
that the eggs may accunulate in the neuston due to positive
buoyancy. A few larrrae also occurred in sone of the bongo samples
on this occasion. The only other record of g. macroÞus larrrae fron
this survey was the occurrence of a single specimen in one of the
bongo samples collected durÍng October/Novenber 1981 (cruise PO81).

These patterns in occurrence suggest that Taetostoma macropus

nay have a short spawning period, confined to sumner nonths - July,
August and September perhaps - off the U.S. west coast. Fisher and

Pearcy (1983) concluded that the spawning period for this species
off Oregon is during the summer. There have also been records of
E. macroÞus larrrae in the plankton off the Oregon coast during
spring and autr¡m¡r months. Richardson (1973) found several of then
in Isaacs Kídd midwater trawl hauls during the months May to
october of 1969 and Ríchardson É gl.. (1980) recorded a single
specimen during March L973. These were too sParser hor¡ever, to
indicate the occurrence of significant'levels of spawning during
these months. þ@E,oma macropus larnrae have been taken in very
Iow numbers in ichthyoplankton samples collected during CaICOFI

sur.veys off central, southern and Baja California (Stevens g! 4.,
L987, 1988, 1990).

The distribution of E,. macroÞus eggs in the neuston and water
column during August (Figs. 66 and 67, indicates that spawning

occurs along the continental slope and throughout the oceanic zone.

IIÍYCÍOPEIDAE

The lanternfishes are surall mesopelagÍc and bathlpelagic fish
that are abundant in aII oceans. They usually occur at moderate

depths but some are taken at substantial depths (below 1000 m).

Most species have gasbladders and undertake vertical nigrations
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resulting in their occurrence close to the surface at night. Many

species are known among a total of 32 genera. In the northeast
Pacific, 20 species occur (tt[atarese gE ê!.., 1989) . only a few of
these are common in the ichthyoplankton off the coasts of
I{ashingrton, oregon and northern California. In order of abundance'
the three most conmon species are the northern lanpfish
Stenobrachius leucopsarrrs, the California headlightfish Diaphus
theta and the blue lanternfish Tarletonbeania crenularis
(Richardson, L973; Richardson and Pearcy, L977; Richardson et 4.,
1980; Mundy, 1984; Brodeur 98.4.., 1985 and Boehlert et aI., 1985).
Also frequently recorded but much less abundant are the species
Proto¡nvctophum grog[eri, P. thonpsoni, IgEBryG, reqalis and !.
ritteri. In addition to the above species, there lÍere rare
occurrences during the present study of lan¡ae of the specíes
Ceratoscopelus townsendii, Diogenichthvs atlanticus, Slmbolophorus
californiensis and @b rara (Table 7). AII of these species
are common in CaICOFI ichthyoplantkon collections (Ioeb g! .4.,
1983; Stevens g! êL., L987, 1988, 1990).

l{yctophids are oviparous and presumably all produce planktonic
eggs (Moser et ê.L., 1984) . l{yctophid eggs are difficult to
identify, even to fanily level, and eggs of only two species (not
included in above lists) have been described. Matarese et eL.
(1989) have identified several tlpes of nyctophid eggs t¡ro of which
they consider likely to belong to the genera Diaphus and

Stenobrachius. In general, nyctophid eggs have been scarce in
planlcton sanples and this has been attributed to the small size of
the eggs - most are considered to be less than 1 rnrn in dianeter -
and to the fragility of the chorion, resulting in extrusion of the
eggs through the plankton net meshes (Moser et âI., 1984).
Nevertheless, approxinately 33t of atl eggs collected in bongo

samples during the present study were assigned to the fanily
Myctophidae (Table 11). Myctophid eggs occurred in approxinately
148 of the bongo samples and were the most abundant taxa with a

mean abundance of approximateJ.y 60 eggs under 10 mz of sea surface
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(Table 6). Thelr etere absent from the neuston, however, apart from
a single record (lable 4). l{yctophids were also by far the most

abundant taxa of larr¡ae in the bongo samples and the species s.
Ieusopsan¡s, D. !hg!ê and l. crenularis accounted for 38.9t, 1o.6t
and 4.3t, respectively, of total larrral abundance (Tables 7 and

11). It is likely, therefore, that the myctophid eggs identified
in these collections belong prinarily to the latter three species
and nostly to g. legggpæ,.

The occurrence of nyctophid eggs in the bongo sanples ltas
confined to the spring crr¡ises and uean levels of abundance lrere
high for those six sanpling periods (Table 15a). Except for c¡rrise
8Q83, when abundance was sigmificantty lower than during the other
spring c¡r¡ises, myctophids were by far the most abundant taxa of
fislr eggs recorded accounting for approxinately 42-62* of total egg

abundance (Table 15b). The absence of nyctophid eggs from sanples
collected during summer, autr¡mn and winter months suggests that
spawning of the species concerned is seasonal, occurring
predoninantly during spring. Lack of data from late winter, early
spring, summer and early autumn, however, precludes reliable
demarkation of their spawning seasons. The lower Dean leve1 of egg

abundance in the spring of 1983 suggests that sþawning may have

been reduced in this year, compared to other years.

The average pattern of distribution of myctophid eggs is shown

in Figrure 69a. In general, records rÍere sparse in the northern
sector of the sanpling area, 9ff the tüashington coast and also in
coastal and shelf waters as far south as Cape Mendocino. Highest
densities occurred essentially in deepwater off Oregon and northern
California and particularly in the vicinity of Cape Blanco. on the
whole, distributions during the individual spring cruises reflected
this pattern (Figs. 69 b-g) . In llaylJune of L982, hohrever,

occurrence lilas more localised and almost all the myct'ophid eggs

v¡ere collected at a single station, in deep water southwest of Cape

Blanco (Fig. 69d). These patterns of distribution indicate that
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the main area of spawning for the dominant nyctophid species in
this region is in deep water off southern oregon and northern
Calífornia. Records of eggs were partícularly scarce in the area
off Washington and northern Oregon which is strongly influenced by
the Colunbia River plume during spring (Figs. 6c-14c). These deep
water species may avoid spawning in water of reduced salinity. It
is also possible that tl¡e reduced levels of spawning in this region
is associated with the northerly decrease in water temperature that
occurs during spring, particularly in deep water (Figs. 6-15).
Spawning seems to be most intense in the warmer water that prevails
off southern Oregon and northe¡n California. If tt¡is is true, it
is difficult to ínterpret the apparent reduction in spawning (Iow
egg abundance) during April/May 1983 when temperatures were higher
throughout the sanpling area due to the El Niño event of that year.

Diap-hus theta

In the northeast Pacífic, the California headlíghtfish is
known to occur from off Baja California to tl¡e Bering Sea (Hart,
L973; Eschneyer et aI., 1983i Dfatarese et aI., 1989). It also
occurs in the tropical nid-Pacific. La¡r¡ae of D. theta were
abundant in bongo samples collected during this su¡ivey (Tables 7

and 12), accounting for 10.68 of total lan¡al abundance, but weré
rarely recorded in the neuston (Table 5). They were most abundant
during spring crrrises but also occurred in sanples collected during
sunmer, autumn and winter cruises (Table 16a). Among the spring
cruises, abundance duríng MarchrzAprit of L984 ttas low. Sanpling
during April/May of 1981, L982, 1983, and 1985 yielded very high
numbers whereas during April/May 1980 abundance $tas moderate and

sirnilar to the levels recorded in late sunmer of that year. This
seasonal variation in lanraL abundance suggest,s that Diapþus theta
spawns prinarily during late spring and perhaps early summer but
the season may extend from early spring to late su¡nmer. Length
distribution data for the larr¡ae supports this claim (Table 22,

Fig. 291 . S¡naII lan¡ae, Iess than 10 mm in length, were abundant
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during sprÍng uonths and mean lan¡al length increased dramatically
fron summer to winter (Table 221. AII specimens collected during
January of L987 were greater than 20 mm in length, many of the¡n

being juveniles, indicatíng that they were spawned several months

previously, probably during spring or summer of 1986.

The average distributíon pattern for D. theta larr¡ae was

sinilar to that docr¡nented for nyctophid eggs (Fig. 69a). Highest
Ievels of aþundance occurred in deep water off southetn Oregon and

northe¡n California and larr¡ae sere scarce in coastal and shelf
waters, and in the oceanic zone off tÍashingrton and northern Oregon.

This was also the pattern obsenred during most individual cruises
(figs. 69 b-g). In May/ilune of 1982, however, when sanpling
coverage was reduced (Fig. 5f), extremely high numbers of la¡r¡ae
$rere recorded at one statÍon in deep water, southwest of Cape

Blanco and occurrences vrere rare elsewhere. As thís was also the
station where rnyctophid eggs were exceptionally abundant on this
occasion (Fig. 67dr, it is likely that these e99s belonged to the
specíes D. lhe.ta. It appears that the preferred region of spawning

for this species in the study area is beyond the shelf edge off
southern Oregon and northern California. During AprÍl/May 1983'

larr¡ae were unusually conmon in shelf waters, particularly south of
Cape Blanco (Fig. 69e). Due to the El Níño event of that year,

upwelling xras di¡rinished and tenperatures ttere considerably higher
than no¡mal along this section of the coast (figs. lla and b).
Spawning of D. theta nay have occurred closer to shore than usual

because of these narner conditions in 1983. It is also likely,
however, that the onshore Ekman transport which stitl prevailed
during spring of 1983 (Figs. 19c and d) resulted in the anomalous

occurrence of these lalr¡ae in shelf vtaters.

Protomvctophr¡m crockeri and @ thompso¡i

The California flashlightfish (P. crockeri) and the northern

flashlÍghtfish (P. thompsoní) were both conmon as larr¡ae ín bongo
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samples collected during all cruises (Table 16a) and occurred in
approxinately 24t and 1'2*, respectively, of all samples (Tab1e 7).
They were much less abundant, however, than the three major
nyctophid species and accounted for only 1.688 (P. crockeri) and

0.69* (P. thompsoni) of total lan¡al abundance (Table L2r. Both
species were rare in the neuston (Table 5).

Leve1s of abundance of P. crockeri and !. tho¡rpsoni la¡r¡ae did
not vary significantly among seasons (Table 16a) indicating that
these species spawn throughout the year and have no clearly defined
spawning period. Lan¡al sizes for these species.also showed no

significant seasonal variation (Tabl,es 23 and 24r. AII lalr¡ae
caught for both species were less than 20 mm in length and
predoninantly 10 nrn or less (Figs. 30 and 31) .

Lan¡al distribution patterns differed slightly between these
species and reflected the distributional ranges of the adults.
Protomyctophurn crockeri occurs from off Baja California to northern
Washington (Matarese et 4.., 1989) , its centre of distribution
being in California waters (Loeb et aI., 1983). Protomvctonhum
thompsoni, horÍever, is more northerly in its distribution,
occurring from off centraL California to the Bering Sea (Matarese
et aI., 1989). Larr¡ae of both species were widely distributed in
the sanrpling area but the pattern for P. crockeri was characterized
by sparser records off lÍashíngton (Figs. 70 a-f) whereas for !.
thompsoni, fewer records were taken off northern California (Figs.
71 a-k).

TarletonþeanLa crenularis

The blue lanternfish occurs from Mexican waters to the Bering
Sea, as weII as in the tropical nid-Pacific (Hart, L973 i Matarese
et al., 1989). Its lan¡ae hrere abundant in the water column (bongo

samples) during most cruises (Tables 7 and 16a) and unlike the
other myctophid species, Iarr¡ae and juveniles were prominent in the
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neuston (Tables,5 and 14a). Tarletonbeania grenularis accounted

for approximately 4t of total lan¡al abundance in the bongo sarnples

(Table L2') and approxinately 3* in the neuston (Table 10). They

were considerably less abundant than the nyctophids $. leucopsarrrs

and D. theta but rnore abundant than the Protomvctophum species.
Juvenile !. crenularis were vety aþundant, however, in the neuston
and high numbers of them were caught in neuston samples during aII
crrrises (Table 251 . So¡¡e specimens rtere large enough to be adults.

Seasonal variation in abundance of larr¡ae in the water colr¡mn

was not pronounced. U¡ring three of the spring clrrises PCr84'

BAB5, and EeB3 la¡r¡al abundance was significantly higher than

during the other sanpling periods (Table 16a). There may þe a
slight peak in spawning during spring months. The occurrence of
small larr¡ae in the bongo samples during all cruises indicates that
spawning takes place throughout'the year (Table 251.

The association of larnrae and juveniles of þIue lanternfish
with the neuston appears to be related to a behavioral pattern of
diel vertical nigration. Verlf few specimens were recorded in
neuston samples during daylight hours whereas at night, levels of
abundance in the neuston tended to be high (Fig. 53b). All
specÍmens taken in the neuston erere longer tban 20 um whereas most

la¡rrae in the bongo samples were less than 20 rnn (Figs. 32a and b) .

It seems that larger lallrrae, and in particular juveniles and

adults, migrate to the surface at night. Shenker (1988) found !.
crenularis juveniles and adults to be abundant in night-tine
neuston samples but absent in the daytime sarnples off Newport,

Oregon during July 1984. In an extended CaICOFI cnrise during May

Lg72, neuston sanples collected off l{ashington, Oregon and

California occasionally yietded high numbers of E. crenul-aris
juveníIes and adults (Ah1strorn, L9761. The latter study, however,

did not distinguish between day and night collections.

Larr¡ae and juveniles of I. crenuÌaris in the neuston and water
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colunn lrere widely distributed throughout the saurpling area,
occurring over the shelf and in deep water (Í.igs. 72 a-R, and 73 a-
k). on averaçfe, levels of abundance were slightly higher in the
southe¡n half of the sarnpling area off southern Oregon and northern
California. Interannual variation in distribution patterns does

not appear to be significant.

StenobrachLus leuoopsan¡s

The northern lanpfish, $. leucopsaltrs, is the most abundant
species of rnyctophid in the northeast Pacific and occurs from
southern California waters to the Bering Sea (Smoker and Pearcy,
1970) . Its larr¡ae accounted for approxinately AOt of all larr¡ae
caught in the bongo samples during the present study (Tab1e L2,
making it by far the nost abundant species occurring in the water
column. These la¡rrae occurred in 56t of the bongo samples taken
and had a Dean abundance of approximately 7L larnrae per 10 mz of
sea surface (Table 7). They nere scarce in the neuston (Tables 5,
10, and 14a).

Although larr¡ae were taken during aLl c¡rrises, seasonal
variation in abundance lras quite dramatic. Nunbers were extremely
high during spring months, moderately high during the sr¡¡omer cruise
and low during autr¡mn and winter (Table 16a). Mean lan¡al size was

lowest, for cnrise MF87 in ,fanuaîI L98? índicating that these larr¡ae
!ùere recently hatched (Table 26'l . À maxinun size of only 5.2 mm

rúas recorded on this occasion and was considerably lower than for
the other cruises. Mean síze nas consistently low during the
spring months and increased from late summer to late autumn. The

vast rnajority of larrrae caught !Íere less than 10 m¡n in length (Fig.
33).

Smoker and Pearcy (1970) studied the reproductÍon of S.

leucopsarus off Oregon over a period of four years and found that
maturatÍon of gonads begins in October and spawning occurs betr¡een
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December and liÍarch, the occurrence of ripe females declining ín
D¡arch and April. Further south in Monterey Bay' California, Fast
(1960) documented the occurrence of ripe females throughout the
year and found that spawning occurred from November through Àugust

but was most intense fron tate winter through early sunmer.

Seasonal variation in lan¡al abundance and size documented here
indicate that 9. Ieucopsarus spawns prirnarily from late winter to
late spring throughout the study area. Spawning, however, may

continue through the summer and occur to a very linited extent
during autumn.

Northern larnpfish larrrae ¡¡ere well distributed throughout the
sanpling area and occurred in coastal and shelf waters as weII as

in deep water (Fig. 74a1. As for the otlrer doninant nyctophid
species, highest densities were recorded in deep water off southern
Oregon and, northern CalÍfornia. Couparing distribution patterns
anong the different spring sanpling periods (Figs.74b' A' e, f, h'
and i), it seems that during 1983 (Fig. 74î,1 there was a more

northerly distribution in la¡rrae than usual. In the oceanic zone,

larr¡ae hrere most abundant off lÍashingrton and northern Oregon in
contrast with the usual situation of larrral densities being at a

peak in the southern part of the sanpling area. In addition'
Iarr¡ae were taken closer to shore than usual and were conmon at the
coastal stations along the Oregon and Cal.ifornia shelf. This
slightly anomalous distribution pattern may be related to the
prevalence of warmer water in the area during spring of 1983'

causing a northerly shift in spawning, and the shoreward transport
of lalr¡ae by anomalous onshore Eloan transport. These conditions
lrere associated with the El Niño event of that year.

SCOITÍBERESOCIDÀE

Cololabis saira

Sauries are oceanic, epipelagic, schooling fishes found mostly
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in temperate waters of the Pacific and Àtlantic (Hart, L973,
Eschneyer et 4.., 1983) . A single species, Cololabis saira,
Pacific saury occurs in the northeast Pacific fron !Íexico to the
Gulf of Àlaska (Matarese g! .d,., 1989) . The Pacific saury is
generally found offshore in shelf waters, in schools near the
surface. It is fished commercially in the western Pacific. Eggs

are epipelagic and are usually attached to seaweed or other flotsan
by adhesive filaments. Larr¡ae are relatívely large, active and
pelagic.

During the 1980-1987 west coast ichthyoplankton surr/eys,
Pacific saurlz were proninent in the neuston but only as larn¡ae
(Table 8). Previous studies of ichthyoplankton off the U.S. west
coast for which bongo nets were the sanpling gear did not record
any saur!¡ larvae. Low numbers of sauraz larvae, however, have been
taken in CaICOFI bongo ichthyoplankton collections (Stevens gþ âI.,
L987, 1988, 1990). Shenker (1988) found saury larr¡ae to be common

but not abundant in neuston samples collected along a transect off
Newport, Oregon during april through iluly 1984. Larvae occurred in
3lt of the neuston samples collected during this study and

accounted for 10* of total lan¡a1 abundance (Table 5 and 10). Eggs

rÍere also recorded in the neuston but they occurred in only lt of
the sanples and overall abundance was low (Tables 4 and 9). Saury

eggs were rare and larr¡ae rrere absent in the bongo sarnples (Tables
6 and 7).

In the late summer of 1980 (cruise PO80), mean abundance of
saury eggs in the neuston was relatively high (Tab1e 13a). Most of
the eggs on this occasion, however, htere caught "9 

. síngle st,ation
off the north Oregon coast and low nr¡mbers were taken at only three
other statíons off l{ashington and northern Oregon (Fig. 75). Other
records of saury eggs in the neuston inctuded sparse occurrences in
the spring of 1980 and in the spring and autumn of 1981 (Table

13a). Previous records of saury eggs off the west, coast are
similar; Ahlstrom (L9761, during an extended CaICOFI cruise from
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off lÍashington tp Baja California, recorded very few eggs in either
the neuston or the bongo samples except for one of the neuston
hauls which yielded a large cluster of eggs.

Saury larr¡ae occurred in neuston sanples during all cruises
and levels of abundance were high on nost occasions (Table 14a).
Abundance was generally low during late spring and sunmer. Poor
sanpling coverage during sunmer, autu¡nn and winter, however,
prevents accurate description of the annual pattern in larr¡al
abundance. Snall larr¡ae (less than 10 mrn in lengrth) were recorded
during all seasons (Table 251 suggestíng that spawning may occur
throughout the year. Mean and maximum larr¡al sizes were high,
however, and many juveniles were caught (Table 25, Fig. 34).
Iar¡¡ae were sigmificantly larger in late autr¡m¡r of 1983 and it is
likely that all these larr¡ae were spawned much earlier in ttre year.
The spawning season of Cololabis saira is known to be long and to
extend from winter to autr¡nn witlr a peak occurring from Febnrary to
JuIy (Matarese É 4,. , 1989) . The present records do not
contradict this pattern.

There is some evidence for interannual variation in tining or
intensity of spawning over the course of the suriveys. Larlral
abundance during Aprilr/May 1985, May 1981, and May L982 was

considerably lower than levels recorded during other spring
sanpling periods (Table 13a).

Larr¡ae nere recorded throughout the sanpling area, in sheLf
and deep water but there was a defínite trend of increasing
abundance from north to south (Fig. 76a1. In general, records were
sparse and levels of abundance trere low off Washington and northern
Oregon and at a maximum levels in deep water off southern Oregon

and northern California, particularly west of Cape lÍendocino.

In the spring of 1980 and 1981, occurrences of saury larvae
were confined almost, entirely to southern Oregon and northern
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california, froD cape Branco southwards (Figs. 76b and c). when
spring records of abundance were at a peak in April/ytay 1983 and
March/April 1984, the distributíon of lan¡ae extended further
northwards nainly to northern Oregon but with a few occurrences off
I{ashingrton (Figs. 76e and h) . In both instances, numbers of larr¡ae
were high in shelf waters off Oregon and southern Califonia, as
well as in deep water. Icvels of abundance were again highest off
oregon and northern carífornia during late autunn 1991 (Fig. z5d)
and 1983 (Fig. 75f) but there were slightly more records off
Tfashington on these occasions. During January LgB7, occurrences
were scattered nainly off Oregon but highest numbers of lan¡ae tilere
caught in deep water west of Cape Mendocíno (Fig. ?5i).

The above patterns of distribution suggest that spawning rnay
occur only to a linited extent off Washington and perhaps northern
Oregon in conparison with southern Oregon and northern California.
It also appears that spawning takes place in shelf and deep water.

DieI variation in catches of saury larrrae in the neuston (Fig.
53c) Índicate that sampler avoidance may cause a slight reduction
in daytine catches. Catches were narginally lower during daylight
hours than during hours of darkness. There is no evidence to
suggest that larr¡ae nigrate out of the neuston during the day, as
there were no records of larr¡ae in the bongo samples.

TRÀCEIPTERIDÀE

Tracbipterus alt,ivelis

The ribbon-fishes, faurily Trachipteridae, are elongate,
laterally compressed físhes which occur in the epi- and mesopelagic
zones of most oceans. rn the eastern temperate pacific, the
species Trachipterus attivelis (the king-of-the-sahnon) is comrnon

and occurs off the U.S. west coast. fts range actually extends
from Chile to the Gulf of ÀIaska. The king-of-the-salrnon has
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pelagic eggs and, lantae and sPanning may occur throughout the year

(llatarese gE êI., 1989) .

Trachipterus altivelis eggs nere abundant in the neuston and'

to a lesser extent, the bongo samples during the present study'

They occurred in 40* of neuston sanples taken and had a mean

abundance of approxiDately 38 lanrae/lQ r¡z (Table 4'). Àlthough

they occurred in almost 338 of þongo samPles' Dean abundance was

relatively low at approxirnately 4.3 la¡r¡ae/lo mz (Table 6) ' In the

neuston, E. altivelis eggs accounted for 5.193 of total egg

abundance (Table 9) and in the bongo samples for 2.35* (Table 11)'

La¡r¡ae of this species were absent fron the neuston (Table 5) and

scarce in the water column (Table 7).

In both the neuston and the bongo samples, T. gltivelis eggs

were recorded during each cn¡ise (Tables 13a and 15a). Levels of

abundance were in general high during spring, autr¡mn and winter
cruises and were considerably hÍgher in the neuston than in the

bongo samples. During late summer of 1980, numbers of eggs in the

neuston samples were low and they were scarce in the bongo sanples'

In the neuston, peak levels of egg abundance were recorded during

spring 1983 and 1985 and in late autt¡mn of 1981' Levels of

abundance in the bongo samples remained more unifom among the

spring, autr¡mn and winter cruises. This pattern in seasonal

variation of egg abundance suggests that E. altivelis spas¡ns

throughout the year but that spawnÍng activity may be reduced

during summer nonths. The degree of interannual variation in
Ievels of egg abundance recorded in the neuston during spring

months also suggests that tining and intensity of spawning off the

west coast may vary from year to year'

The average distribution pattern for !. altivelis e99s in the

neuston suggests that spawníng is widespread but may be greatest in

deep water off oregon, north of cape Blanco (Fig. 77a1. The mean

abundance of eggs was significantly higher in this region than
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elsewhere. There is also a patch off Cape Mendocino where mean

abundance of E. altivelis eggs was higher than average. Àbundance

was at a minimr¡m in nost of the coastal and shelf zone,
particularly off Washington and northern oregon, and also in some

of the deep water area off southern Oregon and northern California.

In the sprÍng of 1980 and 1981, abundance of T. altivelis eggs

rras relatively uniforn throughout the sampling area apart from a
paucity of records in deep water off northern California (Figs. 77b

and c). Eluring October/Novenber 1981r e99s'rtere very abundant in
the vicinity of Cape lrtendocino and to a lesser extent over the
shelf slope just north of Cape Blanco (Fig. 77d1. They srere scarce
elsewhere on this occasion. During spring of 1983 t eggs $tere most

abundant off northern oregon suggesting a northward shift in peak

spawning (Fig. 77e1. In autumn of the same year (cruise MF83) r'the
absence of E. altivelis eggs extended, fron Washington to the
coastal and shelf zone off northern oregon (Fig. 77tr. From Cape

B1anco southwards, eggs occurred in shelf and deep water.
Trachipterus aLtivelis eggs were more evenly distríbuted tbroughout
the sampling area during spring 1984 and 1985 (Figs. 779 and h).
Levels of abundance were not unÍforn, however, and highest nunbers
occurred at several deep water stations off oregon, close to the
shelf edge in 1984 but in deep water beyond the shelf in 1985.

Nunbers lrere also high off Cape Ìfendocino during spring 1985.

Nunbers of eggs ttere low throughout, the sarnpling area during
January L987 and highest nurnbers occurred at several deep water
stations off oregon (Fig. 77í).

On average, the distribution of !. altivelis eggs throughout
the sarnplíng area vras more uniform for the water column than the
neuston (Fig. 78a). Spatial variation in occurrence and abundance

among the individual- sanpling periods bore some similarity,
however, to the neuston patterns (Figs. 78 b-i).

The patterns of egg distribution obserr¡ed here indicate that
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E. altivelis spailns in shelf and deep water off Washington, Oregon

and northern California. There may be some preference for certain
areas, however, such as deep water off northern Oregon and the
shelf slope region off Cape Mendocino. In addition, there seems to
be occasions when !. altivelis avoids spawning off Washingrton and

in the shelf zone off northern Oregon. This nay be related to the
influence of the Colunbia River n¡noff and associated reduction in
water salinity in this area, particularly during late autumn to
spríng (Figs. 6-14c)._ The general association of peak densities of
eggs with the southern section of the sampling area also suggests
a relationship between spawning and temperature. During spring'
tenperatures are highest in the deepwater zone off Oregon and

northe¡n Calífornia (Figs. 6-14). The apparent northerly extension
of spawning during spring 1983 may be related to the íncrease in
water tenperature in the sanpling area during that year (Fig. 11).

The occurrence of higher numbers of I. altivelis e99s in the
neuston conpared to the water column suggests that the pelagic eggs

may float to the surface. The paucÍty of records of larrrae for
this species seems unusual given the abundance of their e99s in the
planlcton. Previous studies of fish la¡r¡ae off the U.S. west coast'
rnainly Oregon, also yielded very few records of E. 43-&LLg lan¡ae
(Richardson, Lg73; Richardson et aI.r198O). Lå¡ívae identified to
faní1y Trachipteridae have been taken frequently, usually in lot¡
numbers, in CaICOFf ichthyoplankton collectíons (Stevens g! ê!. '
L987, 1988, 1990).

sCORPAENIDAE

In the northeast Pacific, farnily Scorpaenidae cornprises the

rockfishes belonging to the genus Sebastes and the thornyheads of
the genus ËEþ,þ8,.
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Sebastes spp.

Up to 70 species of rockfish are known to occur in the
northeast Pacific, approximately 40 of which are known in the study
area. They are largely demersal ín habit and are nost abundant in
offshore waters of the outer continental shelf and srope to
approximately 3O0 m. Some petagic and inshore species also occur.
The range for most of these rockfish species extends fron
California to the Bering Sea. A rnultispecies rockfish fishery
exists off the west coast and is of najor econonic iloportance. À
high proportion of the catches from bottom-trawl suriveys off the
U.S. west coast cornprises rockfish species (Weinberg et â1., L9g4ì
Coleman, 1988) and the following is a list of the doninant species
for the washington, oregon and carifornia regíon, ranked in order
of abundance:

Sebastes alutus
Sebastes zacentrus
Sebastes crameri
Sebastes proricrer
Sebastes pinniqer
Sebastes flavidus
Sebastes brevispinus
Sebastes dir¡Iooroa
Sebastes saxicola
Sebastes paucispinus
Sebastes croodei

Pacific Ocean perch
Sharpchin rockfish
Darkblotched rockfish
Redstripe rockfish
canary rockfish
Yello¡rtail rockfish
Sivergray rockfish
Splitnose rockfish
Stripetail rockfish
Boccacio
Chilipepper

Two pelagic species are also nunerically dominant in this
region and are fished commercially S. entomelas, the widow
rockfish and S. iordani, the shortbelly rockfish. The catch
composition off Washington and Oregon differs from that off
California, in terurs of relative abundance of species, suggesting
considerable change in habitat between the California shelf and the
I{ashington/Oregon region. In the north, off I{ashington and Oregon,
catches are largely doninated by yellowtail, widow and canary
rockfish and Pacific ocean perch, whereas further south, stripetail
rockfish, boccacio and chilipepper are the doninant specÍes.
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In terms of reproductive strategry, rockfish are unusual in
that they are viviparous, giving birth to live young.

Fertilization is internal and eggs hatch prior to ext¡r¡sion. New

bo¡rr larrrae are from 3.8 to 7.5 Dn in lengrth and are si¡rilar in
stage of development to first-feeding larrrae of other oviparous
scorpaenids (Matarese gE .4.., 1989) . Although Sebastes la¡rrae are
abundant in the ichthyoplankton of the northeast Pacific
(Richardson, L973; Richardson and Pearcy, L977; Alrlstrom, L976,

Richardson et.4.., 1980; Loeb et ê1., 1983i Mundy, 1984i Brodeur et
4.., 1985; Shenker, 1988; Stevens gE 4,., L987, 1988' 1990)' the
specific identity of most cannot presently be detemined (Matarese

et al., 1989). In the present study, rockfish larr¡ae have been

identífied to genus level only - Sebastes spp. It is presumed,

however, that the relative abundance of la¡rral species reflects the
relative abundance of the adults and that the dominant species
l-isted above are well represented as larrrae in the ¡vest coast
ichthyoplankton collections .

Sebastes la¡r¡ae were abundant in both sampling gears and

accounted for approxinately L24 of total lanra1 abundance in the
neuston (Table 10) and 10t in the water column (Table L2r. They

occurred in fet of the neuston samples (Table 5) and alnost 448 of
the bongo samples (Table 7).

Small larr¡ae (Iess than 5 mm in length) were taken during
all cruises and mean lan¡al length for the bongo samples rernained

Ior¡ during all seasons (Table 28, Fig. 35b). It seems that
rockfish spawning occurs throughout the year. The main spawning

period, however, nay be from late winter through to sunmer as

levels of abundance recorded during late autumn (cruises DÀ81 and

MF83) were significantly lower than during the other sarnpling

periods (Tables 14a and 16a). Interannual variation in lan¡al
abundance during spring rÍas considerable and varied between the
different sanpling gears. In the neuston, Sebastes larr¡ae were

much more abundant in spring 1980 and 1983 than in spring of the
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other years (Table 14a). It is not possible to interpret this
variation in lan¡al abundance, however, as an indication of
interannual variation in reproductive activity because lalr¡ae in
the neuston were essentially large and well-developed (Table 28'
Fig. 35a) and would have been born weeks to months prior to being
caught in the neuston gear. In addition, the occurrence and

abundance of Sebastes 1arr¡ae in neuston collections Day be

controlled ¡rainly by lan¡al behaviour. It seems that large larr¡ae
migrate vertically into the surface layer, particularly at night.
Diel variation in catches suggest that ver:f few lanrae occur in the
neuston duríng the day (Fig. 53d) most Sebastes larr¡ae hrere

caught in the neuston during hours of darkness. Avoidance of the
sarnplíng gear by the large larn¡ae during daylight hours DêYr

however, also contribute to the paucity of Sebastes la¡r¡ae in
daytíne neuston samples.

Mean lan¡al size in the bongo sanples was consistently low and

remained below 6 mm for aII cruises except EQ83 (Table 28, Fig.
35b). Interannual variatíon in lan¡al abundance for the bongo

collections, therefore, may be indicative of interannual changes in
spawning patterns. Mean lan¡al abundance was considerably higher
in spring of L982 and, in particular 1984, than for the other
sprihg sampling periods (Tabte 16a) and may reflect differences
from year to year in the tining or amount of lan¡al production by

adults of certain rockfish species.

The average distribution patterns for Sebastes spp. Iarr¡ae in
the neuston and water column was similar with highest densities of
Iarr¡ae coinciding mainly with the shelf edge and slope area off
Washington, Oregon and northern California (Figs. 79a and 80a).

This pattern is similar to the distribution of many of the adult
populations of rockfish species along the west coast and therefore
suggests thatr oD the whole, Iatruae remain relatively close to
where they were born. There was little interannual or seasonal

variation in lanral distribution patterns and highest levels of
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abundance were c.onsistently recorded in the vicinity of the shelf
edge and slope for both the neuston (Figs. 79 b-tt) and the bongo

samples (Figs. 79 b-i). There were some occasíons, however, when

records of lan¡ae in the oceanic zone were more numerous than
usual.

Considering that Sebastes spp. la¡n¡ae in the study area belong

to a nultispecies complex, it is difficult to draw conclusions
aþout reproductive patterns of the adult populationS.
Nevertheless, it seems that most of the rockfish species in this
area produce larrrae over an extended period from winter to summer,

with a peak in production occurrÍng perhaps during spring. IJarívae

are on the whole most abundant in areas where the adult populations
are known to occur suggesting that lan¡al drift is minimal. Large

larnrae and juveniles apPear to migrate to the neuston at night.

SebastoloÞus sPp.

Thornyheads of the genus Sebastolobus are similar in body

shape and habitat to the rockfishes but unlike the latter, they
tack a gasbladder. Three species occur in the northeast Pacific
but only two in the study area. $basulêS, alascanus, the
shortspine thornyhead, and S. attivelis, the longspine thornyhead,
are found from southern California to the Bering Sea whereas g.

macrochir occurs only in the Bering Sea and its lanrae are unknown

(Matarese gE êI.., 1989) . The foraer two species are con¡mon from

the outer shelf to depths of approximately 1500 m along the U.S.

west coast and both are fished conmercÍally. Thornyheads are

oviparous and eggs are exÈruded in gelatinous masses which float to
the surface. Eggs and young larrrae are difficult to identify to
species and have been assigned to Sebastotobus spP. in this study'
previous records of Sebastolobus lalr¡ae off the U.S. northwest

coast have been confined to a few occurrences in íchthyoplankton
samples taken offshore of Oregon (Richardsonr L973; RÍchardson and

Pearcy, Lg77; Richardson É g!.' 1980; Brodeur et êI., 1985). Off



California, they.þave been taken freçrently in CalCoFI collections
(Stevens et al. , L987, 1988, 1990).

Thornyhead eggs and larrrae were caught in neuston and bongo
sanples during the present surivey (Tables 4-71. In general,

were sparse and only eggs were abundant. The overall
high levels of abundance of eggs (Tables 4 and 9), however, arose
from the occurrence during spring of 1981 of very hígh nunbers of
eggs in tno samples (Table 13a and Fig. 81b).

Eggs !ùere recorded during spring months only (Tables 13a and

15a) indicating that spawning may be confined to this season. Low

numbers of larr¡ae were also taken in the bongo sanples prinarily
during spring months but they rrere also present during summer and

late autumn cruises (Table 16a).

The distribution of Sebastolobus eggs was confined urainly to
the shelf and slope zone with records being almost entirely absent
from the oceanic zone (Figs. 81 and 821. The highly clumped
distribution of eggs can be attributed to the spawning strategy of
releasing eggs in gelatinous masses. Larvae, although low in
numbers, were more widely distributed and occurred in deep water
beyond the shelf slope as well as in the coastal and shelf zone

(Fig. 821 .

It seems that along the U.S. west coast, thornyheads spawn

during spring over the continental shelf and slope and that laIr¡ae
subsequently become widely distributed in coastal and oceanic
water. The scarcity of lanrae in the ichthyoplankton seems unusual
given that adult populations are abundant in this region.
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The sablefish, A. finbria, is the nost common and abundant
member of the fanily Ànoploponatidae occurring in the northeast
Pacific. It is the target of both foreign and domestíc fisheries
and commercial catches contribute significantly to the fisheries
economy along the Canadian and U.S. west coasts (Hart, 1973î
Eschmeyer gE .4.., 1983) . The other species which occurs in the
northeast Pacific is the skillfish Erilepis zonifer. It is found
in deeper water than the sablefish, however, and is not caught
commercially. Eggs or larrrae of the tatter species have not been

recorded in the study area.

The distributional range of sable fish in the northeast
Pacific is from Baja California to the Bering Sea and it is a seni-
demersal fish which occurs nainly on the outer continental shelf
and upper slope (Hart, L973 i Matarese g! .4.., 1989) . In general,
spawning takes place at depths greater than 200 n and in various
parts of the northeast Pacific occurs fro¡n late faII through early
spring (Mason et 4,. , 1983; KendaII and Matarese , L9871 . The

spawning season seens to be short and the peak period appears to
take place earLier in the year in the southern part of the range
(December off California) and becomes progressively later towards
the north (May off the Aleutian Islands). Estimates of birth
dates, by otolith increment analysis, of lanral and juvenile
sablefish off l{ashingrton and oregon indicate that peak spawning in
this area occurs in early March (Boehlert and Yoklavich, 1985).

Sablefish eggs are pelagic but have been found to occur deeper
than 200 m and sma1l sablefish lan¡ae (<10 nm) are rare in field
collections, indicating that spawning and hatching takes place at
depths greater than 200 rn (KendaII and Matarese, 19871. Mason et
al. (1983), in their study of sablefish reproduction and early life



history off the Pacific coast of Canada, concluded that egg descent
during enbryological developnent is probable with hatching
occurring predominantly at depths exceeding 400 D. Lan¡ae and
early juveniles (10-80 mm tength) of sablefish appear to be
obligate neustonÍc animals, being found almost exclusively at the
sea surface. It is presumed, therefore, that as the yolk-sac is
absorbed the larr¡ae swim to the surface (Kendall and Matarese,
1987). Previous records of sablefish in the ichthyoplankton off
the U.S. west coast have been sparse where oblique tows to 200 n
has been the ¡nethod of sanpling used (RÍchardson and Pearcy, L977 î
Richardson g! .4,., 1980; Stevens g! .4.., 1987, 1988, 1990). In
studies where neuston sarnpling rúas carried out, postlanral and
juvenile sablefish were found to be abundant during spring and
early summer months (Ahlstrorn, L976; Shenker, 1988) .

