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1. ABSTRACT

This study discusses the early life history of fish in coastal
waters of the northeast Pacific Ocean. It is based on plankton and
hydrographic data collected off Washington, Oregon, and northern
California during the 1980s. Ten research cruises were conducted
during this period with cooperative ventures by the U.S. Northwest
and Alaska Fisheries Center (NWAFC), now the Alaska Fisheries
Science Center, in Seattle, and the Soviet Pacific Research
Institute (TINRO) in Vladivostok. The objectives of this study
were (1) to document patterns in occurrence, distribution and
abundance of ichthyoplankton species in the neuston and water
column of the sampling area, (2) to identify and describe the
occurrence and distribution of multispecies assemblages of
ichthyoplankton in this region, and (3) to relate spatial
andtemporal patterns in the ichthyoplankton to the oceanography of
the sampling area. These were the first large-scale
ichthyoplankton surveys to be conducted in this region.

The study area extended from the Strait of Juan de Fuca off
Washington to northern California, between 40°N and 48°N and 3 to
200 miles offshore. Although the study was designed to sample
during all seasons of the year, six of the ten cruises were
conducted during spring months. Sampling during summer, autumn and
winter months was limited. During each cruise, plankton sampling
for fish eggs and larvae, and hydrographic casts for determination
of temperature and salinity, were carried out at all stations.
Neuston samplers and bongo nets were used to sample the plankton in
the surface layer and water column, respectively. Oblique tows to
200 m, or 5 m from the bottom in water less than 200 m deep were
carried out with the bongo samplers. Fish eggs and larvae were
removed from the plankton samples, identified to the lowest
taxonomic level possible, counted and measured.

Results and conclusions from this study are presented in four
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major sections in the report: (1) Temperature 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
monthly'means for the years 1946 to 1989; (2) Taxonomic composition
and abundance of ichthyoplankton - records of occurrence and
abundance of all taxa of fish eggs and larvae in the neuston and
bongo samples are given. Dominant taxa are identified and seasonal
and interannual variation in their abundance is documented; (3)
Summary of information on dominant taxa - for each of the dominant
taxa, temporal and spatial patterns in their occurrence and
abundance during the study period are described and length
frequency distributions of larvae 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 recruitment patterns; (4) Multispecies spatial patterns
in the ichthyoplankton and relationships with the environment -
these patterns were investigated independently for eggs and larvae
in the neuston and water column using the multivariate technique of
numerical classification. The patterns are described, multispecies
assemblages of ichthyoplankton are identified, and their occurrence
and distribution are related to the oceanography of the sampling
area.

New information is available from this study on the
distribution and abundance of many species of fish eggs and larvae
in the plankton off the U.S. west coast. This is particularly true
for many of the seldom studied mesopelagic taxa. Overall,
knowledge of the spawning and early life history patterns of fish
species off Washington, Oregon and northern California has been
increased. For some species (e.g. Engraulis mordax and
citharichthys spp.), the El Nifio meteorological and oceanographic
event of 198271983 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 dominant
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taxa individually. Investigation of multispecies spatial patterns
among the fish eggs and larvae has led to the identification of
four geographically distinct ichthyoplankton assemblages in the
plankton of the study area. They include: 1) a coastal assemblage
that is restricted to coastal and continental shelf waters and is
most prominent off Washington and northern Oregon during winter and
spring; 2) a slope/transitional assemblage that occurs largely
along the shelf edge and slope; 3) a Columbia River plume
assemblage that is associated with the Columbia River plume during
summer; and 4) an oceanic assemblage 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 assemblage of larval species is present in the neuston. It
is associated primarily with the shelf and slope region but certain
species, such as Cololabis saira, Anoplopoma fimbria and Sebastes
spp., are also distributed throughout the oceanic zone. In
general, the boundaries to the ichthyoplankton assemblages are

fluid. Seasonal variation in occurrence and abundance of species
within assemblages is strong. The occurrence and distribution of
these assemblages reflects temporal 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 within the complex and variable marine
ecosystem may have given rise to the high degree of structure
observed in the ichthyoplankton spatial patterns and to the
multispecies assemblages.



2. INTRODUCTION

The present study concerns the early life history of fish in
coastal waters of the northeast Pacific Ocean. It is based on
plankton and hydrographic data collected off the coasts of
Washington, Oregon and northern California, during the 1980s. The
ten research cruises carried out during this period were
cooperative ventures by the U.S. Northwest and Alaska Fisheries
Center (NWAFC), now the Alaska Fisheries Science Center, in Seattle
and the Soviet Pacific Research Institute (TINRO) in Vladivostok.
The purpose of these cruises was to document patterns in
occurrence, distribution and abundance of ichthyoplankton species
in coastal waters of the northeast Pacific. They were the first
large-scale ichthyoplankton surveys to be carried out in this
region.

Prior to this study, most investigations of ichthyoplankton in
the temperate 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 with ichthyoplankton in this region
_is given in Table 1. Included are details of sampling coverage,
sampling gear used, and kinds of data reported.

Prior to 1972, data on ichthyoplankton in the northeast
Pacific were sparse. Their main focus of the few studies from this
area which presented ichthyoplankton data was pelagic invertebrates
or adult and juvenile fishes, and data on ichthyoplankton were
largely ancillary (Aron, 1958, 1959, 1960, 1962; Le Brasseur, 1965,
1970; Day, 1971). Subsequently, several studies investigated the
ichthyoplankton of this region. Waldron (1972) examined the
distribution of fish larvae during spring 1967 off Washington and
Oregon, out to 550 km offshore. Richardson (1973) documented
species composition, relative abundance and the distribution of
dominant taxa in the ichthyoplankton off Oregon and southern
Washington during the summer of 1969. An eleven-year study (1960-
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1970) of interannual variation in the occurrence and abundance of
larval fish in Yaquina Bay off Oregon was carried out by Pearcy and
Myers (1974). Laroche (1976) and Misitano (1977) conducted
ichthyoplankton surveys in the vicinity of the Columbia River
estuary and reported on species composition and abundance in the
ichthyoplankton. From ichthyoplankton surveys carried out during
the summer of 1975 and 1976, Richardson (1980) determined the
spawning biomass of anchovy and associated their spawning with the
Columbia River Plume. Pearcy et al. (1977) and Laroche and
Richardson (1979) reported on the distribution and abundance of
larvae and juveniles of several species of flatfish off Oregon.
Most of the above studies were restricted in terms of sampling
coverage to periods of 1less than a year, and discussion of
distribution patterns was limited.

Ahlstrom and Stevens (1976) reported specifically on
ichthyoplankton distributions over an extensive area of the
northeast Pacific, including coastal, shelf and deep water (as far
out as 145°% longitude) from off northwest Washington to southern
Baja California. This study deals specifically with larval fish
species caught in the neuston. The NWAFC/TINRO ichthyoplankton
cruises carried out off the U.S. west coast during the 1980s were
also extensive, both spatially and temporally, and they were the
first surveys to document distribution of egg and larval species in
both the neuston and the water column. Preliminary results from
these surveys 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 (198%9a, 1989b). Based on the same data, an
investigation of the distribution and abundance of eggs and larvae
of five species of flatfish off Washington, Oregon and northern
California was carried out by Urena (1989).

Since Richardson and Pearcy’s (1977) investigation of coastal
and oceanic fish larvae along a transect of stations off Yaquina
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Bay, Oregon, several studies have dealt with the identification and
distribution of species assemblages in the ichthyoplankton of this
region. The most important of these is Richardson et al.’s (1980)
study of larval fish assemblages off the Oregon coast between the
Columbia River and Cape Blanco, during winter-spring months of 1972
to 1975. They documented the persistant occurrence of three major
species assemblages - coastal, transitional and oceanic - in the
area and associated them with adult spawning location and current
circulation patterns. Their use of the pattern-recognition
technique of numerical classification to analyse spatial patterns
in the larval fish data was a new innovation for ichthyoplankton
studies. Mundy (1984), Boehlert et al. (1985) and Shenker (1988)
also deal with the occurrence of ichthyoplankton assemblages off
the Oregon coast and interpret the distributional patterns
ecologically.  Another study which addresses the relationship
between ichthyoplankton distribution patterns and environmental
conditions is Brodeur et al.’s (1985) investigation of the
distribution and abundance of fish larvae in the upwelling zone off
Oregon during anomalous El Nifio conditions.

The aim of the present study is to further the understanding
of the spawning patterns and early life history of fish in coastal
and offshore waters west of Washington, Oregon and northern
california. The sampling methods and coverage allow the
investigation of occurrence, distribution and abundance of fish
eggs and larvae in both the neuston and the water-column over a
large geographic area and over a period of seven Yyears. of
particular interest is the occurrence, nature and distribution of
species assemblages and how they may be related to environmental
factors. Results are compared with those of previous studies off
oregon that documented ichthyoplankton species assemblages on a
more limited basis. The distributional patterns are related to the
occurrence and spawning strategies of the adult fish plus the
oceanography of the sampling area.



Although all the ichthyoplankton data collected during the
1980 to 1987 west coast surveys are presented and discussed in this
report, two related papers which focus on part of these data have
been completed. The neuston data were the basis for a study of
neustonic ichthyoplankton in the northern region of the California
Current ecosystem (Doyle, in press). This paper provides a more
thorough investigation of the occurrence, abundance and
distribution of fish eggs and larvae in the neuston than is given
in the present report. Doyle et al. (in press) used larval data
from the bongo collections to investigate multispecies assemblages
of fish larvae off the west coast and compare them with assemblages
of fish larvae off the U.S. east coast. Discussion of the nature
and possible origins of the larval fish assemblages is included in
this paper.



3. STUDY AREA

The survey area extends from 48°N off northwest Washington to
40°N south of Cape Mendocino off northern California and from 3 to
200 miles (4.8 to 322 km) offshore (Fig. 1). A narrow continental
shelf characterizes the coastal region. Ooff Washington and
northern Oregon, the shelf width is less than 70 km, whereas off
southern Oregon and northern California it narrows to less than 30
km, reaching a minimum of approximately 10 km off Cape Mendocino.
A series of submarine canyons transect the shelf and slope off
Washington and northern California. These canyons are largely
absent off Oregon where rocky submarine banks are found along the
shelf. A grid of 125 (maximum) stations was occupied during most
cruises, and stations were more closely spaced in the shelf and
slope zone than in deep water west of the 1000 m isobath.

The oceanography of the survey area is characterized by the
California Current system, a typical eastern boundary current
regime (Hickey, 1979, 1989). The main California Current is slow,
meandering, broad, and indistinct and it proceeds southwards along
the U.S. west coast (Fig. 2). Sub-components of the California
Current include the northward-flowing California Undercurrent and
Davidson Current (Hickey, 1989). The California Undercurrent
consists of a jet-like poleward flow with a subsurface maximum.
Its core appears to be confined to the continental slope. The
northerly flowing Davidson Current that prevails on the coastal
side of the California Current during winter is a seasonal surface
current (Fig. 2).

Coastal surface currents in this region are primarily wind-
driven and display strong seasonal variability (Huyer et al., 1975;
Hickey, 1979; Strub et al., 1987). Spring and autumn transitions
in prevailing winds and associated coastal currents are driven by
large-scale changes in atmospheric pressure systems over the North
Pacific. In winter, southerly winds result in the northward
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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 prevailing
conditions include a southward flowing coastal current, offshore
Ekman transport, and upwelling of cold oceanic water close to the
coast. The autumn transition from northerly to southerly winds
leads back to the winter conditionms.