Because sablefish eggs are bath¡pelagic, they lrere not caught
in any of the regular neuston and bongo samples collected during
the west coast ichthyoplankton surî\reys of the 1980s (Tables 4 and
6). In spring of 1984 and January of L987, however, extra tows to
400 m depth were carried out and low nr¡nbers of sablefish eggs were
obtained. Bongto tows to 400 m at 12 stations along the shetf edge
in Marchr/April 1984 yielded a total of 5 eggs and 9 recently-
hatched larr¡ae (Clark and Savage, 1988). A total of, 47 sablefish
eggs and no larr¡ae !úere caught in 27 Tucker trawls (to 400 n)
carried out along 3 transects off Washington, Oregon and northern
California during January L987 (Savage, 1989b). Most of the eggs
occurred at stations which coincided with the shelf edge on the
latter occasion. The above records confir:n that sabtefish spawn at
depths below 200 m, and possibly below 400 m given that, numbers of
eggs caught were so low, mainly along the shelf edge and upper
slope, during winter and to a lesser extent during late spring. It
is likety that the peak spawning period, which may occur from
February to March, sras missed by the present sampling regime.

Occurrences of sablefish larr¡ae in the bongo sarnples vtere
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sparse and nr¡nb.ers were verT low (Table 7't. In the neuston,
however, sablefish larrrae were dominant accountÍng for
approxinately 16* of total la¡r¡al abundance (Table 1O). They
occurred in 22t of the neuston samples and had a mean abundance of
approximately 26 lan¡ae/lOoO rn5 (Table 5) . Anopl,opoma .ÊL4sþ was
the second most abundant lan¡al species in the neuston.
Occurrences of larr¡ae nere confined to spring nonths (Table 14a)
indicating that the spawning períod does not extend into the sr¡nmer

and autumn. As larrrae occurring in the neuston were on the whole
well developed postlarvae, with mean lengrths ranging from 11 to 23

mm (Table 29, Fig. 36), most of then would have been spawned

several weeks to months prior to being caught indicating that
spawning is lilcely to take place prinarily in late winter to early
spring. Abundance of la¡n¡ae was at a peak for cn¡ise TK80 and also
very high for cruises BA85 and EQ83 (Table 14a) when sanpling was
carried out over the nonths April to lrlay (Table 2, Fig. 3). Ian¡al
abundance was significantly lower, but still high, during the
Marchr/April cnrise ín 1984 when Dean lan¡al length was at its
lowest (Table 29,. Durlng late spring (Uay) of 1981 and L982,
however, levels of abundance were low and minimum, Dean and maximun
lan¡al sizes were highest (Table 27'l . The peak period of lan¡al
abundance, therefore, appears to occur consistently from nid-April
to nid-May suggesting that the peak period of spawning is short and
probably occurs in February to March. Spawning may commence,

however, as early as December and continue into lfay, or .Iune at the
Iatest, given the occurrence and size-distribution of larrrae
documented here.

The obse¡r¡ed pattern of diel variatíon in catches of sablefish
Iarr¡ae in the neuston suggests that avoidance of the sanpling gear
may contribute to the reduced abundance of la¡rrae during the day
(fig. 53e). Catches nere consistently high during hours of
darkness and well below average during daylight hours. The low
nurnbers of larrrae in the bongo samples indicates that vertical
rnígration may contribute to a li¡nited extent to the reduced catches

60



in the neuston during the dayt,ine.

Sablefish la¡rrae occurred throughout the sarnpling area but
densities were highest in deep ¡rater off Washington and to a lesser
extent off Oregon as far south as Cape Blanco (Fig. 83a). South of
cape Blanco, records lvere in general poor. During Àpril/May of
1980' 1983 and 1985, when levels of larrral abundance nere highest,
this pattern prevailed (Figs. 83b, e, and g). Although some of the
highest densities of larr¡ae brere recorded over deep water in the
oceanic zone on these occasions, high levels of abundance were most
common in the vicinity of the shetf and slope, particularly off
Iilashington and northern Oregon. If, as is considered to be the
case, spawning occurs primaríIy in deep water (below 2-300 n) along
the upper continental slope (Kendall and Matarese, L987r, vertical
migration of lan¡ae into the surface layers would be ex¡rected to
result in this pattern. The occurrence of many larr¡ae in coastal
and oceanic waters as well indícates that lanra1 dispersal also
occurs on the horizontal scale in both an offshore and onshore
direction.

Earlier in spring, in March/April of 1984, sablefish larr¡ae
were more evenly distributed throughout the sanpling area than on
other occasíons (Fig. 83f). In contrast, during late spring (t{ay)
of 1981 and L982, occurrences of larr¡ae were restricted almost
entirely to the northern area off Washington and northern Oregon
(Figs. 83c and d). The seasonal progressíon from south to north in
occurrence and abundance of la¡r¡ae suggests that there is a

northerly progression in spawning along the U.S. west coast. This
concurs with previous obserr¡ations of sablefish reproduction in the
northeast Pacific (Mason et al., 1983; KendaII and Matarese, L987).

EEXAGRAI{IÍIDAE

Hexagrammids or greenlings are endemic to the north Pacific
ocean and are moderately-sized, demersal fish which occur rnostly in
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the coastal zone, close to shore (Hart, L973 i Eschmeyer et 4..,
1983). Spawning is denersal and egg masses usually adhere to a

substratum of rocks or seaweed where they nay be gruarded by the
male fish. An epipelagic juvenite stage occurs in nost species.
Nine species in five genera are kno!ùn from the northeast PacÍfic
(lt[atarese gþ .4,., 1989) . Of these, six have been found to occur as

lan¡ae in the ichtlryoplankton off ltashington, Oregon and northern
California during the present study; oxvlebius piæ,, ophiodon

elongatus, BlgggggW, monor¡tervgíus, Ëexaggêmmæ, dæegæ,, E.
laoocephalus and g. stelleri. No eggs were taken and the la¡n¡ae

occurred almost exclusively in the neuston (Tables 4-71. Only

three of these species were prominent in the catches oPhiodon

elonaatus, SgEgJe@, decacrrar¡mus, and g. Iaaocephalus the
remaining three being rare both in neuston and bongo samples.

ooùLodo¡ elongatus

The lingcod is ha¡r¡ested commercially, and also taken as a

sport fish, along the U.S. west coast (Eschneyer É g!.., 1983) . It
occurs from Baja Californía to the Gulf of Àlaska in coastal and

shelf waters from the intertidat zone down to a maxímum of 475 n
(Matarese gE d.., 1989) . A spawning nigration to shallow water
(<20 n) takes place and eggs are deposited in crevíces under rocks
where they adhere to each other in large thick masses. Spawning

occurs between Decernber and Àpril and the lan¡ae are pelagic.

Lingcod larr¡ae occurred in 4* of the neuston sarnples

collected, had a mean abundance of approxinately 3 lanrae/lO0o m3

and accounted for almost 28 of total lan¡al fish abundance in the
neuston (Tables 5 and 10). Their occurrence in bongo samples was

rare (Table 7r. The larrrae ¡tere recorded during all spring
sanpling periods but levels of abundance were significant only

during spring of 1980, L982, tg84 and 1985 (Table 14a). Densities
Irere at a peak in spring of 1985. They were absent or rare in the

neuston during late sunmer, autumn and winter cruises. Larval
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sizes ranged fron I to 45 Dm and mean sÍzes ttere mostly greater
than 14 nm (Tabte 30, Fig. 37] indicating well-developed
postlarrrae. Obviously, larr¡ae nigrate to the neuston on hatching.
Catches were significantly higher during nightine sarnpling than in
daylight hours (Fig. 53f) suggesting that avoidance of the sanpling
gear occurs. The occurrence of highest numbers of postlanrae
during the months l[arch to May indicates that most spawning occurs
during late winter and early spring. Interannual variation in
Ianral abundance was significant among the spring sanpling periods.
It is not possible to conclude, however, that this reflected
variation in tinring or extent of spawning from year to year as

sanpling did not take place in nearshore waters (< apProx. 5 kn
from shore) where most newly-hatched larrrae are likely to occur.

the distribution of lingcod lan¡ae was restricted to coastal
and shelf waters (Fig. 84a) . During April/I'fay 1985, when highest
numbers were recorded, Iarrrae occurred nôstly at stations closest
to the coast from Washingrton to northern California (Fig. 84b) . At
one nearshore station off northern Oregon, the density of larr¡ae
was extremely high. Richardson and Pearcy (L977) and Richardson gE

al. (1980) found Ophíodon eloncratus larr¡ae to be abundant in bongo

samples taken in the coastal zone (2-46 k¡n) off oregon, nainly
during March and Shenker (1988) recorded then in abundance in
neuston samples off Yaquina Bay during the months April and May.

It seems that offshore dispersal of lingcod lalr¡ae does occur and

is tikely to be influenced significantly by wind and surface
circulation patterns. Lingcod Ia¡n¡ae are rare in CaICOFI

ichthyoplankton collections (Stevens É êf. , L987, 1988, 1990).

Given that lingcod spawn in such shallow water (<20 ur), it is
presumed that a saurpling program incorporating the nearshore zone

(to intertidal level) is necessary to provide a more accurate
assessment of lanral abundance and distribution patterns than is
provided here.
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Eetaqrammos ôecacrra¡¡ug

The kelp greenling occurs intertidally and in coastal waters
from Baja California to the Bering Sea (Hart, 1973). It is not
fished commercially but is taken as a sport fish. Spawning is
known to occur from october to Novenber and as for lingcod, eggs

adhere together in masses and are attached to rocks.

Larr¡ae of this species were the most abundant among the
hexagramrnids with a Dean abundance of 15 lanrae/lOOo D5 and

occurrences in 19t of tbe neuston samples (Table 5). They

accounted for just over 98 of total, lan¡al abundance in the neuston
and were ranked fourth in tems of dominance in this samplÍng gear
(Table 10). Occurrences were from late autumn through to late
spring with an absence of larr¡ae during the late su¡nmer crrrise
(Table 14a). Specimens ranged in length from 6 to 57 mm and

included soue juveniles in the >40 mm size range (Fig. 38). Lanral
sizes were smallest by far duríng autumn and winter cruises (Table
31) and abundance was at a peak during the ilanuary 1987 cruise. fn
addition, abundance of larr¡ae decreased and mean la¡r¡al size
increased fron early to late spring; March to DÍay. This seasonal
pattern suggests that peak spawning occurs in December but that it
may extend from October to March or perhaps occasionally Àpril.

The distributional range for ketp greenling larrrae extended

much further offshore than for lingcod larr¡ae and there stere

records in the imnediate oceanic zone beyond the shelf edge (Fig.
gsa). Larrrae were absent, however, from most of the oceanic zone

south of 45o!{ but occurred throughout, most of the deep water zone

off I{ashington. Given the shallow water habitat and spawning

Iocation of the adults, offshore lanral drift would appear to be

extensive.

There is some evidence of a northerly progression in spawning

from variation in lan¡al distribution patterns among individual

€;.1



cruises. In Octoberr/Novenber 1981 (cruise DA81), when mean lan¡al
size was at a minimum, indicating that larr¡ae rÍere newly hatched,
occurrences of larrrae rÍere confÍned to several coastal stations
from 42oN south and most nere caught in the vicinity of cape
Mendocino (Fig. 85c). In Januaîl L987, when la¡r¡a1 abundance hras

at a peak and mean ran¡ar size was stirl relatively snalr, the
occurrence of S. decagrammus la¡r¡ae extended along the entire coast
and high lan¡al densities were recorded off Washingrton and oregon,
as well as off northern Catifornia (Fig. 85f). By early spring,
e.g. March/April 1984, records of larrrae south of Cape Blanco were
sParse and relatively high lan¡al densities nere restricted to the
coastal and shelf zone off washington and northern oregon (Fig.
85d). In Aprit,/May of 1985, a further northerly shift in
occurrence and abundance of la¡¡¡ae was apparent with nost records
and highest numbers taken in the coastal and shelf zone off
I{ashingrton and northern oregon (Fig. BSe). The occurrence of
la¡r¡ae also extended furthest offshore during the latter occasion,
indicating an offshore as well as a northerly progression in lanral
occurrence from winter to spring. This Ís probably associated with
the transition from onshore to offshore Eloan transport which takes
place along the coast durÍng spring.

Previous records of greenring larr¡ae (identified to
Hexagrammos spp. only but probably comprising E. decagrrammus
nostly) off Oregon include the occurrence of low numbers during
spring, in bongo samples fron the coastal and offshore (to 56 km)

zones (Richardson and Pearcy, 1977; Richardson et â1., 19gO).
Larvae identified as Hexagramnidae have been taken in CaICOFI
ichthyoplankton coll-ections but numbers have been very low (Stevens
et al. , L987, 1988, 1990). Shenker (1988) found large lalr¡ae and
juveniles to be abundant in the neuston, along a 50 km transect,
off Yaquina Bay, Oregon during epril and May 1984. He concludes
that the young are obligate inhabitants of the neuston and that
their nrobiliÈy (being rapid swirnmers) contributes to their
dispersal or aggregation.
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Visual avoi.dence of the sampling gear by the lan¡ae does not
appear to affect catches of kelp greenlÍng lanrae in the neuston to
the extent that it does for lingcod lan¡ae. The difference between
day and night catches of E. decacrrammus larr¡ae in the neuston was

not pronounced (Fig. 539).

Eeraqra¡¡og lagoceohalue

The rock greenling is similar in range and habitat to the kelp
greenling and its eggs are attached in masses to rocks or holdfasts
in areas of strong currents (Matarese gE 4., 1989) . It is known

to spawn intemíttantly from June to August of f the Aleutian
islands (Simenstad, 1971) but further south its life history is
undocunented.

OveraII, larrral abundance for this species in the neuston sas
tow at a Dean value of 1.6 la¡r¡ae/LOOO m3 and it occurred in only
5t of the neuston samples (Table 5), accounting for less than lt of
total lan¡al abundance in this gear (Table l0). The seasonal
pattern of occurrence of larrrae uas similar to that for rock
greenling with larr¡ae occurring in autumn, winter and spring
collections (Table 14a). Variation in abundance, however, was

different Ín that very few lan¡ae were taken during spring months.
Most larr¡ae were caught during the late autunn or winter crr¡ises
and, as for H. decasram¡nus, abundance was at a peak in ,fanuary 1987

(Table 14a) . Mean lan¡al size was also s¡nallest during the latter
crruises (Table 32't suggesting that spawning occurs during late
autumn to winter, probably frour October to ,fanuary. The few larvae
caught during spring nere all well developed postlarvae or young
juveniles, ranging from 15 to 38 nm, indicating that they hrere

probably spawned during winter months. Most larr¡ae caught ytere

under 20 ¡n¡r in length (fig. 39) .

The distribution of larr¡ae in the sanpling area (Fig. 59)

suggests that offshore transport of larr¡ae is considerable. Off

66



tÍashington and ,northern oregon, occurrences of larr¡ae nere as
common in deep water of the oceanÍc zone as they were in coastal or
shelf waters. Larvae occurred closer to the coast in the vicinity
of Cape Mendocl,no.

In general, catches of g. laqocephalus larr¡ae in the neuston
were higher during hours of darkness than durÍng the day (Fig.
53h). Enhanced visual avoidence of the neuston net by the
postlanrae and young Juveniles, during daylight, is likely to
contribute to this pattern atthough there may also be some

nigration out of the surface zone during the day.

C{)ETIDÀE

Cottids or sculpins are a large, circr¡nboreal fanily of bottour
dwelling fish that are most common in nearshore and intertidal
regÍons (Hart, L973; Eschmeyer et 4.., 1983) . Most species are
benthic as juveniles and adults and planktonic as larvae.
Demersal, adhesive eggs are generatly spawned in shallow water and
guarded by the adult fish.

Sculpins are most numerous in the north Pacific and up to a

100 species in 45 genera are known to occur along the U.S. west
coast (Matarese g! .4,., 1989) . Lan¡al cottids are common in the
ichthyoplankton but the early life histories of most species are
poorly known. only one species, the cabezon Scorpaeníchthvs
marmoraÈus, Ís conmercíally fished off California. uany species of
sculpin, however, contribute significantly to the recreational
fishery in Washington, oregon and northern California.

Many species of larr¡al cottids have been found to be com¡non in
coastal and shelf waters off oregon, both in water column
collections (Richardson, L973; Pearcy and Myers, L974; Laroche,
L976; Richardson and Pearcy, L977; Richardson et aI., 1980; Brodeur
et aI., 1985) and in the neuston (Shenker, 1988). The species S.
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marnoratus and sone unidentified cottids are common as lan¡ae in
CaICOFI ichthyoplankton collections (Stevens et al.0 LgB7, 1988,
1990). During the present study, a total of, L2 species of cottid
Ia¡rrae were identified in bongo and neuston collections conbined
and some unidentified cottids trere also recorded (lables 5 and 7).
No cottid eggs lrere caught. Although the diversity of species
occurring in the bongo samples was greater than in the neuston
samples, Ianral abundance among the most common species was much

higher ín the neuston. The most abundant species by far were the
red lrish lord, HemíIepidotus henilepidotus, the brown lrish lord,
[. sr¡inosus, and the cabezon, @ marmoratus (Table 5).
These ltere the only species to contribute significantly to total
lan¡al abundance. Henrileoidotus spinosus was most abundant and
accounted for approximately 25* of all fish larrrae caught in the
neuston (Table 10). Scorpaenichthvs narmoratus accounted for 5t
and $. henilegidotus for only 0.742.

EenLlepidotus henilepLdotus

The red lrish lord occurs fron central California northwards
to the Bering Sea in coastal waters from the intertidal zone down

to a maximum of approxinately 275 Ã depth (Matarese gE ê1. 11989).
Spawning occurs in shallow water, including the intertidal zone,
and masses of eggs are deposited on rocks in areas with high
current velocities. The spawning season in hrget Sound,
Washington, is known to extend from October through to January
(Garrison and MiIIer, L982) whereas off British Colunbia, spawning
occurs during March (Hart, 1980).

Larr¡ae of E. he¡nilepidotus rrere not very abundant in the
ichthyoplankton and occurred in only 3t of the neuston samples
(Table 5). They ¡rere common, however, in the neuston during late
winter and early spring crrrises, January to May (Table 14a). None

were recorded during late spring (MayrlJune) , sunmer or 'autumn

cruises. Larr¡al length ranged from 6 to 25 mn (Table 33 and FÍ9.
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41). La¡r¡ae caught during ilanuary L987 lrere smallest with lengths
ranging from 6 to 11 mrn, characterÍstic of recently hatched lan¡ae
(Table 33). During spring crrrises, Ialrrae ¡rere considerabty
Iarger, ranging from 10 to 25 n¡n in length. These records indicate
that spawning occurs prinarily in late winter, probably December to
JanuarT, and may extend into early springi February/March.

occurrences of $. hemilenidotus lan¡ae Ìrere confined mainly to
coastal and sherf waters off washÍngton and oregon (Fig. 8z).
Larîvae lÍere absent from the southern-most part of the Oregon coast,
south of Cape Blanco, and fron northern California waters. Off
!{ashÍngton, the distribution of lan¡ae extended into deep water and
there lrere some records of larr¡ae in the oceanic zone beyond the
continental slope. Given that spawning occurs in shallow water,
offshore drift of larrrae would seem to be considerable. Richardson
and Pearcy (L977) also found g. he¡nilepidotus larr¡ae to be common

in the offshore zone, as weII as in the coastal zone off oregon.
The absence of larr¡ae from south of Cape Blanco suggests that the
spawning range for this species has a southerly rinit in the
viciníty of the Oregon-California border.

Eenilepidotus spLnosus

The distribution of the brown rrish lord extends further south
than the red lrish lord and its range is fro¡n southern California
to the culf of Alaska. It is known to occur in shallow water from
the intertidal zone dot¡n to approxirnately 100 n depth. Little is
known of the early life history and the spawning season has not
been previously documented. L,an/ae have been found, hohrever, in
the plankton off Oregon during the months January to March
(Richardson and Pearcy, L977; Richardson et aI., 1980). Shenker
(L980) also recorded larr¡ae and juveniles in the neuston off Oregon
duríng April to June, L984.

Brown lrish lord larvae !ûere by far the most abundant species
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in the neuston during the present study with a Dean abundance of 41

Ianraer/loOo m3 and conprising approximately 25* of total lanral
aþundance (Tables 5 and 10). There nere also occasional
occurrences of lan¡ae in the bongo sanples (Table 7). The seasonal
occurrence of la¡rrae in the neuston was si¡¡ilar to that for red
Irish lord larrrae with records being confined to winter and spring
cruises (Table 14a) . UnlÍke E. Egi!.g!¡þ!gg, however, E. spinosus
la¡rrae were caught during late spring of L982 and late autt¡mn of
1983. Mean abundance was at a maximum during January L987. Levels
were also high during Marchr/April L984, and April/May 1985 and

1980. Nr¡mbers seemed anomalously low during Àprilr/May 1983.

During May of L982, larlrae nere moderatlely abundant whereas in May

of 1981 they nere absent. Iarrrae were also absent during late
summer 1980 and autr¡m¡r 1981. Dlean lan¡al lengrths during the late
autr¡mn and winter crr¡ises nere less than 6 rnrn indicating that these
Ian¡ae were newly hatched (Table 34b). In early spring of 1984,

Dean lan¡al length had increased to approximately 9 mm whereas

later in spring of 1980, L982 and 1983, Dean length ranged from
15.8 to L7 mm. The increase in lanral size, coupÌed with a

decrease in abundance, from ilanuary to Uay indicates that the
spawning season occurs prinarily in late winter and early spring'
Decenber to Febrrrary or llarch perhaps. The presence of . 

some

recently hatched latr¡ae during March to May cruises, however, is
evidence that spawning continues to a linited e:<tent during late
spring. It is possible that the apparent anomaly in abundance of
Iarr¡ae (Iower than normal) during spring of 1983 may be related to
the unusual oceanographic conditions whích prevailed that year.

Hernilepidotus spinosus larr¡ae were taken in coastal, shelf and

deep water throughout the sarnpling area (Fig. 889). Highest
densities occurred, oD average along the slope. As for g.

hemilepidotus, the distribution of E. spinosus larrrae extended

furthest, into the oceanic zone off l{ashington. North of the
Columbia River .estuary, they were widely distributed throughout the
coastal, shelf and deep ¡¡ater areas whereas further south, records

70



f,tere more sparse in the oceanic zone.

Interannual and seasonal variations in lan¡al dÍstribution
patterns were significant. During Aprilr/I{ay of 1980 and 19'83 and
May/June of L982, occurrences of larnrae were confined alnost
exclusiveJ.y to the shelf and some of the deep water zone north of
Cape Blanco and highest densities trere recorded off Washington
(figs. 88b, d, and c). Earlier in spring during cruises PO84 and
8485, ttre distribution of larr¡ae extended further south to the Cape

Mendocino area although densities were still highest off Washington
and Oregon (Figs. 88e and f). In January of L987, when recently
hatched lar¡¡ae were most abundant, high densities of larrrae
occurred off southern Oregon and northern California and records
were sparse off Washington and northern Oregon (FÍg. 889). This
seasonal progression northr¡ards in the distribution of Ia¡r¡ae
suggests that peak sparrning occurs earlier in the southern portion
of the sanpling region than off Washington and northern Oregon. It,
is likely that a gradual, northerly progression in spawning of this
species occurs along the U.S. west coast.

ÀltÌtough the brown lrish lord is known to occur in shallow
water, close to the coast, latrral distribution patterns suggest
that spawning may also occur in deep water close to the shelf edge
and slope. Levels of larr¡al abundance were always highest in this
region, even during the peak period of spawning, e.g. January L987
(fig. 889). Lanral drift may also bring about the widespread
distribution of lan¡ae, particularly as they are so abundant in the
neuston and therefore subject to wind-driven surface transport.

The diel variation in abundance of S. spinosus larr¡ae in the
neuston indicates that visual avoidance by the larr¡ae of the
sarnpling gear may significantly reduce catches of this species
during day-Iight hours (Fig. 53i). Most larr¡ae lrere caught in the
neuston at night. Shenker (1988) also found [. spinosus larrrae to
be most abundant in neuston samples taken at nighÈ, off oregon.
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Migration of lafr¡ae out of the neuston during the day may also
occur but nr¡nbers of S. sr¡ínsosus larr¡ae were very low in the bongo

sanples. If the larr¡ae remaÍn in a layer just below the neuston,
however, they would still not be sanpled efficiently by the bongo

gear.

ScoroaenLcbtbvs uarnoratus

The cabezon, which is a conmercially iurportant species off
California, occurs in coastal waters frou Baja California to the
GuIf of Alaska. It is usually found close to shore, from tlre
intertídal zone down to a maxiuum of 75 m depth. Demersal

spawning gives rise to masses of eggs which adhere to rocks and

algae in shallow water. Nesting sites appear to be restricted to
specific areas from intertidal depth to 17 m, which are reused each

year, and males tend the eggs (Garrison and ltfiller, 1982).
Spawning is known to occur from November to March off California
and fron Januarlz to t{ay off British Colr¡¡bia (Matarese É d'. '
1989) . L.¿rvae of g. narmoratus have been recorded previously, in
Iow nr¡nbers, in the plankton of the Oregon coastal zone (Pearcy and

lr[yers I Lg74; Ríchardson and Pearcy, 1977; Richardson É g!- ' 1980i

Mundy, 1984i Shenker, 1988).

The cabezon was the second most abundant lan¡al cottid in
plankton collections taken during the present study and as with the
other cottids, it was proninent in the neuston and rare in the
bongo samples (Tables 5 and 71. It occurred in 16.5* of the
neuston sarnples (Table 5) and accounted for 5t of total larr¡al
abundance for this gear (Table 1O). Unlike the other dominant

Ian¡al cottids, it Iras taken during every cruise and there $ras

Iittte seasonal variation in lan¡al abundance (Table 14a). Apart
from the two spring cruises TKSO and 8Q83, when mean levels of
abundance were at a maximum and signÍficantty higher than on other
occasions, Ievels of abundance during spring, summer, autumn and

winter cruises were comparable. Mean lan¡al sizes were also
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sinilar among se.asons and recently hatched la:¡¡ae (3-6 nn lengÈh)
were taken during all crrrises (Table 35) . Most larrrae e¡ere less
than 15 mrn in lengrth (Fig . 42r. These data indicate that spawning
Day occur throughout the year in the study area as a whole.
Irtultiple spawnings among individual fish is a possibility.
O'ConneII (1953) and Garrison and Miller (L9e2) reported that more
than one mode of egg sizes are present in ovaries of specimens from
California and Rrget Sound (I{ashington), respectively, and suggest
that more than one spawning may occur per season.

On average, larr¡ae occurred ín coastal, shelf and some deep

water areas off Washington, oregon and northern California (Fig.
89a). As for the other cottid species, the distribution of cabezon
larr¡ae extended furthest offshore, west of Washington. Variation
in the distribution of larr¡ae rüas apparent among cruises and a

seasonal pattern was discernible. During late autumn and winter
cruises (October to üanuary), larr¡ae were caught nainly along the
Oregon or northern California coast and were scarce off l{ashington
(Figs. 89e, g, and j). During most of spring, March to mid-May,
cabezon larrrae were most abundant off Washington and Oregon but
their distribution usually extended as far south as northern
Califoinia (Figs. 89b, f , h, and i). By late spring, e.g. ItIay/June
1981, and in late summer, e.g. Àugust 1980, Iatnrae occurred almost
exclusively off WashÍngton and northern Oregon, north of Cape

Blanco (Figs. 89d and c). This seasonal variation in lan¡al
distributional patterns is evidence for a northerly progression in
tírning of spawning. It seems that during late autumn and winter,
spawning occurs prinarily off California (as documented by
O'Connel1, 1953) and Oregon. By spring, spawning has commenced off
the Washington coast but st,iIl occurs to a limited extent as far
south as northern California. Spawning during late spring and

sunmer months, May to August, seems to be confined nainly to waters
off Washington and northern Oregon.

Despite being spawned in very shallow water, it appears that
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cabezon lanrae nay drift a considerable distance offshore in the
neuston. Àlthough most occurred in shelf naters within
approximately 100 lo of the coast, sone ltere talcen up to 300 lo
offshore, particularly off tlashington. Richardson and Pearcy
(L9771 found cabezon larrrae to be common in bongo samples from the
coastal zone off oregon but absent from what they termed the
offshore zone, seaward of 37 kn from shore. In a study of the
ichthyoplankton along a transect of stations, ?-LLL lo off the
oregon coast, Shenker (1988) found the youngest cabezon larr¡ae (4-6
nn) to be restricted to nearshore stations up to 15 kn fron the
coast whereas larger larrrae and young juveniles occurred along the
entire transect.

Àn unusual pattern of diel variation in catches was apparent
for $. marmoratus larr¡ae in the neuston (Fig. 53j ) . They were most

abundant in catches taken fron nidnight to early afternoon (1400

hrs). Subsequently, hourly catches were reduced to less than 38 of
the total catch. There nay be a migration of the lan¡ae out of the
neuston during the afternoon and a return to the neuston at around
nidnight.

BATET}TÀSTERIDÀE

The ronquils, fanily Bathynasteridae, are endemic to the north
Pacific Ocean. They are bottom dwelling fish which inhabit rocky,
nearshore areas and are of no economic importance (Hart, L973,

Eschmeyer et aI., 1983). In general, Little is known of their
biolog¡¡ and early life history. Four species in two çtenera'
Bathvmaster and &ngr¡ilus, occur along the northeast Pacific coast
(Matarese É g!., 1989) . They are demersal spaÌtners and their
pelagic larr¡ae are, at tines, prevalent in plankton samples from

this region. The three Bathymaster species are more northerly in
their distribution than Ronquilus, the southern linit being off the
Washington coast. They are most comnon in coastal waters of the
GuLf of Alaska and the Bering Sea. Their larrrae s¡ere rare in

74



neuston and bongo sampres collected during the present study
(Tables 5 and 7). The northern ronquil, Roncnrilus jordani, is the
most abundant species in the study area and its Iarr¡ae rúere common

in neuston samples collected during the west coast ichthyoplankton
surveys.

Ro¡cn¡ilus lordani

The northern ronquil occurs in coastal waters from central
California to the Bering sea and the spawning season is reported to
be from rate winter through spring (Hart, 1980i Garrison and
Miller, L982i Ìtatarese, 1990) . La¡ivae have been frequently
recorded in bongo samples taken in coastal and offshore waters off
oregon during spring and summer months (Richardson and pearcy,
L977; Richardson É.4,., 198Oi Brodeur et al., 1985). Shenker
(1988) found larrrae and juveniles to be abundant in the neuston off
Yaguina Bay, Oregon, fron AprÍI to JuIy. Bathlmasterid lan¡ae are
rare in ichthyoplankton samples taken during CaICOFI surîveys off
California (Stevens et ê!. , L997, 1988, 1990).

Northern ronquil Ia:¡¡ae ¡tere scarce in the bongo samples taken
during the present study (Table 7) but occurred frequently in the
neuston (Table 5). Levels of abundance were never high, however,
and B. iordani larr¡ae accounted for only lt of total tan¡al
abundance in the neuston (Tab1e 1O). They hrere taken during five
of the six spring cruises and also during the surnmer of 1980 (Table
14a). Their absence fron autumn and winter cruises and fron the
early spring cruise (March/April 1984) suggests that spawning rnay

not cornmence untÍI late wínter, perhaps February. Larvat lengths
documented during April/May cruises ranged from 5.5 to 25.5 nm

(Table 36). Some of the larger larr¡ae, therefore, may have been
spawned as early as February. AII larvae caught during the sumner
cruise, PO80, were weII developed post,Iarvae, possibly bordering on

being juveniles, with lengths ranging frorn 22 to 33.5 ¡nm. They
were probably spawned during late spring or very early sunmer.
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The occurrence of northern ronquil larrrae was confined to
coastal and shelf waters, the outer lÍnit of their distribution
being in the vicinity of the continental slope (FÍ9. 90).
Occurrences were less frequent off southern Oregon and northern
California than off tÍashingrton and northern oregon. This may

reflect the distribution of adult populations along the coast.

DieI variation in catches suggests that there nay þe a

nigration of larrrae out of the neuston from urid-day to dusk.
Iarlt¡ae were absent from sanples taken during the period 12o0 noon

to 2000 hrs (Fig. 53k). Visual avoidance of the sanpling gear by
the lanrae during daylÍght hours nay also have contributed to their
absence during this period.

CRYPIROCA¡IIIEODIDIE

The wrlmouths are botton-dwelling fish of no economic

inportance which occur in the north Pacific and north Atlantic
Oceans (Hart, L973i Eschmeyer g! ê],., 1983). They are elongate in
shape and frequently bur:f themselves ín the sediment. Ttro species
occur in the northeast Pacific; Delolepis oiaantea, the giant
wrlmouth and Cn¡ptacanthodes aleutensis, the dwarf wr¡mouth
(Matarese g! B-L., 1989) . The fomer occurs Ín nearshore and shelf
waters and the latter in shelf and oceanic waters. La¡ltrae of both
Trere taken in neuston samples during the present study but
Delolepis was rare and CrlE¡tacanthodes aleutensis occurred in just
over 1* of the sarnples (Table 5). The only prevíous records of
Ian¡ae of these species off the U.S. west coast were by Shenker

(1988) who found several specimens in the neuston of Yaquina Bay,

oregon during April 1984.

er''vDtacanthodes aleutensis

The dwarf wrlnuouth occurs from northern California to the
Bering Sea where it is epi- and mesobenthal in depths of
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approximately 50 to 350 m (Matarese É .4.., 1999) . Eggs are
denersal and the spawning season is thought to occur during spring
and sunmer (Hart, L9731 . Low nu¡nbers of dwarf wrlnrouth lan¡ae were
caught in approxirnately l.t of the neuston sarnples from this surívey
and together accounted for exactly 1t of total lan¡al abundance in
this gear (Tabre 10). They were recorded during the January 1987
cruise and during three of the spring cruises - PO84, BA85 and TK80
(Table 14a). Levels of abundance vrere significant only during the
two earliest sprÍng cruises - Ytarch/April 1984 and Àpril/ltlay 1985.
Larr¡ae caught during ,fanuary L987 lrere smallest with a mean length
of 13.3 mm whereas mean larr¡al length ranged fron 16.3 to 28.5 nn
during the spring cnrises (Table 37r. These data suggest that the
spawning season occurs during late winter and early spring,
probably January to March. The rninimr¡n length of 10 rnm (Fig. 44)
documented for these larr¡ae complies with the obserr¡ation of
Matarese et 4. (1989) that g. areutensis larr¡ae hatch at an
advanced stage of developnent.

Most of the dwarf mlmouth larr¡ae taken during the present
study occurred at stations in coastal and shelf waters off
Washington and northern Oregon just south of the Colunbia River
estuary (Fig. 91). There were fewer records off southern oregon
and northern California. Given that the species is at the southern
linit of its dístribution off northern California, spawning
populations are likely to be less abundant in the southern portion
of the study area than off Washington and parts of Oregon.

ICOSTETDAE

Icosteus aenicrnaticus

The brown ragfish, f . aenigrmatícus, is the only species of
this family known to occur in the north Pacific Ocean (Matarese et
aI. 1989). ft is found off the U.S. west coast from southern
California to the GuIf of Àlaska and is epi- and mesopelagic to
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depths of approximately 73O B. Most records of occurrence are
from shallow lrater but the real center of abundance for the species
nay be in deep water (Hart, 1973). Spawning is thought to occur
duríng sumner and winter off CalifornÍa but it is unclear if
spawning is restricted in tine or occurs several times per year
(Garrison and Dfiller, 1982). A spawning migration to coastal
waters may take place (Fitch and Lavenberg, L97Li Matarese et ê!.,
1989) .

Previous records of I. aenig¡naticus in the ichthyoplankton off
the U.S. lrest coast Ínclude the occurrence of low numbers of la¡nrae

in bongo samples taken in deep water off Yaquina Bay, Oregon

(Richardson and Pearcy, l,977) and in CalCOFf collections off
California (Stevens et aI. , L987, 1988, 1990). Eggs of the brown

ragfish were relatively abundant both in neuston and bongo samples

taken during the present study (Tables 4 and 6) whereas larrrae ltere
rare and occurred in very few bongo sanples only (Table 7). In the
neuston, eggs were found in approximately lOt of the samples

collected (Table 4). Thirteen per cent of the bongo sanples
yielded ragfish eggs (Table 6). The proportion of total egg

abundanceattributedtoE.ê@.was0.76tintheneuston
(Table 9) and 1.13t in the bongo sanples (Table 11).

Ragfish eggs were taken mainly during spring cruises (Tables

13a and 15a). Levels of abundance were also retatively high during
the winter crrrise in January L987. Eggs nere scarce in neuston and

bongo samples from the autumn cruise D481, and low numbers ttere

recorded during late spring, ttlaylJune 1981 and May L982. It seems

that, spawning takes place nainly from January to May with a peak

probably occurring in early spring - March to april. The presence

of very few eggs during October/November 1981 suggests that
spawning may commence as early as then but only to a very linited
extent. The above pattern of seasonal variation in egg abundance

is indicative of continuous spawning from late winter through to
early sunmer for this sPecies.
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fcosteus aenig¡naticus eggs rrere distríbuted widely throughout
the sampling area both in the neuston and the water column (FÍgs.
92a and 93a). They occurred in coastal, shelf and deep water. On

average, levels of occurrence and abundance were greater off
WashingÈon and northern Oregon than fron Cape Blanco southwards.
This pattern, however, seems to be due to the fact that most
samplíng was carried out during spring. Distribution patterns for
the spring cruises show that the eggs occurred almost exclusively
north of Cape Blanco, ín the neuston (figs. 92 b-f) and water
column (Figs. 93 b-f). In contrast, during ilanuary L997, ragfish
eggs ¡rere absent from stations off !üashington and northern Oregon
and most were taken in the vicinity of Cape Blanco off southern
Oregon and Cape üendocino off northern California (Figs. 929 and
93g). DistributÍons were also closer to the coast on the latter
two occasions than during sprÍng when occurrences extended
throughout the oceanic zone off Washington and northern Oregon.

These distributional patterns suggest that in early winter, f.
aenicnnaticus spawns off southern Oregon and northern California,
nainly within approxinatety lOO kn of the coast. À seasonal,
northward progression in spawning is apparent and during spring
nonths, spawning seems to occur in coastal, shelf and deep water
off Washington and northern Oregon.

The scarcÍty of lan¡al f. aenigmaticus in the ichthyoplankton
samples seems unusual given the frequency of occurrence of eggs in
the neuston and water column.

AI,IT{ODYTIDAE

Sand lances are elongate and slender, snall fishes which are
common in coastal and shelf waters of most oceans, êt high
latitudes. They frequently form great schools and are associated
t¡ith a substrate of clean sand where on occasion they bury
themselves. In the Pacific, only one species occurs - Àmmodvtes
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Annodvtes hexaPten¡s

Pacific sand lance occur along the U.S. and Canadian west

coasts from southern California to the Arctic (Hart, L9731,

Eschmeyer gg 4.., 1983). They are found from the intertidal zone

down to depths of approximately 275 m (Ìlatarese gE g!., 1989) but

are most colûmon in water less than 1oo m depth (Garrison and

Irtiller, 1982). Off the It.S. west coast, spawning is known to take
place during winter and early spring. Eggs are deposited Ín the

sand and give rise to pelagic la¡¡¡ae. Pacific sand lance larrrae

have been taken frequently in ichthyoplankton surîveys off Oregon

(Richardson, Lg73i Pearcy and llyers, L9?4; Richardson and Pearcy,

Lg77; Richardson É aI., 1980; Mundy, 1984i Shenker, 1988). None,

hoyrever, have been recorded in CaICOFI ichthyoplankton collections
(Stevens g! aI. , L987, 1988, 1990).

Arunodytes hexapterrrs larr¡ae Ìrere taken in neuston and bongo

sanples during the present study (Tables 5 and 7, but were most

abundant in the neuston where they accounted for approxinately 48

of all larr¡ae caught (Tab1e 1O). Occurrences were confined to
spring ¡nonths and leve1s of abundance nere highest by far during

lilarch/April 1984 (Tables 14a and 16a). During the other spring

crrrises, when sanpling lfas carried out during AprÍl to June, sand

lance larrrae were scarce in the bongo samples and ranged from being

scarce to moderately abundant in the neuston. In the neuston,

abundance during cruise TKSO was significantty higher than for the

other ApriI/MaY cruises.

Larr¡ae caught in the neuston were large (Fig. 45) and except

for cruise PO84, mean lan¡al length was above 30 nm and some

specimens lrere over 50 nm (Table 38) . These large lan¡ae and early
juveniles hrere likely to have been spawned 3-4 ¡nonths previously.

Lan¡al sizes v¡ere significantly smaller during the Marchr/April
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sanpling of 1984 when a Dean length of 16.9 mm was documented.
Mean lan¡al length for A. hexapterrrs in the bongo sanples on this
ocóasion lúas L2.g mm and mininr¡m length was 4 mm. The few
specimens caught in the bongo samples during other c¡r¡ises ranged
in length from approximately 6 to 30 mm.

The seasonal patterns in lanral occurrence and abundance and
the síze dístributíon data indicate that A. hexapterrrs spawns in
the sanpling area prinarily during late winter and early spring.
The peak in spawning is likely to occur from Febnrary to March.
PrevÍous ichthyoplankton studies off oregon have found sand lance
larr¡ae to be present in the ichthyoplankton fron January to May

with peaks in abundance of snall larrrae occurring durÍng February
to March (Pearcy and Myers, L974¡ Richardson and Pearcy, L977,
Richardson et 4,., 1980; Mundy, 1984).. Shenker (1988) found !.
hexapterus lan¡ae in low nr¡mbers in the neuston from April through
June of 1984. Most of these larrrae were caught during nighttine
sampling. Similarly, la¡rrae occurring in the neuston samples
during the present study were taken predominantly during hours of
darkness (Fig. 53i). Visua1 avoidance of the neuston sampler by
the larger larltrae nay be significant. It is also probable that
well-developed la¡r¡ae migrate to the neuston on a dÍel basis. The
common occurrence of smaller A. hexapterrrs larr¡ae Ín the bongo
samples is evidence for this facultative association of the species
with the neuston.

The distribution of Pacific sand lance larr¡ae in the neuston
was largely confined to coastal and shelf waters off Washington and
northern Oregon (Fig. 94a). Records were sparse off the southern
Oregon and northern California coasÈ, south of Cape B1anco. There
!üere also some occurrences of larvae in deep water beyond the shelf
edge off northern Washington. Highest leve1s of larval abundance
were recorded close to the Colu¡nbia River estuary, particularly
during March/April 1984 (Figs. 94 b-d) . It would appear that
spawning is concentrated rnainly in Washington and northern oregon
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coastal waters .-and results in the association of larr¡ae with
Colunbia River plune túater.

Given that $. hexapterus deposits e99s in the substratum, it
could be expected that newly hatched and early larr¡ae would have

been Dore abundant in the bongo samples collected during the
present study. Ver:f few larrrae less than L2 Dm in length Ìtere
caught. It nay be that the peak spawning and hatching period of
this species tfas missed by the sanplíng regime executed here.
perhaps if sanpling had been carried out during February, levels of
abundance of early Ia¡r¡ae would have been higher. KendaII and Dunn

(1985) found smalÌ sand lance lan¡ae to be abundant in bongo

sanples taken in the nearshore zone off Kodiak Island, in the Gulf
of Alaska, during spring months March to May suggesting that their
sanpling coincided with lan¡al hatching in that region.

CENTROIOPEIDAE

Medusafish are noderately-sized, soft-bodied and laterally-
compressed fish which are common in. all tenperate and sub-tropical
seas. They are so named because the young are usually found in
association with jeLlyfish to wbose venomous stinging cel1s they
seem to be immune. One species, Icichthys lockinotoni, occurs in
the north Pacific.

Icichthvs lockinc¡toni

The distributional range of this species is from Baja

California to the GuIf of Alaska and offshore throughout the north
Pacific to Japan (Hart, Lg73). ft lives conensally in the bell of
Iarge jellyfish but large medusafish are thought to live a solitary
existence (Fitch and Lavenberg, 1968). Spawning is pelagic and

juveniles are abundant off the California coast, usually near the
surface (Fitch and Lavenberg, 1968). Very litt1e is known about

its biolog'y or earlY life history.
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Previous records of.L. lockingtoni in the ichthyoplankton off
the U.s. west coast include the occurrence of larr¡ae in bongo
collections off Oregon (Richardson and Pearcy, Lg77; Richardson et
.4.., 1980t Mundy, 1984i Brodeur et.el.., 1985) and carifornia (Loeb
et â1., 1983i Dloser É d.., L9g7i Stevens et 4., Lgg7, 1999,
1990). On the whole, Ievels of abundance were low. Shenker (].9g8)
also recorded a few medusafish larrrae in the neuston off oregon
during sanpling in ,fuly 1984.

Eggs and la¡rrae of I. lockinqtoni were taken in neuston and
bongo samples during the present study (Tabres 4-7). Eggs !Íere
most abundant and occurred in approximately 3Ot of a1l neuston
sampres and 2ol of the bongo sampres (Tabres 4 and 6). They
accounted for 68 of totar egg abundance in the neuston (Table 9)
and 2t in the water colr¡m¡r (Tabte 11). r,anrae, however, were rare
in the neuston (Table 5) and occurred in low numbers in only 48 of
the bongo samples (Table 7). The proninence of eggs in the neuston
suggests that the eggs ftoat to the surfaee layers.

lloderate to high levels of abundance of eggs Ìrere recorded in
the neuston, and low to moderate levels in the water colunn, during
arl cruíses (Tabres 13a and 15a) suggesting that spawning occurs
thoughout the year. Abundance was at a maxÍmum during May 1991
(cruise Po81) in the neuston (Table 13a). The next highest level
to this was in october/Nove¡rber of the same year (cruise DÀ81).
Perhaps spawning intensity nas greater that year than during the
other years of sampling. Some seasonal variation in abundance was
also detectable in the neuston. Egg abundance was at a urinÍ¡num in
Novenber/Dece¡nber 1983, and was relatively low in ilanuary 1987 and
March/Àpril 1984, in comparison with late spring and sum¡ner

sampling periods (Table 13a). It is possible that a peak in
spawning occurs from nrid spring through late sunmer. The paucity
of data for summer and autumn months precludes a more definite
identificat,ion of the peak period of spawningl rnterannuaL and
seasonal variation in egg abundance in the bongo samples was less
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apparent than ..for the neuston, levels of abundance being
considerably lower (Table 15a). Iarrrae were also present Ín the
bongo sanples during all cnrises but nr¡mbers rlere highest during
Iate spring, sumDer and autunn crrrises which agrees with the
proposed annual pattern in spawning.

In the neuston and r¡ater column, nedusafish eggs werer oh

average, widely distributed throughout the sanpling area (Figs. 95a

and 96a). Particutarly Ín the neuston, where most eggs occurred,
densities were higher in the southern sector of the sanpling area
and highest levels of abundance rtere generally associated with the
shelf edge and slope region off southerrr oregon and northern
Califo¡nia. This pattern prevailed during most of the individual
sarnpling cruises, both in the neuston (figs. 95 b-j) and water
column (Figs. 96 b-j). There were consÍstently fewer records of
eggs off the Washingrton coast than off Oregon and northern
California. Àn exception to this pattern occurred during spring of
1983 when a more northerly distribution of eggs nas aPparent (Fig.
95f). This anomalous pattern uay be associated with the increase
in water temperatures throughout the sampling area as a result of
the EI Niño of 1983 (figs. ].].a and b). Seasonal varíation in the
distributional patterns was apparent to a linited extent. For

instance, during the summer cruise (PO80), in both the neuston and

water column, eggs !'rere less widely distributed than on other
occasions and occurred nainly close to the shelf edge (Figs. 95c

and 96c). Perhaps spawning does not occur to any sÍgnificant
extent in the oceanic zone during the summer. During the autumn

and winter cruises, MF83 and MF8?, the distribution of medusafish

eggs nas more southerly than during other seasons and there was a

distinct absence of records fron Washington and northern Oregon

(Figs. 95g and j, and 96j) suggestingthat spawning does not occur

in this area during the colder months of the year. The consistent
pattern during all seasons, however, was that highest densities of
eggs occurred close to the sheLf edge off southern Oregon and

northern California. It appears, therefore, that spawning occurs
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in this area throughout the year.

As for several other specíes whose eggs are abundant in the
ichthyoplankton off the Ir.s. west coast, e.g. rcosteus
aenicnnaticus, the paucity of lan¡aÌ records for !. Iockinqtoni is
difficurt to exprain. They lrere rare in the neuston during the
present study, despite the abundance of eggs in this zone. This
suggests that on hatching, the larr¡ae nigrate out of the surface
Iayer.

PãRÀT¡ICETEYTDÀE

citharichthvs sordidus aaô citharichtbys gtiamaeus

The pararichthyids are left-eyed fratfish which live
demersally in coastal and shelf waters of the pacific, Atlantic and
Indo-Pacific. T'tr¡o species of paralichthyÍds are known to occur in
the study area; citharichthys sordidus, the pacific sanddab, and
citharichthys sticr¡naeus, the speckled sanddab (Matarese et d..,
1989). Prior to Àlrlstron et .4. (1984), studies dealing with
ichthyoplankton off l{ashington and oregon have Íncluded the
Citharichthys species in the faníly Bothidae. It is taxonomically
correct, however, to include thern in the fanily Paralichthyidae
(Matarese, pers. conm. ) .

Both these species are conmon in coastar waters of the
northeast Pacific from Baja carifornia to the Bering sea, in the
case of g. sordidus, and to the Gurf of ÀIaska, in the case of c.
stig¡naeus (Hart, L973') . The Pacific sanddab occurs from inshore
to depths of approximately 550 m, whereas the speckled sanddab is
most abundant nearshore at depths less than 1OO m but has been
found as deep as 366 m (Eschmeyer et .4,., 1993) . citharichthvs
sordidus is a popular food fish, particularly off carifornia, but
c. stigrmaeus is of litt,le commercial importance because of its
srnall size - specimens rarely exceed 13 cm in length.
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Both specÍes have pelagic eggs and la¡rrae. The Pacific
sanddab is known to spawn frou ![arch to May in hrget Sound,

Washington, and from JuIy to Septernber off California, and it is
postulated that there may be two spawníngs per season (Matarese gþ

4,., 1989). Off California, the speckled sanddab has a spawning
period extending from spring through summer. Larr¡ae of g. sordidus
and Ç. sticrmaeus have been recorded frequently ln bongo sanples
collected off Oregon but levels of abundance were relatively low

and seasonal lÍnits of occurrence were not docr¡mented (Richardson,

L973i Pearcy and Myers, L974; Richardson and Pearcy, L977î

Richardson et 4., 1980; Mundy, 1984i Brodeur gE 4.., 1985). These

larrrae are proportionally more abundant in CalCoFI collections
(Ipeþ et al., 1983; and Moser g! aI.' 1987).

At present, SIE@ÞE, sPP. e99s cannot be identifíed with
certainty to species. Based on morphology and size, however, tt¡o
tlpes of Citharichthvs eggs were identified fron the west coast
ichthyoplankton collections on which this study Ís based. These

are described in Matarese gþ g!. (1989). They are desigmated here
as gÅthar:tgh.9hE Tlpe A and Citharichthvs Tlpe B. Ty¡pe À has an

average diameter of approximately 0.64 to 0.68 mm and Tlpe B

averages 0.78 to 0.88 mm. It is thought that these two tlpes may

represent the two species Ç. sordidus and Ç. sticr¡naeus (Matarese,

pers. conm.). Early prefleXion latlrae, less than 6-7 ntn standard
Iength, are also not identifiable to species (Matarese g! .d..,
1999) and are assigned to the taxa Citharichthvs sPp. here. Later
stage larr¡ae lÍere identified to specíes.

Citharichthys eggs were abundant in neuston and bongo

collections from the present study (Tables 4 and 6). They ltere
exceptionally abundant in the neuston where they comprísed 56t of
aII fish eggs caught (lable 9). Citharichthvs Type A e99s were

considerably more abundant than Type B and accounted for
approximately 508 of total fish egg abundance in the neuston. In
the bongo samples, 23t of all fish eggs caught rdere Citharichthvs
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Tlpe A and only l.4t were Type B eggs (Table 11). The exceedingly
high numbers of Citharichthys eggs in the neuston irnplies that
these eggs may be posítively buoyant and thus accunulate in the
surface layer. Very few Citharichthvs larr¡ae ríere caught in the
neuston (Table 5) and levels of lan¡al abundance in the bongo
samples were low overall (Tables 7 and 12). It seems that on
hatching, Citharichthys larr¡ae nigrate out of the surface layers.

Type A and B Citharichthvs eggs were present in neuston and
bongo samples during all cruises and displayed sinilar patterns of
seasonal and interannual variation in abundance (Tables 13a and
15a). In general, numbers were highest during late spring, summer,

autumn and late winter rnonths and lowest during early spring. A

high degree of interannual variation in abundance was apparent
among the spring sanpling periods. For instance, Dean levels of
abundance of Citharichthys eggs were nuch higher during spring 1980
to 1983 than in spring 1984 and 1985 (Tables 13a and 15a). In
particular, egg abundance in the neuston was exceptionally high for
Citharichthvs Type A during spring 1983 (cruise EQ83) when levels
were approxinately four tÍmes higher than the other high spring
values (Table 13a). Perhaps the magnitude of spawning was

unusually high during spring 1983. The low numbers of eggs
recorded during March/AprÍl 1984 and Aprilr/!{ay 1985 suggest that
spawning may be less intense in early spring than later in that
season.

Citharichthys Type A and B eggs hrere very abundant, nainly in
the neuston, during August 1980, October/Noveurber 1981 and January
L987 (Table 13a) which suggests that spawning intensity continues
at a high level fro¡n late sunmer through to winter. The low
numbers of eggs caught in neuston and bongo sarnples during Novernber

1983 (Tables. 13a and 15a), therefore, seem unusual and nay
represent reduced spawning activity in late autumn of that year.
The 1983 spring and autumn data suggest that, the peak in spawning
activity occurred earlier than usual that year. Às for several
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other species, this may have been
conditions which prevailed as a
1983.

as a result of the unusually ttarln

result of the El Niño evenÈ of

If it is taken that 1983 was an unusual year, with an

increased intensity of spawning during spring and dininished
spawning in autumn, and this year's data is ignored, a more

distinct seasonal trend in the spawning pattern of g¿lbar:L.çh.Ehyg is
apparent. Firstly, spawning appears to take place throughout the
year. From Àpril onwards, spawning intensity seems to increase
from a relatively low level in early spring to a high level in late
summer and reaches a peak in late autumn which may be naintained
through to late winter (January) . Poor sanpling coverage during
sumDer and autumn uonths, however, precludes an accurate
description of the annual pattern in spawning. Nevertheless, the
data presented here suggest that a peak spawning period of Augrust

to January is ptausible for the Citharichthys species in this
region.

Lan¡al occurrences of Citharichthvs species rÍere also extended
throughout aII seasons but highest nunbers were taken during late
autr¡mn months (Table 16a) concurring with the annual pattern of
spawning proposed here. A peak in abundance of newly-hatched
larrrae (<5 rnm lengrth identified as Citharichthys sPP. ) was

docunented for Octoberr/Novenber 1981 (Table 39' Fig. 461 . Most of
the la¡r¡ae identified as Citharichthys sordidus and C. stigrnaeus

nere between 5 and 20 nm in length (Figs. 47 and 48). Mean lengths
of the specimens identifÍed from the spring cruises were g:reater,
ranging from 23 to 39 n¡n (Tables 40 and 41) .

Àverage distribution patterns for Citharichthys Type A eggs in
the neuston and water column are given in Figures 97a and 98a, and

for Type B in Figrures 99a and 100a. Both tlpes of e99s were

abundant in the coastal zone and levels of abundance were, in
general, higher off Washington and northern Oregon than off



southern Oregon Fnd no*,hern California. Occurrences and bundance
t¡ere very low in the deep water zone beyond the shelf edge. These
general patterns of distribution indicate that the Citharichthvs
species spawn in coastar and sherf waters and that the eggs are
retained largely within this zone.

Some seasonal and interannual variation in distribution
patterns of Citharichthys eggs lras apparent. During lttarch/April
and April/l.fay cnrises, Type A and B eggs occurred prinarily from
Cape Blanco to north Washington and highest densities were recorded
along the nid to north Oregon coast (Figs. g7b, h, and i, and 98b
and f). An exception hras Aprilr/May of 1983 when T¡pe A eggs were
abundant along the entire coastline of the sanpling area and some
velT high densities were recorded in the neuston between cape
Mendocino and cape Branco, as werr as off the nid oregon coast
(Figs. 97f and 98g). rt seems rikery that spawning hras more
extensive in spring of 1983 than for the other years.

rn May/June of 1981 and L992, revels of abundance of
Citharichthys Tlpe À eggs lúere again highest off the central oregon
coast (Figs. 97d, 98d and f) but occurrences extended along the
entire coast in 1981, particularry in the neuston (Fig. g7dl,
inprying that spawning progresses southwards in earry summer.
citharichthys Tlpe B eggs nere onry sparsely recorded during the
May/.rune cruises (Tables 13a and 15a). rn late sunmer, cruise
Po80, both Type À and B eggs again occurred along the entire coast
from I{ashington to northern California and levels of abundance were
high in the southern portion of the sanpling area as weII. as north
of Cape Blanco (Figs. 97c, 98c, 99c, and 100b).

During late autumn and winter, it seems that Citharichthvs
spawning again occurred predoninantty north of Cape Blanco in
coastal waters off !{ashington and northern Oregon. Occurrences of
Type A and B eggs in the neuston and water column hrere largely
confined to this area during October/November 1981 (Figs. 97e, 9Be,
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99d, and looc) and ;tanuary L987 (Figs. 97J, 98i , 99n., and 100f ) .

In Novenber/December 1983, when levels of abundance of
Citharichthys eggs seemed unusually low for thÍs tine of year, the
eggs were rnorê widely distributed along the coast with records off
souttrern Oregon and northern California as well as further north
(Figs. 97g and 98h). This was similar to the pattern obsen¡ed in
spring of this year, which was also considered to be an anomalous

period in tems of ÉEhglgþÈhæ spawning.

The above egg distributional patterns suggest that spawning of
Citharichthvs species occurs throughout the year along the
Ïtashingrton and northern Oregon coasts but tlrat south of Cape Blanco

spawning is nore seasonal. It seems tlrat off southern Oregon and

northern Californía, spawning takes place to a signifÍcant extent
only during the summer. In spring of 1983, however, there was

evidence for considerable spawning activity in this southern region
but, as mentioned previously, such a pattern is considered to be

anomalous. During all seasons, it aPPears that spawning activity
is most intense off the northern Oregon coast. Highest densities
of eggs were consistently recorded in this area.

The general distribution pattern for Citharichthys larrrae
reflected that of the eggs in that highest densities were

associated with the coastal region off oregon' between the Colunbia

River mouth and Cape Blanco (Fig. 101a). Occurrences of latlrae,
however, were more widespread with many records in the deep water
zone, particularly for the large specimens identified to species
(¡ligs. tO2 â-cr and 103 a-c). It seens that offshore transport of
larr¡ae is extensive. Given the low numbers of larr¡ae collected in
comparison with the extremely high numbers of eggs, it is possible
that the saurpling regine employed here may not give a

representative picture of the lan¡al populations. Perhaps the
najority of the larrrae migrate out of the water column at an early
stage and by remaining close to the bottorn avoid capture by the
bongo sarnpling gear. Their occurrence close to the bottom could
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also favor their retention in suitable nursery grounds in shallow
water.

PI¡EUROITECrIDÀE

The preuronectids, cornmonry known as right-eye frounders, are
the doninant flatfish fanily in the northeast Pacific. tJp to 22
species occur in the study area and many are commerciarly
important. Àll are denersal in habit and are found usually on
sandy or nuddy bottoms but the depth range varies considerably
among species. Three species account for most of the co¡nmercial
catches of fratfish off the It.s. west coasti Dover sore,
Microsto¡nus pacificus, English sole, Pleuronectes vetulus, and the
petrale sole, Eopsetta jordani, and these together with arrorytooth
flounder, Àtheresthes stomias. and rex sore, Errex zachirus, are
the most abundant pleuronectids in this region.

Preuronectid eggs and larr¡ae are petagic (except eggs of
Preuronectes bilineata are demersal) and are common in
ichthyoplanlcton collections in the northeast pacific. The nost
frequently recorded and most abundant species of larr¡ae in oregon
coastal and offshore waters include E. zachirus, pleuronectes
isolepis (butter sole), Eopsetta exiris (srender sore), U.
pacificus, P. vetulus, platíchthvs stelratus (starry flounder) and
Psettichthys meranostictus (sand sore) (Richardson, Lg73'-
Richardson and Pearcy, L977 i pearcy et â1., Lg77 i r,aroche and
Richardson, L979; Richardson et ar., l9goi üundy, L9B4i Brodeur et
â1., 1985; Shenker, 1988). Larr¡ae of these species also occur
frequentry in carcoFr ichthyoplankt,on corlections, taken from
northern carifornia to southern Baja california (Moser et âr.,
L987 i Stevens et g!., L987, 1988, 1990).

Eggs and lan¡ae representing 16 species of pleuronectids $rere
taken in ichthyoplankton samples during the present, study (Tables
4-7). Overall, pleuronectid eggs were very abundant, in neuston
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(Table 4) and bongo sanples (Tabfe 6) and la¡nrae !üere scarce in the
neuston (Table 5) and connon in bongo catches (Table 7). The

dominant species were E. æEts,, E. g,i-Lb,, U. pæ!E@,, and !.
Pleuronectes isolepis, EtElishlhE GU!-ëE,'

Psettichthys meÌanostictus and @ decurrens (curlfin
turbot) were aLso occasionally abundant but the remaining species
ocsurred in less than lt of all neuston and bongo samples collected
(Tables 4-7r. IdentificatÍon to species was not achieved for aII
eggs and approximately sot of specÍmens were identified to fanily
level only. Eggs of tþe species p. zachirus, E. gxiIis., and $.
pacificus are distingruishable by their large size (dianeter around

2 nn) and can always be identified with certainty (Matarese and

Blood, pers. conm.). Pleuronectid eggs which are approxirnately 1

'nm in diameter, horÍever, cannot þe identified to species prior to
the development of the embryo. Included in this category are B.

vetulus, P. isolepis, and species of the genera Platichthys and

Psettichthys. The unídentified pleuronectid eggs in this study,
therefore, may include the latter species primarily.

Total pleuronectid eggs accounted for approxinately 20t of all
fislr eggs caught in neuston sarnples during the ten sampling periods
(Table 9). The unidentified category comprised 10.5t, U. pacificus
5.8t and E. zachirus 1.8!3 of total e99 abundance whereas P.

vetulus, E. #,rand P. melanostictus each accounted for less
than lt. For the bongo samples, pleuronectid eggs also constituted
approximately 2Ot of all fish eggs caught (Table 11). Unidentified
pleuronectids and E. exilis each conprised just under 8t' E.

zachirus 2t, U. gacificus 1.6t and !. vetulus 0.5t of total' egg

abundance. In contrast, pleuronectid larr¡ae ltere much less
abundant in the plankton and accounted for less than 4* of total
fish latrrae in the bongo samples (Table Lzr. In order of
abundance, E. exilis, P. gs$., E. zachirus and !. isolepis l'tere

doninant. pleuronect,ids did not contribute significantly to la¡rral
abundance in the neuston (Table 11).
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As for the Githarichthys species (fanily Paralíchthyidae), the
pattern of occurrence and abundance of pleuronectids in the
ichthyoplankton sanples from the different sânpling gears suggests
that a high proportion of the eggs accumulate in the surface layer
but that on hatching, the rarr¡ae migrate out of the neuston.
Sinilarly, the poor representation of larr¡ae in the ichthyoplankton
relative to egg abundance inpries that the sanpling strategy
emproyed during this study may miss a rarge proportion of the
pleuronectid lan¡al populations.

Pleuronectid eggs and larr¡ae occurred in plankton samples
taken during all seasons and all cnrises (Tables 13a, 15a and 16a).
Among individual species, however, occurrences and abundance
displayed strong seasonal patterns. Highest levels of abundance
were consistentry recorded during winter and spring months
indicating that this is the peak spawning period for most.species.
The winter peak in abundance for unidentified pleuronectid ê9gsr
documented during ilanuary L987, was outstanding both in the neuston
(Table 13a) and water column (Table 15a) suggesting the occurrence
of a major spawning event in rate winter. Egg abundance during
spring, summer and autumn nas moderately high. Among the six
spring sanpring periods, however, interannuar variation in
abundance hras considerable and the pattern rras d_ifferent between
the neuston and the water column. In the summer, also,
pleuronectid abundance was high in the neuston but low in the bongo
samples. In this instance, the species Psettichthys melanostictus
may account for most of these eggs as it was the only one to occur
in significant nunbers during cruise POSO (Table t3a).

Average distribution patterns for total pleuronectid e99s,
courprising doninant species together with unidentÍfied specimens,
display a trend of decreasing abundance from coastal to deep water
with highest concentrations in the coastal zone, particularly off
Washington and Oregon (Figs. 104a and 105a). Levels of abundance
nay also be high along the shelf edge and slope area but in deeper
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waters occurrences tend to be sparse. The along-shore pattern in
egg d,istributions varied among crr¡ises and a seasonal trend is
apparent to a certain extent.

During late autr¡m¡r and winter crn¡ises (DÀ81, UF83, and lÍF87),
which may coincide witlr the coumencement and peak of the spawning

period for some pleuronectid specÍes, e99s were distributed mainly
along the coast from southern l{ashington to Cape Blanco with peaks

in abundance occurring consistently off northern Oregon (Figs.
1O4d, e and h, and 105d, e and f). In contrast, during spring
cruises, pleuronectid eggs were usually taken along the coast from

northern t{ashingrton to northern California with highest levels of
abundance occurring nainly off the Washingrton or northern Oregon

coast (Figs. 104b, f and g, and 1O5b, c, f and g). Sanpting during
the only sumner crrrise in Augrust 1980 yielded high concentrations
of pleuronectid eggs at one station only, in the neuston, off the
northerrr California coast (FÍg. 1O4c). Às mentioned above, it
seems likely that the species !. nelanostictus accounted for most

of the eggs caught on this occasíon and therefore its spawning nay

be very localised, at least during the sumner.

The distinction between distributional patterns of
unidentified pleuronectid eggs obsen¡ed during autumn, winter' and

spring sanpling periods may reflect a difference Ín species

occurrence. Eggs of Pleuronectes vetulus, the English soler trere

taken prinarily during late autunn and winter months whereas eggs

of the other dominant pleuronectid species occurred almost

exclusively during spring nronths (Tables 13a and 15a).

Errex zachirus

Rex sole occur from Baja Catifornia to the Bering Sea, usually
in deep water, down to 850 rn (Hart, L973i l{atarese, et al' t 1989) '
They are caught commerciatly but never in large quantities.
Spawning fish are found fro¡n January to June off Oregon where the
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peak period of Fpawning is in I'farch to April (Hosie and Horton,
L977r. Rex sole do not appear to have specific spawning sites but
the depth location is usually from 100 to 300 m (Pearcy gE êL.,
L9771. It appears that off Oregon, rex sole settle to the bottom
nainly on the outer continental shelf during the winter when they
are approxinately one year old (Pearcy et aI. , L9771.

Rex sole latr¡ae have been taken. frequentty in ichthyoplankton
samples collected off Oregon, particuJ.arly during spring nonths,
but levels of abundance are generally low (Richardson, L973ì
Richardson and Pearcy, L977 i Pearcy gþ eI. , L977; Richardson et
ê1., 1980i Mundy, L984i Brodeur et al., 1985; Shenker, 1988) .

Pearcy É èt. (G9771 have remarked that the numbers of rex sole
larr¡ae occurring in plankton samples does not reflect their
abundance as adults in this area and propose that their scarcity
may be partially due to their reproductive strategy of producÍng
relatively tow numbers of large eggs.

Errex zachirrrs eggs were moderately abundant in plankton
samples collected during the present study. They occurred in 9* of
the neuston samples and in 15t of the bongo samples (Tables 4 and
6). In both the neuston and the water coh¡mn, they accounted for
approxinately 2t of total fish egg abundance (Tables 9 and 11). In
comparison, larr¡ae were scarce in the plankton collections. They
ltere rare in the neuston (Table 5) and occurred in only 68 of the
bongo samples (Table 7) where they accounted for approxirnately 0.58
of total lan¡al fish abundance (Table L2). Their scarcity in the
neuston suggests that on hatching the larr¡ae migrate vertically
into the water column.'

Most rex sole eggs were taken during spring sarnpling periods
when levels of abundance !Íere at a peak (Tables 13a and 15a). They
were also present during the su¡nmer cruise (PO80) and in January
L987 but nu¡nbers were very low. It seems that spawning commences

in late winter and continues through to summer with the peak period
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beÍng probably from l,larch to May. Ia¡r¡ae were also taken prÍnarily
during spring (Table 16a). ti[ost larr¡ae caught were less than 20 nrt

in tength (Fíg. 49). The few specimens which occurred in samples

colLected duríng summer and autumn were nainly very large
postlarrrae (Table 421 . ft is likely that most of the weII
deveLoped postla¡rrae successfully avoid the sanpling glear. Mean

lanral lengrths recorded during spring ranged from 7.9 nm in early
spring to 17.3 nrn in late spring.

Interannual variation in egg aþundance lfas apparent to a

significant extent over the sprÍng sanpling periods. In the
neuston, where most eggs were caught, levels of abundance were

considerably higher durÍng crrrises Po84 and TK80 than during the
other spring cn¡ises (Table 13a). Given that spring sarnpling was

carried out earlier in 1984 (!{arch,/Aprit) than for the other years
(April/May, lrÍay/June), it seems likely that the peak in abundance

of rex sole eggs recorded on this occasion reflected the peak in
spawning activity which may occur in early spring. Sinitarly high
levels for April/May 1980, however, may also reftect a peak in
spawning activity for that year. It is possible, therefore' that
the tining of peak spawning nay differ slíghtly from one year to
the next. Although lan¡al abundance rÍas generally Iow, nu¡nbers

caught durÍng Aprilr/l{ay 1983 were much hÍgher than for the other
years (Tables 16a, 32a). Whether or not this actually represents
an enhance¡nent in lan¡al surrrival, or an expansion in the range of
occurrence of the larrrae, for that year, is difficult to say as

overall levels of larr¡al abundance were so low.

The average distribution patterns for rex sole eggs show that
occurrences were restricted almost entirely to the shelf and slope

with few records in deep water (F.igs. 106a and 1O7a). This pattern
concurs well v¡ith Pearcy et 4..'s (L977 ) obserrration that E.

zachirus spal{ns prinarily in water of 100-300 m depth. Lantae,

although sparsely recorded, stere taken more frequently in deep

water than for eggs but still occurred predominantly in the shelf
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and slope zone GFig. 108).

The obselrred variation in egg distributional patterns among

individuat cruises suggests that a southerly progression in
spawning of E. zachirrrs Day take place as the spawning season

advances. During the early spring ctrtise, Marctr/April 1984, when

Ievels of abundance were at a peak, rex sole eggs occurred almost
exclusively north of Cape Blanco, along the Washington and northern
Oregon coast (F.igs. 1O6e and 107f). In contrast, sanpling during
Iate spring cruises (üay of 1981 and L982) showed eggs to be

distríbuted mainly off southern Oregon and northern CalÍfornia wit'h
few or no occurrences off the Washington coast (figs. 106c, 107c

and d). Duríng the three AprÍ}/May cruises, the along-shore
pattern in distribution varied. In 1983 and 1985, shelf waters off
lvashington and Oregon, north of Cape Blanco, !Íere the main areas of
occurrence of rex sole eggs (Figs. 1O6d and f,, and 1O7e) whereas

during Aprilr/May 1980r e99s occurred predominantly off southern
oregon and northern Calífornia with peak densities in the vicinÍty
of Cape Mendocino (F.igs. 106b and 107b). It appears, therefore,
that most spawning of E. zachirrrs takes place in shelf and slope
waters from Cape Blanco northwards. Towards late spring, however,

when spawning activity is decreasing, egg distributions indiçate
that spawning occurs nainly off southern Oregon and northern
Catifornia.

Eopsetta exilis

The slender sole occurs from Baja California to the GuIf of
Alaska in shallow to moderate depths with a maximum range of 25 t'o
8OO m (Hart Lg73i Matarese et al., 1989). It is not important
cornmercially because of its small size. Spawning is known to occur

in Puget Sound during April (S¡nith, 1936) and ripe females have

been found in the strait of Georgia during late February (Hart,

Lg73l. Lan¡al E. exilis are well represented in íchthyoplankton
collections taken off Oregon during spring months (Richardson,
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L973; Richardson. and Pearcy, L977; Richardson et al., 1980) and off
California they are most abundant in the plankton during Àpril and
!Íay (Àhlstron and Moser, 1975). The slender sole is known to
inhabit nainly the outer shelf region (148-195 n depth) off Oregon
and to spastn primarily in this zone (Pearcy, L978; Richardson and

Pearcy, L977; Richardson et aI., 1980). Slender sole larn¡ae do not
have as long a pelagic life as E. zachinrs and metanorphosis is
knonn to occur at the smaller sÍze range of L5.7 to 24.7 Dm

(Matarese g! 4.., 1989) .

Eggs of E. exilis were relatively abundant in plankton samples
collected during the present study. In the neuston, they occurred
in approximately 6t of the samples taken and accounted for less
than lt of total fish egg abundance (Tables 4 and 9). overall,
they were more abundant in the bongo samples where they occurred in
22* of the samples taken (Table 6) and accounted for alnost 8* of
total egg abundance (Table 11). Slender sole larrrae were aþsent
from the neuston (Table S) but occurred in 15t of the bongo samples
(Table ?).. Levels of abundance rrere relatively low, however, and

1.7t of totat lanral abundance was accounted for by E. exilis
(Table L2l. Given the relative abundance of eggs and lan¡ae in the
neuston and bongo samples, it seems tbat a significant proportion
of the slender sole eggs ftoat to the surface and then on hatching
the lan¡ae return to the water column.

Eopsetta exilis eggs and lan¡ae ttere abundant in the plankton
during spring months only (Tables 13a, 15a and 16a). In addition,
Iow nurnbers of eggs ¡rere taken in Januarnl L987 and Àugust, 1980 and

Iarr¡ae were also scarce during the summer cruise. Levels of egg

abundance in the bongo samples, where most eggs $tere caught, ltere
at a peak during cruises TK8O, EQ83 and PO82 which extended over
the months Apríl and May (Table 15a). Levels lrere lower but still
relatively high during the earliest spring cruises PO84 and BÀ85

(March to early May) and in late spring of 1981 (May to June).
Lan¡al abundance $tas highest during nid to late spring cruises,
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fron April to JuRe, whereas during early spring and su¡nmer cruises,
rarnrae were scarce (Table 16a) . Fro¡n earry to late spring, cruises
Po84 to Po81, Dean la¡n¡al lengrth increased steadily fron 5.8 to 9.3
nrq and in August r¡as 15.1 nm (Tabre 43). Most, ratr¡ae caught were
Iess than 1O nm Ín tength (Fig. 50).

The above patterns indicate that E. exilis spawns prirnarily
during the months April and May and that larr¡ae are settled out of
the prankton by rate autumn. spawning nay commence as earry as
Febnrary, however, and continue through to rate summer. r.evers of
egg and lan¡al abundance did not seem to vary sÍgnificantly on an
interannual scale. The difference in levels of abundance among the
spring cruises appears to be related to differences in tining of
saurpring rather than any interannuar variation Ín spawning
activity.

The average distributj.on patterns for p. exilis eggs in the
neuston (Fig. 109a) and water corr¡mn (Fig. 110a) show that the eggs
occur largely in shelf and slope waters irnplyíng that spawning is
confined essentially to this zone. In the water column, where most
e99s lrere caught, highest densities of eggs occurred on average in
sherf waters off southern washington and northern oregon (Fig.
110a) . on the three occasions r¡hen eggs lrere abundant in the
neuston, their distributíon along the coast varied. rn April/May
1980r e99s in the neuston rtere concentrated nainly along the
southern Oregon and northern California coast from cape Blanco to
just south of cape Mendocino (Fig. 1o9b). rn contrastr e99s were
scarce in the neuston fron northern Ilashington to California during
March/April 1984, with only one station off central oregon yielding
high densities (Fig. 109c). Eggs lrere also distributed in the
neuston along the entire coastline duríng April/May 1985, but v¡ith
relativefy high densities confined to shelf waters off Ï{ashington
and northern Oregon (Fig. 109d). There was less variation among

cruises in the patterns of egg distribution in the water col,umn.