The intensity of Ekman transport and associated upwelling is
variable along the coast. Mean monthly upwelling indices (derived
from geostrophic wind stress - Bakun, 1973) for four locations
along the 125°% meridian, from northern Washington to northern
California, show that the extent and intensity of upwelling
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 considerably higher than off Washington and northern
Oregon. The region of maximum upwelling along the U.S. west coast
is between Cape Blanco off southern Oregon and Point Conception,
southern cCalifornia, with a local maximum at Cape Mendocino
(Parrish et al., 1981).

The oceanography of waters off the U.S. northwest coast is
modified significantly by the Columbia River (Hickey and Landry,
1989). The Columbia River is the largest point source of
freshwater flow into the eastern Pacific Ocean and its water forms
a low-salinity plume that extends outwards from the river mouth
above a shallow (<20 m) halocline (Fiedler and Laurs, 1990). 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 September and October (Fig. 4), (Landry et al.,
1989).



4. MATERIALS AND METHODS

4(a). Sampling schedule and procedure

During the years 1980 to 1987, ten research cruises were
carried out in the study area. Although intended to sample during
all seasons of the year, most cruises were conducted during spring
months and coverage of summer, autumn and winter months was
limited. Complete coverage of the 125 stations was not achieved on
every sampling occasion. Table 2 gives the number of stations
sampled for ichthyoplankton during each cruise along with the
cruise dates and the vessel used. Stations occupied during each
cruise are plotted in Figures 5a-j.

During each cruise, plankton sampling for fish eggs and larvae
and hydrographic casts for determination of temperature, salinity,
oxygen and, in some instances, nutrient concentrations were carried
out at all stations. The water samples were collected at standard
depths of 0, 10, 20, 30, 50, 75, 100, 150, 200, 250, 300, 400, 500
and 600 m as water depth permitted. Paired neuston tows, using
Sameoto samplers (Sameoto and Jaroszynski, 1969) with 0.3 m high by
0.5 m wide frames and 0.505 mm mesh netting, were conducted for 10
minutes at each station, at a speed of 2.0 knots to sample the
upper 15 cm of the water column. Following standard MARMAP
procedures, oblique tows to approximately 200 m depth, or 5 m from
the bottom in water less than 200 m deep, were carried out at each
station using 60 cm frame bongo samplers with 0.505 mm mesh nets
(Smith and Richardson, 1977). Flowmeters in the mouth of the
neuston and bongo samplers were used to determine the volume of
water filtered by each net. One of each of the paired neuston and
bongo samples were retained by the Americans and the other by the
Soviets. The American plankton samples were processed by the
Polish Plankton Sorting Center in Szczecin, Poland. Fish eggs and
larvae were removed from the samples, identified to the lowest
taxonomic level possible, counted and measured. Identifications
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were later checked by biologists at the Northwest and Alaska
Fisheries Center. Counts of fish eggs and larvae were converted to
numbers per 10 m® of surface area for the bongo samples and numbers
per 1000 m® for the neuston samples.

4(b). Data analysis

Average distribution plots were constructed for the dominant
taxa of eggs and larvae in the neuston and water column. A grid of
74 squares was superimposed on the sampling area. For each of
these squares, the abundance of the particular taxon was summed
over the ten sampling periods and divided by the total number of
stations in each square, to give mean abundance estimates.

The multivariate analytical technique of numerical
classification 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, 1975;
Boesch, 1977; Gauch, 1982). Normal and inverse classsifications
were carried out on the data sets i.e. both the species and
stations were classified into groups. Only the dominant
ichthyoplankton taxa, which contributed significantly to the
overall spatial patterns, were included in this analysis. Taxa
occurring in less than approximately 5% of the samples for a
particular data set were removed. In addition, the data were log-
transformed prior 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 dissimilarity measure (Bray and
Curtis, 1957), used extensively in marine ecological studies
(Boesch, 1977), was the one chosen here.
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It is expressed -as:

1

E Ian_'XnkI
Dyy=-22L
Y (X4 Xy
n=1
where D; = dissimilarity between stations j and k
i = number of species
X, = abundance of nt" species at station j
X, = abundance of n'™ 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 wused are
agglomerative and hierarchical in nature (Clifford and Stephenson,
1975; Boesch, 1977). In this instance the "flexible sorting"
strategy (Lance and Williams, 1967) was used to fuse entities
(stations and species). Each entity begins as an individual
element and the most similar pair (those with the lowest
dissimilarity coefficient value) are joined first. Subsequently,
either another pair is formed, or a single entity is added to a
pair that has already been formed. This process continues with
larger groups being fused at increasingly higher values of
dissimilarity until the entire population of entities is joined in
one cluster and the dendrogram is complete. With use of the
flexible sorting strategy, a "cluster intensity coefficient" (which
can range in value from -1.0 to 1.0) is included in the algorithm.
This coefficient affects the structure of the dendrogram in that it
influences whether or not an individual entity will act as the
nucleus of a new group or join a pre-existing one. A value of
-0.25 has become the standard where the flexible sorting strategy
is used (Clifford and Stephenson, 1975; Boesch, 1977) and this was
the value chosen here.
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After completion of the classification of species and stations
for a particular 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 were
selected based on the arrangement of entities in the dendrograms
and their distinction in terms of occurrence and 1levels of
abundance of species and geographical distribution. Mean levels of
abundance for each species, in a constituent species group, were
then calculated for each station group. In this manner, the
station groups were characterised according to the occurrence and
abundance of groups of species. Subsequently, the station groups
were plotted on a map of the sampling area with a view to
identifying the occurrence of geographically distinct
ichthyoplankton assemblages.

The ichthyoplankton data sets at the Alaska Fisheries Science
Center reside in binary computer files on the Burroughs mainframe
computer (B7900). Numerical classification of the data sets and
plots of the resulting station groups were carried out using
custom-designed clustering programs (written in FORTRAN) which are
available on the Burroughs system.

13



5. RESULTS AND CONCLUSIONS
5(a). Temperature and salinity patterms and upwelling indices

Temperature and salinity patterns

Horizontal patterns of temperature and salinity are
illustrated for each of the ten cruises in Figures 6 to 15.
Contours are drawn for surface temperature, integrated temperature,
and surface salinity. The integrated temperature values were
calculated from data representing the entire water column or, in
deep water the upper 200 m, and weighted according to sampling
depth. These values are representative of the water sampled by the
bongo nets, in which most of the ichthyoplankton occurs.

Cruise TK80

Horizontal patterns of temperature and salinity during
March/April 1980 were typical for spring off the U.S. northwest
coast. Along the shelf, both at the surface (Fig. 6a) and
throughout the water column (Fig. 6b), temperature decreased from
north to south. Conversely, in the oceanic zone water temperature
increased in a southerly direction. The occurrence of colder water
along the coast off southern Oregon and northern California, in
comparison with the Washington 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 the surface
salinity contours (Fig. 6c) which show that highest salinity values
occurred here. Further north off Washington and northern Oregon,
the Columbia River outflow was manifest in reduced salinities. At
this time of year, the plume is oriented northwards and remains

mainly over the shelf (Fig. 6c).
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Cruise PO80O

The August 1980 data is representative of summer conditions
off the west coast when temperature increases in an offshore
direction and water is coldest along the entire coast (Figs. 7a and
b). Upwelling of cold oceanic water along the shelf causes this
pattern and results in water temperatures of 7-11°C at the surface
in the coastal zone. Temperatures of 15-18°C 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 Columbia River plume
is deflected in an offshore and slightly southerly direction
during summer (Fig. 7c) due to the occurrence of northerly winds
and offshore Ekman transport at this time of year.

Cruise PO81

Temperatures during this cruise were slightly higher overall
than those for cruise TK80 as sampling was carried out during May
(Figs. 8a and b). The typical spring pattern was apparent,
however, with temperatures increasing in a southerly direction in
the oceanic zone and in a northerly direction along the shelf.
Again, the commencement of upwelling of cold oceanic water from
Cape Blanco southwards is indicated by the minimum temperatures
which were prevalent along this section of the coast. Surface
salinity contours show that the Columbia River plume was oriented
along the Washington and northern Oregon coasts in the usual spring
pattern (Fig. 8c). Its influence was more extensive on this
occasion, however, with salinity values less than 29 ppt extending
from northern Washington to just north of Cape Blanco. River
discharge is at a maximum during May and June (Fig. 4).
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Cruise DA81

During October/November 1981, temperatures at the surface
ranged from 11 to 15°C and lowest values were recorded along the
southern Washington and northern Oregon coast where Columbia River
plume water occured (Fig. 9a). Integrated values show that
throughout the water column, temperatures were highest along the
entire shelf indicating that upwelling of cold oceanic water had
ceased (Fig. 9b). Columbia River discharge is minimal during
autumn (Fig. 4) and this is reflected in the surface salinity
contours (Fig. 9¢) which show minimum salinity values of 29-30 ppt
restricted to a small area off Washington, just north of the river
mouth. The extension of the 32 ppt contour into the oceanic zone,
however, resembles the summer offshore orientation of the plume
caused by offshore Ekman transport (Fig. 7c¢).

Cruise P082

Horizontal temperature patterns during May of 1982 (Figs. 10a
and b) were similar to those observed during May 1981 (Figs. 8a and
b), but values were lower overall by about 1°C. Temperatures were
particularly low (<9°C) along the shelf and slope between Cape
Blanco and Cape Mendocino indicating that upwelling was stronger
and more extensive on this occasion than during the same period in
1981. The occurrence of maximum salinities (>33 ppt) was also more
extensive (Fig. 10c), reflecting the occurrence of upwelled oceanic
water along the southern section of the coast. The orientation of
the low-salinity Columbia River plume water off Washington and
northern Oregon was more offshore and southerly during May 1982
(Fig. 10c) in comparison with May 1981 (Fig. 8c). This 1is
indicative of the commencement of offshore Ekman transport.
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Cruise EQ83

The spring of 1983 was unusual in that temperatures were
higher than normal throughout the sampling area, particularly along
the shelf, and no coastal upwelling was apparent even along the
southern Oregon and northern California coasts (Figs. 1lla-c).
These unusual conditions were associated with the strong El Nifo-
Southern Oscillation (ENSO) event which took place during the
autumn of 1982 through late summer of 1983 in the Pacific Ocean
(Brodeur et al., 1985). A surface layer of high temperature,
offshore water was advected onshore along the western coast of
North America resulting in unusually high sea-levels, enhanced
poleward transport, an increase in depth of the thermocline, and a
reduction in coastal upwelling and southward transport of cold
water (Lynn, 1983; Simpson, 1983; Smith and Huyer, 1983). The low-
salinity water of the Columbia River plume remained very close to
the coast, essentially off Washington, during spring of this year
(Fig. 1lic).

Cruise MF83

Temperature patterns during autumn of 1983 were similar to
those observed during autumn of 1981 (Figs. 9 and 12) with warmest
water occurring throughout the water column, along the coast (Fig.
12b). A different pattern of salinity contours was apparent,
however, and the restriction of the Columbia River plume to the
shelf off Washington and northern Oregon (Fig. 12c) reflects the
absence of significant offshore Ekman transport that year.

Cruises PO84 and BAS8SS

For March/April 1984 (Fig. 13) and April/May 1985 (Fig. 14),
temperature and salinity patterns were again typical of spring
conditions in the sampling area and comparable to patterns observed
during cruises TK80, PO81, and PO82 (Figs. 6, 8, and 10).
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Temperatures increased from north to south except along the coast
where cold, upwelled water was apparent off southern Oregon and
northern California. The Columbia River plume extended along the
shelf off Washington and northern Oregon.

Cruise MF87

Temperature and salinity patterns for January 1987 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 Columbia River plume (Fig. 16c). There was an
absence of cold, upwelled water along the coast south of Cape
Blanco, however, and the amount of river discharge, and associated
reduction in salinities, was minimal.

Upwelling indices

For each year of the survey, mean monthly upwelling indices
for four locations along the 125°W meridian (northern Washington 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, 1973) and are expressed as the
volume of water (m’) which is transported offshore in one second,
for 100m of coastline.

During 1980, upwelling indices were largely similar to the
1946 to 1989 values off Washington and Oregon, except for an
unusually high negative value in February (Fig. 16a-c). Off
northern California, indices were significantly higher than normal
in May and August (Fig. 16d) suggesting stronger upwelling. 1In
1981, values were slightly higher than the mean during July off
Washington and Oregon (Figs. 17a-d) and significantly higher than
the mean from 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 1982. For each of the four
locations along the coast, upwelling indices were significantly
higher than usual (Fig. 18) and the May value was the annual peak
for the Oregon and northern California coasts (Figs. 18b-d). This
unusually strong upwelling, for this time of year, is reflected in
the horizontal patterns of temperature and salinity for cruise P082
(Fig. 10).

The El Nifio event of 1983 is reflected in the annual pattern
of upwelling indices for that year (Fig. 19). Off Washington and
Oregon, index values were significantly depressed during the
summer, and at 42°N were below the mean during all months of the
year (Figs. 19a-c). Off northern California, at 39°N, values were
significantly below the norm during the first half of the year but
similar to mean values from June through December. It seems that
for this section of the coast, the commencement of upwelling was
significantly later than usual whereas further north, upwelling was
weak and totally diminished from spring through autumn.

The annual upwelling pattern was back to normal in 1984 at all
four locations (Fig. 20). Index values were slightly higher than
the mean, however, in July off Washington and Oregon, and in June
through September off northern California at 39°N. During both
1985 and 1987, upwelling indices were very similar to the 1946 to
1989 mean values, for all months of the year (Figs. 21 and 22).
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5(b). Taxonomic composition and abundance of ichthyoplankton

Table 3 gives the total number of the different taxonomic
categories (families, genera and species) identified for eggs and
larvae in the neuston and bongo samples, over all sampling periods.
A greater diversity of taxa, both for eggs and larvae, was
encountered in the bongo samples than in the neuston. In addition,
a higher number of larval taxa was recorded than egg taxa; 23
families of larvae as compared with 17 of eggs in the neuston and
38 of larvae as compared with 19 of eggs in the bongo samples. The
significantly lower number of genera and species recorded for eggs
than for larvae 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, e.g. the
rockfish, Sebastes spp., taxonomy at the egg-stage is more
difficult and there are many instances when eggs can only be
identified to family level (Matarese et al., 1990). The lower
diversity of taxa among eggs may also be attributed to the fact
that many of the fish species concerned are demersal spawners, or
in the case of rockfishes are viviparous, and therefore do not
appear in the plankton until the eggs hatch into free-swimming
larvae, e.g. the hexagrammids, cottids, Ammodytes hexapterus and
Ronquilus jordani.

Tables 4-7 list all taxa identified for each stage (eggs and
larvae) and gear (neuston and bongo) type, along with their
percentage occurrence and mean abundance in all samples collected.
For each category, only a small proportion, usually less than a
third of the taxa recorded, contributed significantly to total
abundance of fish eggs or larvae. Many species, particularly in
the bongo samples, were rare. In general, these rare taxa occurred
in less than 1%, and in some instances less than 0.1%, of all
samples collected.

The dominant taxa, which together account for greater than 80%
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of total abundance of eggs or larvae in the neuston or bongo
samples, are listed in Table 8. A total of 32 species in 19
families are included along with four categories identified to
genus level only; Bathylaqus spp., Sebastes spp., Sebastolobus spp.
and Citharichthys spp. In addition, many eggs belonging to the
families Bathylagidae, Myctophidae, Paralichthyidae and
Pleuronectidae were not identified beyond the family level, as was
the case with osmerid larvae. It is important to note that the
genus Sebastes spp. consists of a multispecies complex; about 40
species are known among the adults from the study area.

The association of the dominant taxa, as eggs and/or larvae,
with the different sampling gears is also documented in Table 8.
The anchovy, Engraulis mordax, is the only species that was
prominent both as eggs and larvae in the neuston and bongo samples.
Osmerids, bathylagids, myctophids, and Sebastolobus spp. were
prominent only in the bongo samples, being either rare or absent in
the neuston. In contrast, Cololabis saira, Anoplopoma fimbria, the
hexagrammids, and most of the cottids were associated almost

exclusively with the neuston. Ammodytes hexapterus and Ronguilus
jordani were prominent only in the neuston. They were common in
the bongo samples but were taken in much lower numbers and less
frequently than in the neuston (Tables 5 and 7). Apart from C.
saira which spawns in the epipelagic zone, the latter group of
species occurred only as larvae in the neuston samples. The
hexagrammids, cottids, A. hexapterus, and R. jordani are demersal
spawners and A. fimbria is a bathypelagic spawner, thus their eggs
are rare in the surface 2zone. Eggs of the deep water species
Chauliodus macouni were prominent in the neuston and bongo samples
but as 1larvae only in the bongo samples, whereas Tactostoma
macropus was associated primarily with the neuston and only in the
egg stage. The offshore species, Trachipterus altivelis and
Icosteus aenigmaticus, were among the dominant taxa in both the
neuston and bongo samples but only as eggs. The medusa fish,
Icichthys lockingtoni and members of the families Paralichthyidae
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and Pleuronectidae, were prominent in the bongo samples both as
eggs and larvae but in the neuston only as eggs. Their larvae were
largely absent from the neuston (Table 5).

Levels of relative abundance among the dominant taxa, for each
of the stage and gear categories, are given in Tables 8 to 11l.
Data from the ten sampling periods were combined to calculate the
percentage of total egg or larval abundance accounted for by the
individual taxa.

For fish eggs in the neuston, the family Paralichthyidae was
extremely abundant, accounting for approximately 56% of all eggs
caught in the samples (Table 9). The other flatfish family,
Pleuronectidae, was ranked second in terms of abundance and its
constituent species together accounted for almost 20% of eggs in
the neuston. Of the remaining taxa, Engraulis mordax, Trachipterus
altiveljis and Sebastolobus spp. were the only ones that accounted
for greater than 1% of total egg abundance. The most abundant taxa
of larvae in the neuston included Hemilepidotus spinosus,
Hexagrammos decagrammus, Sebastes spp., Cololabis saira, and

Anoplopoma fimbria, each of which accounted for greater than 10% of
total 1larval abundance (Table 10). Engraulis mordax,
Tarletonbeania crenularis, Scorpaenichthys marmoratus, and
Ammodytes hexapterus also figured prominently in the neuston
samples, accounting for between 3 and 6% of all larvae caught.

The offshore, deep water taxa including the bathylagids and
myctophids were most abundant in the bongo samples and together
comprised approximately 40% of total egg abundance and just above
60% of total larval abundance (Tables 11 and 12). The myctophids
were more numerous than the bathylagids. The most important
species of larvae were Bathyladqus ochotensis among the bathylagids,
and Diaphus theta, Stenobrachius leucopsarus, and Tarletonbeania

crenularis among the myctophids. Stenobrachius leucopsarus was

extremely abundant and accounted for 38.9% of all larvae caught
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(Table 12). Although poorly represented as larvae, paralichthyid
and pleuronectid eggs figured prominently in the bongo samples
accounting for approximately 24% and 20%, respectively, of total
abundance (Table 11). Engraulis mordax was also prominent, both as
eggs and larvae, and larval Sebastes spp. again accounted for
approximately 10% of all larvae caught. Osmerid larvae also
contributed significantly to total larval abundance and comprised
3% of all larvae in the bongo samples.

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 dominant taxa of eggs
and larvae in neuston and bongo samples are given in Tables 12-15a
for each of the ten sampling periods and the ten data sets are
arranged in order of the timing of the sampling cruises. Relative
abundance values for the dominant ichthyoplankton taxa, expressed
as percentage of total abundance, are given for the same data sets
in Tables 13-16b. Seasonal coverage is limited as six of the ten
sampling cruises took place during spring and the remaining four
were spread over summer, autumn 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 larvae occurring in the neuston, it is important to
consider diel variation in catches as some species are only
occasionally abundant in the neuston (Doyle, in press). The
pattern of diel variation in catches of total fish larvae differs
significantly between the neuston and bongo samplers (Fig. 23).
There is very little 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 3% of total catch,
while from 2000 hrs to 0600 hrs, catches per hour ranged from 5% to
12% of the total larval fish catch (Fig. 23a). Two factors may
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contribute to this diel pattern: (1) Vertical migration of larvae
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 larval fish in
the neuston. The patterns of occurrence of these species in the
neuston are examined and interpreted in the next section.
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5(c). Summary of information on_ dominant taxa

ENGRAULIDAE
Engraulis mordax

The northern anchovy, Engraulis mordax, is a small, pelagic
schooling fish which occurs along the west coast of North America
from Baja California to British Columbia (Hart, 1973; Eschmeyer et
al., 1983; Matarese et al., 1989). It is of commercial importance
primarily off central and southern California where it is used
mainly for reduction to fish meal. Three subpopulations exist; the
northern subpopulation extends from British Columbia to north of
San Francisco, the central one occurs off southern California, and
the southern one off Baja California. The central and southern
subpopulations are much larger than the northern one. Ooff
California, northern anchovy spawn during all months of the year
but with a definite peak in February to April (Lasker and Smith,
1977). The northern subpopulation is known to spawn during the
summer and early fall (Laroche and Richardson, 1980; Richardson,
1981). Eggs and larvae are pelagic.

Engraulis mordax eggs and larvae were prominent in both
neuston and bongo samples collected during the present study
(Tables 4-8). Although on average they occurred in less than 6% of
the samples collected, mean abundance levels were relatively high;
approximately 32 eggs and 10 larvae per 1000 m> in the neuston and
6 eggs and 13 larvae per 10 m? in the water column (Tables 4-7).
The percentage of total abundance which anchovy eggs and larvae
accounted for in the neuston and water column ranged from 3% to 7%

(Tables 9-12).

Among the individual cruises, anchovy eggs and larvae were
recorded primarily during late spring, summer 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 carried out during spring of 1980 to 1985 (Table 2,
Fig. 5), 1980 and 1983 were the only years when spring sampling
yielded significant numbers of eggs and larvae. During cruise TK80
(April/May), eggs were particularly abundant in the neuston (Table
13a and b) and well represented in the water column (Table 15a and
b). Larvae, however, were scarce in the neuston (Table 14a, b) and
were absent in the bongo samples (Table 16a). The mean abundance
of anchovy eggs was at a maximum in the neuston during the spring
cruise EQ83 (Table 13a) and eggs were also abundant in the water
column (Table 15a), accounting for almost 18% of all eggs recorded
on this occasion (Table 15b). Larvae were less abundant but still
well represented in both the neuston and bongo samples during this
cruise (Tables 14a, b and 16a, b). Of the spring-sampling cruises
in 1981, 1982, 1984 and 1985, only PO81 yielded any anchovy - no
larvae were recorded and eggs were taken in low numbers in the
neuston (Table 13a and b).