The consistent pattern was that occurrences extended fairly evenly
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along the coast f.ro¡n northern l{ashington to northern California and
highest densities were recorded off southern Washington and
northern Oregon (FÍgs. 110 b-g). There rÍere very few occurrences
of eggs beyond the shelf and slope region and in general, stations
which yielded highest nunbers of eggs were in the outer shelf or
shelf edge zone.

Àpart from the varying patterns of occurrence of eggs in the
neuston, seasonal and interannual variation in the distribution of
E. exilis eggs was not apparent. The inconsistency in neustonÍc
distributional patterns may be due to the fact that only a portion
of the eggs spawned ftoat to the surface, perhaps in an erratic
fashion. othemise, the patterns of distrÍbution and abundance of
slender sole eggs in the water colr¡nn suggest that thÍs species
spawns consistently in shelf and slope waters, nainly close to the
shelf edge and predominantly during April and May. Furthermore,
spawning intensity seems to be greatest off southern lVashington and
northern Californía than at the northern and southern extremities
of the sampling area.

Deep water occurrences of p. exilis larr¡ae were Dore frequent
than for the eggs but most larr¡ae nere still caught at shelf and

slope stations along the Washington, Oregon and northern California
coasts (figs. 111 a-e). The distribution of slender sole lan¡ae
extended significantly further offshore during Àprilrzl{ay 1983 (Fig.
111e) than on other occasions. Offshore drift of larr¡ae may have

been more proninent during spring of this year. In general,
however, Iarr¡ae seem to be retained along the shelf and slope.

t{icrostomus pacífícus

The Dover sole is one of the nost important species in the
groundfish fishery off the U.S. west coast. It occurs from Baja
California to the Bering Sea, from shallow coastal waters to
maximurn depths of approximately 1000 m (Hart, L973 i Matarese et
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4,., 1989) . Fron previous studies, spawning is known to take place
during Januar¡¡ and February in Puget Sound, I{ashington (Snith,
1936), during Novenber throuEh March off Oregon (Harry' 1959t
Hagerman, L952) and from November through April off California
(Hagerman, 1952). ÀD offshore spawning migration to deeper water,
330-550 m, is usual in ¡¡inter (Garrison and ltlÍller, 1982). The

pelagic eggs are the largest for all the ftatfish specÍes with a

diameter ot 2.05-2.68 mn (Dtatarese gE 4,., 1989). Larvae hatch at
approxinately 6 Dm standard length and, Iike rex sole larvae,
remain pelagÍc for at least a year, generally until they have
attained a length of greater than 45 mm (Matarese gE êI., 1989).

Although adults are ver:l aþundant, the incidence of capture of
Dover sole lalr¡ae in plankton samples collected off the U.s. west
coast is poor and Pearcy gË g!. (L977) attribute this to the
reproductive strategy of producing relatively low numbers of large
eggsr âs for rex sole. It is also possible that the degree of
avoidance of sanpling gear is significantly higher for these
species than for others because of the well-developed nature of the
Iarrrae on hatching. Dover sole larn¡ae have been recorded in the
plankton off Oregon during aII months of the year but peak nurnbers

of early stage larr¡ae usually .occur fro¡n March to JuIy (Àtrlstron
and Moser, L975i Pearcy et aI. , L977r. Híghest densities of larr¡ae
are recorded most frequently at offshore statíons, greater than 50

Ìo from shore and they are comnon in oceanic waters beyond the
slope (Richardson and Pearcy, L977 i Pearcy et al. , L977; Richardson
et al. , 1980) . Pearcy et .4,. (L977 ) found them to be most abundant
in the upper 50 n of the water column.

Microstomus pacíficus eggs lrere most abundant in the neuston
during the present study. With a mean abundance of 42 eggs/IOOO

D3, they accounted for 5.8t of total fish eggs caught in the
neuston sanples (Tables 4 and 9). They were conmon but less
abundant in the bongo sarnples (Table 6) where they compri-sed 1.6t
of total fish egg abundance (Table 11). Lar:rrae were rare in the
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neuston (Table 5) and occurred in very low nr¡mbers in just over 38

of the bongo samples (Table 7). Given the abundance of eggs, the
scarcity of Dover sole la¡rrae in these plankton collections seems

unusual. A possible explanation would be that the sampling regime
employed in this case was unsuitable for obtaining catches of
larrrae which would be representative of their actual levels of
occurrence and abundance in the plankton. Pearcy et êt. (L9771

caught low nr¡nbers of early stage Dover sole la¡rrae (nainly 4-15 nn

length) in waters off Oregon using Bongo sanplers. In contrast'
sanpling with a mid-water trawl in the saue area yielded relatively
high nunbers of lan¡ae ranging in size from 8 to 65 nm. It would
appear, therefore, that avoidence of the bongo nets is considerable
for Dover sole latltrae, particularly for the larger ones. The

abundance of Dover sole eggs in the neuston relative to the water
column suggests that a high proportion of the eggs float to the
surface.

Seasonal variation Ín egg occurrence and abundance indicates
that the spawning period for Dover sole in Washington, Oregon and

northern California waters is essentiatly during the spring nonths
March to early June (Tables 13a and 15a). Levels of egg abundance

were high during all spring cruises. Apart from these records, a
few Dover sole eggs were taken during Augnrst 1980 and January 1987

suggesting that spawning may coumence at very low levels in late
winter and continue through to late summer but probably with a

dra¡natic reduction in activity from June onwards. In the neuston,
where most eggs occurred, maximum levels of abundance were recorded
during cruises Po84 (March/April) and TK80 (Aprilrzt{aY) ' and minimum

levels in the late spring cruise PO81 (May/June) (Table 13a). The

peak spawning period, therefore, seems to occur during March and

ApríI . ¡;gg densities rdere high but considerably lower in April /Ytay
19g3 and 1985 than in spring of 1984 and 1980 which nay reflect
some interannual variation in tirning or extent of spawning over

these years.

LO2



The fe¡r larvae taken in bongo sanples occurred nainJ.y during
spring c¡rrises covering the nonths March to early June (Table 16a)

and mean lan¡al lengths ranged from 6.1 to LL.2 mm on these
occasions (Table 441. The tr¡o specinens caught during August 1980

and ilanuary 1987 hrere well-developed postlalrrae, 22.5 and 16 nm in
Iengrth (Table 441 . Most of the spring caught larr¡ae were less than
13 nn long (Fig. 51). Given the length distribution data presented
here, it seems that the well-developed larrrae which remain pelagic
for approximately a year are not caught by the bongo and neuston
gear used during this study.

The average distribution patterns for Dover sole eggs in the
neuston (Fig. 112a) and water coh¡m¡¡ (Fig. 113a) show that
occurrences are largely confined to shelf and slope waters off
Washington, Oregon and northern California. On the whole,
densities were hÍghest beyond the shelf edge, over the slope,
inptying that this is where most spawning occurs. This concurs
with obse¡n¡ations of previous r¡orkers with regards spawning
Iocations of Dover sole off the U.S. west coast (Pearcy É 4,.,
L9771. Hageman (1952) suggests that Dover sole spawn in specific
sites in offshore water deeper than 4OO m.

During individual cruises, Dover sole eggs were consist,ently
taken along the entire coast from northern Washington to the Cape

Mendocino area off northern California, in both the neuston (Figs.
112b-f) and the water column (figs. 113b-f). In most instances,
highest levels of abundance occurred at stations close to the shelf
edge off the northern most part of Washington and in the vicinity
of Cape Blanco, southern Oregon. Highest densities were also
recorded in the vicinity of the Colunbia River estuary during
ApríI/May 1983 (Fig. 112d), and in particular March/April 1984

(Fig. 112e,) and. to the north west of Cape Mendocino during
Aprilr/Ìfay 1985 (Fig. 112f) . The data presented here do not reveal
any significant degree of seasonal or interannual variation in
patterns of distribution of Dover sole eggs and it seems that the
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predominant spawning location Ís in slope waters, just beyond the
shelf edge, particutarly off northern Washington and Cape Blanco,
Oregon.

Pleurop€ctes vetulus

English sole forms a major conponent of catches in the
groundfish fishery of the northeast Pacific. Ttre range of this
species is from Baja California to the Bering Sea and it is most

abundant ín shallow coastal waters less than L28 m depth (Hart
L973; Kr¡zgier and Pearcy, 1986). It is also known to occur,
however, down to depths of 550 n (l{atarese gE êL., 1989) . Along
the U.s. west coast, the spawning season of Englísh sole is
protracted and variable þut there is no north-south trend (Garrison
and lfiller, Lg82t lcrjrgier and Pearcy, 1986) . ihis interannual
variability has been linked to variation in upwelling intensity and

bottom tenperatures (Knrse and Tyler, 1983).

Eggs and larr¡ae of English sole are pelagic. the eggs are
snall (O.8 to 1.05 mm diameter) and la¡rrae hatch out at lengths of
2.3 to 2.8 rnm (Matarese gB âI., 1989). Unlike Dover sole and rex
sole, they have a relatively short pelagÍc phase, ¡¡ith an extreme

range of 6 to 22 weeks, and transformation and settlement to a

benthic existence is most qommon at lengths of 20 to 22 mm

(Garrison and MiIIer, L982; Krygier and Pearcy' 1986) .

Transfo¡ming larrrae and early juveniles of English sole are common

in estuaries and bays and in the íntertidal zoll'e whereas early
lan¡al stages are abundant in coastal waters and rarely occur in
the inshore zone (Pearcy and Myers, L974; Krygier and Pearcy,

1986). Larrral transport, therefore, is predoninantly in an onshore

direction. English sole larr¡ae are frequentty abundant during late
winter and early spring in Oregon coastal waters (Richardson and

Pearcy, L977; Laroche and Richardson, L979; Richardson et aI.,
1980; Mundy, Lg84i Shenker, 1988). Interannual variation in
abundance, however, has been found to be considerable and nay be
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related to inte¡:annual variation in ocean conditions (Laroche and
Richardson, L979i Mundy, 1984). Pleuronectes vetulus larr¡ae are
also common but less abundant in CalCoFf ichthyoplankton
collections (Nrlstron and lrloser, 19ZSt Loeb et aI., 1993).

During the present study, English sole eggs were moderately
abundant in neuston and bongo sarnples and larrrae were scarce in the
neuston and conmon in the bongo samples (Tables 4-7). The
occurrence of eggs and larrrae lras restricted to a small proportion
of samples collected usually less than 5t. Levels of egg
abundance attributed to .8. vetulus here are considered to be an
underestinate of actual levels as it is tikety that a considerable
proportion of the unidentified pleuronectid eggs belong to this
species (Tables 9 and 11). English sole larvae, however, accounted
for just over 1* of total lan¡al abundance in the bongo samples
(Tab1e L2r. As for the other dominant flatfish species, the
occurrence of a hígh proportion of English sole eggs in the neuston
suggests that many of these pelagic eggs float to the surface.

The patterns of seasonal variation in egg and larr¡al abundance
indicate that, at least for the years of sarnpling, the spawning
period for English sole extended from October to May with a late
winter peak apparent in January (Tables 13a, 15a, and 16a). The
outstanding peak in egg abundance for unidentified pleuronectids in
the neuston and water coh¡mn, which occurred in January 1987, is
considered to include a high proportion of P. vetulus eggs (Tables
13a and 15a). For those eggs identified as P. vetulus, numbers
lrere highest in October/Novernber 1981 and January L987, and
moderately high in Novernber/December 1983 and March/April 1984.
Later in spring, during the ÀprilrzMay and May/June cruises, P.
vetulus eggs were either scarce or absent. English sole lan¡ae
srere abundant during ilanuary L987 and March/April 1984 and low
numbers nere taken during the months April to June and October to
December of other years (Table 16a). Most la:r¡ae caught were less
than 10 mm in length (F.ig. 521 . Mean lan¡al length !¡as at, a
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minimr¡m of 3.7 rn¡n during January L987, tras 7.6 ¡nn in early spring
and ranged from 12 to 18.5 nm durÍng nid to late spring (Tab1e 45).
These patterns of seasonal varÍation in egg and lan¡al abundance

and lan¡al size indicate that the nain spawning period for English
sole in the sanpling area is late winter to early spring, probably
January to March.

Given that sampling was linited
during the period of peak abundance

difficult to detect any interannual
abundance from the present data set.

to two crrrises (Po84, !,1F87)

in eggs and lalrrae, it is
variation in English sole

The average distriþution patterns for eggs in the neuston and

r¡ater column indicate that English sole spawn alnost exclusÍvely in
the coastal and shetf zone, prinarily along the Washington and

Oregon coast (Figs. 114a and 115). The distribution of
unidentified pleuronectid eggs, which may include a significant
proportion of English sole e99sr displayed a sinilar pattern (Figs.
l04a and 1O5a). During crr¡ises when abundance was at a peak, the
eggs occurred predorninantly at the inneruost stations along the
Washingrton and Oregon coast from Cape Blanco northwards, with
highest densities off the ¡nid Oregon coast (Figs. 114b and c). The

distribution of unidentified pleuronectid eggs during ilanuary L987,

many of which were likely to be P. vetulus, was very sinilar (Figs.
1O4h and 1O5h). It seems, therefore, that Englísh sole spaltn

prirnarily in shallow coastal waters off !{ashington and Oregon with
the area between 44oN and 455[ off nid oregon being a partÍcularly
favourable spawning location.

The distribution of English sole lan¡ae was also largely
confined to coastal and shelf waters off Washington and Oregon but
occurrences extended into deep water beyond the slope off north
west Washington (Figs. 116b and c). Levels of abundance were also
highest off the nid to northern Oregon coast (Figs. 111a and b), as

for the eggs. It is likely that the larrrae taken in plankton
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samples during this study represent a significant' but perhaps low'
proport,ion of the English sole lanral populations which occur along
the coast during winter and spring. Given that newly transformed
Iarrrae and early juveniles are aþundant in bays and estuaries along
the :U.S. west coast (Pearcy and ltyers I L974i L.aroche and

Richardson, L979t Krlzgier and Pearcy, 1986), it is probable that
most spawning occurs in shallow coastal waters and that sampling
within 3 miles (4.8 kn) fron shore would yield hígher densities of
Ia¡rrae than those recorded here. During previous studies, highest
densities of larr¡ae have been taken within 18 kn of the coast with
peaks in abundance recorded frequently at stations 2 to 6 kn

offshore (Richardson and Pearcy, L977i Laroche and Richardson,
L979 ? Dlundy, 1984) .
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5 (d) . lrlultiapecles spatial patterps i¡ tbe ichthvopla¡tto¡
anô relatLo¡shit¡s with tbe c¡YironneDt.

For each of five data sets, spatial patterns in the
ichthyoplankton were examined using numerical classification. Data

from the six spring crrrises (TK80, PO81, PO82, 8Q83, PO84 and BA85)

nere conbined Lnto one data set by calculating the mean abundance

of the dominant taxa in each square of the grid shown in Appendix
Fignrre 1. A sumner data set is represented by cruise Po80 which
took place in August 1980. Data from cruises Po81, in
October/November 1981, and t{F83, in Novernber/Decenber 1983, nake up

the two autr¡mn data sets. A wínter data set is conprised of data
from the ilanuary L987 crrrise, !,1F87. Each of these five seasonal
data sets lrere sub-divided into four sub-sets representíng e99s and

larrrae in the neuston and water colunn. The nr¡merical
classification was perfomed on this total of, 2O sub-sets.

Resutts from the numerical classificatÍon are presented Ín the
form of dendrograms showing relationships between individual and

groups of specÍes and stations, 2-vay coíncidence tables relating
species groups to station groups in terms of mean abundance of
constituent species anong station groups, and plots of the station
groups on maps of the sanpling area.

Spring Data

Three species groups and fÍve stations groups lrere identified
for the dominant egg taxa in the neuston (Fig. 117). The five
station groups are geographically distinct and reflect a strong
inshore-offshore gradient in species composition and abundance.

Station groups L, 2 and 3 occur in the oceanic zone, with 1 and 2

in the southern sector, and 3 to the north (Fig. 118). Each of
these groups is characterized by the mesopelagic species (group 3)

including lcichthvs lockingtoni, Trachipterus altivelÍs, .I-cos'Eeus.

aenigmaticus, and Chautiodus macouni (Table 46, Appendix Table 1).
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The difference between these station groups is one of abundance.
With the exception of g. macouni t egg densities rúere highest in
station group 3 to the north. Station group 4 along the slope and
adjacent deep water contained highest densíties of Microstomus
pacificus and Sebastolobus spp. eggs, in addition to moderate
numbers of other flatfish species (species group 1) and sone of the
nesopelagic species. The renaining taxa belonging to species
groups 1 and 2, mostly paralichthyids and pleuronectids, were most
abundant in station group 5 along the coastal zone from northern
Washington to Cape l{endocino off northern California. In
particular, Citharichthys A and Engraulis mordax eggs h¡ere

exceptionally abundant in this zone.

For larrrae in the neuston, sinilar patterns in station group
distributions are apparent but the coastal and slope station groups
(1, 2, and 3) extend further into deep water and there is a north-
south division along the shelf (Fig. 120). Species group 1,
consisting of the coastal species Ophiodon etongatus, Ronqtrilus
jordani, Ammodytes hexapterus, He¡nilepidotus hemileoidotus, and
Cn¡ptaeanthodes aleutensis, is associated almost exclusively with
statÍon groups 2 and 3 along the shelf and slope (Table 47,
Appendix Table 2). AIl, except for Q. eloncratus ríere most abundant
in the northerly station group 2. Osneríd and Engraulis mordax
larr¡ae (species group 3), together ¡¡ith 9. el-oncatus, were most
abundant in, and characterized, station group 3 along the southern
Oregon and northern California coast. Species group 4 includes the
¡rost abundant lan¡al taxa which occurred ín aII station groups.
Peak densities for these species, however, varied among the station
groups. Cotrolabis saira is unique in that its la¡r¡ae rr¡ere most,

abundant in the southern oceanic station group 5. It was also
abundant in station group 1 along the continental slope and

adjacent deep $rater. In contrast, the remaining group 4 species
were most abundant in the northern section of the sarnpling area.
Peak densities of Sebastes spp. Ian¡ae occurred in station groups
2 and 1, and Anoplopona fÍnbria lan¡ae were most abundant in groups
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2 and 4. Abundance of Hexaoram¡nos decacrrammus, and the cottids
Scorpaenichthys marmoratus and He¡nilepidotus spinosus, ttas at a

peak in station group 2 off the l{ashington and northern Oregon

coast, and in adjacent deep water.

The distinction þetween the four station groups and three
species groups (Fig. 121) is ver:f pronounced for fish e99s

occurring in the water column samples during spring (Table 48,
Appendix Table 3, Fig. L22r. As in the neuston, two station groups
(4 and 2), which are associated with the entire coastal and slope
regions, respectively, are characterízed by the occurrence of
various flatfish species and Enqraulis Egglg. Station grouP 4

along the coast contained highest nr¡¡nbers of a1t pleuronectid taxa
(except for Microstomus 4!f,icgs) ' the paralichthyids, and

Engraulis Egg¡lg. The mesopelagic taxa (species group 1) ltere
either absent or rare in this zone. Station group 2 along the
sl-ope and adjacent deep water is characterized by peak densities of
l{icrostomus pacificus eggs and low to moderate densities of most of
the mesopelagic taxa. The pleuronectids Errex zachirus and

Eopsetta exilís were also relatively abundant here. Station group

1 and 3 in the oceanic zone contained the mesopelagic taxa almost
exclusively. Peak densities of nyctophids, Trachipterrrs altivelis
and Chauliodus macouni eggs occurred in station group 1 to the
south of this zone, whereas Icosteqs aenigrmaticus was most abundant

in station group 3 to the north. The bathytagids and lcichthys
Iockingtoni tíere relatively evenly distributed among these two

station groups.

Four station groups and three species groups were identified
for lan¡ae in the water column (Fig. L231. The station groups are
geographicatly distÍnct and reflect onshore-offshore and north-
south gradients in species occurrence and abundance (Table 49,

Appendix Table 4, Fig. L241. Mesopelagic taxa are dominant among

the larvae in this category and constitute species groups 1 and 2

that are associated essentially with the oceanic station groups 1
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and 2. The mogt abundant taxa berong to species group 2 and
include the myctophids Stenobrachius leucopsarus, Diaphus theta,
and Tarletonbeania crenularis, as weII as the bathylagid gathylagus
ochotensis, and the rockfish sebastes spp. Except for the
rockfish, all these species hrere most abundant in station group 1

in the southern half of the oceanic zone. Most of the mesopelagic
species belonging to species group 1 were also recorded in highest
densities here. Exceptions are Bathvlagus pacificus and
Protomvctophum thompsoni which were slightly more abundant in
station group 2 to the north. The coastal station group 4 was most
proninent over the shelf off Washington and northern Oregon and is
characterized by the occurrence of pleuronectids, paralichthyids,
osmerids, and Enqraulis @. The latter two taxa, arong with
Pleuronectes vetulus, were most abundant, here. Peak densities of
sebastes spp., Errex zachirus and Eopsetta exilis rarrrae
charactetíze station group 3 occurríng along the slope and adjacent
deep water. Off l{ashington, this station group extends into the
oceanic zone. The transitional nature of these stations is
indicated by the occurrence of low numbers of both the mesopelagic
and coastal taxa.

The spatial patterns described here suggest the occurrence of
coastar, slope/transitionar and oceanÍc assemblages in the
ichthyoplankton off the west coast during spring. These distinct
assenblages are manifest for eggs in the neuston and water colunn
and l-an¡ae in the water column. Eggs occurring in the neuston are
essentially those of species that spawn in the water column; they
accumulate at the surface due to positive buoyancy (Doyle, in
press).

The coastal assemblage includes pleuronectids, paralichthyids,
osmerids and Engraulis mordax. It is associated with the
cont,inental shelf throughout the sampling area but is most
prominent off Washington' and northern Oregon. The
slope/transitional assemblage occurs atong the slope and adjacent
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deep trater. It, is characterized by Sebastes spp. Iarr¡ae and by
eggs and larrrae of the pleuronectids Errex zachirus, Egg!þ
exilis, and !!!cro@ pacificus, but also includes mesopelagic
species that are noderately abundant in this zone. In the deep

water region, beyond the continental slope, the oceanic assenblage
is comprised almost exclusively of nesopelagic taxa such as

nyctophids, bathylagids, Chauliodus macouni, Trachipterus
altivelis, .@@, aenÍcr¡naticus, and fcichthys .þgking@t.
Sebastes spp. larrrae are also common in this assemblage. Although
most of these taxa occur throughout the oceanic zone, the division
of station groups into northern and southern tlpes reflects a

north-south trend in abundance. AII species were most abundant in
the southern sector except for Bathylaaus pacificus, @
thompsoni and Icosteus aenicnnaticus whích were most abundant to the
north.

A unique assenblage of larr¡ae is also apparent during spring
in the neuston. Species composition is very different fron the
ichthyoplankton assemblages in the water column. Inshore-offshore
and north-south gradients in abundance, however, are evident.
Larr¡ae of cottids, hexagrammids, Enqraulis mordax, Anoplopoma

finbria, Cololabis saira, Ronquilus jordani, @
aleutensis, A¡nEoC]rG, hexapterus and æ spp. constitute this
assemblage. Its distribution is confined prinarily to the shelf
and slope regíon and peak densities of most species seem to occur
off Washington and northern oregon. In the oceanic zone, most of
these species slere scarce. The sablefísh, À. fímbria, and saury,
g. saira, however, were abundant ín the northern and southern
sectors, respectively, of this zone.

VÍsual comparison of the occurrence and distribution of the
above ichthyoplankton assemblages with the oceanography of the
sarnpling area suggests the following relationships. The onshore-
offshore variation in assernblages seems to be controlled
essentially by bathymetry. species belonging to the coastal
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assemblage, and, most of the neustonic assemblage, have adult
habitats and spawning grounds that are confined to shallow coastal
or shelf waters. Similarly, the definitive species of the
slope/transitional assenblage (sebastes spp. and the deep water
flatfish) live as adults along the outer continental shelf and
slope, and those of the oceanÍc asse¡nblage live and spawn prinarily
in deep water.

It is possible that the reduced abundance of species belonging
to the coastal and neustonic assenblages off southern Oregon and
northern California rnay be related to the alongshore variation in
upwelling. Offshore transport of surface water, and the associated
upwelling of cold oceanic water, commences earlier and is more
intense off southern oregon and northern California than along the
Washingrton and northern Oregon coast (Figs. 3, 6-22). Fish eggs
and larr¡ae of coastal species occurrÍng in the plankton,
particularly the neuston, of this southern region during spring are
therefore at risk of extensive drift offshore, away from the adult
habitats and nursery grounds. Spawning and the occurrrence and
abundance of fish larr¡ae may be reduced in thi southern coastal
region of the sanpting area because of this risk.

The north-south trend in abundance of fish eggs and larr¡ae
among the mesopelagic assemblage of species in the oceanic zone
seems to be related to temperature. Tenperatures at the surface,
and throughout the water column, increase in a southerly direction
during spring (figs. 6-15). The greater abundance of eggs and
larr¡ae of the mesopelagic species obserrred in the southern part of
the oceaníc zone suggests that spawning is associated with the
warmer water in this region. Conversely, peak densities of the
species Bathylagus paèíficus, Protomyctophum thompsoni, and
Icosteus aenigmaticus in deep ¡¡ater off Washington may reflect an
association between spawning and cooler water temperatures for
these species.
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Sunmer Data: Cruise PO80

The six station groups identified for egg distributions in the
neuston reflect an Ínshore-offshore gradient in abundance of mostly
coastal taxa (Figs. L25 and L26, Table 50, Appendix Table 5).
Station groups 5 and 6t situated along the inner shelf from
ttashington to northern California are characterized by high
densities of Citharichthys eggs. P#htþyg melanostictus eggs

occurred exclusively, and were abundant, ât grouP 5 stations.
Citharichthvs eggs were also abundant in station group 3 along the
outer shelf and slope off Washington and Oregon. This station
group is also characterized by peak densities of unidentified
pleuronectids, @ zachirus and Cg,tgþ[þ, saira. Station groups

1, 2t and 4 were less distinct geographically than 3, 5, and 6'
being distributed along parts of the slope and. throughout the
oceanicregion(Fig.L26|.åmongthemesope1agictaxa,E@
macroÞus and Chauliodus macouni were most abundant in station
groups 1 and 2, and high densities of lcichthys lockinqtoni eggs

were confined to station group 1, nainly to the south. Engraulis
mordax eggs were associated essentÍally with the slope and deep

water zone off Washington and northern Oregon, at group 4 and some

of group 2 stations.

Species dÍversity was low for larrrae in the neuston during the
summer crr¡ise (Fig. L27a, Table 51, Appendix Table 6). Engraulis
mordax and Sebastes spp. accounted for most of the species caught
and there were many stations along the shelf and slope at which
Iarrrae were absent (Fíg. 128). The six station grouPs identified
from the dendrogram (Fig. L27b) showed some measure of geographical

distinctness (Fig. 128). Stations belonging to grouPs 1 and 2 were

scattered along the shelf, slope and adjacent deep water. Sebastes

spp. were the only larr¡ae caught at group 1 stations whereas group

2 stations contained, in addition, Scor?aerÍichthvs marmoratus,

Col-olabis glrar EncrraulÍs mordax, and Bg4g¡l.lus jordani larr¡ae.
Station group 3 occurring offshore of the Columbia River estuary
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contained highest densities of E. mordax larrraer âs welr as
moderate nuubers of g. marmoratus, g. saira, and unidentified
scorpaenids. only fÍve stations constituted group 4 whích is
characterized by highest densit,ies of osmerid and Sebastes spp.
larrrae. Apart from one occurring off northern washington, these
stations are located along the shelf off northern California.
Group 6 stations along the sJ.ope off Washington and shelf off
Oregon contained only S. marmoratus lan¡ae. Sinilarly, g. saira
larr¡ae were the onry ones recorded at group 5 stations in the
deepest water of the oceanic zone.

Egg abundance was low in the bongo sanples on this occasion,
with paralichthyids and pleuronectids accounting for nost that were
caught (Table 52, Appendix Table 7). these taxa were most abundant
at group 4 stations along the shelf (Fig. 130). croup 6 stations
are arso located in coastar waters and characterized by the
presence of paralichthyids and the pleuronectÍd Errex zachirus.
Station group 5, occurring in the vÍcinity of the Colunbia River
estuary, contained rnostly Encrraulis mordax eggs. Microstomus
pacificus eggs occurred alnost exclusively at group 7 stations
along the outer shelf, close to this estuary. Stations betonging
to groups L, 2, and 3 are scattered throughout the slope and
oceanic zones. They are characterized by the occurrence of several
mesopelagic taxa of which Tactostoma macropus was most abundant.

Encrraulis mordax dominated catches of larr¡ae in the bongo
sanples during sunmer (Table 53, Appendix Table B). These lalr¡ae
ltere abundant and occurred almost exclusively at group 1 stations
along the slope and adjacent deep water off Washington and northern
Oregon (Fig. L32'). The nyctophids Stenobrachius leucoosarus and
Tarletonbeania crenuLaris were also most abundant at these
st,ations. The uresopelagic taxa rrere most abundant,, but not
recorded in high densities, at group 2 stations in the oceanic
zone. À mosaic of four station groups (3-6) cover the shelf and
slope region fro¡n l{ashington to northern California. Groups 3 and
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4 along the slope are characterized by retatively high densities of
Sebastes spp. larnrae and low densities of various mesopelagic taxa.
Lan¡al abundance was at a uini¡¡r¡m in station groups 5 and 6,

closest to the coast. Sebastes spp. Ia¡n¡ae were most numerous

here. They occurred along with vetT low densities of E. gslêx'
Artedius harrincrtoni, cyclopterid, and Eopsetta exilis larrre at
group 5 stations, and were the only la¡rrae taken at group 6

stations.

The above multispecies spatial patterns again indicate the
occurrence of a coastal, slope/transitional, and oceanic assemblage

in the ichthyoplanlcton off the west coast. Compared to the
situation in spring, however, these assemblages are not as clearly
defined spatially and leve1s of abundance of eggs and lar¡¡ae are
reduced. The coastal assenblage is dominated by Citharichthvs sPp.

eggs and sone pleuronectid eggsr nainly Psettichthvs æælEictus..
Iarn¡ae are scarce in the coastal assenblage at this time of year.
t{ost of those caught were Sebastes spp. and there were very low
nr¡mbers of the cottid Artedius harringtoní and pleuronectids. A

slope/transitional assenblage was discernible at inten¡als along
the outer shelf and slope. Unidentified pleuronectid e99s,
probably of the species Errex zachirrrs, &PEEÞ ËLLIE, and

Microstomus pacificus, trere most abundant Ín this region, along
with Sebastes spp. Iarvae. Low numbers of A. harringtoni, E.
exilis, and various mesopelagic taxa of larr¡ae also belonged to
this assemblage. Abundance of eggs and larr¡ae in the oceanic

assenblage was low in contrast with the spring situation.
Relatively low densities of bathylagids, nyctophids, Chauliodus

macouni, Icichthvs tockingtoni, and Sebastes spp. were present.

Eggs of the melanosto¡oid Tactostoma macropus were unusually
abundant in the neuston of the oceanic zone on this occasion.

The north-south trend in species abundance obserr¡ed in the
above three assemblages during spring is not apparent in the summer

19gO distributional patterns. Larrral densities were unifor¡nly low
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along the shelf..and throughout the oceanic region. Temperatures
are unifotmly cold near the coast during summer and increase in an
offshore direction (Figs. 7a and b). The species-poor and row-
abundance costal assemblage coincides with the colder water in the
shelf zone whereas the oceanic assemblage is associated with the
warmest water in the deep water zone. The cold, upwelled water
which occurs along the coast at this tine of year does not seem to
be a favourable environment for spawning by nost of the coastal
taxa. This relationshÍp, however, is likery to be based on water
transport patterns rather than tenperature. The offshore Elstran
transport which occurs along the coast during the summer is
detrinental to lanrae of species that recn¡it their young into
coastal habitats. l'urther evidence for this conclusion is the
paucity of the neustonic assemblage of lan¡ae in the coastal zone.
The cottids and hexagrammids were entirery absent, except for
Scorpaenichthvs marmoratus.

The occurrence of high densities of Engraulís mordax eggs and
larrrae in the neuston and water column, in a geographically
distinct region off !{ashington and northern Oregon during the
sunmer clrrise inplies the existence of a Colunbia River plurne
assemblage. The anchorry defines this asse¡nblage but la¡r¡ae of the
nyctophids Stenobrachius leucopsarus and Tarletonbeania crenularis,
and Sebastes spp. are also associated with it. Its distribution,
from the slope into the oceanic zone, off southern Washington and
northern Oregon, reflects the offshore and southerly extension of
the row-sarinity colunbia River prune at this tine of year (Fig.
7cl .

Autumn Data: Cruises DA81 and MF83

Cruise DA81

Three species groups and four station groups were identified
from neustonic egg abundance data collected during this cruise
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(Fig. 134). These groups are clearly distínguishable on the basis
of the abundance and distribution of coastal and mesopelagic taxa
(Table 54, Appendix Table 9, Fig. 134). Species groups 1 and 2

consist entirely of pleuronectids and paralichthyids, along with an

unidentified Teleost Tlpe F. Their occurrence ltas confined
essentially to station group 4 along the shelf from I{ashingrton to
northern California. Abundance of the Citharichthvs eggs, in
particular, was verT high at these stations. The pleuronectids
identifíed to species included Pleuronichthvs decurrens,
Psettichthvs melanostictus, and Pleuronectes vetulus. Most of the
unidentified pleuronectid eggs probably belonged to these species.
The third species group include the uesopelagic taxa fcichthvs
Lockingtoni, Trachipterrrs altivelis, and Chauliodus macouni. They
were distributed throughout station groups Lt 2, and 3 along the
slope and in the oceanic zone. Highest densities by far, however,
$tere associated with station group I located beyond the shelf edge

from southern Washington to northern California, and extending
westwards accross approximately half of the oceanic zone.

As before, species composition of larrrae in the neuston was

completely different to that of the eggs. Two species groups and

five station groups are identifiable for this category (Fig. 135).
Station groups 1-4 are located prinarily along the shelf and slope
and are characterized by different conbinations of abundance of the
doninant lanral taxa (Table 55, Àppendix Table 10, Fig. 136).
Encrraulis mordax was by far the most abundant species and it was

confíned essentially to station groups 3 and 4, mainly along the
southern Washington and Oregon shelf . The hexagramrnids Hexagrramrnos

lacrocephalus and H. decaqranmus ttere nost abundant in station group

2 off northern Washington and northern California. Station group

1, occurring rnainly along the stope off Oregon, is characterízed by
highest densities of Colo1abis saira and Tarletonbeania crenularis
in addition to moderate densities of Scorpaenichthys marmoratus and

some Sebastes spp. Most of the oceanic zone is covered by station
group 5 in which only Cololabis saira larr¡e Ìrere caught.
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A similar d.ichotomy of coastal and oceanic species and station
groups, to that obserr¡ed for eggs in the neuston, hras apparent for
eggs in the bongo sanples (Table 56, Appendix Table 11, Figs. L37
and 138). The coastal species group (2), conprising the
pleuronectids and paralichthyids, occurred almost exclusively at
station groups 5 and 6 along the sherf. Densities rilere
considerably higher at group 6 stations off oregon than at group 5
stations off lilashington. Àtong the srope, particurarry off
lÍashington, a cluster of stations ís characterized by the absence
of eggs. The renainder of the sampling area incorporates station
groups 1 to 4 which contained the mesopelagic group of species (1)
including bathylagíds, Chauliodus @r lcichthys lockíngtoni,
and Trachípterus altivetis. Levels of abundance for these taxa
were relatively low and within the deep water zone, these station
groups are not geographically distinct.

For lan¡ae in the water colunn, a geographiclly distinct group
of 'coastalt stations is again apparent and characterized by
coastal taxa (Table 57, Appendix Table L2, Fig. 140). The
citharichthyid and Sebastes spp. lan¡ae of species group 2 are
associated with station groups 4 and 5 along the shelf and slope
off Washington, northern Oregon and northern California. Off
Oregon, these groups extend into the oceanic zone. Station groups
L' 2' 3, and 6 scattered throughout the remainder of the sanrpling
area, mainly in the oceanic zone, are characterized by the
occurrence of low nu¡nbers of a variety of mesopelagic taxa (Table
57) . Some Encrraulis mordax larrrae were caught at several stations
off Washington and northern Oregon (Appendix Table L2, Appendix
Fig. 3).

Cruise llF83

As for cruise DÀ81, the classification of stat,ions and species
into groups for eggs in the neuston revealed a clear dist,inction
between the occurrence and distribution of coastal and oceanic taxa
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(Figs. 141 and 142, Table 58, Àppendix Tab1e 13). Species group I
contains alI the ftatfish taxa including the pleuronectids
Pleuronectes vetulus, Psettichthvs melanostictus, and

Pleuronichthvs decurrens, as weII as unidentified pleuronectíds and

the paralichthyids Citharichthys tlpes A and B. Most of these taxa
rtere confined exclusively to station group 2 along the shelf.
Station groups L, 4, and 5 over the slope and oceanic region off
southe¡n Oregon and northern California, and part of the oceaníc
region off ![ashingrton (fig. L42l . They are characterized by the
occurrence of the mesopelagic species (specíes group 2) Icichthys
Iockinatoni, Trachipterr¡s altivelis, and Chauliodus macouni in
varying levets of abundance. Fish eggs were absent fron the
neuston sarnples at many stations off t[ashington and Oregon, naínly
along the slope and outer section of the oceanic zone.

For lalrrae in the neuston, the two species groups identified
again reflect the dÍstinction between coastal and more widespread
distribution patterns among the constituent specÍes (Figs. 143 and

L44, Table 59, Appendix Table 14). Hexaqramruos decagrammus, E.
Iagocephalus, @ narmoratus, and Sebastes sPP.,

belonging to species group 1, are associated with station groups 2

and 3 along the Washingrton, mid-Oregon and northern California
coast. In contrast, @ crenularis and Cololabis saira,
constituting species group 2, occurred throughout station groups 1,

2, and 4. Tarletonbeania crenularis was abundant only in station
group 1 throughouÈ the northern section of the oceanic zone whereas

C. saira ltas equally abundant in station groups 1 and 4 in the
oceanic region, and less abundant in group 2 stations along the
coast.

species composition and distributions for eggs in the bongo

samples ttere sinilar to those for eggs in the neuston (Figs. 1-45

and L46, Table 60 and Appendix Table 15). Pleuronectids and

paralichthyids belong to species group 2 which is associated with
station group 5 along the Washington, Oregon and northern
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California shelf. Lort densities of various mesopelagic taxa in
species group 1 (inctuding bathylagids, Trachipterus altivelis,
Chauliodus macouni, and fcichthvs lockinqtoni) are associated with
station groups 1 to 4 throughout the slope and oceanic region.
Again, eggs were absent or at a mininum at slope or oceanic
stations in the northern section of the sanpling area.

The three species groups and five station groups identified
for lan¡ae in the bongo samples (FÍ9. t47't did not refrect a very
clear distinction between coastal and oceanic distributions (Fig.
L48, Table 61, Appendix Table 16). I¡a¡r¡ae !Íere absent from most of
the shelf region, particularly off l{ashington and northern
California. Station group 4, nainJ.y along the Oregon coast, is
characterized by highest densities (though low nuurbers) of Sebastes
spp. lan¡ae. Bhe renaining station groups (1, 2, 3, and 5) are
distributed throughout the slope and oceanic region. They
contained low numbers of various rnyctophid species, Lestidiops
ríncrens, Sebastes spp., Cl¡clothone spp., and the paratichthyids
Citharichthvs spp. and Citharichthvs sticrmaeus. In contrast to the
association of their eggs with the coastal zone, larrrae of the
Citharichthvs species hrere recorded mostly at oceanic stations.

For most species, levels of abundance of fish eggs and larrrae
are low during autumn months and the spatial patterns just
described indicate the persistance of only the coastal and oceanic
assemblages of ichthyoplankton species. The slope/transitional
assemblage is not discernible because of the reduced numbers of
Sebastes spp. Lalr¡ae and the absence of eggs and lan¡ae of the deep
water flatfish Errex zachirus, Microstomus pacificus, and Eopsetta
exilis. The neustonic assemblage of larr¡ae is also reduced and
comprised low densities of coastal species (hexagrarnmids, cottids,
and Sebast,es spp. ) along the shelf, and higher densities of certain
rnyctophids and Cololabis saira in deepwater. During cruise D481,
however, Enqraulis mordax la:r¡ae were present in abundance in the
neustonic asse¡nblage along part, of the shelf.
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The eoastat assenblage is comprised prinarily of pleuronectid
(Pleuronectes vetulus, Psettichthvs melanostictus, and

Pleuronichthys decurrens) and Citharichthvs e99s, along with low
densities of Sebastes spp. larvae. Citharichthvs spp. larr¡ae were

relatively abundant Ín this assernblage, however, during cruise
DÀ81. The oceanic assemblage includes eggs and larrrae of various
mesopelagic taxa, and la¡r¡ae of the Citharichthys species, in low

densities. It is associated with the slope and oceanic zones

throughout which levels of occurrence and abundance of these
species lrere relatively unifo¡m and consistently sparse.

The distinction between coastal and oceanic assemblages of
ichthyoplankton at this tine of year can be related only to the
bathynetry of the sampling area. The spatial patterns obsenred in
the ichthyoplankton don,t appear to be related to temperature and

salÍnity patterns during these sanpling periods. Nevertheless, the
offshore extension of the distrÍbution of Citharichthvs larrrae may

be related to offshore E*man transport, which still prevails to a

1ínited extent at this tine of year, as indicated by the seaward

orientation of the Colr¡nbia River plume (Figs. 9c and 12c). The

distribution of the larn¡ae Ín deep water contrasts with the
essentially coastat distribution of Citharichthvs eggs, indicatíng
extensive seatrard advection of larvae.

Winter Data: Cruise t{F87

pleuronectid and paralichthyid eggs were extremely abundant in
the neuston during January L987. Among the species groups

identÍfied, they comprised group 1 which is associated exclusively
with station group 4 along the Washington and Oregon shelf (Figs.

LAg and 150, Table 62, Appendix Table 17). Most of the
pleuronectids were unidentified. Those identified to species

Íncluded pleuronectes vetulus, P. isoler¡is, Platichthvs gEe.utgtus.,

psettichthvs melanostictus, and Pleuronichthys decurrens. Levels

of abundance of the rnesopelagic taxa beJ-onging to species groups 2
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and 3 were much.. lower. They included unidentified bathylagids,
rcosteus aenicnnaticus, chauriodus Ellgg$t, rcichthvs tockingtoni
and Trachiptenrs altivelis. These taxa are associated with station
groups L, 2, and 3 scattered throughout the slope and oceanic
zones, and extending onto the shelf off northern calÍfornia.

Larr¡ae were also relatively abundant in the neuston during
this cruise with densities of hexagrarrmids and cottids at a peak.
Four species groups and five station groups were identífied frorn
the dendrograms (Fig. 151). The five station groups are
geographically distinct and reflect an onshore-offshore trend in
abundance of rarrrae (Fig. L52, Table 63, Appendix Table 18).
Groups 1 and 2 cover the shelf and slope regions, with 2 occurring
almost excrusivery off oregon. station group 3 forms a band along
the deep water adjacent to the srope and groups 4 and 5 cover the
remainder of the oceanic zone, 4 being associated with the southern
section. Hexacrrannos decasranmus, Ëg¡q!!gp!¡þ$ spinosus, and
Scon¡aenichthys narmoratus (species group 1) were most abundant at
group 2 stations along the shelf and slope off Oregon but $rere also
abundant in station groups 1 and 3. Tarletonbeania crenularis was
most abundant in station groups 3 and 4 ln deep water but was also
present, though less abundant, in station group 2. peak densities
of Hexagrammos lagoqephalus occurred at group 3 stations beyond the
slope but were also present in the coastal station groups 1 and 2.
Sebastes spp., Henilepidotus hemilepidotus, and Leptocottus armatus
Iarr¡ae were associated exclusively with these coastal station
groups. Cololabis saira lan¡ae were taken in aII station groups
except, group 2 off Oregon. It was nost abundant in the oceanic
zone, ho!üever, and peak densities occurred at group 5 stations in
the northern sector.

A clear divisÍon into coastal and oceanic species and station
groups is apparent for eggs in the bongo samples (F.igs. 153 and
L54, Table 64, Appendix Table 19). Species group 3 consist,ing of
pleuronectids and paralichthyids is associated prirnarily with group
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2 stations along.the Washingrton and Oregon coasts. The mesopelagic
taxa belonging to species groups 1 and 2 are associated nainty with
station group 3 covering most of the slope and oceanic region.
Most were also present in low numbers Ín station group 1, mainly to
the north of the oceanic zone, and some at group 2 stations along
the coast.

This dichotony of species and stations Ínto coastal and
oceanic grouPs Ís also apparent for la¡r¡ae in the bongo samples
(Figs. 155 and 156, Table 65, Appendix Table 2Or. Station group 3

along the coast is characterized by highest densities of the group
3 species including Osmeridae, BLggæEg vetulus, Clzclopteridae,
Hemilepidotus spinosus, and Hexagranmos decacrram¡nus. The
nyctophids, bathylagids, Sebastes spp. and Citharichthvs species
belonging to species groups 1 and 2 were most abundant in station
groups 1 and 2 in the slope and oceanic zones. In general,
densities ttere highest at group I stations.Ín slope and deep water
off Oregon and northern California. In contrast, the species
Tarletonbeania crenularis and Protomvctophun thomosoni were
considerably more abundant Ln station group 2 nainly to the north
of the oceanic region. Numbers of Sebastes spp. Iarr¡ae rrere also
relatively high at the coastal stations (group 3) and gilhgi-chthp
sticnnaeus la¡r¡ae were present in low densities here.

As for autunn, the spatial patterns discerned in the
ichthyoplankton during winter indicate coastal and oceanic
assemblages of species. Levels of abundance of eggs and larr¡ae
were considerably higher than during sunmer and autumn and peak
densities were recorded for certain coastal species that do most of
their spawning during late winter and early spring, ê.9. osmerids,
the hexagrammids Hexagrrammos decagrammus and S. lagocephaÌus, the
cottids Hemilepidotus spinsosus and g. henilepidotus, and the
pleuronectids Pleuronectes vetulus and Platichthys stellatus. The

neustonic assemblage of larr¡ae cornprising nainly hexagranmids and
cottids was prirninent in the coastal and slope zones and much of
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the adjacent deep water.

The coastal asse¡nblage of fish eggs and larr¡ae included high
densities of citharichthysr âs well as preuronectid, eggs in
addit,ion to moderate numbers of osmerid, sebastes spp. and
Pleuronectes vetul-us rarr¡ae. r.ow numbers of cycropterid and
citharichthys sÈicnnaeus larr¡ae were also part of this assemblage
which extended along the entire shelf off ïÍashington and Oregon but
sras sparsely represented off northern California. The oceanic
assemblage of fish eggs and larvae, which nas distributed
throughout the slope and deep r¡ater zones, eonsisted essentially of
low to moderate densities of bathylagids, rnyctophids, Chauliodus
macouni, Trachioterrrs altivelis, rcosteus aenigrmaticus, and
rcichthys l-ockincrtonÍ, and la¡r¡ae onry of sebastes spp. and the
citharichthys species. As in autumn, the association of
Citharichthys eggs with the coastal assenblage and Citharichthys
lan¡ae with the oceanic assemblage indicates that extensive
offshore advection of larr¡ae occurs.

simirar to the spring situation, the dÍvision of station
groups in the deep water zone into northern and southern components
reflects a north-south trend in abundance of certain species. AIl
the mesopelagic taxa except for the nyctophids Tarletonbeania
crenularis and Protomyctonhum thompsoni were more abundant to the
south of the oceanic zone than in deep water off lÍashington. This
north-south increase in abundance seems to reflect the north-south
increase in water temperature during winter (Figs. 15a and b).
Spawning nray be more intense in the southern sector of the sarnpling
area trhere water is ¡¡armest. Temperature conditions are more
uniform along the coast at this t,iure of year and the extension of
the coastal assemblage further south than during spring may be
related to the absence of coastal upwelling and offshore Eknan
transport, at, this tirne of year. The northerly extension of the
Colunbia River plune along the Washington coast during winter
(Fig.. 15c) does not appear to influence ichthyoplankton

L25



distributions or assemblage structure.

Species composition and seasonal variation in occurrence among
the ichthyoBlankton assemblages (excluding the neustonic assemþIage
of lanrae) identified during the present study are sumnarized in
Table 66. these nultispecies assenblages include a coastal,
slope/transitional, Coh¡nbia River plune and oceanic assenblage.
overlap in species composition does occur anong the assemblages
indicating that, in general, the assenblages are not sharlrly
defined. In addition, the occurrence and distribution uargins of
assenblages do vatry seasonally. Nevertheless, each of the four
assemblages Ís characterized by a definitÍve set of species and is
geographically distinct. Taxa are considered definitive for a
partÍcular assemblage when they occur exclusively, or are nost
abundant, in that assemblage. Doyle et al. (in press) describe in
detail the occurrence, distribution, and oceanographic
relationships for these assenblages based on just lanral data from
the bongo sarnples. The nature and origin of the lanral assemblages
are considered in this paper.

The neustonic assemblage of fish larr¡ae identified here
includes a unique group of species whose larnrae are scarce or
absent deeper in the water corumn, ê.g. the hexagranrnids, cottids,
cororabis saira, Anoploporna fi¡nbria, and crvptacanthodes
aleutensis. These larrrae are considered to be obligate nenbers of
the neuston, occurring permanentry at the surface and occuping an
exclusively neustoníc Ia¡r¡al niche. fn addition, certain members
of this assemblage are species whose latr¡ae are abundant in the
water column as well as in the neuston. They include lalr¡ae and
juveniles of EnarauLis ¡nordax, Tartetonbeania crenularis, Sebastes
spp., Roncn¡ilus jordani, and Annodytes hexapterus, and are
considered to be facultative members of the neuston. Diel vertical
rnigration of well-developed lan¡ae and juvenites of these species
reurts in tt¡eir abundance in the neuston only at night. Eggs of
Engraulis mordax, Trachipterus attivel-is, SebastoLobus spp. r
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Icichthvs lockingtoni, Citharichthvs spp., and all the
preuronectids also constitute an important conponent of the
ichthyoplankton occurring in the neuston. citharichthys and
pleuronectid eggs, in particular, nere extremely abundant in
neuston samples. These eggs are considered ¡rstraystt in the neuston
as they accumulate passively at the surface due to positive or
neutral bouyancy. Based on data from the present study, a detailed
account of the occurrence, distribution and categories of neustonic
ichthyoplankton off the west coast is given in Doyle (in press).

Previous studies have identified lanral fish assemblages off
the Oregon coast whÍch correspond to the sub-surface
ichthyoplankton assemblages described here. Based on an 18 ¡nonth
surivey along a 111 lq transect off Yaquina Bay Oregon, Richardson
and Pearcy (L9771 found a rrcoastalrr assenblage 2 to 28 k¡n offshore
and an rroffshorerr assenbrage 37 to 111 k¡tr from shore. A grid of
stations from the along the shelf and slope area from the Coh¡nbia
River nouth to Cape Blanco r¡as surrreyed by Richardson et ê.t.
(1980) . They docu¡nented the occurrence of a lrcoastalr, a
tttransitionalrr and an iloffshorerr assemblage Ín this region during
March-Àpril of L972 to L975. These correspond to the spring
coastal, slope/transitional, and oceanic assenblages of fish larr¡ae
Ídentified in this paper, both in terms of species composition and
distribution. Both Richardson and Pearcy (L977) and Richardson et
al. (1980) attribute the occurrence of the different lan¡al fish
assemblages off Oregon to the spawning location of the adult,s and
to the predominate coastal circulation patterns. They postulate
that current patterns, that are predoninantly alongshore off the
Oregon coast, would help maintain the lan¡ae in zones para1lel to
the coast. The offshore component of surface drift (Ekrnan

transport) in summer and onshore component of surface drift in
winter, associated with wind-Índuced coastal currents and upwelling
and downwelling processes, however, are also important in
influencing lan¡al distributions and subsequent recruitment to
shelf populations. This is particularly true for those species
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whose larr¡ae are neustonic.

The coastal assenblage of ichthyoplankton described here and
in the above publications is associated with the narrow continental
shelf off Washington, Oregon and northern California, where cold
tenperatures prevail throughout the year and seasonal variation in
circulation patterns is strong. The same is tnre for the unique
neustonic assenblage of larnrae identified here and described in
Doyle (in press). The predoninant spawning season for these taxa
is fro¡n wínter to spring when downwelling and onshore Ekman

transport prevail. Their larn¡ae are generally scarce or absent in
the coastal zone during the peak upwelling season of sunner. The
spawning patterns that have evolved among the coastal species,
therefore, seem to favour retention of their larrrae in the shelf
zone. Demersal spawning Ís another characteristic prevalent among

the coastal species, particularly those with neustonic lanrae,
which aids retention of larn¡e in the coastal zone. Osnerids,
cottids, hexagranmÍds, cyclopterids, Bg¡g¡ll5 iordani, and
A¡rmodvtes hexapte¡rrs deposit their eggs in the substratum or attach
them to rocks or seaweed, a strategDz which reduces the duration of
planktonic drift in their early life history. Further evidence
that spawning patterns among the coastal and neustonic assemblage
taxa are adapted to prevailíng circulation patterns off the west
coast is the apparent north-south trend in lan¡al abundance.
During spring, larr¡ae belonging to these assemblages are rnost
abundant in the shelf area off Washington and northern Oregon.
Further south, the scarcity of larr¡ae is associated with the region
of upwelling and offshore transport that conmences there earlier in
the year.

Parrish et al. (1981) review the reproductive st,rategies among

the coastal físhery species in the entire California Current system
and conclude that they shov¡ a pattern of correspondence to the
major features of surface transport. The southern coastal portion
of the west coast surívey area, particularly south of Cape Blanco,
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corresponds to the northern sector of the maximum upwelling region
identified by these authors. In this region of vigorous upwelling
and strong offshore surface transport, there is a paucity of
species with pelagic eggs such as EncrrauLis mordax, the
paralichthyids and pleuronectids (parrish et 4,., 1991) . In
addition, larrrae of the demersal spawning osmerids, cyclopterids,
hexagrammids and'cottids are less abundant along this sectíon of
the coast. Thus upwelling and offshore transport help e:çlaín the
relative scarcity of me¡nbers of the coastal and neustonic
assemblages of ichthyoplankton obse¡rred here during the present
study.

fn agreement with Richardson et g!..,s (1980) conclusions, it
is proposed here that the distributions of the definitive taxa
belonging to the slope/transitíonal assemblage are prirnarily
related to the bathlmetric range of the adults. These taxa,
including Sebastes sp., Errex zachirr¡s, Egpset'Þ exilis, and
Microstomus pacificus, Iive and spawn on the outer coninental shelf
and slope of f the U. S . west coast (Hart, L973 i üatarese gE 4.. ,
1989). Pealc spawning among these species is also during spring.
This means that the prevalent onshore transport at this time of
year favours the retention of their larr¡ae close to the nursery
areas and adult habitats in slope waters.

The Colunbia Ríver plume assenblage identified here is
characterized essentially by high densitíes of Engraulis mordax
larr¡ae during summer and is associated with the offshore and
southerly extension of low-salinity plune water. Spawning of E.

mordax off Oregon is known to be associated with warm, near-surface
waters of the Colunbia River plune at this ti¡ne of year
(Richardson, L973; Richardson et aI., 1980). Richardson (1973)
proposed that a separate spawning stock of the northern anchovy
occurs off Oregon, and that, the spawning period is correlated with
the tirne r¡hen warm plume water is a dominant oceanographic feature
in the area. High levels of macrozooplankton biomass have also
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been obsernred in. association with the Colunbia River plume during
summer and may reflect high concentrations of phytoplankton and

nicrozooplanlcton (Brodeur, 1990). The spawning strategry of E.
mordax off the It.S. northwest coast, therefore, seems to take
advantage of high levels of plankton production that prevail in the
plurne during sunmer.

The associatÍon of highest densities of larr¡ae of the
rnyctophids Stenobrachius leucopsarus and Tarletonbeania crenularis
with the plurne in summer suggests a sinilar relationship with !ùarrl

surface temperatures or spatial variation in plankton production.
There ís no evidence to suggest, however, that myctophid spawning

is associated with the surface layer or that their lalr¡ae are

concentrated in this zone. Strong thenohallne and colour (fron
Coastal Zone Color Scanner data) fronts have been obserrred in
association with the edges of the plurne (Fiedler and Laurs, 1990)

and may represent a physical boundary that enhances the retention
of larr¡ae within the plune.

Year-round spawning is predominant among the oceanic

assemblage resulting in the occurrence of their eggs and lan¡ae in
the plankton during all seasons. This pattern of spawning reflects
the relative stability that characterizes the oceanic zone. In
contrast with the coastal zone, seasonal variation Ín oceanographic

conditions, including production in the plankton, is moderate in
this essentially oligotrophic realm (Perry et aI., 1989). Pearcy

(1976) found that over a five-year period, standing stocks of
planktonic herbivores, including copepods and euphausiids, were

much higher in shelf waters off Oregon than in the oceanic zone.

This is due to the high production associated with the sunmer

upwelling along the coast. Here, seasonal- varÍation in herbivore
biomass is rnuch greater than in the deep water beyond the shelf.
The near steady-state type of production of food organisms in the

oceanic zone supports the persistence of larr¡ae throughout the
year.
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Some of the doninant nryctophids and bathylagids display a

strong peak in lanral abundance during spring. This peak nay be

related to a spring peak in prinary production obsen¡ed in the
oceanic zone off the U.S. northwest coast (Perry et aI. ' 1989).
The anplitude of this peak, however, is considerably weaker than
seasonal variation in prinary production in the coastal zone.

The roajority of the rnesopelagic species are most abundant in
the southern sector of the oceanic zone during winter and spring
and their spatial distributions suggest that spawning is associated
with the warmest water (>9oC) off the U.S. northwest coast during
these seasons. Although the distributional range of ¡nost of these
species is from Baja CalÍfornia to the Bering Sea (Hart, L973î

Matarese É g!., 1989), and spawning is widespread, the preferred
spawning area along the west coast appears to be off southern
Oregon and northern California. Anong these species, Bathvlagrus

ochotensis, Stenobrachius leucopsarus, @ crenularis,
and gþþgh5 lockinqtoni belong to a northern complex of la¡r¡a1
fish species associated with central California, and Protomyctot¡hum

crockeri belongs to a southern complex associated with southern and

Baja California (I{oser et .4.. , L9871 . Their spawning centers are
south of our study area, which helps explain the predominance of
their larrrae off southern Oregon and noÉ,hern California. In
contrast, @ thompsoni has a more northerly
distribution, its southernmost extreme being off central California
(Matarese gE âI., 1989). Its preferred spawning area is probably

off Tfashington and Oregon and associated with the colder water
prevalent in the northern sector of the study area during winter
and spring.

The ichthyoplankton assernblages identified off the U.S. west

coast in this and previous studies indicate that the spawning

patterns of fish species in this region bear common adaptive

features. Co-evolution among the spawning strategies of the fish
species within the complex and variable marine ecosystem may have
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given rise to .lhe high degree of structure obse¡r¡ed in the
ichthyoplanlston spatial patterns and to the nultispecies
assenblages (Doyle gg g!. , in press) .
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labtc t. Stmnary-of prcvious ptankton canptlng surveys-off llashlr¡ton, Orêgon, and northcrn Catlfornla, ln r¡lch lchthyoptanktm Ícrc rccorded,
tisted in o¡der of years rhen sanpting took place.

Authoî(s,
Years

sarpted
llonthe
sarptcd

General area
of survey

tluËer of
strtlonr Saçtlru gear and tlryc of tor Klnds of dôte reportd

Pearcy and llyert
(1974'

LeBrasseur
0{s 19ó5,.1970)

Aron (1958, 1959,
1960, 1962'

Pearcy ct at
(19n'

Day (1971)

uatdron (192)

Etdridge and
Bryan (1972)

Richardson (1973)

llundy (1983)

Richardson (192)

Richardson and
Peercy (197)

Ahtstrm and
Stevens (192)

1956-59 Jan.-Oct.

1957-58 Jrnc-Sept.

1960-70 Jan.-Dec.

1961-69; Jan.-Dec.
1971-75

19ó3 Ë6yi
oct. - ilov.

1967 Apr.-llay

1969 Jen.-Dec.

1969 llay-oct.

1969-72 Jân.-Dec.

1971-72 Jan.-Aug.

19f1-72 Jan.-Dec.

Uash., Orcgon,
and llorthern
CaI I fornla

Coastat lJash.,
Oregon,
llorthern Callf.
to 14ó"

Yaqulne B!y, Or.
and coastal
¡aâter8

0îcgon

Coestrt
9ashlrpton

Uash. -Orcgon

Huròoldt Bay,
Catifornla

0rêgon,
Stl lJash.

Off tlelport,
0regon

Off llelport,
0regon

Off llelport,
0regon

lJash., 0regon
and Callfornia

c¿,76

146

5
(593 h¡ut¡)

12'

l2

5E

5

4

12
(287 hauts)

12
(287 hauts)

33

Vcrtlcal and obllçre llORP^C
nets; 5- and ó- foot lXt{I

3! and ót tltlT;
, obtlque tots

Gtcrte-Burçtrs net. 20-crn bongo
(0.571 mn æsh, step obtlque)

7ll-on bongo (0.571 rin),
obtlçæ; lSlT

ór lOlT; obtlque
ând Surflce tofls

l-n net (gq 0.5 Ím msh)

1-n net (0.57 rn mesh)

70-on bongo (0.571 m nesh,
obtlque lÍl4T (obtique) and
1-m ræt (vertlcatl

20.2 cm bongo (0.571 rm mesh),
etcp-obtlque tors

70-cn bongo (0.571 nn)
step obtique

70-cn bongo (0.571 ¡¡r)
step obtique

lleuston net; l-n net
(0.505 tt¡t) obtlçre haul,s

Ilst of taxa by strtlon ârd
tlpe of gear.

Ptankton voh.æ; dlstrlbutlon,
llet of adutt, Jwenltc, and larvat
flshes cottected.

Scasonal and horlzontal dlstrlbutlon,
tldat-dlet varlatlon, net cotparlson

Retatlvc ah.ndarre, areal and vertlcal
distrlbutlon, grorth ard seasonatlty
of three specles of ftatflshes.

Ptanktqr blmass; tlet of [arvat
flshes collected.

llct of taxa coltccted; retatlvc
ah¡rdance.

tlst of taxa cotlected by month,
statlon, denslty.

Species coçosltlon, domlnant taxâ,
slze dlstribution, gear conparlson
shattor vs. deep tors.

Species coposltion and retetive
atr,¡ndance. Âssenùtages.

llst of relative abundance of
taxa by statlon.

Species corposl tion; assenbtages;
verticet distributi on.

Llst of taxa cottected, distributlon
of setected tcxa.

ts
È
ul

7
(287 h¡ut¡)

1972 llay



Tabte 1.--Contlrued

luthol.(s)
Years

earçtcd
llonths
sarçtcd

Gencral area
of survey

tlr¡ùer of
!trtlons samtlru gcar and tlpê of tot. Klnds of data rcported

Rlchardson ct at.
( 1980)

Laroche and
Rlch¡rdson (1979)

llisltano (1977)

LaRochc (197ó)

Richardson (1980)

Grinm ¡nd Srtajn'
duchert (1978)

Kendatt and Ctark
(1982a)

Kerdatt and Clark

Urena (1989)

ctark (1984)

Erodeur (1990)

Bates (1984)

ctark (19864)

llâr. -^pr.

llar. -^p¡'.

Jrn. -Dêc.

Jan.; llarch

Juty

^ug. 
-Sept.

Apr.-ilay

^ugust
Apr. -Dec.

llEy-Jrl.ìe

llay-August

Oct. -llov.

llay-Jme

Orcgon

0rcAon

Cott¡röl¡ Rlvcr
csturÌy

col.t¡öla Rlvcr
muth

0regon,
Stt gsshlngton

9ash., Orcaon,
llorthcrn Callf.

llash., Oregon,
l¡orthêrn cttlf.

Âs abovc

Âs above

Âs ¡bove

tlashington-
Oregon

As abovc

uash., Oregon,
llorthern calif.

u
(30ó ¡anpte¡)

u
(305 ¡erptc¡)

7

ú¿

70

3t

12'

125

124
(49 bonso)

1972-75

1972-75

1975

1975-76

ßn

1980

1980

t980-85

1981

198t

't981

1982

1973

70-cn bongo (0.571 m
æsh, etep-obllquc
and obtlque tors

70-crn bongo (0.571 nn æsh,
, etep-obtlquc and obtlque
tors. ìleuston toHs.

0.5-n net and 0.9 n lxHT
(stcp obtlquc tofl)

lleuston nêt (0.505 im Ícsh)

70-crn bongo (0.571 rm æsh),
obtlque tors

60-cn bongo 10.505 nn æsh),
obtlque; Kopenhagen æt
(0.471 m)

ó0-cm bongo (0.505 lrm æeh);
obtlquc tor.si neugton tors.

Âe above

Âs above

Âs abovc

70 m bongo (0.571 m),
stcp obtique tor

Âs above

As above

Specls¡ ccnposltlon and abutdarre.
larval fl¡h asscnütages and
assoclatlon¡.

Dletrlbutlm, ahltdance of PlgÈryg.
vetulr¡s. Agc and tength. Geaî
corparison.

Llst of taxa coltccted by ctatlon.
Length rmEc, denslty.

Llst of taxa cottected and man
denslty per ttatlon.

Spornlns blmass of E!S4L!.g 49¡!q;
censug ¡rcthods conpared.

Llst of texa coltected by statlon.
Length range; density.

Dlstributlon, abundence, and tength
conposltlon of dmlnant taxa of eggs
and tarvae. CoÍm,l.ìlty structure.

Âs above.

Dfstl'lbutlon and abundarcc of eggs and
larvae of flvc species of ftatfishes.

Âs above

[lst of texe cottected; zooptankton
bimass.

Âs abovc

As above

P
tÞ
ol

91

825

123

88



Table 1.--Continued

Years Ìlonths Generat area lluùer of
Author(s) satçted senpted of survey rtrtlons Seflptlng ge¡r and tlpc of tor Klnds of data reportcd

Eoelrtert ct st. 1982 Âprll, llay, Oregon 2 luckcr trart (0.505 m rnsh); Vcrtlcat dl¡trlh¡tlon and ah¡rdence of
(1985) Juty stepp€d obtls¡e tors flsh larvac Ð taxai asseíùtages.

Cterk and rcndatt 1983 Âprlt-llay Âs above 124 óO-cm bongo (0.505 m nesh), Distrlbutlon, ahnrdance, tength
(1985) obtlç¡e to¡rsi ncrßtm tofls. cqçosltlm of dmlnent taxa of eggs

Brodeur, ct at. 1983 Apr.-sept. oreson 4 Brldtetcsc 70-on bonso and, ::":"" ;:H:ï.iï'(1985) on tro occaslons, a 70-cm of occurrerrcc, ahrndance and
bongo net (0.335 mn æsht dlstrlbutlonrt patteîns.

Ctark (198ób) t983 llov.-Dec. llash., Orcgon l'13 óO-qn bongo (0.505 nn rnsh), Dletrlbutlon, ahndancc, tergth
llorthern Catlf. obtlque to¡.Bi ,æustm tors. corçosltlm of domlnant taxa of eggs

a¡rd tervae. Cilnrmity structurc.

¡r Ctark and savage 1984 llar.-Âpr. Âs above 124 Âs abovc Âs above
È (1988)
{

shenker (1988) 19f,É Âpr.-Juty off tlerport, 12 l{eustorì nets (0.355 mr æsh) llean ebundancc by taxa ln day and
Oregon night tots. Dlstributlon.

Brodeur et at. 1984 Jrne, Juty, 9ash., Oregon E0 Xeustm net (0.505 rn ¡psh) Llst ttxt coltccted and æan
(1987) SepteíËer tlorthern Cetlf. ah¡rdalrc per station.

Savage (1989a) 1985 Apr.-llay As above 124 óO-c¡n bongo (0.505 m msh), Dlst¡lbution, ahndance, length
obtlque to¡.si neuston tors. colrposltioo of dminant taxa of

:l;;"if":"'"'"' c"-mrtY

Sayage (1989b) 1987 Jaruary Âs above 98 Âs abovc ptus Îæker trart Âs above
to¡.s at setected statlons
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cB W¡NTER CB SPRING
CM

cB SUMMER

120.W

CC = CALIFORNIA CURRENT
DC = DAVIDSON CURRENT

SCC = SOUTHERN CALIFORNIA
COUNTERCURRENT

SCE = SOUTHERN CALIFORNIA EDDY

Figure 2. Seasonalvariat¡on ln deep-ocean boundary cu_nents off the U.S. west co¿lst:

Gol. R. = Columbia niveri GA = Gape Blar¡co;GM = Gape Mendoc¡no;PC = Point Gonception.

From HickeY (1989).
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MEAN MONTHLY UPWELLING INDICES
1946-1989

Upwetling tndices (m3/s/loom coastline)
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Figure 3. Mean monthty uprelling indices (Bakun, 1973), 19¿t8-1989, for fotr bcaions along the west coast.
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ANNUAL VARIATION
COLUMBIA RIVER RUNOFF

River Discharge (1oo ms d-1)
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Figure 4. Mean monhly runofi, 1961 - I 981 , for the Golumbia Rhrcr. From tendry et el. (1989).
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Table 2. Sampling schedule and number of stations sampled for ichthyoplankton.

STATIONS OCCUPIED
CRUISE VESSEL CRUISE DATES

NEUSTON BONGO
TOWS TOWS

TK80 Tkhookeanski Apr20-May 15,1980 125 125
U.S.S.R.

PO80 Poseydon Aug 1-20,1980 91 91
u.s.s.R.

PO81 Poseydon May 9-June 2, 1981 123 123
U.S.S.R.

DA81 Mys Dalniy Oct 24-Nov 19, 1981 125 125
U.S.S.R.

PO82 Poseydon May3-June 1,1982 124 49
u.s.s.R.

EQ83 Equator Apr 23-May 15, 1983 124 124
u.s.s.R.

MF83 Miller Freeman Nov 11 -Dec 2, 1983 113 113
u.s.A.

PO84 Poseydon Mar11-4pr4,1984 124 124
u.s.s.R.

BA85 Mys Babyshkina Apr 19-May 11, 1985 124 124
u.s.s.R.

MF87 Miller Freeman Jun 7-31, 1987 88 88
u.s.A.

1161 1086
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Figure 6. Horizontal pattems of temperatlre and salinity during Aprivuq 1g80 (cruise TKSo).
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Figure z. Horizontal pattemr¡ of temperaUre and salinity during August 1980 (crulse PO80).
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Figure 8. Horizontal patterns of temperatrre and salinity during May/Jurn 1981 (crulse PO81).
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Figure 9. Horlzontal pattenìsi of temperatrre and salinlty durlng Octoberfiovember 1981 (crulse DA81).
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Figure 10. Horizontal pattenN¡ of temperatrre and salinity during Mayöurn i9B2 (crulse pO82).
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Figure 11. Horizontal patterns¡ of temperat!rc and salinlty durlng April/May 1983 (crulse EAæ).
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Figure 12. Horizontal pattems of temperaürre and sallnlty during November/December 1983 (crulse MF83).
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Figure 13. Horlzontal panems of temæraürre and sallnlty dudng March/Aprll 1984 (crulse PO84).
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Figure 14. Horizontal pattems of temperaùrre and sallnlty durlng AprifMry 1985 (crulse BAgs).
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Figure 15. Horizontal pattenF of temperaü.rrc and salinity durlng January 1987 (cruise MF87).
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Figure 16. Monthly upwelling lndices for 1980 at four locations along the west coast plotted with mean values for 19¿16 to 1989.
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Figure 17. Monthly upwelling lndices for 1981 at four locations along the west coast plotted wlth mean values for 19¿16 to 1989.
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Figure 18. Monthly upwelling lndices for 1982 at four locatlons along the west coast plotted with mean values for 1946 to 1989.
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Figure 19. Monthly upwelling lndices for 1983 at four locatlons along the west coast plotted with mean valuEs for 1946 to 1989.
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Figure 20. Monthly upwelling lndices for 1984 at four locatlons along the $rest coast plotted with mean values for 1946 to 1989.
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Figure 21. Monthly upwelllng lndices lor 1gg5 at four locations along the west coast Plotted with mean values for 1946 to 1989.
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Figure 22. Monthly upwelling indices for 1987 at four locatlons along the west coast plotted with mean values for 1946 to 1989.
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Table 3. Numbers of taxonomic categories identified for each
life-history stage and sampling gear. Numbers in parentheses
are the number of identifications to genus level only.

TÆ(ONOMIC
CATEGORIES NEUSTON BONGO

EGGS

FAMILIES

GENERA

SPECIES

UNIDENTIF¡ED

I.ARVAE

FAMIUES

GENERA

SPECIES

UNIDENTIFIED

17

26(3)

25

'5

23

4s(8)

47

0

19

28(3)

31

7

38

8s(14

84

0

L73



Table 4. Percentage occunence and mean abundance of alltaxa of eggs in
neuston samples collected during all cruises.

FAMILY GENUS/SPEGIES

% MEAN

OCCURRENCE No./1000m3

Unidentified

Engraulidae
Argentinidae

Bathylagidae

Ghauliodontidae
Melanostomidae

Myctophidae

Gadidae

Scomberesocidae
Trachipteridae

Scorpaenidae
Carangidae

lcoste¡dae

Ammodytidae
Gentrolophidae
Tetragonuridae

Paralichthyidae

Pleuronectidae

Teleost Tyæ A
Teleost Tyæ F

Teleost Type G

Teleost Tyæ H

Teleost Type P

Engraulis mordax
Unidentified
Narcenbcandiú
Nansenía cress¡a

Unidentiñed

Bathylagæsgg.
Bathylagæ ochotensls

Chauliodts macouni
Tactdstoma macroptß
Unidentiñed

Merluccits productus

Theragra chalcogramma
Cololabis sÍra
UnidentifiEd
Tnchîpterus altivel¡s

*bastolobussgp.
Trachurus symmetrícus

lcasteus aenigmatícts
Ammodytæ he,røpterlß

lcichthys lockingtoni
Tetragonuns cwierí
CitharichthysA
CitharíchthysB
Unidentified
Enexzachirus
H ippo g lossoidæ elassodo n
Pleuronectes ßolepis
Eopsetta anílis

Microstomus pciñcus
Pleuronectes trctul.ts

Platíchthys stellatus

P leuro nic hthys coe nos utt

P leu ro nic hlhys dec u rrens

Psettíc hthys m elan ostíctus

1.89

0.38

0.09
o2g
0.19
2.74
0.19

0.28

0.38

l.5f
1.42

028
1021
2.65
0.09

0.09

0.19

1.04

0.66
39.98

1.51

0.19

10¿1
0.09

30.15
o.47

18.71

8.32

10.40

8.88

0.57
1.80

5.86

14.75

3.50

1.13

0.76

3.O2

4.4

1.67

f .11

0.02

o27
0.03

32.28

o.o2

0.04

0.07

0.60

0.26

0.04

223
4.88

0.02
0.01

0.07

2.70
o.12

37.77

57.49

0.08

5.54

0.02
4Í1.¿18

0.13

365.94

ß.43
76.18
13.05

0.13

0.s5
4.13

42.19

3.13

0.81

o.17

1.15

3.41
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Table 5. Percentage occurrence and mean abundance of allta¡<a of larvae
in neuston samples collected during all cruises.

FAII,IILY GENUS/SPECIES
% MEAI'I

OCCURRENCE No./l0Om3

Oupeidæ
EngraJidae
Osmed@
Arçnlinidæ
Büyladdæ

Mycrphitbe

MeduccirJæ

Gaddæ

Gotlidæ

Scomberesocidæ Ølolabissgi/ã
Scorpænidæ Unidenlified

Saäasbsçp.
Saäasfo/ohlsçp.