Anchovy eggs and larvae were abundant in the neuston during
cruise PO80 in August of 1980 (Table 13a and l4a). Eggs were less
abundant in the water column (Table 15a) but larval abundance was
at a maximum (Table 16a) and anchovy accounted for 66% of all
larvae caught in the bongo samples (Table 16b). In late autumn of
1981 (cruise DA81l), no eggs were taken but larvae were abundant in
the neuston (Table 14a, b) and scarce in the water column (Table
16a, b). Records of anchovy eggs and larvae during the autumn and
winter cruises, MF83 and MF87, were very sparse (Tables 13a, 1l4a,
and 15a).

Anchovy larvae taken during these surveys ranged from 2.5 to
37 mm in length, but most were between 5 and 15 mm (Figure 24 and
Table 17). A seasonal increase in mean larval length is obvious in
the bongo data. A difference of 2.2 mm in mean larval length
between spring and summer sampling is significant and suggests a
period of larval growth. However, the occurrence of many small
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larvae (<3 mm) in the bongo samples both during spring and summer
sampling, 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/May and August. On
average, larvae in the neuston were larger than those in the water
column and larvae less than 3 mm in length were restricted to the
bongo samples (Fig. 24). This suggests that hatching occurs in the
water column and that larvae, particularly the larger ones, migrate
vertically into the neuston.

Diel variation in catches shows that anchovy larvae were most
abundant in the neuston samples at night during hours of darkness
(Fig. 52a). Apart from one sample taken at 17 hrs, the percentages
of the total catch of anchovy (over 24 hrs) taken during 6 to 21
hrs local time were very low. It seems that the larvae 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 larvae, during daylight hours may also
contribute to the observed pattern in diel variation of catches.

Mean distribution plots for anchovy eggs and larvae in the
neuston and water column are presented in Figures 54a, 55a, 56a,
and 57a. These distribution plots were constructed by
superimposing a grid of 74 squares on the sampling area. For each
of these squares, the abundance of the selected dominant taxa were
summed over the ten sampling periods and divided by the total
number of stations in each square, to give mean abundance
estimates. In general, abundance of anchovy eggs and larvae are
highest off Washington and Oregon and particularly offshore of the
Columbia River estuary. In both the neuston and water column, eggs
appear to be concentrated closer to the coast, in the shelf and
slope region (Figs. 54a and 56a) whereas larvae can be more widely
distributed with occurrences sometimes extending into deep water
beyond the shelf edge (Figs. 55a and 57a).
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In the spring of 1980 (April/May), eggs were concentrated
mainly along the northern Oregon coast in both the neuston (Fig.
54b) and water column (Fig. 56b). In August of the same year, eggs
were recorded primarily in the neuston and their distribution
extended further offshore than in the spring but was still centered
in the vicinity of the Columbia River estuary (Fig. 54c). Larvae
were more widely distributed, and in both the neuston and water
column were recorded in deep water as well as over the shelf and
slope off Washington and northern Oregon (Figs. 55b and 57b).
Records of larvae off southern Oregon and northern California were
sparse, however. It seems that larval dispersal occurred in an
offshore and, to a lesser extent, southerly direction from the
apparent spawning area close to the Columbia River estuary. In the
late autumn of 1981 (Oct.-Nov.), large anchovy larvae were abundant
in the neuston (Tables 14a and 17) and they were concentrated close
to the coast off the southern tip of Washington and along northern
Oregon (Fig. 54c).

During April-May 1983, eggs were restricted to coastal and
shelf stations off southern Washington and the northern-most part
of Oregon, close to the Columbia River estuary (Figs. 544 and 56d).
Larvae, however, had a more southerly distribution. In the
neuston, they were concentrated mainly along the mid Oregon coast
(Fig. 55d) while in the water column their distribution extended
from northern Washington to Cape Mendocino off northern California
(Fig. 57d). These patterns of distribution suggest that larvae had
drifted in a southerly direction along the coast.

The above data indicate that anchovy eggs and larvae are
prominent in 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 larvae (<4 mm),
however, were restricted in their occurrence to the bongo samples
suggesting that larvae migrate out of the neuston on hatching.
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Larval size distribution data and diel variation in neuston catches
suggest that there is a tendency for larvae, particularly the
larger ones, to migrate vertically into the neuston at night and
return to deeper levels in the water column at dawn.

The seasonal variation in occurrence and abundance of eggs and
larvae indicates that spawning may occur from April to October with
the peak period being in the summer, probably from June to August.
Interannual variation in the timing and extent of spawning is
apparent, however, and the occurrence of high levels of abundance
of eggs in April/May 1980 and of eggs and larvae in April/May 1983
suggests that spawning commenced earlier than usual in these years,
particularly so in 1983. Richardson (1973, 1977) and Richardson et
al. (1980) did not find anchovy larvae in the plankton off the
Oregon coast during spring months of the years 1969, 1971, 1972,
1974 and 1975. June was the first month in which they were
recorded during these years. In 1973, however, Richardson et al.
(1980) found low numbers of them in plankton samples collected
during March and April. Brodeur et al. (1985) also documented the
early occurrence of anchovy larvae in the plankton off Oregon
during 1983 and concluded that the warm inshore waters which
resulted from the strong El-Nifio event (meteorological and
oceanographic anomaly) of 1983 provided a substantial spatial and
temporal expansion of the spawning habitat for Engraulis mordax.

The temperature data presented here (Figs. 6, 8, 10, 11, 13,
and 14) show that throughout the survey area, water temperatures
were significantly higher during the spring of 1983 than spring of
other years. These higher temperatures may have caused both a
northerly migration of anchovy into this region and an early
commencement of spawning that year. Off southern California during
spring of the same year, spawning activity of the central
subpopulation of northern anchovy was marked by an extended
spawning range (to the north) and faster egg maturation (Fiedler,
1984) .
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The abundance of anchovy eggs in the study area during spring
1980 is more difficult to explain. It seems that spawning also
commenced earlier than normal that year but temperatures were not
unusually high during this period.

The scarcity of anchovy larvae during autumn 1983 (cruise
MF83) contrasts with their occurrence in significant numbers,
particularly in the neuston, during autumn 1981 (cruise DA81).
Given the early commencement of spawning during 1983, it is
probable that spawning was diminished during the summer of that
year and had ceased by autumn, resulting in the scarcity of larvae
in the region by late autunn.

Spawning of the northern subpopulation of northern anchovy
seems to occur mainly in coastal waters off southern Washington and
northern Oregon, an area which is influenced strongly by Columbia
River runoff. It is also apparent that during the summer, spawning
and drift of larvae extend further offshore, into deep water beyond
the shelf edge, than in spring when eggs and larvae are largely
confined to a narrow band of coastal water. This pattern fits in
with the seasonal variation in orientation of the Columbia River
plume which in turn is related to the seasonal variation in
longshore 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 al., 1989; Fiedler and Laurs,
1990) . Richardson (1980) concludes that anchovy spawning off the
Pacific northwest coast is associated with warm, near-surface
waters of the Columbia River plume. Results from the present study
concur with this conclusion.

OSMERIDAE

Smelts belonging to the family Osmeridae are small, silvery,
shallow-water fishes. Most are entirely marine but some are
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anadromous or occur in freshwater. Schooling is a characteristic
behaviour and they spawn demersal eggs in coastal waters, on
beaches or on stream bottoms. Off the U.S. west coast, six species
of smelt are found; the whitebait smelt, Allosmerus elongatus, the
surf smelt, Hypomesus etiosus, the capelin, Mallotus villosus,
the night smelt, Spirinchus starksi, the long-fin smelt, Spirinchus
thaleichthys and the eulachon, Thaleichthys pacificus (Hart, 1973;
Eschmeyer et al., 1983). Occasionally, the arctic species Osmerus
mordax is recorded. Its distribution, however, is essentially from
British Columbia northwards. Apart from larval capelin, eggs or
larvae of the above species cannot presently be identified
(Matarese et al., 1989).

During the present study, only larvae were recorded and they
were identified to family. They occurred mainly in the bongo
samples (Table 8) accounting for just over 3% of all larvae caught
in this gear (Table 12). Mean abundance in the water column was
5.8 larvae per 10 m® and they were taken in approximately 5% of all
bongo samples collected (Table 7). Larvae were also present in the
neuston but were much less abundant in these samples (Tables 5 and
10).

Smelt larvae were recorded primarily during winter and spring
months (Tables l4a and 16a). They were most abundant during April-
May 1985 (cruise BA85), in the bongo samples. Levels of abundance
were also high in January 1987 and in April/May 1980. Mean larval
size was lowest during the latter three sampling periods (Table
18). It seems that the annual peak in spawning may occur in late
winter and early spring. Spring sampling in the years 1981 to 1984
also yielded smelt larvae but numbers were low in comparison with
spring of 1980 and 1985. Larvae were recorded during August of
1980 suggesting that spawning may continue throughout the summer
months - abundance levels, however, were low. On average, the few
larvae 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 migration of the larvae, particularly the larger ones,
into the surface layers.

The distribution of osmerid larvae was confined to coastal and
shelf waters along the Washington and Oregon coast and as far south
as Cape Mendocino off northern California (Fig. 59a). Highest
levels of abundance were recorded most frequently off Washington
and northern Oregon, close to the Columbia River estuary (Figs. 59
b-f)). There may be some association between smelt spawning and
the Columbia River plume during spring. High concentrations of
smelt larvae may also occur, however, off southern Oregon and
northern california (Figs. 58 and 594d).

Most previous studies of fish larvae off the Oregon coast have
found that smelt larvae are by far the most abundant taxa occurring
in inshore and coastal waters, usually accounting for greater than
50% of all larvae caught in this zone (Laroche, 1976; Richardson
and Pearcy, 1977; Richardson et al., 1980; Mundy, 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. Mundy (1984) recorded highest levels of abundance of
recently-hatched larvae during February to May. These studies
indicate that most spawning takes place during spring off Oregon.
Concurrent with observations during the present study, Laroche
(1976) and Misitano (1977) documented high concentrations of smelt
larvae and juveniles in the vicinity of the Columbia River mouth
and estuary. Osmerid larvae are scarce in CalCOFI ichthyoplankton
collections (Stevens et al., 1987, 1988, 1990).

Interannual variation in abundance of smelt larvae was also
observed during previous studies. Richardson et al. (1980) found
levels of abundance to be unusually high during spring of 1975,
compared to levels in spring of 1972 to 1974. Mundy (1984) also
documented a significant degree of interannual variation in
abundance of smelt larvae off Oregon during 1969 to 1972. Brodeur

32



et al. (1985) found smelt larvae to be rare off Oregon during
April to September 1983, in association with a decrease in
abundance of other inshore taxa in that year when anomalous
oceanographic conditions prevailed due to the E1 Nifio phenomenon.
The scarcity of osmerid larvae along the Washington and Oregon
coasts during cruise EQ83 may also reflect this association.
However, larvae were similarly scarce during spring of 1981 (cruise
PO81) in this region.