Anodopomalidæ Anodopnafrmúia
l-lexagrammi@

dupaløeng,.s øøilæi
Engølisnonla<
Unidenlifed
hlüæniacanúú
UnidenliñEd

B@l,/ggwspp.
B@qæ ochotends
Uddenlifed
@nûoæoplusþwtænü
D¡aÉtßüþta
lanprycfr,s regdis
Protomyúpum cræl<eri
Pþtom@phtm llnmpni
Tadeþnhniacmx.ila¡ís
S:Þtptræhitts leucoryts
Syntoloflæ,ns cdifomienæ
Medrcci.s ptoúßü,ß
Micngúts ptoximæ
Tlpragnchdcogranma

Unidenlified
Ofrtioúnelongûs
P I eu ro g nm m æ mwn pte rygû us
l#xagrantmosqp.
tlexagnmmas &cagnmmus
llexagnm mos I agoce phal us
llexqnmmosslelleri
Unidenlified
A¡þdtsfenesùalis
AtÞüus haningtoni
Øtfrlsæpr
tle n i I e pi û fr ts lc n i I e çi útus
Hemilepiúùtss¡lmus
Leptocottus antatus
Raúliinusqp.
Raúilìnus æprellus
*o rqe n i c hthy s m arm o ratu s

0.58

3.88
1.æ
0.09

0.09

0.09

1.13

0.19

0.09
0.28

0.09
0.19

0.09
5.9s
1.42

0.19
0.09

0.09

0.09

31.æ
0.09

18.(5
0.09

2..@.
0.19
4.16

0.19

0.19
19.01

5.01

0.09

0.28

o.n
o.n
0.09
3.02

13.14

0.76

0.09
0.09

16.54

0.19
9.99

1.07
0.01

0.02
o.o2
o.25
o.o2
o.o2
0.04
o.o2
0.05
0.0t
5.s6
0.65
0.03
0.02
0.01

0.01

16.71

0.19

19.86
0.0s

26.46

0.14
3.39
0.04
0.06

15.16

1.61

0.04
0.04
0.08

0.08

0.01

1.24

4.U
o.21

0.16

0.01

8.38
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Table 5 continued.

FATJ|ILY GENUS/SiPECIES

% MEAI.¡

OCCURRENCE No./l00m3

Phol¡(b
Ammodyli@
Cenûolophi@
Paralichthyidæ

Agonidæ Unidenlified
Gyclopteddæ UnidenlÍfied
Caran$dae Træhunsqmmetbus
Bdrymasridæ BatVmæIerW.

nonqillßþßtaú
Slichæi@ Unidenlified
Cryptæanüroddæ Delolefisgigntea

Pfeuroneclidæ EoptbþrØú
Enaxzæltitts
Pleurwectæiælepis
Mictostorrus p:iñcts
Pleu¡onectæwü¡its
Pleìfch@ s/tellafr,s

Pleuronichütys&cunerc
Pættlchütyssp. (2)

P æni chürys m el azosli c ù,.s

0.09
0.94
0.09

0.19
3.49
0.09

0.09
1.42

0.09
4.06
0.39
0.57

0.19
1.51

o.æ
0.09
o.æ
0.19
1.42

0.19
o.æ
0.09
o.%

0.01

0.16
0.09
0.03
1.75
o.2,
0.01

1.8fì

o.o2
7.11

0.07
o.4
0.03
o.24
0.09
0.4f¡
o.2.
0.03
o.4
o.02
0.3s
0.01

0.06
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Engnulldrc
Argcntinldec

Oono¡tom¡lld¡o
Ch¡ullodontidae
M¡hnoctorîldac
Myctophldeo

Mcduccldac
G¡dd¡c
Scombcrc¡ocldac
Tnchlpleddac
Mdamphaeldac

, Scorpecnldac

Crnngldac
lco¡tcld¡c
Ccntrolophldac
Tcfrgonuddac
Prnllch[hyldac

Plcuroncctldac

Table 6. Percentage occurrence and mean abundance ol ell tal(a of eggs
in bongo samples collected during allcruises.

FAMILY CENUS/SPECIES
* MEAN

OCCUBBENCE NoJl0m2

Unldcntiñed TolcortTypc A
TdcoaTypc G

TdcortTypc E

TobodTypc G

TclcortTypc H

TdcortTypc M

TclcortTypc P

Engnullomordu
Unldcnlifcd
Ntnædtcanúdt
Nanæ¡lacncs
ArgcndntCdb
l/&orostomt mlcmc/joma

Unldcntificd
Batfiylaguccap.
Batfraguomlllcrl
Batffiaguc ochotcnCc
Bathyltgucwcæthl
Unldonlficd
Chtulloduc mtcoud
Ttcloüm¿ m.êærpu,
Unldcnüñod
Myc{oph¡d.c B
Mcrluccluc productuc
Thcngn chdcognmma
Øloladcaln
Tnchlptantc altttcllo
Unldcntffed
*är,#lolobuctpp.
Tnchurw eymmcùícuc
lcoûcuc tcnþmtdcuc
lclahtlyc locklrytonl
Tctngonuuc cuvlcrl
CtthadctilhycA
ClthadclûhyaB
Unldcntiñcd
Eæxzrchhts
H I ppo gl o oæl dc c cl a aædon
Plcuronctcc læleflc
Eopæfreodlio
Microclomuc paclficuc

Plau¡onectccwttluc
Plafrchthyc dellatuc
Pl e u rort c hthyc co o no Eu t
Pl e u ro rt c hthyc de c u m n c
Plcurodchthycwtüctlþ
P ættic hthyc mela n ost¡ ctu s

Hi ppogl o ssu c ctc noh pl c

Bdh¡y'agldac

o.o9
o¿8
0.76
6.1¿l

0.09
0.85
0.85
2.17
1.51

227
0.66
0.09

0.æ
29.96
18.71

1.9E

7.56
0.09
0.09

20.69
2.17

1127
0.r9
3.31

o.E5

0.94
3i¡.6t

0.09
0.76

0.09
13.04
n.71

0.95
t6.15
7.8s

11.9f
15.12
0.19
2.08

. 21.E3

14.37

3.59

1.42

0.09
1.32
0.09
4.82
0.76

0.01

0.03
0.06
121
0.0f
0.11

0.15
6.¡18

0.13
o.24
0.05
0.0r
0.03

10.76

3.49
0.37
121
0.01

0.0t
2.45
0.63

59.91

0.09
0.¡18

0.07
o.æ
12e
0.0f
0.52

0.08
2.06
3.¿18

0.13
4224
2.61

14.¡13

3.76
0.02
0.37

14.03

2.A8

0.95
029
0.01

0.09

0.01

0.56
0.01
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Table 7. Percentage occuflence and mean abundance of all taxa of larvae
in bongo samples collected during allcruises.

FAMILY GENUS/SPECIES

% MEAN

OCCURRENCE No./10rnr

Eurypharyngiclae

Clupeidae
Engraulidae

Osrneridae

Argentinidae

Balhylagidae

Op¡slhoproctidae

Gonostomatidae

Stemoptych¡da€

Chauliodontidae
Melanostomidas
Scopelosauridae

Myclophidae

Paralepididae

Scopelarchidae

Eurypharymsgg.
Clu pea harangus pallasl

Engraulb mordax
Unidentified

Osmerusmordax
Nansanla candida
Argentina dalis
Mic,ostoma mlcrcgoma
Unidentified
Bathylagusspp.
Bathylagus miilañ
Bathylagus ochotengs
Bathylagus paciñcus

Leuroglosus dilbius
Macroplnna mìcrodoma
Cyclohonespp.
Argyropelaasqp
Argyrcplearc lychnus
Argyropleans sladani
Danaphos oulatus
Chauliodus macounl
Tactostoma macroPus
Scopelæaurusspp.
Unident¡f¡ed

C€ rastoscop€lus townsendi¡

D¡dphus theta
Dloganichttys sgg.
D ioge n ichttys atlant¡cus

Lampanyctus spg.
Lampanyctus regalis
Lampanyctus titteñ
P rctomycloph um c rockeri
P rotom ycto phum thom pson ¡

Tadeton æ anl a cranularis
Stenobrachius qg.
Stenobrachlus leucoryrus
Sym bolophorus calilomianse
Loweina rara
Notolepis tiss'oi

Lesticliops rìngens

Benthalæila clentatd

0.09

0.19

5.67

4.91

0.09
5.86

0.09
0.19

2.08
0.28

1.79

34.O2

11.72

0.19
0.19

1.42

0.66

0.28

0.09

0.85

13.52

0.47

0.09

3.97

0.19

18.53

0.09
0.09

5.0f
293
6.90

24.10

12.10

34.40

0.19

s6.33
0.47

0.09

0.09
9.64

0.09

0.01

0.02
13.16

5.77
0.01

0.82

0.01

0,01

0.44
0.05
0.11

13.49
1.38

0.04
0.01

0.10
0.0s
0.18

0.01

0.06

1.1s
0.05
0.01

1.48

0.01

19.61

0.01

0.01

o.T7

0.31

0.91

3.09

1.28

7.96
0.03

71.65
0.04

0.01

0.01

0.96

0.01
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Table 7 continued.

FAÀllLY GENUS/SPECIES
% MEAI,¡

OCCURRENCE No./l0rÊ

MeducckJæ

Gaddæ

Mærcuddæ
Oph¡ddæ
Byh¡lidæ
Scomberesocidæ
Træhipteddæ
Melamphæidæ

Scorpænidæ

Ar¡oplopomalidæ
ÞÞxagrammidæ

Coüidæ

Agonidæ

Clclopteddae

Meducc.is ptoü,,cü,.ß

Unidenlified
Gaúts mæt@tdus
Micngaü,sproximæ
llnrrynchdcognmma
Unidenlified
UnidenlÍfied

Bn*ropttycis narginaÞ
ØlolaHssrln
Træhiptents dfnæ,lÍs

Unidenlified
Melanfftæssp¡p.
Melanfltæslugubrís
Unidenlified
Saäasbsspp.
Sebastes paæiEinus
Sebasblobus spp.
Æp4opmañmtuia
Offtiocbn elongafrs

@ebiæ¡ticülrs
llexagrzm mds &c agwn m us
lhxqranmosstellerí
Unidenlified
,4ffecf¿Æspp.

futeúusÍenesØis
tuteüts haningûoni

Arteüusmeanyi
Øttusryr
lle n i I e çi úüts ln n i I e çi úüts
lle m i I e ¡i úis qpinos.ts

Leplocotùsamafrs
Paræelinusllriflíticus
Raúlínusrynllus
Raúlírus bleoí&s
*o rryni c hthys m ann o ratus

crt¡//o/nofrß g.tgetencs

lcelusçp.
Unidenlified
Agonidæ A
Bahragonusavani
Unidenlified
Upnts plchellus

0.38

0.09

o.47

3.12
0.38

0.09

0.76
0.28

o.47
2.08
4.91

0.94
0.57
0.85

¡tÍ).5/

0.38

7.66
t.æ
o.47

0.09
0.66

0.09
o.47
0.19
0.8s
3.31

0.85

0.19

o.æ
1.89

0.57

0.28
1.32

0.19

0.8s
0.09
0.09

1.42

0.28

0.09

10.11

0.09

o.æ
0.01

0.06

0.70
0.0s
0.01

0.08

o.o2
0.04
0.15
0.52
0.08

0.05

008
18.9s

0.03
1.24

0.15

0.04
0.01

0.04
0.01

0.03
0.07

0.08

0.3Ít
0.11

0.09

0.02
0.ã)
0.37

0.0s
0.09

0.01

0.05

0.01

0.01

0.10

0.02
0.01

0.92

0.0f

t79



Table 7 continued.

GENUS/SPEOES
% MEAN

OCCURRENCE NoJl0m2

TndturussymmetÍans
Bathymasterspg.
Rmryilusiordani
Unidentilied
Chírolophíssgg.
Plectoûanúiusevides
Po¡oc'lnus rcthrocW
Stidl¿eus ptncâùts

Gryptacanthodidae Ctptaøtütodesaleutensis

Carangidae
Bathymasteddae

Slichaeidae

Pholidae
lcosþidae
Ammodylidæ
Got¡iidae

Centolophidae
Tetagmuddae
Para[ctrthyidae

Pþurmectidae

Phofrsspg.
læteus aenigmatias
Anmodytas hexapterus
Cþvlanúalæ
Le pidogottius lepi clus

lcldtthys lockinglml
Tetagmurusanvieñ
Clthañúihyss99.
Clithañùfhyssorüdus
ClthadúthysstÍgmaeus
Unidenlified
Alhensthesstomlas
EmßCdtthys Mthyttius
EoptÞ jordani

Enexzadtirus
Hippqlossoi des elassúm
Pleurmec'tes isolepis

Lefidopætta tilineaE
Eopættaexilis
Micnstomus pa'frans
Pleuronectes wülus
Platidtîhys stellatus
Pleu røidtthys ooenosu s
Pætli dt tr ys m e lan osti ct t s
B h ei n h tdti u s h i p p og læsoi de s

0.19
0.09
2.O8

0.66

o28
0.09
0.19
0.09

0.19
0.19
1.04

1.80

0.09

0.19

4.35
0.r9
4.16
6.71

6.61

0.19
0.66

0.19
0.09
624
o.47
4.35
0.09

16.07

321
5.20
1.89

0.09

4.06
028

0.17
0.01

0.30
0.05
o.ù2
0.01

o.ù2
0.01

0.01

o.v2
0.09
o.24
0.0f
0.01

0.40
0.û2
1.æ.

0.73
0.58
0.02
0.06
o.t2
0.01

0.78
0.03

- 0.75
0.01

3.17
0.3ft
2.0s
o21
0.01

0.52
0.c3

180



Table 8. L¡st of dominant icfrthyoplankton ta<a and their assoc¡et¡on as eggs or larvae
witrthE different sampling gears.

NEUSTON BONGO
FAMILY GENUS/SPECIES

EGGS I-ARVAE EGGS LARVAE

ENORAUUOAE

OSMER¡DAE

BATFÍYI.AGIDAE

CI.IAUUODONNDAE

ME¡.ANOSTOM¡DAE

ITtYgfOPHIDAE

SCOMBEFESOCIDAE

TFACHIPTEFIDAE

SCORPAENIDAE

ANOPLOPOM TIDAE

HE(AGRAMMIDAE

CO.rNDAE

BATI.IYiIASTEFIDAE

GFÍYFTACANTHODIDAE

IC,OSTEIDAE

AMMODYTIDAE

CENTROLOPHIDAE

PARAUC}ITFMDAE

PLzuRONECTIDAE

Fngraullcmordax
Unldenüficd
Unld€nüfi€d

Erlthflqacqg.
futåylaguoodtotqslc
tuthylaguspadñan
Chanlldue macannÍ

Tactætona mtcmput
Unldenüñccl

Dlaphucthda
Monyctophum c¡ækctl
Hotonyclophu m ¡h otnpottl
Tad etæbean la crenulads
ãcnobndilu¿lancoparue
Ølolaile æln
Tnúlpterucaltñnlio
Seäactea cpp,
Scbætolobncspp,
Anoplqomafrmbria
Ophlodadmgatuc
Hexagnmmædaægrunmue
Hexagnmmæ lagæaphduc
He ml I epl d otu e h ud I e fl dotu c
Henllepldotus cplnæue
*oryaeilúthyamemoratut
tunquiluctordul
Cryptacanth od æ d autnC a
lcæteuc aenÍgmatícttc

Ammodytae hcra,pteruo

lddlthplældng onl
Cltharlúthyzepp.
Cilhañúthys so¡dldue
Clthadcflthys etlg maaua

Unidentlfiad
Enrlxzachlrue
Pleurøec-tes Isolepls

Eopsctta cxíllc

Mictætomue paclfran
Ptaltronecføs vatulue

Psetlídtth yc mel an æti ûts

x
x

x
x
x
x

x
x
x

x
x

x
x

x
x
x

x
x
x
x
x
x

x
x

x
x
x

x
x

x

x
x
x
x
x
x
x
x
x

x
x

x
x
x
x
x
x
x

x
x

181



Table 9. Relative abundance of dominanttal€ of fish eggs in neuston
samples collected during all cruises.

PERCENTAGE OF

FAMILY GENUS/SPECIES TOTALABUNDANCE

Engraulidae
Chzuliodontidae
Melanostom¡dae

Scombercsocidæ
Trachipteddae
Scorpaenidae
lcoste¡dae
Centroloph¡dae
Paralichthyidae

Pþuronectidae

Engnulits morda<
Chauliodusmæouni
Tfro6ronemæroPus
Cololabissira
Trachipterus altitalß
seöastotoöusspp.
lc&eusaenigmaføts
lcic-ltiltys lækingÊmi
Clúafrch@A
CinanchürysB
Unidentiñed
Enexzachírus
EoNfteertß
MicrælomusPciiFrcus
Pleuronectestßtt¡/us
Pætticlrütys me lanñicfr/s

4.4
0.30
0.69
0.36
s.19
7.93
0.76

5.99

50.38
s.90

10.¿t8

1.79

0.55
s.80
0.93
o.42

Table 10. Retative abundance of dominanttð€ of fish larvae ¡n neuston
samples collected during all cruises.

GENUS/SPECIES

PERCENTAGE OF

TOTALABUNDANCE

Engraulidae
Osrneddae

M¡ætophidae

Scomberesocidae
Scorpaenidae
Anoplopomdidae
Hexagrammidae

Cottidae

Bathymasteddae

Cryptacanthodidae
Ammodytidae

Engranis moda<
Un¡dentified

Tailetm be ania crenu larß
S-te n o b tachi u s le u c o Ps ans
Cololabís sin
Seöastesspp.
Anoplopmafrmbda
Ophiúm elmgøtus
Hexag nm mæ decagrantmus

llexa g nm mæ la g æe Ph al u s
He m i le pidotus he m ile Pidows
Hemilepidows sPinoan
Scorpae n ich@ m armorâu s
Bonquilus jordani

C ry ptac {, th o de s a le ute n si s
Ammodytes hexaPtenrs

5.96
0.26

3.3f¡
0.26

10.08

11.99
15.97

1.95

9.1s
0.91

o.74

24.65

s.06
1.05

1.00

4.16

L82



Table 11. Relative abundance of dominanttaxa of fish eggs in bongo
samples collected during all cruises.

GENUS/SPECIES
PERCENTAGE OF

TOTALABUNDANCE

Engraulidae
Bathylagidæ

Chzuliodontidae
Melanosomidae
M¡ætophidae
Trachipteddae
lcoste¡dae
@ntrolophidae
Paralichthyidae

Pþuronectidae

Engraulis mordat
Unidentified
Batylag.sspp.
Bailrylagr.s æhotensis
Chauliodus macouni
Tectætome mecrcpts
Unidentified
Trachipteus altivelb
lcæteusænigmafrcus
lcit;ltthys lækhgtmi
CiüadchürysA
Cl/z,arichüt¡pB
Unidentified
Enexzæhirus
Eoætta exÍlis

Micrætomus Wlftcus
Pleurcnecteswnlus

3.54
5.89

1.91

0.6s
1.34

0.3s
32.82

2.3s
1.13

1.91

23.01

1.39
7.91

2.O5

7.68

1.57

0.51

183



Table 12. Relative abundance of dominantta¡<a of fish larvae in bongo
samples collected during all cruises.

FAMILY GENUS/SPECIES

PERCENTAGE OF

TOTALABUNDAI.ICE

Engraulidae
Osmeridae
Bdtylagidae

Chaulbdontidae
Myctophidæ

Scorpaenidae

Paralchthyidae

Pþuronectidae

Engaulß mordar
Unidentfied
Bathylagus æhotensß
Batrylagps pituts
Chauliodus mæanni
Unidenttied
Diaplzusthea
Prctomptophumc¡æReri
Prctomwtophum thonPni
Tadetmbaniaaenulzis
S:ten obtæh i u s þ u c o ps¿tu s
Seöastesspp.
seöasfo/ohrs spp.

Cithatuhthysspp.
Cihañchthys srdidus
Cithatuhthys stigmaeus
Enex zachirus
Pleuronætes iltoleps
Eoæta exilß
Pleuronætes tÊttilLÊ

7.15

3.04
7.31

0.84
0.6f1

0.96
10.64

1.68
0.69
4..

38.90

10.æ
0.62

1.00
0.35

o.n
0.¿t6

0.35

1.70
l.t0

184



Table l3a. Mean abundance (no./l000m3) of domlnanttaxa of eggs ln neuston samples for each sampllng perlod.

Cruises ananged ln order of t¡ming of sampllng. No eggs ldentll'led from neuston samples collected durlng crulse PO82.
r = Ta(on present but occuned ln lessthan 5% of the samples. - = Taton absentfrom samples.

Eady

Spùg Spthg spùg

TKSO

spftg
L¡tc

Sprhg

POsf

l-atc
Summcl

FO€XI

l¡tc
A¡tr¡mn

DAsI

Lalc
A¡tumn

MF8¡IPO84 EA83 MF87TA)(A

P
@
Ul

Tdeod Typc A

Teleoet Type F
Engnulls mordax
Bathylagldac (unldsntlf cd)

Bathylagusepp.
dtanllodus macqtnl
Tactodoma macnoPua

Øldadseeln
Tnchlpterue altlveilg

Seöastolotrrs spp.

lcoâaue aenlgmetlcuo
lcldtthys locklngtonl
Qthedchthyt A

C)thadchthyeB
Pleuronectldae (unldenllf cQ

Engxzachlrus
Planronectes lsdePls
Eopsûta etdlle

Mlcrodomus Paclf,cue
Hanrcnectæ vefrlus
Platlchthye stellatus

ft atilchth¡æ melan osllctu s

Pl eu ro n I c h th Yt dec u ttPtt s

a

a

0.79

1.84

29.80

1.æ
16.38

18.58

12.81

3.57
¡13.96

52t.11

1.21

15.45

98.23
2.gl

a

3.8ft

3.46

t

72.æ

9.65
¿16.38

9.41
t

f 1.¡lo

5.78

6.1e
¡t9.10

t
a

a

t

3.15

88.65

:
1.75

t

12.75

1.9
23'.23

176.¿15

6.62
¡18.35

34.05

1.¿lfl

10.98

f25.19

t

3.48
a

5.65

156.23

;

1@..14

f 5.38

12.35
¡18.8!¡

664.84

7.C2

5.20

11.54

r1'

1.17

;
28.99

477.75

1.37

130.ãt
167.55

t
a

7.89
t

2.10
rt'T

t

t

¡o.sr
t

1.38

58.78

9Ì01
1.gt

28.oft
¿f66.35

100.67
79.36

1.Oe

a

n:g

'1

4.;

a

9f.18

a

u.tl
978.s2

¡16.01

28.50

ß.;

r.3'l
2.30

:_
. 5.65
r 1.&l

3.88 6.3i1

11.57 14.q1

: *;
8.71 18.51

18.88 1065.62

10.7f 72.76

28.68 607.49
a

. 2.æ
t

r.; r2.;
7.51

1.41 1.65

z.Cl 1.&l

t

59.5i7

t

a



Table 13b. Relatiw abundance of domlnant taxa of eggs ln neuston samples (% of total egg abundance) for each sampllng perl_od.

Grulses arranged ln order of tlming of samþlng. No eggs ldentified from neuston samples collected durlng crulse PO82.
r = Taxon prðsent but occurred ln less than 5% of the samples. - = Taxon absent from samples.

TÁù(A

Early
Sprlng

PO84

Sprlng Sprlng

L¡tE
Sprlng Sprlng

EQ83 POsfBA85 TKEO

[¡te
Summer

PO80

Late

Autumn

DA81

late
Autumn

MF83

Wnter

MF87

P
cp
ol

TeleostType A
TeleostType F

Engraullsmordax
Batlrylagldae (unldentlfled)

Batffiagusapp.
Chaulbdæ mæunl
TactostqndmacrcP,ß
Colobþls salra
Ttdchlpterus altlvells

seôasloloöus spp.
læsteLß aenlgmatlctß

lclchthys locklngtonl
CltharlchthysA
CltharlchtlrysB
P leuonectldae (unldentlfleQ

Errexzachlrus
Pleuonectes þlepls
Eoryettaexllls
Mlcrostqnus Fclîlcus
Pleuonecteswtults
P¡latlclrtlys steildt.E

P stilc hthys meldlnilcttß
P I auonlchtlYs decunetP

t

Õ

0.25
o.I

9.57
0.39
5.26
5.97
4.11

1.1s
14.12

16.74

0,39
4.96

31.5s
0.92

t

1.23

1.1 I

a

32;

1.11

21.æ
4.30

t

s.2l
2.æ

2.82
2,.16

t
t
t
a

0.58

f 6.00

o;
t

2.35

0.80
4.æ

32.s8
1.2,
8.56
6.æ
0.26
2.03

4.12

t

0.64
t

0.52

14.ß

;

'ãf .¿O

1.13

4.46
60.52
o:t2
o.47
1.05

t

'.:n

t

t

'¡

0.1¡l

:
3.¿t0

56.02
0.16

15.27
f 9.6s

t
t

0.92
t

'o.â
3.73

;
a

5;
t

0.17
6.80

3.59
o.ï

9.12
55.86

f 2.06
9.51

o'lt

t

z.qe

o;

oã
t

¿[.50

a

s.38
81.21

3.82
2.7

1;

0.11

0.19

;
a

t

4.42

13;

9;
19.25

12.%
32.70

t

o^sr

0.10
oï

0.81

o;
1.01

58.38

3.99
33.28

t

0.f 3
t

o.71

0.40

0.09
0.f 0

1;

1.61

3.39



Table 14a. Mean abundance (no.ñ 00OmJ of domlnant taxa of lan¡ae ln neustm samples for eacñ sampllng perlod.
Gruises arranged ln order of timhg of samplhg.
r = Taxon pesent but occr¡rrcd in less than 5% of the samples. - = Taxon absent from samples.

Early
Sprlng Spdng Sprlng

Late,

Spdng Spdng
Lale tab

Sprlng Sumnpr

t
t

t

5.81¡

4.73
2.73

t

t

t.o
2.12

t

[âb tåþ
AJTJmn AJIJmn Wnþr

F
(Þ{

TÐ(A PO84 BASfi TKBO EQ83 PO€EI PO81 PO8O DA81 MF&I MF87

51.60
4.57

t
¿0,3!t

":'

:
7.60
2.8t0

Engraullsmordu
Osnerldao (unldenüfr ed)
BaürylagtsdnÞnds
Tadeþnæd¡ild crcnulads
Stenobræhlus leuæi4sarus
Ølolads sln
9aöasfasspp
A¡topbpnafrmbda
Optiloünebtgdfits
l#xagramnns Mgrunmus
l# xag ramnns lagæ ph alu s
lb nl le fl úlus heml la fldtts
lbnllepdofris$næts
Særpenlùttys matmoÊtus
tunqulhtsþdarl
Cryptaænt o&s dlautends
AnrnodybshexaPterus

r 11.87

tt

3"80 :
ãt.38 æ,.il
49.n s2.13
94.G' 40.æ
4.27 t
6.7'.î¿ 6.54

t_

2.ïl t
52.59 l3.6fl
16.54 14.98
1.73 ¿f.88

t_

12.70 1.91

-a

a
t

25.35
5.05

29.90
3.29

24.O5
0.frít
1.34

75.O7
7.47

3.57
40.74

-a

1.4
t

0.70
15.85
54.98
18.19
n.28

t

4.19
8f¡.70

3.28
t

10.57
t

-a

0.53
t

¿f.05

11.58
7.O1

1.99
2.9t8

fl.t9
2.O1

4.12

3.88

g.n

2.4
t

27.87
f .5¿

s.ú2.T

4.68

t
ae

24.97 28.69
t

18.74 8.9
o.42 1.94

tt

0.8Ít 76.74
1.21 9.æ

3.¿16r 160.54
5.8ír 7.81

t

TotalFlsñ l¡ryæ 232.26 ?25.41 274.44 f 81.87 51.00 24.57 116.41 85.68 49.50 304.8f



Table l4b. Relaürre abundance of domlnant taxa of laruae ln neuston samples (96 of total larval abt¡ndance) foreach samfllng perlod
Crulses arranged ln or&r of ümlng of sampllng.
r = TÐ(dt present but occurßd ln less than 5% of samfles. - = To<on absent from samples.

Eady

Spdng

FOE4

Spdng Spdng 9pdng

TKEO

Lalc

, Spdng

FO82

L¡tc
Spdng

FOSl

l¡tc
Summcr

FO80

l¡tc
Autumn

DAEI

l-atc
Autumn

MF83

Wlnter

MF87TAXA EOE¡IBA85

P
GI
@

Engradlc mordax
O¡meddac (unldelrtlfcd)

Bathytagw ochotcnslo

Tadelo nbc anle c¡o nul ad c
3t c n o b¡ac hl w I c uco pc a nr
Cololedc caln
Scbacfcr cpp.
Anoptopanf,mbda
Oplúodon clorrydw
Hcxagrunmoo dccagnmmw
Hcxag ren m oc lagocc phdw'
He m llepl dolw he m lb fl dotw
Hcmllepldotw cplnosw
S c o rpac d c ltth ys m am o nt w
Ronqdlwtordanl
C rypt ac ant h o d c s cl c utc ncb
Ammodylæ hexaptcruo

-a

a

t

t0.9zl
2.17

12.87

1.12

to.35
0.36
o.5E

32.92

3.21

f .54

17.51

;
0.64

a

o.3t
7.03

2¡f.39
8.07

t2.55
a

f .86

37.13
t.48

a

¿t.69
a

a

t

t;
7.13

17.95
34.28

1.56
2.15

a

0.9¿t

t9.1E
6.03
0.63

a

¿1.6¡¡

8.52

a

t7;
2E.gl
ü¿.o1

a

3.60

a

7.49
E.21

2.69

f .05

t

1.05
t

7.91
æ.71
13.75
3.90

'.I
2t.93
3.95
8.07

7.62

a

a

a

23,71
lg.¿l
tf .fl

a

a

;¡,lt
E.6¡t

a

¡t¡t.33

,1

t

9.71
*':t

a*
2.:

tt.:,

2.85
t

sit.53
1.!

8.79

1.:

6.¡t8

;

60.¡tg

37;
0.86

a

t.67
2.41

t

tt.l.

a

a

g.¡tf
a

2.71
0.84

t

25.t8
3.?2
l.l3

52.87
2.56

a



Table f Sa. Mean abundance (no./l0m2¡ of domlnant ta<a of eggs ln bongo samples for each sampllng perlod
Cruises arrançd in order of tmlng of sampling.
. = To(qt present but occurpd ln less than 5% of the samfl€s. - = Tuon absent from samples.

Eady

Spdng

FO84

Spdng Spdng Spdng

TKsO EO8¡r

L¡te l¡tc l¡tc Ldc
Spdng Summcr Aulumn Adumn

FO8{r DAEI MFE¡' MFET

L¡tc
Spdng

FO82

Wnlcr

TÆ(A BA85 FOEl

TeleoctTypc G

Erryraulls mo¡dax
Argentlnldac (unldctttlfcd| t
Nansenla candlda O.Ez

Bathylagldac (unldcnüfed) 29.99
r3.05

2.73
2.18

¿t.06

6.08
1.81

2.O4

o.a2

9.83
o.77

17.35
3.98
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Tabte 1Sb. Relative abundance of domlnant taxa of eggs ln bongo samples (96 of total egg abtrndance) br each sampllng perbd.

Cruises arranged in orderof tlmlng of sampling.
r = Ta¡on prò'sent but occurrcd ln ¡ess than 5% of the samfles. - = Ta¡on absnt fll)m samples.

Eady
Spdng Spdng

l-ú
Spdns

l¡b
S¡mnrr

Lab
A¡¡tumn

l-ab
Autumn WnbrSpdng Spdng

Lú
SpdnS

Tcleost Typc G
Engndle nnrdax
Arçntlnldæ (unHontlf,sQ

Nanænlacandda
Bathylagldæ (unlèntlfr cd)
Batlrylagae app.
Bathylagae mllleil
BatflagusochotonCs
Chaulbdue macounl
Tæ'osþ.mamac/E,Pug
Myctophldæ (unlcbntlfr cd)

Medrcelue poductue
Træhlpterus dtlvalls
Sabaslebtxtsepp.
lcosìeue ænlgmalcw
lclchtlVe lældngþil
clthailchthye A
cithailchthysf¡
Pleuonectldae (unlÔnüflcQ

Enexzæhltw
Pleunnectae lælePle
&øçeltlactdllc
Mbr,stomuePælfuuc
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þttichthp nPl anostlclus
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0.38
12.æ
5.31

1.1 I
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0.31
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0.61

"*oj^

1.æ

6;

1.æ,
a

1.55
1.70
a

7.O1

zU
t

2.ù2
3.84

a

"*a

1.54

:
2.æ
o.66

¿16.82

,.",

1.to
1.E¡

f2.d¡
a

6.68
l.CXi

0.ó*t

11.25

1.96

o.g)

t1*

2.52
1.45

0.34
0.87

21.15
o.8fl
2.dt

1.16
0.94

25.ã'
1.29
2.17
3.19
t

1aß
3.61

t

;
0.89
oj*

0.67

tl.ts

1.37
t

O.¡18

3.3í¡

26.81

o.s6
o.8ti
5.7t

a

12.91

2.95

o.29

I

a

0.31

2.9
0.80

t

1.21

¡ß.50

itt
o.42
0.91

1g.dt
1.05
6.æ,
2.E¡
t

12.11

1.31

a

;
1.38

0.78

;
t.jo

t

;
37.dt
15.17
4.æ
0.dt

a

t

0.66

1.G'

2.ll

a

io
t.¿L9

o.3t

10

alrs

t

2.29

71.4
2.58

t:to

t.5t
o.æ

t*
12.8f1

f .96

:o'

a

t1*

9.77

8.94
1.74

t3.66

t

Y
o.4

20.38
2.35
2.39

a

T
2.19

iru
4.37

24.71

2.ß
s1.4

I

a

a

L¿l{¡
a

9.65
a

P
\o
o

3.34
2.59



.J,
:

-,
t'8'o

:
ta'o
oet

:
¿gæ
¿co

:
8e'o
gt'o
gïL
ot'G
I'tE
¿8'C

89't
a

*-'
a¿'¿J

:

ltl
st'1

:

,tl

,€t
9r'8
g¡'z
ce'o
9¿'1

uo

9ftt
ego

a

:
I

a

?TI
c0'¿
¡t'cr

..0

a

a
(r9
1t'o

a

tf'J

lfi
lt'o
,r'¿

a

ao
:
a

;

:
I

l9'o
a'J

'-o
a

*.0

a

tt_o

(f'o
G'O

-:o

a

L¿æ
úrt
æ1
19l
tt'9
,¿g
a-,

ozo

:
a

/t6'æt

"-o
90'0
¿e'3
09'0
*.o

Iz-o
a

a

a

a

.-'
rco
89'o
¿..J¿

I

a

a

a

fF9'r
¿t'L
t90
é)',
t¿'¡8

"-o
qt'l
o1'8

a

a

¿go

:

zgo
¿ro

a

ot'¿
¡gs
eûl

:

¡co
a

¿sr

go
a

tt'(n
a

a

I
tl
¿84)l
9t'9
go
at¿
tÍn
z9tl

æ¿

-:,

9¿'g

9sl
¿go
ôt'1
æ'9
f¡41
ft¿'s

I
ar'¿
¡¿'o

a

a

,:
a

¿¡'s
t9l
æ'o

a

lco
EJ
sË
'¡'o¡,¿t
tr¿
ð'æ
J¿J

-_t
¡t'l

1*
æ't

a

19'O

'9'lãÍo
a

6t'¡
¿ro
zto

a

a

a

a
a

a

a

a

a

D0'zt
(D'O

a
ãz

a

tgæ
o9r
,7J
l't'S
la'9
ts3
B'1

a

EI

i'
¿fa

a

I

I

a

:

a

a

æ't
a

¿9'O
gJ
J¿C

I

a

I
jl'a
(Fæ
¿9'$
lEZ
19'Z

9,,
ztJ
,'-o

gl'¿
¿rE1

a

a

a

o:

0¿'o
8I_Ol

0a'o
8r'o
1¿'O

a

:

e9r
I

æ'0
¡€'0

I

loe
,l'g,
1¿t
æo
oÍl
rgt
9¿'LIJ
ALJ
tot
ot't
D0't

t
50

a

tz,
9l'ot

a

st'z
¿E''
2g¿

aqlßEltaput ekganoe¿
f'],rg. 

''lÐtþ4x'¿.þrpdetuqwyl
qfP{ðqJúZ

q@lq*nnt¿
Û4tpanttz

srú4.ttg,i{9{4J.np
sgpeftAWtlP

'ü.I1g,tptt AP
FgOuPtelWFPt

nrydøtlq/,putt|
pedoM

@¡gn¡¡cnun) ¡ç¡qôPtO
ãæqûsplÓf,ur.H

t@qdtwtY
'dÖetgsrç¡

'rbg¡¡çSl
þH¡¡¡p|unl.+Prfd¡¡qql

qprw.r¡t¿q4Put
aruPtdtt@u911

ot*ltWl
aufuúf.rtFt¡p/çÉt

qrqt',,Ðþ 4)-crryl,.l
f@,tt@Ittrytd

,'¿Ép,Þtutt|dq,eíuæt¿
4'ro.ülct E

lp.Un¡¡.Hun) .Ttqdqt4ï
Fnø.utÛntwl

'dE.aælJtr¿/o
ã?píq.d¡'ú4t$rg

qaøqry'',aqfi{.g
,ff/uf,úqtÍrl..g

(pq¡n¡r.Êun) .m0Crt¡¡tg
tplptte4,ãtÇ¡

(pq¡$u.ptt¡olqgcu¡€
xFþuq¡',.tattJ

r{
Ol
r{

ur¡trq¡v

afl
uu¡rl¡v
.túl

¡ar¡¡u¡ns !r{¡€
.[fl

0r{¡dS

eúl
!ut¡€
fut-å

'ce|d¡¡rc uþ¡¡¡uúqP uq3l - - 'sqdu¡¡3 e.Slo 96S uq¡ 3sq q p..un<þo ¡nq¡r¡erF¡d uool r I
0u¡drurc ¡o OuF¡[ lo ¡€plo q PeôuB¡¡E ¡ee¡ruC

.po|¡ed ôulÉu¡lt |F€e ¡ol .qdt¡¡B oouoq q ee ¡¡l lo E(4 rrß¡lt¡¡oP to Gt¡o l¡ot¡) eouÐuncp u€en 'E9l qçl



fF'¿

:

J'
æ'o

a

:

æ'o
eE't

:
æ'1e
où'o

:
¿¿'o
a'L
s9'o
ß'e
La't
æ't

*-'
t

æ'o

t-,

9t'8t

a

æ'01
9¡'2

a

:

a

L'''

4'a
tt'1t
st'¿t
¡t'E
9¡'6
gl'E

I
s9'¡
9¿'l

a

a

I

:

a

ot't
s¿'9
E't8
€o'z

a

'-o
a'

a

t9'æ
t'o

I

'g'¿¿9't]
a

5'O
?¡'9

a

a

ID'J

:
a

'-o

J,

:

&'o
89'O

tt_o

,t_o

"-o
tt'o
,¿'o
st_zl

a

¡¿S'S

9S'r
r.o
z9'o
ú'¿
gr'¿
o-o

o1'o

:

æ'99

rt_o

æ'o
9t'c
a'o
o:
æ'o

a

a

a

":
ct'o
a'o
æ'¡

a

a

I
or¿
9r'99
!t'o
¿L''
r¡¿'tt

t

*.o

1t'o
9t'E

a

a

¿öo

:

a'o
Dt'o

út'¿
,¿'l
tt'o

:
fEo

a

ü'o
,u-o

g¿'o

a

0t'ot
a

a

a

¿8'O

fl.t
e9'98
(t'o
¿o'o
a'æ
aD't
*.o

ül't'i
1S'l

99'O

€8'O

¡t'o
æ'z
rt'0
ftf¡'t

a

Ë'o
æ'o

a

I

t:

I

0t'l
g9'9
g'o

a

I'O
cto
or',
19'æ
G'O
¿t'1
T3'JJ
rt'o
,_o

e'o
æ_r1

tt'o
a

Ë's

to'o
tEo

a

Jg't
9g'o
¿r'o

a

a

I

I

a

a

a

tl'¿
fp'o

I

t1'l
a

t'o
tc'49
e¿'o
JO'¿

to't
s'¿
zl'o

I
DE'Oi

I

tt_t

a

:

a

a

a

æ'o

,z'o
09'o
æ'e

a

z9'o
æ't
5'C'
æ'l
8t'1
¿t'c1
,L'O
o:
lt'o
00'9

a

I

a

t€'ll

gz'o

*-'
ot'o
8t'0
EïO

:
a

E'O

æ'o
¿l'o

rr'l
æ'tt
z9'o
zro
99'O

9t'o
æ'9

'(¡'Gt¿e'o
09'¡
0¿'o

a

9S'O

a

98't
æ'tt

a

e'o
9¿'r
æ'o

t4eßættúløll út4tpgtæd
tlnÍ8atg.,taw¿

:qtúnuqøgin
qpct4lú?

'ffi.qærp4q¿a4Pzruf
sÐJtqtsÍt4tfl.np

''g/rn.Ãl{,,nt.0p'dÖ*ft3tflt.ep
ptqøtWtetftgtpt

rn{,ctw.lqlputuv

'./,4F/f,Nnary(pq|cucppn) .tp|rerbpfo
:øq.bûtqEb,tu.H

frrq&ryqstwrl
'dö¡rrtrsrySr

'dóra¡8'çs
lpq¡n¡rppn, ¡Floqd¡¡q.n

qent úrqqtp.t!
nwpds@¡Y1

etúqtffiÐl
qrJfi./.Þau'g,tqpy.t

¡l¡túnq¡rry-r,P.tq.tqs
pdsquW@mgot¿

,npp,Þ u.tUcbtetÍIttqt¿
4d4ciltd.to

Ft¡¡¡¡¡ppn¡ ¡nqû.rÁn
¡,rætt3'rpl¡nep

'ùtPt+ættO
tqñeúqla.g

qsryt/rp',6qIt{'.A
pqttnøq&ln

(p¡t¡¡¡¡¡ptunl .TtõlÁCt8
wu'oqtt,.|tw

lpq¡n¡¡¡plun) .Fp.u¡¡O
4ntrytútt3

(\¡
(n
Fl

¡q¡4m uu¡nnv
.lfl

urn|'rv
.tfl

0r{¡€
afl

!w€¡.r¡¡u¡ng ouy€
.tfl ¡rl

out¡€ lr¡u€ lr¡l¡€
rs¡3

'¡qdu¡r¡ t¡¡o,t¡ ¡u.rl¡ tþx¡l - - '3qdu¡¡3 ¡o *9 u$e ¡¡q q pe,uncoo ¡nq ¡uee.¡d uox¡l, ' I
'0u¡¡dure p ôu¡tuß¡o¡€p.þ ulpeôuure eec¡rug

.popedtqldr¡¡¡¡rfcÞ.¡ol(eor4unqrr¡q¡¡3 ¡q¡q4pgO3qdu¡Eoôuoqqegr¡q¡9E(4lu¡t¡lt¡¡oP¡oe31¡rpunqle4qo6 'qgloülel



Tab1e 17.
Minimr¡m, mean, and maxinun lengths of EnqrauÌis mordax larvae and
nunber taken in neuston and bongo samples during each cruise.

LENGTH (nn)

cRUrsE sEiÀsoN NIIìÍBER UfN. IrÍE,Al{ !.fAX.

NET'sAONS
PO84
BÀ85
TKSO
EQ83
PO82
PO81
PO80
DA81
I,TF83
MF87

EONGO:
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DÀ81
t{F83
Ir[F87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

s¡l¿ sz:,o
16.0 29.O

10.2 29.O
2L.8 30.5

19.0 19.0

8.O 26.5

10.2 29.O
L9.2 26.O

250
280

1

L73

3043
13

28.O
9.1

3.9
15. 0

19. O

2.5

2.6
11. 0

7
61

193
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Figure 24. Lengrth frequenry distribution for Enqraulis morda¡< laruae in (a) neuston samples,
and (b) bongo samplesfrom allcruises
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Tab1e 18.
Mini¡nun, mean, and maximum
number taken in neuston and
cruise.

lengths of osneridae larvae and
bongo samples during each

CRUISE SEÀSON NTIIT{BER

LENGTH (run)

MIN. MEÀN IIIAX.

NETIS$ON:
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
l,fF83
lilF87

BO!ùGO:
PO84
BÀ85
TKSO
EQ83
PO82
PO81
PO80
DA81
MF83
MF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autr¡m¡r
Winter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

39

50
477
2L9

L7
t:

230

,:,

¡slo
5.6
t:o

1.0

4.5
5.0
4.0
5.5
t:t

ulo

tntu

36. O

L9.4
15.6

25.5
6.2

11. 0
9.7
7.2

13.5
t._n

', .,

29.5

trl,o
39.0
34.5

8.5

24.3
33.5
L5.2
18.0
13.0

,'rlo

2
4

1
9
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/ ^ ì Osmeridae
\a/ Neuston Samples
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Length (mm)

30 35

N.1039
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35
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0

0510 1520253035
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Figure 25. Lengrth frequenry distribution for Osmeridae larvae in (a) neuston samples,

anOlo¡ Oongo samplesfrom all cruises
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Table 19.
ltinimum, Dean, and maxinun lengths of Bathylacms ochotensis
Iarvae taken in bongo samples during each cruise.

LENGTH (m¡n)

cRursE sEÀsoN NI'IIBER MrlV. !,IEAN l.fÀX.

PO84
BA85
TKEO
EQ83
PO82
PO81
PO80
DÀ81
t{F83
uF87

Early spring
Spring
Spring
Spring
Spring
Spring
Irate summer
Late autumn
Late autumn
Winter

758
2LO
203
438

84
155

4
3
4

94

3.8
4.5
4.6
1.5
4.0
5.0
5.2
5.O
6.5
3.2.

Bathylagus ochotensis
Bongo Samples

% N.1953

15 20 25 30
Length (mm)

Figure 26. Length frequency distribution for Bathvlaous ochotensis larvae in bongo samples.

7 .6 23.O
8.9 22.O
9.9 26.7
9.9 35.0
9.9 2t.5
9.6 25.2

13.5 27 .O
7 .O 10.0
8.0 10.0
6.7 L2 .4
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Tab1e 20.
I'tinimum, meait, and maxinun lengths of Bathvlagrus pacificus
larvae taken in bongo samples during each cruise.

LENGTH (nn)

ôÞtrrsE: sÍ!ÀsôN NImBtR UrN. UEiAN UAX.

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
t{F83
l{F87

Early spring
SprÍng
Spring
Spring
Spring
Spring
Late summer
Late autumn
Irate autumn
lilinter

81
33
24
23
20
t:

2

5.5
6.0
7.L
7.O
6.5
,_,

7.O

7.5
8.6

L2.9
11. 1
LL.2
to=u

7.O

Bathylagus pacifícus
Bongo Samples

% N.201

15 20
Length (mm)

Figure 27. Lengrth frequenry distribution for Bathylaqus pacificus larvae in bongo samples.

15.5
13.0
24.5
17.1
18.0
tu=o

7.O

198



Table 21.
Minimuur, mean, and
Iarvae, and number
cruises.

maximum lengths
taken in bongo

of Chauliodus macouni
sanples during aJ.l

CRUISE SEÀSON NT'II{BER

LENGTH (nn)

MTN. }IEAN I{AX.

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
I{F83
MF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autunn
Late autumn
Winter

% N.179

18
8

24
26

7
16
28
t7
22
13

Chauliodus macouni
Bongo Samples

23.3 49.3
26.L 50.4
27 .9 54.0
34.1 54.0
27 .2 48.7
27 .L 52.O
30.7 49.O
29.4 47.O
29.2 45.5
28.7 49.3

8.0
8.7
8.5
7.O

10.3
10.0
10.0
10.5
10.0
10.0

10

o
1510 20 25 30 35 40

Length (mm)
45 50 55

Figure 29. Lengrth frequenry distrib¡tion for Chauliodus macounilarvae in bongo samples.
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TabLe 22.
llinimum, Dean, and naximum lengths of Diaohus theta larvae,
and number taken in bongo samples during all cruises.

ERÜTSFI SÍ:ÀSON NÎ'IIîBER

LENGTH (nn)

IrfIN- llEÀN l{AX.

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
l,lF83
I.!F87

Ear1y spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autr¡mn
Winter

37
657
100
57L
690
649
90

2
15
45

2.2
2.5
2.6
2.5
2.8
2.5
3.1
9.3
9.0

20.5

Diaphus theta
Bongo Samples

N.2811
40

35

30

25

20

10 15 20
Length (mm)

Figure 29. Lengûh frequenry disüibl.¡tion for Diaphustheta larvae in bongo samples.

3.5 4.7
4.2 42.O
3.4 5.8
4.9 8.0
3.3 7 .5
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LO.7 Lz.O
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Table 23.
Mini¡nr¡n, Dean, and naximum lengrths of
crockeri larvae, and nunber taken in
all cruises.

Protomyctophum
bongo sanples during

CRUISE SEASON NT'I{BER

LENGTH (nn)

UIN. MTAN uÀx.

PO84
BA85
TKSO
EQ8¡
PO82
PO81
PO80
DA81
uF83
l.tF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
l{inter

78
39
51
45
20
80
23
53
37
42

3;7
3.2
2.O
4.1
3.5
3.0
3.7
3.7
3.8
3.6

14

12

10

P ro to m ycto p hu m c ro c ker i
Bongo Samples

% N.469

10 15

Length (mm)

Figure 30. Length frequency d¡stfibut¡m for Protomvctophum crockeri larvae in bongo samples.

8.2 16.0
9.8 L7 .5
8.0 18.0

10.2 18.5
9.5 15.0
8.5 19.0
9.7 19.0
9.4 L6.7

10.1 15.0
7 .5 13.1
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Table 24.
Mininr¡m, mean, and maximun lengths
thomosoni larvae, and number taken
all cruises.

ProtomvctoPhum
bongo samples during

of
in

LENGTH (n¡n)

CRUISE SEASON NT'I(BER UIN. I{EAI{ T{AX.

PO84
BA85
1K80
EQ83
PO82
PO81
PO80
DA81
I-ÍF83
l.tF87

Early spring
Spríng
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autr¡mn
I{inter

19
38
19
19

4
9

24
9

13
36

5.7
5.2
3.2
4.7
9.0
4.0
5.2
6.0
6.0
4.2

8.5
10.8
9.7

10.3
10. 5
L2.3
10.5
LO.2
8.5
8.7

14

12

10

I

Protomyctophum thomPson i
Bongo Samples

% N.190

10 15

Length (mm)

Figure 31. l€ngth frequency distñbr¡tion for Protom\rctophum thompsoni larrrae in bmgo samples.

11. 1
19.1
16.0
16.0
11. 8
18.0
17.0
17.0
14.0
L6.2

202



Table 25.
llininun, mean, and maximum lengths of Tarletonbeania
crenuLaris larvae and juveniles, and number taken in neuston
and bongo samples during all cruises.

CRUISE

IJENGTH (nrn)

UTN. UEAN MAX.

ItEItgTONS
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
l,fF83
MF87

BONGOs
PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
l,tF83
!.tF87

Ear1y spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autunn
!Íinter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late. autumn
I{inter

2L.4
2L.5
21. 0
25.5
2L.5
23.O
26.O
23.O
2L.9
21.0

2.O
3.4
2.9
2.7
3.5
3.0
2.7
2.L
3.0
3.6

38.4 72.O
34.1 57.0
35.7 73.0
38.0 72.O
39.2 77 .O
43.3 70.O
53.8 75.O
3L.4 s4.0
33.4 73.2
31.6 67 .O

5.4 16.0
7 .L 18.0
6.5 16.5
6.3 18.5
6.4 13.0
6. 1 L5.7
8.2 18.8
6.3 19.0

15.4 38.0
7 .5 13.1

32t
L44
254

75
188
L7L
313
115
2L7
537

331
L74

23
168

38
L23
L47
106

40
85
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N.2335
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Length (mm)

Figure 32. Length frequency distñbution forTarletonbeania crenularis larvae in (a) neuston samples,
and (b) bongo samplesfrom allcruises
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Table 26.
llinimum, mean, and
leucopsarus larvae,
aII cruises.

maxinum lengths of
and nunber taken

Stenobrachius
in bongo samples during

ERIITSF: SF:ASON NI]ì[BER

LENGTH (nn)

MIN. I{ELI{ UAX.

PO84
BA85
1K80
EQ83
PO82
PO81
PO80
DA81
¡[F83
ttF87

2246
1529
L362
1533
737

2525
423

4
61

102

2.O
2.5
2.5
2.5
3.O
2.7
3.7
2.9
3.5
2.5

Early spring
Spring
Spring
Spring
Spring
Spring
Irate summer
lrate autr¡mn
Late autum¡t
Winter

30

25

20

ffiltt I

15 20
Length (mm)

Figure 33. Lengrth frequenry d¡stribr¡t¡on for Stenobrachius leucopsarus larvae in bongo samples.

15

10

0
10

Stenobrachius leucoqsarus
Bongo Samples

% N.10522

5.1 27 .O
5.9 27.O
5.8 52.O
6.2 36. 4
6.0 10.1
5.8 50.0
8.0 17.0
7 .9 14.5

29.7 79.0
3.9 5.2
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Table 27.
Dtinimun, Dean
;ã-í""å"iiã= I
all cruises.

and
and

maximum lengths of Cololabis saira larvae
nunber taken in neuston samples during

IJENGTH (n¡n)

ERUTSE SE,ASON NT'MBER IIÍIN. UEJAN UAX.

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
¡.ff87

* only

Earty spring
Spring
Spríng
Spring
Spring
Spring
Irate summer
Late autumn
Late autumn
ttinter

two larvae Deasured.

274
6

135
2L7

39
54
23

284
L73

42

5.5
6.8
5.5'
3.3

* 7.O
6.0
5.1
5.7

L5.2
7.3

10

I
8

7

6

5

1

3

2

1

0

10

9

E

7

I
5

I
3

2

I
o

Cololabis saira
Neuston Samples

*

50 55 60 65 70 75 80
Length (mm)

Figure 34. Lengrth frequenry distdbution for Gololabis saira lanrae in bongo samples.

18.4
9.2

LL.7
26.6

7.O
16.9
L7.5
19.3
48.4
24 .6

59.0
11.0
56.0
70.0

7.O
33.5
30. 0
57.0
93.9
57.0
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Table 28.
Minimun, mean,
and juveniles,
samples during

and maximum
and nu¡nbers
each cruise.

Iengtlrs of Ð€E spp. larvae
taken in neuston and bongo

LENGTH (nn)

NIIII{BER UIN. UEAN IIIAX.CRUISE SEÀSON

NEUSIION:
PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
I'1F83
MF87

BONGO¡
PO84
BA85
rK80
EQ83
PO82
PO81
PO80
DA81
uF83
ttlF87

Early spring
Spring
spring
Spring
Spring
Spring
Late summer
Late autumn
Late auturnn
Winter

Early spring
Spring
spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
llinter

55
L29
338
370
L2L

44
L72

15
4

10

764
143
185
272
2L8
388
567
188

43
377

3.O
4.8
3.2
5.3
3.O
3.3
3.2
4.0

L2.9
4.0

2.O
3.0
3.2
2.O
3.2
2.8
2.6
2.4
3.0
2.3

16.6
29.3
20.9
22.6
13.1
10. 1
14. s
1s.6
14.3
6.0

4.5
5.0
5.9
9.2
4.7
4.9
5.2
4.3
4.5
3.8

28.0
54.3
41. 0
30.0
29.O
34.L
33.4
28.0
L5.7
15.9

18.9
16.0
33.0
28.0
11. 0
L3.7
28.5
L7.5
11. 0
11. 0
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/oì Sebastes spp.\d/ Neuston Samplés

N.1258
35

30

25
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0
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Length (mm)
45 50

(b) ?""fí""!?i;,33

N.3155
35
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0
o 510 15 2025 3035 4045 50

Length (mm)

Figure 35. Length frequenry d¡stribut¡on for Sebastes spp. laruae in (a) neuston samfles,
and (b) bongo samplesfrom all cruises
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Table 29.
I'tininu¡n, Dean, and maximum lengrths of Ànoplopoma firnbria
larvae and juvenites, and nunbers taken in neuston samples
during each cruise.

LEI{GTH (nn)

nÞnTsE snÂsôì¡ NTIMBER II{IN. II{E,AN uAx.

PO84
BA85
TKSO
EQ83
Po82
PO81
PO80
DA81
I.IF83
uF87

270
460
62L
259

?4
,_t

7.L
9.5
6.3
7.2

10.7

'o:u

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
L,ate autumn
Late autumn
Itinter

LL.z 28 .5-
L7 .6 34.7
L4.2 37.0
16.0 38.0
L7.3 4L.2
23.4 36.5

Anoplopoma fimbria
Neuston Samples

15 20 25 30 35
Length (mm)

Figure 36. Length frequenry distñbr¡tion forAnoplooomafimbda larvae h neustm samples.

% N'1707
12

10

o
105o 40
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Table 30.
l{inimr¡nr mean, and naximun lengths of
larvae, and ntrmbers taken in neuston
cruises.

Ophiodon elonc¡atus
nets during aII

LENGTH (n¡n)

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
uF83
uF87

Early spring
Spring
spring
Spring
Spring
Spring
Late summer
l,ate autum¡r
Late autumn
IìIinter

34
L54

32
5

19

1

8.4
1r. O

18.3
10.0
11. 0
10.0

LO.2
8.5

15. 6
15. 5
27.4
L4.6
2L.3
10.0

10.2
10.5

25.O
45.0
42.O
22.O
36.5
10.0

10.2
L4.4

;
4

% N.248

Ophiodon elongatus
Neuston Samples

15 20 25 30
Length (mm)

16

14

12

10

o
105o 35 40

Figure 97. længûh frequency distñbt¡tion for Optriodon elmoatus larvae h neustm samfles.
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Table 31.
Minimum, mean, and maxímun lengrths of
decacrrammus larvae and juveniles, and
neuston nets during all cruises.

Hexagrrammos
numbers taken in

ER.UISE SEÀSON NT]UBER

LENGTH (nn)

ItlIN. MEAI'[ I,{ÀX.

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
!.tF83
l,tF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

244
234

47
46
29

:
60

8
386

8.0
9.8

16.5
L2.2
16.0
22.6

6.O
7.8
6.2

19.0 40.0
23.9 55. O

34.7 56.6
28.5 57 .O
30.8 47 .O
34.0 48.0

7.6 9.4
10.3 14.5
Lz.O 18.0

55

H exagrammos decagrammus
Neuston Samples

N.1054

20 25 30 35 40 45 50
Length (mm)

Figure 38. tength frequency distribution for Hexaorammos decaorarnmus lanrae h neuston samples.

1510
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Table 32.
Minimum, mean, and maxinun lengths of Hexacrramnos
laqocephalus larvae, and numbers taken in neuston nets
during aII cruises.

CRUISE stiÀsoN

LENGTH (n¡n)

NT'II{BER MIN. II{TAI{ UÀX.

PO84
BÀ85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
uF87

Early spring
Spring
Springr
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

7
4

I
2

3;
11
49

18,0
15.4
28.5

39.0

olo
7.4
6.1

12

10

0
35105o

H exagrammos lagocephalus
Neuston Samples

% N.108

15 20 25 30
Length (mm)

Figure 99. l€ngü frequency distrih¡tion for Hexaorammos laoocePhalus larvae in neuslon sampÞs

23 .e 31. 3'
20.7 32.O
33.3 38.0

40.5 42.O

ele r¿lo
6.3 9.8

15.3 28.5
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Table 33.
Mininun, mean, and maximun lengths of Hemilepidotus
henilepidotus larvae, and numbers taken in neuston samples
during all cruises.

LENGTH (¡nn)

CRUISE SEASON NT'I,IBER UTN. MEJN{ I{ÀX.

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
uF87

Ear1y spring
Spring
SprÍng
Spring
Spring
Spring
Late summer
Late autun¡t
Late autr¡mn
t{inter

13
34
L7

:

10.'0
14.0
14.0
20.0

elo

13.4
20.1
19.5
20.0

zl,g16

H emilepidotus hemilepidotus
Neuston Samples

20
18

16

14

12

10

I
6

4

2

0
15 20

Length (mm)

Figure 40. Lengûh frequency d¡stribut¡m for Hemilepidotus hemilepidotus larvae in neuston samples.

L7.'5
25.O
23.O
20. 0

,'olt
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Table 34.
Mininun, mean, and maxinun lengÈhs of
larvae, and nr¡nbers taken in neuston
cruises.

Hemilepidotus spinosus
sanples during all

CRilTSÍ: SNÀSON NI]IIBTR

LENGTH (nn)

UIN. IrlEiÀl{ UAX.

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
uF83
l.tF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late sunmer
Late autumn
Late autumn
Winter

749
638
357

99
to:

2
802

4.5
12. O

3.1
10.0
ttao

5.6
3.9

14

12

10

10

Hemilepidotus spinosus
Neuston Samples

N.2756

15 20
Length (mm)

Figure 41. Lengrth frequency distñbr¡tion for Hemilepidotus spinosus larvae in neuston samples.

9.3 22.5
17.0 25.O
15.8 30.6
16.0 26.Otu=t ttao

5.9 6.1
5.7 10. 5
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Table 35.
Minimun, mean, and
narmoratus larvae,
during all cruises.

naximr¡m lengrths of
and nunbers taken

Scoroaenichthvs
in neuston samples

CRUISE SEÀSON NI'T{BER

LENGTH (nn)

IIIIN - ItlEiÀN ì[ÀX -

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
MF83
MF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late sunmer
Late autumn
Late autr¡nn
Winter

77
2A

114
93
20
65
37
47
55
39

4.3
5.0
4.1
4.0
5.7
4.9
4.8
4.0
3.7
5.0

5.8 11.4
11. O 31.0
8.7 35.0
9.3 33 .0
9.9 20.0
5.4 12.0
7 .9 31.4
7 .5 14.0
5.7 8.2
7 .5 22.4

18

16

14

12

10

I

Scorpaenichthys mar moratus
Neuston Samples

% N.646
20

15 20 25
Length (mm)

Figure 42. L.ength frequenry distribution for Scorpaenichthys marmordus laruae in neuston samples.
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Table 36.
Minimr¡m, mean, and maximr¡m
larvae, and nr¡nbers taken
cruises.

Iengths of Roncruilus iordaniin néuston samPles during alt

LENGTH (nn)

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
l.fF87

19.4
5.5
6.3
9.5
7.6

22.O

rgl¿
15.3
L6.4
16.4
7.6

"=t

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autu¡nn
Late autumn
I{inter

1
L2
35
38

1

1u

12

10

Ronquilus iordani
Neuston Samples

% N.121

15 20 25
Length (mm)

Figure 4Ít. Lengrth fiequenry distribution for Ronquilus iordani larvae in neuston samples.

,.rln
24.6
24.O
25.5
7.6

tt=u
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Table 37.
Mininr¡m, mean, and
aleutensis larvae,
during aII cruises.

maxi¡num lengrths of
and numbers taken

Crvotacanthodes
in neuston samples

CRUISE SEASON NIIMBER

LENGTH (nn)

IITN - IÍFÌÀN MÀX.

PO84
BA85
TKSO
EQg¡
PO82
PO81
PO80
DA81
IrlF83
MF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autun¡r
Late autr¡mn
Winter

37
90

:

6

L2.O'
10.0
26.2

L2.9

16.3
L7.g
28.5

13 .3

28.O
29.O
32.O

L4.2

Cryptacanthodes aleutensis
Neuston Samples

% N'138

15 20
Length (mm)

Figure 44. Lengrth frequenry distribution for Cryptacanthodes aleutensis larvae in neuston sampes.

14

12

10
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Table 38.
Minimum, mean, and maximun lengths
larvae and juveniles, and nr¡¡nbers
sanples during all cruises.

of A¡flSgllIÞ hexaPterus
taken in neuston and bongo

LENGTH (nm)

ITEUETON:
PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
uF83
ltF87

EONGO3
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
T{F83
I.tF87

Early spring
Spring
Spring
S¡rring
Spring
Spring
Late summer
Late autumn
Late autr¡mn
Iilinter

Earty sPring
Spring
Spring
spring
Spring
Spring
Late summer
Late autr¡mn
Late autum¡r
Iilinter

r lù546

380
1

93
L7
40

a

AmmodYtes hexaqterus
Neutlon SamPlea

32
1
1
2
1

1

11.8

2L.5
15.0
28.0
16.5

4.0

6.7

16.9

38.2
34.3
44.8
to,t

L2.9
8.2
9.3

13.6
17.0
t:o

:

34.0

58.0
49.0
55.5
43.0

20.4

30.5

1¿l

12

fo

20 25 30 35 40
Length (mm)

Figure 45. Length frequenry distribution for Ammodytes hexaoterus larvae in neuston samples.

55
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Table 39.
Mininr¡m, Dean, and maximurn
Iarvae, and numbers taken
each cruise.

Iengths of CitharichthYs sPP.
in nãuston and bongo samples during

LENGTH (tnn)

ItEttS:[oN:
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
l,tF83
MF87

BONGOs
PO84
BA85
TKSO
EQ83
PO82

'PO81
PO80
DA81
MF83
!.tF87

Early spring
Spring
Spring
Spring
Spring
Spring
Late sunner
Late autumn
Irate autumrt
Winter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autum¡r
Late autumn
Winter

14

14

CitharichthYs ePP.
Bongo S¡mple¡

:
2

n:

1
1

257
4
7

2.8

3.0

4.2
3.1

2.4
3.5
3.0

5.7

3.1

4.9

6.1
5.2
4.3
4.1
3.5

25.O

3.5

4.3
7.5

ele
5.0
4.5

i
50
¿t5

40
35
30
25
20
15
t0
5
o

012345ø789
Length (mm)

Figure 46. Length frequency distribution for Citharichthys spp. larvae in bongo samples.
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Table 40.
Minimr¡m, mean, and naxirnum lengrths of Citharichthvs sordidus
larvae, and nr¡nbers taken in neuston and bongo sanples during
each cruise.

LENGTH (nn)

ERUTSE SNÀSôN NIIIIBER II{TN. I{EJAN I[AX.

IÛEU8TONS
PO84
BA85
TKEO
EQ83
PO82
PO81
PO80
DA81
uF83
l{F87

BONGO3
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
!{F83
t{F87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autum¡r
Late autumn
Winter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autr¡m¡r
I{inter

i

;

1
1

10

13
1

60
31

7

,lu
L2.O

5.2
8.0

10.0

zelo

ztl,e

29. O

42.O
t:t

18.7
20. o
10. I
11. 9
16. 1

¿

,r-.u

45.0

34. O

24.O
26.2

CitharichthYs sordidus
Bongo SamPlea

05101520253035104s
Length (mm)

Figure 47. Lengrth frequenry distribution for Cithadchthvs sordidus larvae h bongo samples.
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Table 41.
Dlinimr¡m, mean, and maximun lengths of Citharichthvs sticrrnaeus
larvae, and nu¡nbers taken in neuston and bongo samples during
each cruise.

LENGTH (¡n¡o)

.PrrTsÌ: sF:ÀsôN NIIIr{BER. UIN. ItfE,Al{ UÀX.

NEItgfONs
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
t-ÍF87

BONGO3
PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
l,lF83
Ir{F87

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
Late autumn
Winter

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autum¡r
Late autumn
Winter

6

5

;
1
1
3
1

:
6
2

I
37
25
11

19.4

24.O

33 .5

zzl,z

,:"

4.0
,:,

¿1, d
7.3

14.0

26.8

30.3

zsi,z
39.0

23.7
30.8

22.7

23.4
18.6
36.3

10.9
L2.O
19.9

35.5

35.0

39.5

ztL t

32.O

37.0
30.5

ze:,g
20.0
28.4

Citharichthys stigmaeus
Bongo SamPbr

0510f520253035
Length (mm)

Figure 48. Lengrth frequenry distñbution for Citharichthvs stiqmaals larvae in bongo samples.

1

2

o
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Table 42.
l{inimr¡m, nean, and maxÍmum lengrths of Errex zachifus larvae,
and nunËers tåken in bongo sanples during aII cruises.

LE¡{GTH (¡n¡n)

CRUISE SEASO

PO84
BA85
TKsO
EQ83
PO82
PO81
PO80
DA81
MF83
uF87

Early spring
Spring
Spring
spring
Spring
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Figure 49. Lengrth frequenry distribution for Enex zachirus larvae in bongo samples.
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Table 43.
llininr¡m, mean, and naxinun lengthslarvae, and numbers taken in bóngocruises.

of Eopsetta exilis
samples during alt

LENGTH (¡nn)

PO84
BA85
TKSO
EQE¡
PO82
PO81
PO80
DA81
I.!F83
l,tFg7

Early spring
Spring
Spring
Spring
Spring
Spring
Late summer
Late autumn
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% N.467

7
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3.0
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Figure 50. Length frequency distribution for Eopsettaexilis laruae in bongo samples.
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Table 44.
Minimr¡m, mean, and naximurn Ìengths
Iarvae, and nr¡mbers taken in bongo
cruises.

of lficrostomus Pacificus
sanples during all

LENGTH (nn)

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
uF83
l.fF87

slo
7.0.
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Figure 51. Length frequency distribution for Microstomus pacÎficus laryae in bongo samfles'
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Table 45.
Mininum, Dean, and maximun lengths
larvae, and nr¡mbers taken in bongo
cruises.

of EICWtes yetulus
sanples during all

LENGTH (¡nn)

CRUISE SE¡ASON NUI{BER T,TIN. I{EJÀI{ !'fÀX.

PO84
BA85
TKSO
EQ83
PO82
PO81
PO80
DA81
MF83
uF87

Early spring
Spring
Spring
Spring
Spring
Spring
Irate summer
Irate autr¡nn
Irate autunn
ttinter

200
2
9

14

:

I
4

L22

Pleuronectes vetulus
Bongo Samples
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16. O
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Figure 52. Lengrth frequency distribution for Pleuronectes vetulus larvae in bongo samples.
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Flgure 114. Dlstribution pattems for Pleuronectes wtulus eggs- ¡n the neustirn
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Figure 115. Distrlbutlon pattem for Pþuronectes vetutus eggs
from the bongo samples.
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Chautiodus macounl

tcosteus aenigmaticus

Ttach¡pterus eltivalus

lcichthys locldngtonl

P leu ron i chth Ys decu r¡e ns

Engraulis mo¡dax

CitharichthysB

P sen ic hthy s me I an ost ¡ ctus

Pleuronactes Yetulus

Pleu¡onectes isolePis

Sebaslolobus sPP.

Eopselta exilis

,l icr os tu mu s P acili cus

Enex zach¡rus

Citharichthys A

Pleuronectidae (unidentif ied)
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Table 46.
Two-way colncldence table result¡ng from numerlcal classificatlon of
egg abmdanco data from neuston collections taken durlng sprlng crulses
(data from slx crulses comblned). Mean abundance in stat¡on groups
expressed as numbers/lülom3.

STA1TON GROUPS

12
0.o 0.1
0.o o.o
o.0 0.0
o-2 0.4
o.2 0.0
o.2 0.0

o.o o.o
0.o o.o
o.o o.o
o.o o.o
o.3 0.o
o.o o.0

o.o
o.5
0.o
o.o
0.o
0.0

o.o
o.o
o.o
o.o
0.0
o.0

s.2
g).o
o.3
2.6

38.6

N{
\o

SPECIES GROUPS

Pleuronectldae (mldentif ied)
cíthañchthys A
Enex zæhirus
,licrogomus pacilbus
EopæIta exilîs
seöastofohrs spp.

Pteurcnectes isolepls
Pteuronectes wnth's
PsetÎå'h tlrys m e bn osf:lcÌu s
C¡dharbhthysB
EngauEs mordax
Pleurmlchthys &annens

lclchtltys lækhgtotrl
Træhlpterus altivelß
lcasteus ænlgmet¡cus
Chanlbdus mæounl

TOTAL FISH EGGS
ldomlnant taxal

3l .¿0

47.2
0.3
o.o

79.8

3Íl-3
128.9
29.6

2-3

193.6

o.o
0.0
o.o
o.2
1.6
o.6

90.o
Æ.5
5.8
o.6

o.4 76.7
58.3 604.1
12.6 ß.2

10t.5 ß.2
5.O 16.6

27.8 3.2

1.8
2-O
5.3
9.4

118.5
2.3

1.8
3.3
1.7
o.o

529.s 938.1

J

J

I

o

J\

I

/1lv
3

I

3

33

J3

33

33

2 .2

22

22

Flgure 118. Distdhfion of station groups lordominant taxa of eggs in neuston, spnng cn¡ises.



HemitePidotus sP inosus

Sco rPa en ich thYrs m atmoratus

Hexa gt am mo s dec agram m u s

Cotolabis saira

AnoPtoPoma limbria

Seöasles sPP.

Engraulis mordax

Osmeridae (un¡dent¡f¡ed)

Hexa gran mos I egocePh al us

Ta rle tonb ea n ia crc nul ar is

C ry ptac anth od as al e ute nsi s

HamiteP¡dotus hem ilePidolus

AmmodYtes hexaPterug

Ronquilus lordani

Ophiodon elongatus
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Table 47.
Two-way colncldence table resuHng from numerical classilicatlon of larval
abundance data from neuston collectlons taken duflng spring crulses (data from
six crulses comblneQ. Mean abundance in stat¡on groups expessed as
numberc/looom3.

STATION GROUPS

SPECIES GROUPS

o.o o.o
o.o o.o
o.o o.o
o.o o.o
o.o o.o

o.o o-o
o.8 0.o

o.o o.o
o.o o.2

o.1
o.2
o.1
o.1
o.o

o.2
o.2

o.1
o.o

N
c,
P

1 Opmodott ebngûus
Rmqtíhs þrdanl
Arrrmodßes hexapterus
Hem i Ie pt&Itts he m llep ld otus
cryptæanth o&s dteutensís

2 Tarletonæanla aenularls
Hexagnrn m æ lag æe flt alu s

3 Osrerklae (unldentiñed)
EngauÍs mordax

I Seàaslasspp.
Anopbpmafrmbrla
Cololads sg,lra
Hexagrant m æ dec agra mmu s
*orp æn lchlh ys m am otdtt s
Hemíbpltuus sfinosts

TOTAL FISH I¡RVAE

n.2
4.8
21.1
i.t
3.4

13.6

too-8

4.7
4.9

32.6
4.2
6.1

o.6
o.5

o.2
o.t

33.9
72.3
3.5

25.7
18.8
73.3

æ1.4

13.1
1.5
1.9
o.6
o.9

o.o
0.o

2.6
t 1.o

¿f.O

3.1
4.2
6.2
¿1.6

4.8

6,2-s

3.3
73.8

5.4
o.3
o.0
1.O

83-8

9.6
4.5

4.1
o.o
o.8
o.o

s9.3

t / s \t r

1

1

1

1

1

1

1

1

1

1

1

4

Jtl

5

5

5

5

5

5

Frgure 120. Distdh¡tion of station groups for dominant to<a of laryae in neuston, spnng cru¡ses.
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Engraulis mordax

Citharichthys B

Pleuronectes Yetutus

c¡thatuhthys A

Pleuronectidae (unidentifi€d)

Itl icros tom us p ac if ¡c u s

Eopsetta erilis

Errex zachirue

tcosteus aen¡gmaticus

Myctoph¡dae (unidentif led)

Bathylagus æhotensis

Chauliodus macoun¡

lcichthys lockingtonl
Bathylagus egg.

frachipterus altivelis

Bathylagidae (unidentif iedf
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Table 48.
Two-way colncldence table resultlng from numerical classification of egg
abundance data lrom bongo samples taken dur¡ng spring cruises (data from
six crulses combineQ. Mean abundance in std¡on groups expressed as
numbers/lom2.

SPECIES GROUPS

STATION GROUPS

12 4

0.1
o.9
o.1
o.2
o.o
o.o
o.1
o.7

N
@
(¡)

9.o
o.2
o.1
o.o
o_t

0.0
o.o
o.1

n3.9

Bahfl agldae (unldentifietl)
Træhlpterus altivelb_
Bethylagus spp.
lclchtlys lækhgtonl
Cha.illodus mæqtnl
Biltylagus æhotensls
Myctoph¡dae (unldentlfi ed)
lcostens ænlgmatbus

Enex zæhìrus
Eopætla exilis
tl¡ctogomus pciÍþlus
Pleuronectidæ (uritlentif ied)
Ciharíchthys A

Pleuronectes y€/ntrus

ci¡hadchthysB
Engnuls mordax

TOTAL FISH EGGS
(domlnant taxa)

16.1
8.6
6.3
3.t
5.3
2.7

22.8.7
2.6

7.3
2.9
3.2
1.4
o.7
2.4

34.5
1.9

5.6
21.9
9.7
o.1
3.8

0.o
o.2
o.1

97.7

19.2
5.O
6.5
3.9
2.O
o.8
o.5
9.9

o.5
o.3
o.9
o.'l
o.6

o.o
o.1
o.o

so.3

10.9
11.4
2.6

gt.o
79.O

o.9
4.3

æ.9

ãJ3.l

Flgure 122. D¡stribution of stet¡on groups for dominant tÐ(e ol €ggs ¡n bongo samples, spnng cruises'



Eopsetta exilis
zachirus

Osmer¡dae (unidentitied)
Engraulis mordax
Pleuronectes Yetulus

Seöasles sPP.