BATHYLAGIDAE

Deep sea smelts are small, mesopelagic fishes found in the
midwaters of all major oceans (Hart, 1973; Eschmeyer et al., 1983).
Five species are known to occur off Washington, Oregon and northern
California; Bathylagus milleri, B. ochotensis, B. pacificus, B.
wesethi and Leuroglossus stilbius (Matarese et al., 1989). Although
important in the food web, they are of no commercial or
recreational importance. Eggs and larvae are pelagic.

Bathylagid eggs are difficult to identify to species,
particularly prior to the development of the embryo, and most of
those caught in the west coast ichthyoplankton collections were
assigned to family Bathylagidae or the genus Bathylaqus spp.
(Tables 4 and 6). Very few bathylagid eggs were encountered in
the neuston (Tables 4 and 13a). In the bongo samples, however,
they were abundant (Tables 6, 8 and 15a) and total bathylagids
accounted for approximately 8% of all eggs collected by this gear
(Table 11). Some of the eggs in the bongo collections were
identified to the species Bathylagqus milleri, B. ochotensis, and B.
wesethi (Table 6). Bathylaqus ochotensis was the most frequently
recorded species (Tables 6 and 15a). Larval taxonomy is more
complete and most bathylagid larvae collected were identified as B.
ochotensis or B. pacificus. As for the eggs, larvae were most
abundant in the bongo samples (Tables 7 and 1l6a). Bathylaqgqus
ochotensis was most common, accounting for 7.3% of all larvae in
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the bongo collections (Table 12). Bathylaqus acificus, comprised
just under 1% of larvae in the bongo samples. The species B.
milleri and Leuroglossus stilbius were also encountered in these
collections but they were rare (Table 7).

Bathylagid eggs and larvae occurred in the plankton during all
seasons over the seven year sampling period. They were most
abundant, however, during winter and spring months and were rare in
collections taken during cruise P080, in late summer (Tables 15 and
16).

Peak levels of egg abundance occurred during the January
cruise of 1987 (MF87) when bathylagid eggs in total accounted for
approximately 25% of all eggs caught, at a mean abundance of about
47 eggs per 10m® (Tables 15a and b). They were also relatively
abundant during early spring of 1984. During April/May of 1980 to
1983, and 1985, abundance of bathylagid eggs was relatively 1low.
Levels were at a minimum during late summer of 1980. In late
autumn of 1981 and 1983, numbers of bathylagid eggs were higher
than during the late spring months but lower than the winter and
early spring records. Most of the unidentified bathylagid eggs are
likely to belong to the species B. ochotensis.

Abundance of bathylagid larvae, mostly B. ochotensis and to a
lesser extent B. pacificus, was at a peak during early spring of
1984 (Table 16a). Levels of abundance were also consistently high
during the later spring months of 1980 to 1985. As with the eggs,
larvae were rare in the late summer collections of 1980. They were
also scarce, however, during the late autumn of 1981 and early
winter of 1983. In January of 1987, bathylagid larvae were
moderately abundant in the bongo collections.

The above patterns of seasonal variation in occurrence and
abundance of bathylagid eggs and larvae indicate that spawning
occurs primarily during winter and spring months. It may commence
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in late autumn and extend into early summer but the peak period
appears to be winter and early spring. Larval size distribution
data also support this conclusion; minimum and mean larval sizes
were smallest during early spring and winter cruises (Tables 19 and
20). The majority of larvae for both species, however, were less
than 15 mm in length (Figs. 26 and 27). Interannual variation in
bathylagid abundance appeared to be minimal. Bathylaqus ochotensis
larvae were significantly more abundant during April/May 1983 than
during the same months of 1980, 1981, 1982 and 1985 (Table 16a).
Egg abundance, however, did not vary significantly among the latter
sampling periods (Table 15a). Perhaps levels of larval survival
were higher for B. ochotensis early in spring of 1983 as a result

of the El Nifio warming effect of that year.

Bathylagid eggs and larvae were widely distributed and
occurred in coastal and shelf waters as well as in deep water
(Figs. 60, 61, and 62). On the whole, levels of abundance were low
throughout the sampling area but mean levels of abundance of total
bathylagid eggs and B. ochotensis larvae were slightly higher in
the southern sector off southern Oregon and northern California
(Figs. 60 and 61). In contrast, larvae of B. pacificus seem to be
more prominent off Washington and northern Oregon (Fig. 62). It
seems that spawning is widespread in the study area for both
bathylagid species but that deep water off southern Oregon and
northern California is the most favourable spawning area for B.
ochotensis, whereas B. pacificus may have a more northerly spawning
distribution, centered off Washington and Oregon.

Bathylagid larvae belonging to the species B. milleri, B.
ochotensis, B. acificus, and Leuroglossus stilbius have been
recorded previously off Oregon, mainly in deepwater (Richardson,
1973; Richardson and Pearcy, 1976; Richardson et al., 1980). As
with the results presented, B. ochotensis was found to be by far
the most abundant species, B. pacificus was common and the other
two species were rare. Richardson et al. (1980), who documented
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the occurrence of larval fish assemblages off Oregon during spring
of 1972 to 1975, found that B. ochotensis and B. pacificus larvae
were extraordinarily abundant in spring of 1973 and sparse in the
other years. This degree of interannual variation in larval
abundance was greater than that observed during this study. B.
ochotensis and B. pacificus are also common in the ichthyoplankton
in deep water off central, southern and Baja california and B.
ochotensis is the most abundant of the two species in this region
(Loeb et al., 1983; Stevens et al., 1987, 1988, 1990).

CHAULIODONTIDAE

Viperfishes are small, slender deep sea fishes that occur in
all oceans. One species, the Pacific viperfish, Chauliodus
macouni, occurs off the U.S. west coast, its range extending from
off Baja California to the Bering Sea. It is essentially
bathypelagic and has been recorded as deep as approximately 4200 m
(Fitch and Lavenberg, 1968; Matarese et al., 1989). Larvae,
however, are epipelagic.

Eggs of C. macouni were common in both the neuston and water
column, occurring in approximately 10% of the neuston samples
collected (Table 4) and 21% of the bongo samples (Table 6). Levels
of abundance were low, however,and C. macouni did not contribute
significantly to total egg abundance (Tables 9 and 11). Chauliodus
macouni larvae were absent from neuston samples but occurred in
13.5% of all bongo samples collected (Table 7). Larval abundance
was also low overall and accounted for less than 1% of all larvae
recorded in the bongo catches (Table 12).

Eggs and larvae of C. macouni were taken during all seasons
and all cruises (Tables 13a-l6a). Levels of abundance were
consistently low throughout the sampling periods. Eggs, however,
were slightly more abundant during autumn 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 autumn and
winter months. Larvae ranged in length from 7 to 54 mm and were
fairly evenly represented throughout this range (Fig. 28). Numbers
of larvae collected plus minimum, mean and maximum larval lengths

did not vary to any great extent among cruises or seasons (Table
21).

Overall, the distribution of C. macouni eggs and larvae ranged
from off Washington to northern California and was essentially in
deep water beyond the shelf (Figs. 63a, 64a, and 65a). Records
were sparse close to the coast. Distribution patterns during
individual cruises indicate that eggs and larvae tend to be sparse
off Washington in comparison with occurrences off Oregon and
northern California (Figs. 63 b-d4, 64 b-g, and 65 b-f). Spawning
activity may be most intense in the southern sector of the sampling
area.

Chauliodus macouni larvae have been recorded previously in
deep water off Oregon (Richardson, 1973; Richardson and Pearcy,
1977; Richardson et al., 1980) and they are common in CalCOFI
ichthyoplankton collections taken off central and southern
California (Loeb et al., 1983).

MELANOSTOMIDAE

Family Melanostomidae comprises the scaleless dragonfishes
which are distributed widely in the bathypelagic and mesopelagic
realm of the world’s oceans. Members of this family occurring off
the U.S. west coast include the genus Eustomias spp. and the
species Bathophilus flemingi, Opostomias mitsuii, and Tactostoma
macropus (Hart, 1973; Eschmeyer et al., 1983; Matarese et al.,
1989).

Tactostoma macropus, the longfin dragonfish, was the only
species recorded during the present study. Its eggs were abundant
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during August 1980 (cruise PO080) but were absent from samples
collected during all other cruises (Tables 13a and 15a). They were
more abundant in the neuston than in the bongo samples suggesting
that the eggs may accumulate in the neuston due to positive
buoyancy. A few larvae also occurred in some of the bongo samples
on this occasion. The only other record of T. macropus larvae from
this survey was the occurrence of a single specimen in one of the
bongo samples collected during October/November 1981 (cruise PO81).

These patterns in occurrence suggest that Tactostoma macropus
may have a short spawning period, confined to summer months - 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
T. macropus larvae in the plankton off the Oregon coast during
spring and autumn months. Richardson (1973) found several of them
in Isaacs Kidd midwater trawl hauls during the months May to
October of 1969 and Richardson et al. (1980) recorded a single
specimen during March 1973. These were too sparse, however, to
indicate the occurrence of significant levels of spawning during
these months. Tactostoma macropus larvae have been taken in very
low numbers in ichthyoplankton samples collected during CalCOFI
surveys off central, southern and Baja California (Stevens et al.,
1987, 1988, 1990).

The distribution of T. macropus 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.

MYCTOPHIDAE

The lanternfishes are small mesopelagic and bathypelagic fish
that are abundant in all oceans. They usually occur at moderate
depths but some are taken at substantial depths (below 1000 m).
Most species have gasbladders and undertake vertical migrations
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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 (Matarese et al., 1989). Only a few of
these are common in the ichthyoplankton off the coasts of
Washington, Oregon and northern California. In order of abundance,
the three most common species are the northern lampfish
Stenobrachius leucopsarus, the California headlightfish Diaphus
theta and the blue lanternfish Tarletonbeania crenularis
(Richardson, 1973; Richardson and Pearcy, 1977; Richardson et al.,
1980; Mundy, 1984; Brodeur et al., 1985 and Boehlert et al., 1985).
Also frequently recorded but much less abundant are the species

Protomyctophum crockeri, P. thompsoni, Lampanyctus regalis and L.
ritteri. In addition to the above species, there were rare

occurrences during the present study of larvae of the species
Ceratoscopelus townsendii, Diogenichthys atlanticus, Symbolophorus
californiensis and Loweina rara (Table 7). All of these species
are common in CalCOFI ichthyoplantkon collections (Loeb et al.,
1983; Stevens et al., 1987, 1988, 1990).

Myctophids are oviparous and presumably all produce planktonic
eggs (Moser et al., 1984). Myctophid eggs are difficult to
identify, even to family level, and eggs of only two species (not
included in above lists) have been described. Matarese et al.
(1989) have identified several types of myctophid eggs two of which
they consider 1likely to belong to the genera Diaphus and
Stenobrachius. In general, myctophid eggs have been scarce in
plankton samples and this has been attributed to the small size of
the eggs ~ most are considered to be less than 1 mm in diameter -
and to the fragility of the chorion, resulting in extrusion of the
eggs through the plankton net meshes (Moser et al., 1984).
Nevertheless, approximately 33% of all eggs collected in bongo
samples during the present study were assigned to the family
Myctophidae (Table 11). Myctophid eggs occurred in approximately
14% of the bongo samples and were the most abundant taxa with a
mean abundance of approximately 60 eggs under 10 n? of sea surface
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(Table 6). They were absent from the neuston, however, apart from
a single record (Table 4). Myctophids were also by far the most
abundant taxa of larvae in the bongo samples and the species S.
leusopsarus, D. theta and T. crenularis accounted for 38.9%, 10.6%
and 4.3%, respectively, of total larval abundance (Tables 7 and
11). It is likely, therefore, that the myctophid eggs identified
in these collections belong primarily to the latter three species
and mostly to S. leucopsarus.