P rotom yc top hu m c rocke ri
Diaphus theta
Bathytagus ochotensis
Ta rl e tonbe an ia cre nu I ar is
lrachiPterus altivelis
Myctophidae (unidentif ied)

Lest¡dioPs ringens
Lampanyctus ilneri
l-empanyctus aPP.

candida
macounl

,hum thomPsonl
pacilicus
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Table 49.
Two-way colncklence tablo resultlng from numerlcal class¡f¡cet¡on of larval
abundance data from bongo samples taken dur¡ng sprlng crulses (daa from
six cruisss comblneQ. Mean abundancs in stat¡on groups exprcssed as

numbers/lom2.

SPECIES GROUPS

STATION GROUPS

12
2.A 1.7 O.¡l O.O

1.4 1.5 0.2 0.o
3.8 1.2 0.2 0.O
4-8 1.0 0.2 0.o
1.2 0.3 0.1 0.o
1.3 3.8 2.7 0.1
1.7 2.4 l-2 0.1
2.5 2.8 1.O O.4
7.2 1.4 0.9 0.3
0.6 0.1 o.0 0.o

N
æ
Ul

o.o
o.o
0.o
0.0
o-4
o.5

¿055.8

1 Chanlbclus mæqtnl
Nartsenþ candida
lannpnyctusspp.
Lempûyctus rlfrerí
Lesîdlop rlngens
Bathylagus pifrcus
P rctom yctoph u m tfi om porr I
seäaslolohrs spp.
Myctoph¡dae (unidentilied)
Træhipterus artiÍells

2 Tarletmb an I a ae n ulari s
Bathylagus æhotensís
D¡¿rplrus thete
Protomydophum crækerl
Stenobæhíts buæparus
Seäestesspp.

3 Pteurølectes velulus
EngrzuÍs mordax
Osmeridæ (unidentified)
Cîthañchthys spp.
Enex zæhirus
Eopsne exìl¡s

TOTAL FISH I.ARVAE
fdominmt laal

3.6 0.1
4.2 0.2
1.9 0.3
1.1 0.1

87.6 6.¡l
31.¿l 9.6

o.7 11.8
1.1 6.2
o.3 3s.4
0.6 0.9
1.8 1.5
6.0 s.2

147.2 78.6

2,.4
5l.o

118.8
l0.o

211-2
4-8

11.9
28.8
ãl.o

¿l.O

l/û/f.9
1s.8

o.o
o-2
o.0
o.1
o.4
3.6

245.9

1

1

1

1I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

Frgure 124. D¡stfihrtion ol station groups lor dominant tara of larvae in bongo semples, spnng cru¡ses'



P ætt b h t hys m e la nosl ic tu s

Citharichthys A

Citharichthys B

Chaulktdus macouni

Tactosloma macropus

lcichrhys lækingtoni

P leu ron*:hlhys ooenosus

Engraulis mordax

Trachþterus altitnlis

Cololabßsira

Errex zachirus

Pleuronect¡dae (un identified)
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Table 50.
Two-way colncldence table resulting from numerlcal classification ol egg

abundance data ffom ræuston collect¡ons taken dur¡ng cruise POqp, ArgUst 198O.

Mean abr¡ndarrce In sta¡oi groups expressed as numbers/loo0m3.

SPECIES GROUPS

1a Pleuronectldae (mldentifþO
Enex zæhlrus
Cololabls slra

lb TræhÍpterus altlYelß
EngrauÍs mordax
P leu ron lcltilt ys c crq, osl, tß

2 lclchthys lækhgtont
TætÉoma mæroPus
Chanlbdus mæounl

3 CírhadchthysB
CíthañchthysA
P settbhthys me þn oû lctu s

TOTAL FISH EGGS

Figure 126. D¡stribution ol station groups lor dominant taxa of eggs in n€uston, cn¡ise PO80.

+ - slations where eggs were ebsent lrom samplas.

4.7 0.o
o.9 2.1
o.o o.o

3.7 0.0
o.o 0.o
2.O 9-3

o.8 1.8
o.o ß3.2
o.o o.o

102.2 0.O
84.8 frs.7
3.8 3-8

3.8 10.9
o.8 0.0
o.o o.o

210.6 536.2

784.3 0.O
6.s 0.o

28,s.4 0.o

1.9
o.o
o.o

o.0
219.7

o.o

3.5 0.9 n-3
o.o o.9 0.o
0.o o.o o.o

o.o 470.7 0.o
o.o 1976.2 289.6
0.0 98.4 0.o

6.9 0.O o.o 1.7
0.0 144.7 2s.1 0.0
2.O O.O 4.1 0.o

N
@\¡

1309.8 118.2 2581.8 320.8



(a)

l.r
o.!

> 0.9

= o.7G, --'j o.r
E 0.!

fi o.,

ã o.¡
o.2

0.t
0.(

FËF$ËåiF Ë È B ðiEs'c-dñ50sta95=ÈátFã:(rì ó

5.2
t.0
2.3
2.6
2.4

> 2.2
¡ 2.OÉ< t.8
; r.6
õ r-1
2 r-2
c¡ l.o

0.8
0.6
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Fgure 127. Derßrqrams show!1g (a) species groups and (b) station groups
fordominant taxa of lalvae in neustòn, cn¡ise pb'gO.
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Table 51.
Two-way coincldence table resu¡ting from numerlcal classif¡cat¡on of larval abumdance

data fiom neuston colþctions taken during cruise PO8o, August 1980.

Mean abundar¡ce ln stat¡on groups erpressed as numbers/lOO0m3-

Seäastasspp.
* otpæn lchlhys m atm oraìu s

Cololabis slra
Engnuls mordax

Ronqllrs þñanl
Scorpænldae (unldentif ied)
Os¡nsr¡dæ (unldentified)

TOTAL FISH I.ARVAE

Frgure 128. D¡stribution of station groups for dominant ta<a of laryae in neuslon, cru¡se Po80.
+ = stat¡ons where laryae wero absenl from samdes.

o.o
4.2

la

tb 0.o
0-o

o.o
o.o
o.o

99.4 A2.2
o-o 23.o

1t .5
156.0

æ.2
o.o
o.o

to4.8 310.4

o.o o.o
o.o /15.6

16.8
328.8

o.o
2..O

1.9

c77.6

æ1-1
o.0

o.0
4.2

o.o
0-o

8T.o

302-9

l9-7 0.o
o.o o.o

N
@
rO

o.o o.o
o.o o.o
o.o o.o

19.7 ¿1"5.6
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Table 52.
Two-way coincidence table resulting from numerical classiflcation of egg abundance data
frcm bongo colþcüons taken during cruise PO80, August 1980.
Mean abundarrce ln std¡on groups expressed as numberllOm2.

STAT|ON GROUPS

SPECTESGROUPS t 2 3 4 s 6 7

o.9 0.o o.o
o.o o.o 37.5
o.0 0.o 1.4
0.0 0.0 0.o

9.6 0.0 0.o
19.7 0.O O.O

0.o o.o 1.2
2.3 0.0 0.0

o.o s3.2 0.o
o.o 72.5 3.3
o.o 14.s o.o
o.o 6.2 0.o

o.o
o.o
o.4
0.o

¡l{r.6

N
\o
P

1 Bathylagldæ (unidentilied)
Engnuls mordax
Errex zæhlrus
Micra*omus pacltlcus

2 Chauliodus mæounl
Tactñome mæropus
lcíchthys lækhgturl
Argentlnidae (midentif Þd)

3 Cîlll,añchthysB
Citharichthys À
Pleuronectldae (unltbnlif ie d)
P s ett b h t h ys m e b n osil ct u s

TOTAL FISH EGGS 3ft.2 148.0 43.4

1.O
o.o
o.4
o.t

3.6
12.O
18.5

2.O

o.7
t.3
o.o
o.4

0.o
æ.2
o.o
o.o

o.o
o.o
o.4
o.o

47.7

o.o
o.o
1.3
0.0

o.5
o.o
o.o
o.o

o.o
o.o
0.o
7.2

1.9
58.1
o.0
o.o

62.8

0.0
o.o
o.o
0.o

o.o
o.o
o.o
o.o

7.2

Figure 130. Distribution of station groups for dominant ta<a ol eggs ¡n bongo samples, crubo PO80.

+ - stations where eggs wore absent fiom samples.
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Table 53.
Two-way coincldence table resultlng ftom numerical classlficatlon of larval abundance
data from bongo collections taken during cruise pOgO, August l9g0.
Mean abundarrce in stat¡on groups expressed as numberVl0im2.

SPECIES GROUPS

STANON GROUPS

123
1 Prolomyctophum thomponl

LanpttyeUs rcgalis
Diephus thete
Chauliodus mæounl
Protomydophu m c rockeri

2 &enobræhíts þuæFarus
Tartetor, æ an i a cte n ul ari s
Engnuis mordax
Saäasfasspp.

3 Aftedtus hafüngtqtÍ
Cycloptar¡dae (unidentifi ed)
Eopæna exilis
Búhylagus æhotensls
Seäasfolohrs spp.

4 lcîchtlrys lækhgtonl
Len paryctus ñfrerl
Tæiaçtoma macropus

TOTAL FISH I.ARVAE 674.7 103.7 19.7 118-2 16.4

3.5 2.1
3.3 5.7
3.7 36.3
1.0 2.9
2.6 1.5

62.2 7.O
19.6 10.2

548.0 1.9
26.3 7.7

0.0 19.2

2-2 0.4 0.O
o.o o.8 0.o
2-6 3.6 0.O
9.7 2.7 0.O
8-4 0.O O.O

2-5
1-1
1.7
o.4
o.o

0.o
o.o
o.o

o.o
o.o
o.o
o.o
o.o

o.o
o-o
o.o
9.2

o.o
o.o
o.o
o.o
o.o

o.o
o.o
o.o

14.0

18.4 80.1

2.O
o.0

o.o
o.o
o.o
o.o
2.9

6.7
o.o

o.o
o.1
2.O
o-2
o.7

o.4
o.o
1.9
8.5

o-o o.0
0.1 0.o
o.o o.3
o.5 0.o
0.6 0.s

o-2 3.3
o.0 2.3
o.4 3_4

o.o o.o
o.o o.5
o.0 0.o

Figure 132. Distdh¡tion of stalion groups for dominant taxa of lanrae in bongo sampl€s, cru¡so p@0.
+ = stations where larvae were absent from samples.
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Table 54.
Two-way coincldence table result¡ng from numerical class¡f¡cat¡on of egg
abundance data from nsuston collecl¡ons taken durlng crulse DABI,
octoberfl[ovember 1981. Mean abt¡ndance ln station groups expressed as
numberc/lOOOm3.

SPECIES GROUPS

STATION GROUPS

12
o-6
o.o
o.o
o.0
0.0

1.6
0.o

o.o
24.6
5.4

3Ít.9

o.o
o.o
o.o
0.o
o.o

o.o
o.o

N
ro
ul

1 Pleuronectldæ (unl<lenüf led)
Pleurct ætes wtuhß
P s ett lc h th ys m e b n ost î du s
cíthailchthysB
Cit,l,adchthys A

2 Pleurutlchthys &annens
Teleost Type F

3 lclchfis lækhgtonl
Træhlpterus art¡verls
Chanllodus mæounl

TOTAL FISH EGGS

o.7
o.o
o.o
o.0
1.4

o.o
0.3

198.6
il61.9

10.1

380.5

37.0
o.o
4.2

11.2

12s.8
58.1
10.2

ãJ'5.1
¿lÍt66.5

4.5
c7.1

7.1
6.9
0.o

¿1825.O

Ftgure 134. Disttibution of station groups for dominant tÐ(a of eggs in neuston, cn¡ise DAgl.
+ = stations where eggs wero ebsent from samples.
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Table 55.
Two-way colncldence table resulting from numerical classification of larval abundance
data from neuston colþcùons taken during crulse D481, October/Novembor 1981.

Mean abundarrce ln statlon groups expressed as number$lfXl0m3.

STANON GROUPS

12 3

o.o
o-o

46.6
o.o

o.o
o.o
0.o
7.1

39.3
5.4

79.s
o-o

N
\o
\¡

SPECIES GROUPS

Seöastesspp.
* orp æn îchthys m arm oratu s
Cololads slra
TarlAonb an I a qe nul arl s

Hexa gram m os lag oce ph alu s
CithañchthysB
Hex a gtam m as d e+ ag ra m m u s
Engnufrs mordax

TOTAL FISH I.ARVAE

Ftgure 136. Distdbution of station groups for dominant ta<a of laryae in neuston, cruise DA81.
+ = s{ations where larvae were absent from semdss.

4.7
18.6
56.6
11 .s

1.6
o_o
o-6
o.7

101.8 140.9

lo.1
o.0

æ.2
o.0

11.8
16.7
o.o

3Í13.9

414.O

o.o
24.3
4.8
o.o

o-o
o.o
o.o

1s8.1

189.O

o.o
o.o
o-o
o.o

ß-1

5 .r- 55+



@C
n

ô¡

8,=eG
D

E
E

aúô
ul 6¡
â.9
'E

r (,

ãe5F
9õõ(a
aEäÈur.=
gseE
E

ö9o
õã9=E

E
(ú ¡ú

8'È
È

€
tÈñPEãfl

loto¡cro,oiao¡c,
C

' 
C

' 
C

I 
C

' 
C

'

^lluY
lll.l¡ss¡0

C
itharichlhys A

C
ltharbhthys g

P
sp/nicnhysm

eratß
t lus

P
leuronectes vetulus

P
leuronect¡dae (un¡denr¡fiod)

B
atw

usæ
rþte,tsis

T
oleost T

ype G

T
rachiplerus altiw

lis

/r¡k;m
hys/pcttitutott¡

C
lnulktdus naæ

uni

E
aütylagus agP

-

B
athylagidae (unldentified).o

6

'd¡'ö'ö'ó'+
'c¡'ó

¡rC
)C

lC
tC

tC
t

¡sst0



Table 56.
Two-way coincidence table result¡ng from nu¡erlcal classif¡cat¡on of egg abundance
data ffom bongo collections teken dur¡ng crulse DA81 , Octobef/Noyember 1981 .
Mean abundance ln statlon groups expressed as numberllOm2.

SPECIES GROUPS

STATION GROUPS

123

N
u)
ro

I Bathylagldæ (unldentiffed)
Bathylagusspp.
Chanllodus mæounl
lclchthys lækhgtutl
Træhîpterus altivelß
Teleost Type G
Bathylagus æhotensls

2 Pleuronectldæ (unldenüfied)
Pleuronætes vetuh-s
Psettbhthys me lan ol i ctu s
CíthañchthysB
C¡lharîchthys A

TOTAL FISH EGGS

n.a
7.6
8.9
8.8
8.7
9.O
o-7

0.o
0.s
4.4

74.1
s.7
o.o
o.5

o.4
o.o
o.o
o.o

'o.o

26.9

0.o 0.o o.o
o.o 0.o o.o
o.0 0.o o.o
o.o 1.1 1.5
0.0 0.0 0.s

27-7 0.O O.O
o.o o.5 0.o

1.8
4.O
3.7
3.5
8.O

11-9
2.6

0.o
o.o
o.0
o.3
o.o

o.o
o_o
o.o
O.¡l
o.4

75.6 æ_2

o.o o.o 145.3
O.O 2.O ¿l().6

o.o 1-4 6.8
o-o 3l.8 3s.5
0.o æ8.7 1813.1

2,.7 3O8.¡l ã145.8

Figure 138. Distribr¡tion of station groups for dominant to<a of eggs ¡n bongo samples, cru¡se D481.
+ = stations where eggs w€re absent from samples.
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/16

16+

64+

Table 57.
Two-way coincidence table resulting from numerical classification of larval abundance
data from bongo collections taken during cruise DAB1 , OctoberNovember 1981 .

Mean abundance in stat¡on groups expressed as numberVl0m2.

SPECIES GROUPS

STATION GROUPS

123

1a Melamphaeidae (unidentified)
Lexidîop ringens
Chauliodus mæwni
Tarleton æar ía cre nulari s
Protomyaophu m crockeri

lb Protomyctophum thomponi
Eathylagus milleri

2 Seöasfesspp.
Citharichthys spp.
C itha richthys stigm aeus
Cithañchthys sordidus

3 Cyclopter¡dae (unidentified)
Engauts mordax
lcíchthys lækingtoni

TOTAL FISH I.ARVAE

o.o 37-9 13.6 0.O
1.O s0.4 31.6 0.O
o.o 1.6 4.O O.O

0.6 0.o 13.8 0.o

37.9 2îì.O 1s.3 108.9 71.4 12-7

1-7
3.3
1.7

11.7
7.9

0.o
1.2
3.5
6.1
1.2

o.3 0.o
o.o o.o

o.5 0.o
2.4 0.O
o.0 0.3
o.o 3.s
o.0 3.o

o.o 0.o
o.o o.s

o.o o.o
o.o o.o
o.3 0.0
2.6 10.3
o.3 0.o

1.6 0.O
1.3 0.O

o.5 1.6
o-2 0.o
1.3 5.5
1.5 4.3

o.o o.o
o.o o.4
1.8 0.O

1.O 1.8 0.O O.O

3.6 0.7 0.3 0.O
2.3 1.2 0.3 0.O

Figure 14O. Distribution of station groups for dominant ta¡<a of larvae in bongo samples, cruise DA81.
+ = stations whgre larvae were absent from samples.
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Table 58.
Two-way coincidence table result¡ng from numerical classification of egg abundance
data from neuston colþctions taken during cruise MF83, November 1983.
Mean ah¡ndance in std¡on groups expressed as numbers/lo00m3.

STATON GROUPS

12SPECIES GROUPS

1 Pleurqtætes vetulus
CítharichthysB
P settr'hthys m e hn o$ iûu s
Pleuronectidae (unidentif ied)
Cihadchthys A
P leu ron ichth y s & an rren s

2 lcichtltys læk¡ngloni
Træhípterus altivelis
Chaliodus mæouní

TOTAL FISH EGGS

Figure 142. Distdbution of station groups for dominant taxa of eggs ¡n neuston, cruise MF83.
+ = stations where eggs were absent from samples.
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Table 59.
Two-way coincidence table resulting from numerical classification of larval
abundance data from neuston collectionb taken during cruise MF8Í1, November 198Í1.

Mean abundarrce in stet¡on groups expréssed as numberglooom3.

SPECIES GROUPS

STATION GROUPS

12 4

Hexa grám m os I ag oceph alu s
*orp æn i chlhy s m arm orat u s
SeDastes spp.
Hexagram m os dæagrammus
C ilh a ríchthys sti gm aeu s

Tarleton æ dt i a cte n ul ari s
Cololabis sira

TOTAL FISH I.ARVAE

o.o
o-o
o.o
o.4
o.o

95.6
31.7

12A.1

8.5
41-2
3.O
o.7
o.o

3.1
15.4

s2.9

o.o
o.o
o.o

14_O
o.o

o.o
o.o

14-O

o.o
32.9

35.0

o.o
o.o
o.o
o.o
1.3

(,
o
ur

Ftgure 144. Distdhrtion of station groups lor dominant taxa of larvae in neuston, cru¡se MFgg.
+ = stations where larvae were absent from samples.
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Table 60.
Two-way coincidence table result¡ng from numerical classification of egg abundance
data from bongo collections taken dui¡ng cruise MFg3, November f 983.
Mean abundarrce in stat¡on groups exþressed as numbers/tOm2.

SPECIES GROUPS

o.3
o.o
o.o
o.o
o.o
o.2

o.3
o.3

0.o
o.o

o.o
o.o
o.o
o.o
o.0

36.5

o.o
0.o
9.5
o.o
o.3
o.o

o.0
o.o

o.o
o.o
0.0
o.0
o.o

o.4
o.o

o.o
o.o
o.o
o.0
o.o

(,
o\¡

1a Bathylag¡dæ (unidentified)
Bafhylagusspp.
Træhipterus altivelís
Chauliodus mæouni
lcichtttys lækhgtoni
Teleost Type G

lb Teleost Type M
Bathylagus æhotensis

2 Pteuronætes vetuhts
Psettbhth ys n e bn ost ict u s
Pleuronectidae (un ¡dent¡f ¡eO
CíthadchthysB
círhañchthys A

TOTAL FISH EGGS

16.O
11.9
8-4
o.8
3.4
5-5

2.9
2.O

o.1
o.1
o.o
o.o
0.3

52.5

11.O
5.O

14.1
8.5
1.2
o.4

0.o
0.o
9.3
o.8
o.8

?5-6

41.3 lo-2

5.4
4.1

2.-7
7-9

14.5

so-2

Figure 146. D¡stribr¡tion of stal¡on groups for dominant taxa of eggs ¡n bongo samples, cru¡se MFg3.
+ = stations wh€re eggs were abent from samples.
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s s 2 4/+ Table 61.
Two-way coincidence table resulting from numerical classification of larvat
abundance dat¡r from bongo collect¡ons taken during cruise MF83, November 1983.
Mean ah¡ndance in std¡on groups expressed as numbers/tOm2.

SPECIES GROUPS

STATON GROUPS

12

o.o
o.o
o.4

æ.7

1.1 1_6
o.o o.o
o.o o.o
3.e Ó.o
s.o 1.8

o.o o.o
o.o o.o
o.o 0.0
o.8 0.o

o.o o.9
o-o 7.7
o.o o-4

2.7
4.5
8.6
1.9
4.O

o.o
0.8
o.4
o.9

0.o
2.4
o.5

29-6

l¡,
o
\o

1 Stenobræhits bucoparus
Tarletqt æ an i a cre n ul ari s
C¡thañchthys spp.
Chauliodus mæouni
c ith e ñchthys stigmaeus

2 Diaflius theta
P roto myctoph u m c roc k e ri
Protomyaophu m thom pson ¡
Leslidiory ringens

3 Cyclothone spp.
Seôasles spp.
Lampanyctus ritteri

TOTAL FISH I.ARVAE

1.6
3.5
1.3
1.4
2.6

1.9
5.O
2.2
3.6

o.9
2.3
o-5

32.4

18.4
4.9
o-4
o.o
o.o

1.9
2.9
o.o
o.8

12.s 16.O

Frgure 148. D¡stdbution of station groups for dominant taxa of larvae in bongo samples, cn¡ise MFg3.
+ = slations where larvae were absent from samples.
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Table 62.
Two-way coincidence table result¡ng from numerical classification of egg
abundance data from neuslon collections taken during cruise MF87. January 1987-
Mean ah¡ndance in stat¡on groups expressed as numbers/lOOOmS.

STATON GROUPS

12

o.o
1.1
o.o
o.o
o.o

o.0
o.o

3.3

1b
t,
P
P

SPECIES GROUPS

Pleuronectidae (unidenùf ied)
Cithañchthys A
cithadchthysB
Pleurcnectes vetulus
Plet¡chthys stellatus

Pleuronætes ßolepis
Psenbhthys me la n ost ictu s

P leu ron ichthys & an rren s

Bathylagidæ (unidentified)
Bathylegus spp.
lcasteus ænigmaticus

Chanliodus mæouni
lcichtlrys lækingtoní
Træhipterus altivelis

TOTAL FISH EGGS

Figure 150. Distdbution of stat¡on groups for dominant la<a of eggs ¡n neuston, cruise MF87.
+ = stations where eggs were absent from samples.

o.o
o.o
o.o
o.o
o.0

o.o
o.o

o.o

12-5
7.7
6.6

24.9
Þ4.e
æ-4

139.3

o.o 3144-7
o.o s51s.1
o.o 376.7
o.o 66.6
o.o 37.8

o.o 12-3
o.o 9.5

o-o 5.4

14.6
o.o

16.O

o.o
29.8
18.9

87.4

o.o
o.o
o.0

o.o
0.o

ã).8

2,2 9180.5

o.o
o.0
o.0

2-O
o.o
9.3
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Table 63.
Two-way coincidence table result¡ng from numerical class¡f¡cat¡on of lanral
abundance data from neuston collectibns taken dur¡ng cruise MF87, January 1987.
Mean abundance in stat¡on groups expressed as numbers/lü)Om3.

STA]]ON GROUPS

12

t
F
(¡)

SPECIES GROUPS

1 Hexagranmas decagrammus
Hemilepidous spínoans
*orpæn ichthys m arm oratus

2 Tarletonhania crenularís
Hexagram m os lagocephalus

3 Saöaslesspp.
Hem i b¡tidofrts he m îlepid otus

4 LeFr:æonus ermdus
Cololabis slra

TOTAL FISH I.ARVAE

Figure 152. Distdbution of station'groups for dominant taxa of larvae in neuston, cruise MF87.

+ = stations where larvae were abssnt from semples'

132-6 1s6.9
10.s 681.4
1.6 33.4

o.o ã).9
8.3 6.0

2.3 6.6
2.s 13.8

5-7 0_9
2.5 0.O

'ioe.a s46.s

63.3
102.O

3-2

80.8
36.O

o.o
o.o

o.o
3.3

2A9.7

o.o
o.o
o.o

95.1
o.o

o.o
o.o

o.o
æ.2

123-3

0.o
o.o
o.o

o.o
o.o

o.o
o.o

o.o
46.5

46-5
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Table 64.
Two-way coincidence table result¡ng flom numerical classification of egg
abundance data from bongo collect¡onÎ taken during cruise MFr87, January 1987.

Mear¡ abundance in stat¡on groups exp lssed as numberVl0m¿.

SPECIES GROUPS

STATTON GROUPS

12

o.o
1.4
o.5
3.6
0.5
o.o
o.o

o.5
o.o

o_o

1.6
o.6
o.7
o.o
5.0
5.9
1.5

o.o
o.3

2.6

0.o
0.o
o.o
0.3
o-7

t
P
Ul

1 Bûhylagusspp.
lc íchtlty s I oc k in gton i
Bdhylagus mìlleri
Bahflagidæ (unidentified)
Chatiliodus mæouni
Træhipterus altivelis
lcosteus ænigmatbus

2 Nansenia candida
Teleost Type G

Teleost Type P 
,

3 Pãicnhys s/:ellatus
CitharíchthysB
Pleuronæies vetulus
Pleuronectidae (unidentif ied)
Cithañchthys A

TOTAL FISH EGGS 19.4

9_O

æ..4
13.2

287.7
226.1

571.1

9.4
18.0
9.8

86.9
9.1
6.O
7.8

1.7
3.2

o.5

o.0
o.o
o.o
o.4
o.o

154.O

Flgure 154. Distribution of station groups lordominant taxa of eggs ¡n bongo samples, cru¡se MF87.
+ = stat¡ons where eggs were absent from samples.
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Tabte 65.
Two-way coincidence table resutting fråm numerical classification of larval

abundance data ffom bongo collections taken during cruise MF_87' January 1987.

Mean ah¡ndance in std¡on groups expressed as numberVl0m2.

STATON GROUPS

SPECIES GROUPS

u)
P\¡

1 Stenobræhîts buæFarus
Bathylagus æhotensis
Seöestes spp.
P roto m ycIoph u m c roc keri
Tarleton æ an i a cre n ul ari s
P rotomyctophu m th om Pon i

2 Bathylagidae (unidentified)
C ilh a ríchthys sti gm aeu s
Melamphaeidae (unidentif ied)
Cithañchthys sordidus
Chauliodus mæouni
Le*idiop ringens

3 Osmeridae (unidentified)
Pleuronectes vetulus
Cyclopteridae (unidentified)
Hemilepidoas spinosus
Hexagram mos decagra mmu s

TOTAL FISH LqRVAE

19.8
18.6
55.9
7.2
7_7
2.9

2-A
1.5
o_2
1.3
1.3
1.2

3.1
2.6
2.5
3.1

16.3
7.2

1.2
o.0
1.1
1.2
2-s
0.6

0.o
o.5

26.9
o.5
o.0
o.o

o-o
1.8
o.0
o.o
o.o
o.o

61.2
35.3

2-4
3.O
1.8

141.9

o.o
o.o
o.o
o.o
o.0

ß.4

o.4
0.4
0.8
1.6
o.2

128.8

Figure 156. Distdbution of station groups for dominant ta,ra of larvae in bongo samples, cn¡ise MF87.

+ = stations where la ae were absent from samples-



Table 66. Wesl coael ichthyoplankton aseemblages.
Based on eggs and larvae taken in subsulace samplee and eggs taken in neuston samples.

SPBING

SUHUER

AUruHN

IìNNIEB

' Engøulþnq&
r OrmadÒ.

S.ål'ùt.pp.
. C¡ür.rlchthn.g4.logçl
. Clütulchlhyt.tüútt
. Cl¡hulchlhlrtdtnrta
' PLu?m.cüdr. lunlÖîüñ4

Etúæhlrut
' Plãilq/tæ!.bolf,þ

Eryúdlþ
Ulctútonua,,f,ll7ft

. Pbtrøtæ¡'tctulut
' PLuÌottlclútn cbunsÐ
' fuüchlhl' tnút ûfÉùr.

Engltlburtü
Sräúbt¡pp.

' Atbdut hanlnglertl
CyçloFbrld¡t

' Clüt.tþh¡htr.W. l.9')
' PLuroñ.cüdt (unldütlbq

Eryú'dth
' È.lt/f,,hthn n&nûlrùr.

'g.å.rbt.pp.
' Clth.tþhthyt.W, þ99¡l
' Cltht lehlhyttqdùn
' Cltt.ttchthn.tlg,nn t
' FLuron.cüdr. (unlÒnübQ
' Pta fidtGE vaùtlut
' Pl'4tøtþlüry¡úu¡tsta
' È&h¡hÞt¡o,'ttûtlcùtt

' Orm.rlÖ.
S.ùúbt.pp.r Cycloüü.

' H.mltf,ld€ûrt.Plnau.. Hegûmmaæryramñut
' Criht þhrhyt.,99. þ9çl
' PLuton.cüÖ. (unló.nülb4
. Plat¡dl,üþol?1b
' Pl',)rcñæE Yúrlut
' Pt tlchthrt',bllttt
' Plltìdtlclúryt cbu¡tttt
' È&hlhnmdúatlcùrt

Engtttbmtü
8¡drylqyoæhútttb
Nt lglt filtcu.
My3tophlÒ. (unlönüÐ4
$bt ötæhht.nawntt
T,r'þtÛtå', tbctttt,Ltb
TtûhÞbtu..ldÐlþ

' Saåatb3pp.r Sràatldoåartapp.
lêHrthyt læHnglur,
Clt .rlchdtyr.99. þ9çl

' Entthùua
' Eqtúatttlþ
' ,lbtútoãtut'g,trÊt

Cùattlldtt tnæatnl
Dllq/hutth.ü
S:bDùtæhlut btcwntt
TutdoaÐrrbc,qn/,ø'

' Ølúbt ln
'Srå¡rbt.pp.

Cl¡hetlchthyt tÐ. l.gg.l
' Pbüron.c'üd.. (unld.fl tibq
' Eopû.ilb
' lllcrr,tornut',f,ü'ÉI

' Engrulþ mqthx
t S:Þttùtæhlubucryatuc
' T.t'ìonÈ,',nbcÛtt/,rÈ

s.ärt¡t.Pp'

BüylrCö. (unldñün q
N &útNpr*illen
N âco,ntwàumthornqonl
N Træhþbar.M
N S.årr¡rpP.
N tc-Müilgn&u.
N ENd,þ
I N.¡nbøtüü
E Nriþptæhüt þg Ch.ttilúnrnúünl
I MyEtophldr (unlóntÍbq
g otpiru.¡hú
E L.n4nycùtr.W.
A ffidrratqhumc¡ælal
3 S8/aút&,hfut¡{tcçd,,tst
A 7.dafoñÐnbarr'uþiþ

lêlù¡hn,æH¡gtqtl

Argntlnlr¡. (unld.lìüf,.4
Bdryl¡ddr. (unld.îüñ.4
Túaúf'a,m.múÌqua
Ct auuúts tnsounl
txlF,hu. ¡h.b
Itnqttycùta.W'
ftotÚ,rryctqh u n th ornq 4rl
fiaútæ,ilutlerrcrytut
Tatl','odænbêûrtffi
¡t å¡t¡.!PP.
,cârrhyt lælütrgtottl

Eagrarlbñtüra
Büy'l¡C¡L. f unld.ntlñ.o
NtllÚutæhútrb
Atauloü)a ñeoarnl
PrcloilyaÞhum ctælûtl
Proto[tlê@hum lhomqúl
T.tLtoaÐn/. crûtttb
ÌrúhÞbnt..¡UY.lb
Laüörydnga.
þldtürtt læHngîctl
Cfrr'flchthn.oldürt
Clth.tÈ,hlhyt.dgnnu.

Cü.ttud)a ntdrnl
N ftdoñyclry.hum¡hoû!',dtl
N T.tt'ÍonùtLaütt,.tþ
8 Búyl¡Cdr (unld.ñtlñcd)
g 8.ürl,.9utæh&ttb
S Ptotot ryctqhum c¡ælod
I s:útöt'Ehluabtcrytrt
S Laddrydnga,

r'æhÞFrtt.M
I Srö¡rbaaPP.
I þûE,t¿.útlgn.üeu.
I lcHt¡hytlæHngturl

Clthülchlhyx.qd&.
I Clthtþhthyt.dgnaeu.

. r dcllnlüvc trn for coatt¡!, rlopa rrld dumc Drcmblag-. N - nat ¡bundlnt ln nolürtn lactoa ol ocalrþ zona.

I - mat rbondrnt ln aoulhdn aactol ol oc.rnþ zolìa'
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lnterpretation of species codes in Appendix Tables 1-20.

CODE TAXA/SPECIES

1¿18 Osmeridae (unidentified)

150 Bathylagidae (unidentified)

151 Bathylagussp.
152 Bathylagus milleri

153 Bathylagus pacificus

15ô Chauliodus macouni
157 Myctophidae (unidentifieQ

158 Diaphus theta
160 Stenobrachius leuæparus
162 Tarletonbeaniacrenularis

163 Protomyctophum crockeri
144 Protomyctophum thompsoni
171 Seöasfesspp.
17i7 Hex4qrammos decagrammus
178 Hex4grammos lagoæphalus

181 Ophiodon elongatus

183 Anoplopomafimbria
186 Aftedius haningtoni
194 Hemilepidotus hemilepidotus

199 Leptoættus armatus
213 Cydopteridae (unidentified)

22O Ronquilus jordani

229 Cryptaænthodes aleutensis
æ3 Ammodytes hexapterus

æ4 Cîtharichth¡rs stigmaeus
æ5 Pleuronec{idae (unidentifieQ

237 Enex zachirus
239 Pleuronectes isolepb
242 Eopsettaexilb
243 Miuostomus pacilians
,44 Pleuronecles vetulus

245 Platichthys stellatus

247 Psettichthys melanostictus

CODE

261

2tr¡

TÆ(A/SPECIES

Teleost Type M

Citharichthys B (egæ)

C itharichthys spp. (l arvae)

Scorpaenidae (unidentified)

Bathylagus ochotensis
Melamphaeidae (unidentif ied)

Scorpae ni chthys marmoratu s
lcichthys lockingtoni

Lampanyctus ritteri

Nansenia ændida
Lampanyctusspp.
Taclostoma macropus
C it h aricht hys so rdid us
H e m i le p i d otu s sprnosus

Seöasto/oôus spp.

/æsteus aenigmaticus

Træhipterus allivelis

Aoblabß saira
Lestidiop ringens
Engraulis mordast

Cyclothonesgp.
Citharichthys A (egæ)

C itharichthys spp. (l anrae)

P leu ro n ic hthys coe nosu s
P leu ron ichth¡æ d ecu ne ns
Argentinidae (unidentified)

Lampanyctus ¡egalis
TeleostType G
TeleoEt Type F

Teleost Type P

270

271

272

273
274
275
276
277
278
279
281

282
28rÍt

285
287

288
290

292
293

298

299

300
305

322
325

339

319



48 00N

47 00N

46 00N

45 00N

44 00N

43 00N

42 00N

4t 00N

t29 00t{ t27 00l.l r25 00t.| 123 001'l

48 00N

47 00N

46 00N

4s 00N

44 00N

43 00N

42 00N

41 00N

40 00N

39 00N

129 ooH 127 oout 125 00t{ 123 00}l
Appendix Figure 1.

Grirl of squares and rectangles for which mean ah,¡ndance ol dominant idtthyoplankton taxa
in eadr division were calculated, based on data combined lrom the six sptittg cn¡ises.

rJ39 00N
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no.ryrycotrEtÒrELbt ol.p.d¡.b,'l-rr-,r*rr*r,f!#åIH.l.br-.ggornr.,.tql..npl-,.|r.Èlns
cn¡l... combl|¡d. fù|tù.|| ln r9..{c g]o{rpa arr ?.crl¡ cod.G ga. ln rcconF.nyln! tll. tÔL tç ln¡rPr.¡üon

sfatur lPCcErffiUPlmueo I 2
,*-Etn¡sm{nnrl¡lYtf

I - O.O O.O 0.0 o.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 l2.c t3.6 00 37
ft, o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.6 17.1 0.0 3.6
tìt o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ll.t æ.2 0.0 l.a

- O.o 0.0 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.6 ¡¡2.9 0.0 62
¡ o.o o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 7.7 64.0 3.3 t.6
ar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 S2 7¡1.5 0.0 t.E
d o.o 2.1 o.o o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.1 ag.E 1.5 2.1
!¿ o.o 5.3 o.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 t0.9 0.0 2.6

¡ O.O O.O O.O O.O O.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 6.9 0.0 ¡1.3

¡ O.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ¡l¡'¡1 0.0 0.0

te o.o o.o o.o o.o o.o 0.0 0.0 0.0 0.0 0.0 o.o 0.0 00 26 0.0 't.7
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Appendix Figure 4.
Sampling stations, positions, and cruise track for cruise MF83 (November/December 19gg).
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-Appondix Tablo 17.
TrÞw¡y cdndd€nc. t bl. of .p.d.. ùuillrnca (no./lofþmé) ¡nong ilådon group3 lor aggo ln neu¡ton ¡enplos, crube MF87, Jenuery 1987.
Nun5cr¡ ln 6podc6 gror¡pû ¡¡. 3p.d.. codca, S.e li3l ¡oco[pånying Apgcndr T¡ble 1 lor lnbrprcta¡on.
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