The occurrence of myctophid eggs in the bongo samples was
confined to the spring cruises and mean levels of abundance were
high for those six sampling periods (Table 15a). Except for cruise
EQ83, when abundance was significantly lower than during the other
spring cruises, myctophids were by far the most abundant taxa of
fish eggs recorded accounting for approximately 42-62% of total egg
abundance (Table 15b). The absence of myctophid eggs from samples
collected during summer, autumn and winter months suggests that
spawning of the species concerned is seasonal, occurring
predominantly during spring. Lack of data from late winter, early
spring, summer and early autumn, however, precludes reliable
demarkation of their spawning seasons. The lower mean level of egg
abundance in the spring of 1983 suggests that spawning may have
been reduced in this year, compared to other years.

The average pattern of distribution of myctophid eggs is shown
in Figure 69a. In general, records were sparse in the northern
sector of the sampling area, off the Washington 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-q). In May/June of 1982, however,
occurrence was more localised and almost all the myctophid eggs
were 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 myctophid species in
this region is in deep water off southern Oregon and northern
California. Records of eggs were particularly scarce in the area
off Washington and northern Oregon which is strongly influenced by
the Columbia River plume during spring (Figs. 6c-14c). These deep
water species may avoid spawning in water of reduced salinity. It
is also possible that the 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 northern California. If this is true, it
is difficult to interpret the apparent reduction in spawning (low
egg abundance) during April/May 1983 when temperatures were higher
throughout the sampling area due to the El Nifio event of that year.

Diaphus theta

In the northeast Pacific, the California headlightfish is
known to occur from off Baja California to the Bering Sea (Hart,
1973; Eschmeyer et al., 1983; Matarese et al., 1989). It also
occurs in the tropical mid-Pacific. Larvae of D. theta were
abundant in bongo samples collected during this survey (Tables 7
and 12), accounting for 10.6% of total larval abundance, but were
rarely recorded in the neuston (Table 5). They were most abundant
during spring cruises but also occurred in samples collected during
summer, autumn and winter cruises (Table 16a). Among the spring
cruises, abundance during March/April of 1984 was low. Sampling
during April/May of 1981, 1982, 1983, and 1985 yielded very high
numbers whereas during April/May 1980 abundance was moderate and
similar to the levels recorded in late summer of that year. This
seasonal variation in larval abundance suggests that Diaphus theta

spawns primarily during late spring and perhaps early summer but
the season may extend from early spring to late summer. Length
distribution data for the larvae supports this claim (Table 22,
Fig. 29). Small larvae, less than 10 mm in length, were abundant
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during spring months and mean larval length increased dramatically
from summer to winter (Table 22). All specimens collected during
January of 1987 were greater than 20 mm in length, many of them
being juveniles, indicating that they were spawned several months
previously, probably during spring or summer of 1986.

The average distribution pattern for D. theta larvae was
similar to that documented for myctophid eggs (Fig. 69a). Highest
levels of abundance occurred in deep water off southern Oregon and

northern California and larvae were scarce in coastal and shelf
waters, and in the oceanic zone off Washington and northern Oregon.
This was also the pattern observed during most individual cruises
(Figs. 69 b-qg). In May/June of 1982, however, when sampling
coverage was reduced (Fig. 5f), extremely high numbers of larvae
were recorded at one station in deep water, southwest of Cape
Blanco and occurrences were rare elsewhere. As this was also the
station where myctophid eggs were exceptionally abundant on this
occasion (Fig. 67d), it is likely that these eggs belonged to the

species D. theta. 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 April/May 1983,
larvae were unusually common in shelf waters, particularly south of
Ccape Blanco (Fig. 69e). Due to the El Nifio event of that year,
upwelling was diminished and temperatures were considerably higher
than normal along this section of the coast (Figs. 1lla and b).
Spawning of D. theta may have occurred closer to shore than usual
because of these warmer conditions in 1983. It is also likely,
however, that the onshore Ekman transport which still prevailed
during spring of 1983 (Figs. 19c and d) resulted in the anomalous
occurrence of these larvae in shelf waters.

Protomyctophum crockeri and Protomyctophum thompsoni

The California flashlightfish (P. crockeri) and the northern
flashlightfish (P. thompsoni) were both common as larvae in bongo
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samples collected during all cruises (Table 16a) and occurred in
approximately 24% and 12%, respectively, of all samples (Table 7).
They were much 1less abundant, however, than the three major
myctophid species and accounted for only 1.68% (P. crockeri) and
0.69% (P. thompsoni) of total larval abundance (Table 12). Both
species were rare in the neuston (Table 5).

Levels of abundance of P. crockeri and P. thompsoni larvae did
not vary significantly among seasons (Table 16a) indicating that
these species spawn throughout the year and have no clearly defined
spawning period. Larval sizes for these species -also showed no
significant seasonal variation (Tables 23 and 24). All larvae
caught for both species were less than 20 mm in length and
predominantly 10 mm or less (Figs. 30 and 31).

Larval distribution patterns differed slightly between these
species and reflected the distributional ranges of the adults.
Protomyctophum crockeri occurs from off Baja California to northern
Washington (Matarese et al., 1989), its centre of distribution
being in California waters (Loeb et al., 1983). Protomyctophum
thompsoni, however, is more northerly in its distribution,
occurring from off central California to the Bering Sea (Matarese
et al., 1989). Larvae of both species were widely distributed in
the sampling area but the pattern for P. crockeri was characterized
by sparser records off Washington (Figs. 70 a-f) whereas for P.
thompsoni, fewer records were taken off northern California (Figs.
71 a-k).

Tarletonbeania crenularis

The blue lanternfish occurs from Mexican waters to the Bering
Sea, as well as in the tropical mid-Pacific (Hart, 1973; Matarese
et al., 1989). Its larvae were abundant in the water column (bongo
samples) during most cruises (Tables 7 and 16a) and unlike the
other myctophid species, larvae and juveniles were prominent in the
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neuston (Tables:5 and 1l4a). Tarletonbeania crenularis accounted
for approximately 4% of total larval abundance in the bongo samples
(Table 12) and approximately 3% in the neuston (Table 10). They
were considerably less abundant than the myctophids S. leucopsarus
and D. theta but more abundant than the Protomyctophum species.
Juvenile T. crenularis were very abundant, however, in the neuston

and high numbers of them were caught in neuston samples during all
cruises (Table 25). Some specimens were large enough to be adults.

Seasonal variation in abundance of larvae in the water column
was not pronounced. During three of the spring cruises - P084,
BA85, and EQ83 - larval abundance was significantly higher than
during the other sampling periods (Table 16a). There may be a
slight peak in spawning during spring months. The occurrence of
small larvae in the bongo samples during all cruises indicates that
spawning takes place throughout the year (Table 25).

The association of larvae and juveniles of blue lanternfish
with the neuston appears to be related to a behavioral pattern of
diel vertical migration. Very 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
specimens taken in the neuston were longer than 20 mm whereas most
larvae in the bongo samples were less than 20 mm (Figs. 32a and b).
It seems that larger larvae, and in particular juveniles and
adults, migrate to the surface at night. Shenker (1988) found T.
crenularis juveniles and adults to be abundant in night-time
neuston samples but absent in the daytime samples off Newport,
Oregon during July 1984. In an extended CalCOFI cruise during May
1972, neuston samples collected off Washington, Oregon and
Ccalifornia occasionally yielded high numbers of T. crenularis
juveniles and adults (Ahlstrom, 1976). The latter study, however,
did not distinguish between day and night collections.

Larvae and juveniles of T. crenularis in the neuston and water
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column were widely distributed throughout the sampling area,
occurring over the shelf and in deep water (Figs. 72 a=k, and 73 a-
k). On average, levels of abundance were slightly higher in the
southern half of the sampling area off southern Oregon and northern
California. Interannual variation in distribution patterns does
not appear to be significant.

Stenobrachius leucopsarus

The northern lampfish, S. leucopsarus, is the most abundant
species of myctophid in the northeast Pacific and occurs from
southern California waters to the Bering Sea (Smoker and Pearcy,
1970). 1Its larvae accounted for approximately 40% of all larvae
caught in the bongo samples during the present study (Table 12)
making it by far the most abundant species occurring in the water
column. These larvae occurred in 56% of the bongo samples taken
and had a mean abundance of approximately 71 larvae per 10 m? of
sea surface (Table 7). They were scarce in the neuston (Tables 5,
10, and 14a).

Although larvae were taken during all cruises, seasonal
variation in abundance was quite dramatic. Numbers were extremely
high during spring months, moderately high during the summer cruise
and low during autumn and winter (Table 16a). Mean larval size was
lowest for cruise MF87 in January 1987 indicating that these larvae
were recently hatched (Table 26). A maximum size of only 5.2 mm
was recorded on this occasion and was considerably lower than for
the other cruises. Mean size was consistently low during the
spring months and increased from late summer to late autumn. The
vast majority of larvae caught were less than 10 mm in length (Fig.
33).

Smoker and Pearcy (1970) studied the reproduction of S.
leucopsarus off Oregon over a period of four'years and found that
maturation of gonads begins in October and spawning occurs between
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December and March, the occurrence of ripe females declining in
March 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 August
but was most intense from late winter through early summer.
Seasonal variation in larval abundance and size documented here
indicate that S. leucopsarus spawns primarily from late winter to
late spring throughout the study area. Spawning, however, may
continue through the summer and occur to a very limited extent
during autumn.

Northern lampfish larvae were well distributed throughout the
sampling area and occurred in coastal and shelf waters as well as
in deep water (Fig. 74a). As for the other dominant myctophid
species, highest densities were recorded in deep water off southern
Oregon and northern California. Comparing distribution patterns
among the different spring sampling periods (Figs. 74b, 4, e, £, h,
and i), it seems that during 1983 (Fig. 74f) there was a more
northerly distribution in larvae than usual. In the oceanic zone,
larvae were most abundant off Washington and northern Oregon in
contrast with the usual situation of larval densities being at a
peak in the southern part of the sampling area. In addition,
larvae were taken closer to shore than usual and were common at the
coastal stations along the Oregon and California 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 larvae by anomalous onshore Ekman transport. These conditions
were associated with the El1 Nifio event of that year.

SCOMBERESOCIDAE
Cololabis saira

Sauries are oceanic, epipelagic, schooling fishes found mostly
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in temperate waters of the Pacific and Atlantic (Hart, 1973;
Eschmeyer et al., 1983). A single species, Cololabis saira,
Pacific saury occurs in the northeast Pacific from Mexico to the
Gulf of Alaska (Matarese et al., 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 flotsam

by adhesive filaments. Larvae are relatively large, active and
pelagic.

During the 1980-1987 west coast ichthyoplankton surveys,
Pacific saury were prominent in the neuston but only as larvae
(Table 8). Previous studies of ichthyoplankton off the U.S. west
coast for which bongo nets were the sampling gear did not record
any saury larvae. Low numbers of saury larvae, however, have been
taken in CalCOFI bongo ichthyoplankton collections (Stevens et al.,
1987, 1988, 1990). Shenker (1988) found saury larvae to be common
but not abundant in neuston samples collected along a transect off
Newport, Oregon during April through July 1984. Larvae occurred in
31% of the neuston samples collected during this study and
accounted for 10% of total larval abundance (Table 5 and 10). Eggs
were also recorded in the neuston but they occurred in only 1% of
the samples and overall abundance was low (Tables 4 and 9). Saury

eggs were rare and larvae were absent in the bongo samples (Tables
6 and 7).

In the late summer of 1980 (cruise P080), mean abundance of
saury eggs in the neuston was relatively high (Table 13a). Most of
the eggs on this occasion, however, were caught at a single station
off the north Oregon coast and low numbers were téken at only three
other stations off Washington and northern Oregon (Fig. 75). Other
records of saury eggs in the neuston included 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 (1976), during an extended CalCOFI cruise from
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off Washington to 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 larvae occurred in neuston samples during all cruises
and levels of abundance were high on most occasions (Table 1l4a).
Abundance was generally low during late spring and summer. Poor
sampling coverage during summer, autumn and winter, however,
prevents accurate description of the annual pattern in larval
abundance. Small larvae (less than 10 mm in length) were recorded
during all seasons (Table 25) suggesting that spawning may occur
throughout the year. Mean and maximum larval sizes were high,
however, and many juveniles were caught (Table 25, Fig. 34).
Larvae were significantly larger in late autumn of 1983 and it is
likely that all these larvae were spawned much earlier in the year.
The spawning season of Cololabis saira is known to be long and to

extend from winter to autumn with a peak occurring from February to
July (Matarese et al., 1989). The present records do not
contradict this pattern.

There is some evidence for interannual variation in timing or
intensity of spawning over the course of the surveys. Larval
abundance during April/May 1985, May 1981, and May 1982 was
considerably lower than levels recorded during other spring
sampling periods (Table 13a).

Larvae were recorded throughout the sampling area, in shelf
and deep water but there was a definite trend of increasing
abundance from north to south (Fig. 76a). In general, records were
sparse and levels of abundance were low off Washington and northern
Oregon and at a maximum levels in deep water off southern Oregon
and northern California, particularly west of Cape Mendocino.

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, from Cape Blanco southwards (Figs. 76b and c). When
spring records of abundance were at a peak in April/May 1983 and
March/April 1984, the distribution of larvae extended further
northwards mainly to northern Oregon but with a few occurrences off
Washington (Figs. 76e and h). In both instances, numbers of larvae
were high in shelf waters off Oregon and southern Califonia, as
well as in deep water. Levels of abundance were again highest off
Oregon and northern California during late autumn 1981 (Fig. 754).
and 1983 (Fig. 75f) but there were slightly more records off
Washington on these occasions. During January 1987, occurrences
were scattered mainly off Oregon but highest numbers of larvae were
caught in deep water west of Cape Mendocino (Fig. 75i).

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

Diel variation in catches of saury larvae in the neuston (Fig.
53c) indicate that sampler avoidance may cause a slight reduction
in daytime catches. Catches were marginally lower during daylight
hours than during hours of darkness. There is no evidence to
suggest that larvae migrate out of the neuston during the day, as
there were no records of larvae in the bongo samples.

TRACHIPTERIDAE
Trachipterus altivelis

The ribbon-fishes, family Trachipteridae, are elongate,
laterally compressed fishes which occur in the epi- and mesopelagic
zones of most oceans. In the eastern temperate Pacific, the
species Trachipterus altivelis (the king-of-the-salmon) is common
and occurs off the U.S. west coast. 1Its range actually extends
from Chile to the Gulf of Alaska. The king-of-the-salmon has
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pelagic eggs and. larvae and spawning may occur throughout the year
(Matarese et al., 1989).

Trachipterus altivelis eggs were abundant in the neuston and,
to a lesser extent, the bongo samples during the present study.
They occurred in 40% of neuston samples taken and had a mean
abundance of approximately 38 larvae/10 m® (Table 4). Although
they occurred in almost 33% of bongo samples, mean abundance was
relatively low at approximately 4.3 larvae/10 m® (Table 6). In the
neuston, T. altivelis eggs accounted for 5.19% of total egg
abundance (Table 9) and in the bongo samples for 2.35% (Table 11).
larvae of this species were absent from the neuston (Table 5) and
scarce in the water column (Table 7).

In both the neuston and the bongo samples, T. altivelis eggs
were recorded during each cruise (Tables 13a and 15a). Levels of
abundance were in general high during spring, autumn and winter
cruises and were considerably higher 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 samples.
In the neuston, peak levels of egg abundance were recorded during
spring 1983 and 1985 and in late autumn of 1981. Levels of
abundance in the bongo samples remained more uniform among the
spring, autumn and winter cruises. This pattern in seasonal
variation of egg abundance suggests that I. altivelis spawns
throughout the year but that spawning activity may be reduced
during summer months. The degree of interannual variation in
levels of egg abundance recorded in the neuston during spring
months also suggests that timing and intensity of spawning off the
west coast may vary from year to year.

The average distribution pattern for I. altivelis eggs in the
neuston suggests that spawning is widespread but may be greatest in
deep water off Oregon, north of Cape Blanco (Fig. 77a). 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 T. altivelis eggs was higher than average. Abundance
was at a minimum in most 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 spring of 1980 and 1981, abundance of T. altivelis eggs
was relatively uniform throughout the sampling area apart from a
paucity of records in deep water off northern California (Figs. 77b
and ¢). During October/November 1981, eggs were very abundant in
the vicinity of Cape Mendocino and to a lesser extent over the
shelf slope just north of Cape Blanco (Fig. 77d). They were scarce
elsewhere on this occasion. During spring of 1983, eggs were most
abundant off northern Oregon suggesting a northward shift in peak
spawning (Fig. 77e). In autumn of the same year (cruise MF83), the
absence of T. altivelis eggs extended. from Washington to the
coastal and shelf zone off northern Oregon (Fig. 77f). From Cape
Blanco southwards, eggs occurred in shelf and deep water.
‘Trachipterus altivelis eggs were more evenly distributed throughout
the sampling area during spring 1984 and 1985 (Figs. 77g and h).
Levels of abundance were not uniform, however, and highest numbers
occurred at several deep water stations off Oregon, close to the
shelf edge in 1984 but in deep water beyond the shelf in 1985.
Numbers were also high off Cape Mendocino during spring 1985.
Numbers of eggs were low throughout the sampling area during
January 1987 and highest numbers occurred at several deep water
stations off Oregon (Fig. 77i).

On average, the distribution of T. altivelis eggs throughout
the sampling area was more uniform for the water column than the
neuston (Fig. 78a). Spatial variation in occurrence and abundance
among the individual sampling periods bore some similarity,
however, to the neuston patterns (Figs. 78 b-i).

The patterns of egg distribution observed here indicate that
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T. altivelis spawns 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 T. altivelis avoids spawning off Washington and
in the shelf zone off northern Oregon. This may be related to the
influence of the Columbia River runoff and associated reduction in
water salinity in this area, particularly during late autumn to
spring (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,
temperatures are highest in the deepwater zone off Oregon and
northern California (Figs. 6-14). The apparent northerly extension
of spawning during spring 1983 may be related to the increase in
water temperature in the sampling area during that year (Fig. 11).

The occurrence of higher numbers of T. altivelis eggs in the
neuston compared to the water column suggests that the pelagic eggs
may float to the surface. The paucity of records of larvae for
this species seems unusual given the abundance of their eggs in the
plankton. Previous studies of fish larvae off the U.S. west coast,
mainly Oregon, also yielded very few records of T. altivelis larvae
(Richardson, 1973; Richardson et al.,1980). Larvae identified to
family Trachipteridae have been taken frequently, usually in low
numbers, in CalCOFI ichthyoplankton collections (Stevens et al.,
1987, 1988, 1990).

SCORPAENIDAE
In the northeast Pacific, family Scorpaenidae comprises the

rockfishes belonging to the genus Sebastes and the thornyheads of
the genus Sebastolobus.
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S8ebastes 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 in habit and are most abundant in
offshore waters of the outer continental shelf and slope to
approximately 300 m. Some pelagic and inshore species also occur.
The range for most of these rockfish species extends from
California to the Bering Sea. A multispecies rockfish fishery
exists off the west coast and is of major economic importance. A
high proportion of the catches from bottom-trawl surveys off the
U.S. west coast comprises rockfish species (Weinberg et al., 1984;
Coleman, 1988) and the following is a list of the dominant species
for the Washington, Oregon and California region, ranked in order
of abundance:

Sebastes alutus Pacific Ocean perch
Sebastes zacentrus Sharpchin rockfish
Sebastes crameri Darkblotched rockfish
Sebastes proriger Redstripe rockfish
Sebastes pinniger Canary rockfish
Sebastes flavidus Yellowtail rockfish
Sebastes brevispinus Sivergray rockfish
Sebastes diploproa Splitnose rockfish
Sebastes saxicola Stripetail rockfish
Sebastes paucispinus Boccacio

Sebastes goodei Chilipepper

Two pelagic species are also numerically dominant in this
region and are fished commercially - S. entomelas, the widow
rockfish and S. jordani, the shortbelly rockfish. The catch
composition off Washington and Oregon differs from that off
California, in terms of relative abundance of species, suggesting
considerable change in habitat between the California shelf and the
Washington/Oregon region. In the north, off Washington and Oregon,
catches are largely dominated by yellowtail, widow and canary
rockfish and Pacific ocean perch, whereas further south, stripetail
rockfish, boccacio and chilipepper are the dominant species.
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In terms of reproductive strategy, rockfish are unusual in
that they are viviparous, giving birth to 1live young.
Fertilization is internal and eggs hatch prior to extrusion. New
born larvae are from 3.8 to 7.5 mm in length and are similar in
stage of development to first-feeding larvae of other oviparous
scorpaenids (Matarese et al., 1989). Although Sebastes larvae are
abundant in the ichthyoplankton of the northeast Pacific
(Richardson, 1973; Richardson and Pearcy, 1977: Ahlstrom, 1976;
Richardson et al., 1980; Loeb et al., 1983; Mundy, 1984; Brodeur et
al., 1985; Shenker, 1988; Stevens et al., 1987, 1988, 1990), the
specific identity of most cannot presently be determined (Matarese
et al., 1989). In the present study, rockfish larvae have been
identified to genus level only - Sebastes spp. It is presumed,
however, that the relative abundance of larval species reflects the
relative abundance of the adults and that the dominant species
listed above are well represented as larvae in the west coast
ichthyoplankton collections.

Sebastes larvae were abundant in both sampling gears and
accounted for approximately 12% of total larval abundance in the
neuston (Table 10) and 10% in the water column (Table 12). They
occurred in 18% of the neuston samples (Table 5) and almost 44% of
the bongo samples (Table 7).

Small larvae (less than 5 mm in length) were taken during
all cruises and mean larval length for the bongo samples remained
low during all seasons (Table 28, Fig. 35b). It seems that
rockfish spawning occurs throughout the year. The main spawning
period, however, may be from late winter through to summer as
levels of abundance recorded during late autumn (cruises DA81 and
MF83) were significantly lower than during the other sampling
periods (Tables 14a and 16a). Interannual variation in larval
abundance during spring was considerable and varied between the
different sampling gears. In the neuston, Sebastes larvae 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 1larval abundance, however, as an indication of
interannual variation in reproductive activity because larvae 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 1larvae in neuston collections may be
controlled mainly by larval behaviour. It seems that large larvae
migrate vertically into the surface layer, particularly at night.
Diel variation in catches suggest that very few larvae occur in the
neuston during the day (Fig. 53d) - most Sebastes larvae were
caught in the neuston during hours of darkness. Avoidance of the
sampling gear by the large larvae during daylight hours may,
however, also contribute to the paucity of Sebastes larvae in
daytime neuston samples.

Mean larval size in the bongo samples was consistently low and
remained below 6 mm for all cruises except EQ83 (Table 28, Fig.
35b) . Interannual variation in larval abundance for the bongo
collections, therefore, may be indicative of interannual changes in
spawning patterns. Mean larval abundance was considerably higher
in spring of 1982 and, in particular 1984, than for the other
spring sampling periods (Table 16a) and may reflect differences
from year to year in the timing or amount of larval production by
adults of certain rockfish species.

The average distribution patterns for Sebastes spp. larvae in
the neuston and water column was similar with highest densities of
larvae 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 that, on the whole, larvae remain relatively close to
where they were born. There was little interannual or seasonal
variation in larval distribution patterns and highest levels of
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abundance were consistently recorded in the vicinity of the shelf
edge and slope for both the neuston (Figs. 79 b-h) and the bongo
samples (Figs. 79 b-i). There were some occasions, however, when
records of larvae in the oceanic zone were more numerous than
usual.

Considering that Sebastes spp. larvae in the study area belong
to a multispecies complex, it is difficult to draw conclusions
about reproductive patterns of the adult populations.
Nevertheless, it seems that most of the rockfish species in this
area produce larvae over an extended period from winter to summer,
with a peak in production occurring perhaps during spring. Larvae
are on the whole most abundant in areas where the adult populations
are known to occur suggesting that larval drift is minimal. Large
larvae and juveniles appear to migrate to the neuston at night.

Sebastolobus spp.

Thornyheads of the genus Sebastolobus are similar in body
shape and habitat to the rockfishes but unlike the latter, they
lack a gasbladder. Three species occur in the northeast Pacific
but only two in the study area. Sebastolobus alascanus, the
shortspine thornyhead, and S. altivelis, the longspine thornyhead,
are found from southern California to the Bering Sea whereas S.
macrochir occurs only in the Bering Sea and its larvae are unknown
(Matarese et al., 1989). The former two species are common from
the outer shelf to depths of approximately 1500 m along the U.S.
west coast and both are fished commercially. Thornyheads are
oviparous and eggs are extruded in gelatinous masses which float to
the surface. Eggs and young larvae are difficult to identify to
species and have been assigned to Sebastolobus spp. in this study.
Previous records of Sebastolobus larvae off the U.S. northwest
coast have been confined to a few occurrences in ichthyoplankton
samples taken offshore of Oregon (Richardson, 1973; Richardson and
Pearcy, 1977; Richardson et al., 1980; Brodeur et al., 1985). Off

56



California, they have been taken frequently in CalCOFI collections
(Stevens et al., 1987, 1988, 1990).

Thornyhead eggs and larvae were caught in neuston and bongo
samples during the present survey (Tables 4-7). In general,
occurrences 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 high numbers of
eggs in two samples (Table 13a and Fig. 81b).

Eggs were recorded during spring months only (Tables 13a and
15a) indicating that spawning may be confined to this season. Low
numbers of larvae were also taken in the bongo samples primarily
during spring months but they were also present during summer and
late autumn cruises (Table 16a).

The distribution of Sebastolobus eggs was confined mainly to
the shelf and slope zone with records being almost entirely absent
from the oceanic zone (Figs. 81 and 82). 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. 82).

It seems that along the U.S. west coast, thornyheads spawn
during spring over the continental shelf and slope and that larvae
subsequently become widely distributed in coastal and oceanic
water. The scarcity of larvae in the ichthyoplankton seems unusual
given that adult populations are abundant in this region.
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ANOPLOPOMATIDAE

Anoplopoma fimbria

The sablefish, A. fimbria, is the most common and abundant
member of the family Anoplopomatidae occurring in the northeast
Pacific. It is the target of both foreign and domestic fisheries
and commercial catches contribute significantly to the fisheries
economy along the Canadian and U.S. west coasts (Hart, 1973;
Eschmeyer et al., 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 larvae of the latter 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 semi-
demersal fish which occurs mainly on the outer continental shelf
and upper slope (Hart, 1973; Matarese et al., 1989). In general,
spawning takes place at depths greater than 200 m and in various
parts of the northeast Pacific occurs from late fall through early
spring (Mason et al., 1983; Kendall and Matarese, 1987). The
spawning season seems 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 1larval and juvenile
sablefish off Washington 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 small sablefish larvae (<10 mm) are rare in field
collections, indicating that spawning and hatching takes place at
depths greater than 200 m (Kendall and Matarese, 1987). Mason et
al. (1983), in their study of sablefish reproduction and early life

58



history off the Pacific coast of Canada, concluded that egg descent
during embryological development is probable with hatching
occurring predominantly at depths exceeding 400 m. Larvae and
early juveniles (10-80 mm length) of sablefish appear to be
obligate neustonic animals, being found almost exclusively at the
sea surface. It is presumed, therefore, that as the yolk-sac is
absorbed the larvae 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 m
has been the method of sampling used (Richardson and Pearcy, 1977;
Richardson et al., 1980; Stevens et al., 1987, 1988, 1990). In
studies where neuston sampling was carried out, postlarval and
juvenile sablefish were found to be abundant during spring and
early summer months (Ahlstrom, 1976; Shenker, 1988).

Because sablefish eggs are bathypelagic, they were not caught
in any of the regular neuston and bongo samples collected during
the west coast ichthyoplankton surveys of the 1980s (Tables 4 and
6). In spring of 1984 and January of 1987, however, extra tows to
400 m depth were carried out and low numbers of sablefish eggs were
obtained. Bongo tows to 400 m at 12 stations along the shelf edge
in March/April 1984 yielded a total of 5 eggs and 9 recently-
hatched larvae (Clark and Savage, 1988). A total of 47 sablefish
eggs and no larvae were caught in 27 Tucker trawls (to 400 m)
carried out along 3 transects off Washington, Oregon and northern
California during January 1987 (Savage, 1989b). Most of the eggs
occurred at stations which coincided with the shelf edge on the
latter occasion. The above records confirm that sablefish 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 likely that the peak spawning period, which may occur from
February to March, was missed by the present sampling regime.

Occurrences of sablefish larvae in the bongo samples were
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sparse and numbers were .very low (Table 7). In the neuston,
however, sablefish 1larvae were dominant accounting for
approximately 16% of total larval abundance (Table 10). They
occurred in 22% of the neuston samples and had a mean abundance of
approximately 26 larvae/1000 m® (Table 5). Anoplopoma fimbria was
the second most abundant 1larval species in the neuston.
Occurrences of larvae were confined to spring months (Table 14a)
indicating that the spawning period does not extend into the summer
and autumn. As larvae occurring in the neuston were on the whole
well developed postlarvae, with mean lengths ranging from 11 to 23
mm (Table 29, Fig. 36), most of them would have been spawned
several weeks to months prior to being caught indicating that
spawning is likely to take place primarily in late winter to early
spring. Abundance of larvae was at a peak for cruise TK80 and also
very high for cruises BA85 and EQ83 (Table l4a) when sampling was
carried out over the months April to May (Table 2, Fig. 3). Larval
abundance was significantly lower, but still high, during the
March/April cruise in 1984 when mean larval length was at its
lowest (Table 29). During late spring (May) of 1981 and 1982,
however, levels of abundance were low and minimum, mean and maximum
larval sizes were highest (Table 27). The peak period of larval
abundance, therefore, appears to occur consistently from mid-April
to mid-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 May, or June at the
latest, given the occurrence and size-distribution of larvae
documented here.

The observed pattern of diel variation in catches of sablefish
larvae in the neuston suggests that avoidance of the sampling gear
may contribute to the reduced abundance of larvae during the day
(Fig. 53e). Catches were consistently high during hours of
darkness and well below average during daylight hours. The low
numbers of larvae in the bongo samples indicates that vertical
migration may contribute to a limited extent to the reduced catches
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in the neuston during the daytime.

Sablefish larvae occurred throughout the sampling area but
densities were highest in deep water off Washington and to a lesser
extent 6ff Oregon as far south as Cape Blanco (Fig. 83a). South of
Cape Blanco, records were in general poor. During April/May of
1980, 1983 and 1985, when levels of larval abundance were highest,
this pattern prevailed (Figs. 83b, e, and g). Although some of the
highest densities of larvae were recorded over deep water in the
oceanic zone on these occasions, high levels of abundance were most
common in the vicinity of the shelf and slope, particularly off
Washington and northern Oregon. If, as is considered to be the
case, spawning occurs primarily in deep water (below 2-300 m) along
the upper continental slope (Kendall and Matarese, 1987), vertical
migration of larvae into the surface layers would be expected to
result in this pattern. The occurrence of many larvae in coastal
and oceanic waters as well indicates that larval dispersal also
occurs on the horizontal scale in both an offshore and onshore
direction.

Earlier in spring, in March/April of 1984, sablefish larvae
were more evenly distributed throughout the sampling area than on
other occasions (Fig. 83f). In contrast, during late spring (May)
of 1981 and 1982, occurrences of larvae were restricted almost
entirely to the northern area off Washington and northern Oregon
(Figs. 83c and d). The seasonal progression from south to north in
occurrence and abundance of larvae suggests that there is a
northerly progression in spawning along the U.S. west coast. This
concurs with previous observations of sablefish reproduction in the
northeast Pacific (Mason et al., 1983; Kendall and Matarese, 1987).

HEXAGRAMMIDAE

Hexagrammids or greenlings are endemic to the north Pacific
Ocean and are moderately-sized, demersal fish which occur mostly in
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the coastal zone, close to shore (Hart, 1973; Eschmeyer et al.,
1983). Spawning is demersal and egg masses usually adhere to a
substratum of rocks or seaweed where they may be guarded by the
male fish. An epipelagic juvenile stage occurs in most species.
Nine species in five genera are known from the northeast Pacific
(Matarese et al., 1989). Of these, six have been found to occur as
larvae in the ichthyoplankton off Washington, Oregon and northern
California during the present study; Oxylebius pictus, Ophiodon
elongatus, Pleurogrammus monopte jus, Hexagrammos decagrammus, H.
lagocephalus and H. stelleri. No eggs were taken and the larvae
occurred almost exclusively in the neuston (Tables 4-7). only
three of these species were prominent in the catches - Ophiodon
elongatus, Hexagrammos decagrammus, and H. lagocephalus - the
remaining three being rare both in neuston and bongo samples.

Ophiodon elongatus

The lingcod is harvested commercially, and also taken as a
sport fish, along the U.S. west coast (Eschmeyer et al., 1983). It
occurs from Baja California to the Gulf of Alaska in coastal and
shelf waters from the intertidal zone down to a maximum of 475 m
(Matarese et al., 1989). A spawning migration to shallow water
(<20 m) takes place and eggs are deposited in crevices under rocks
where they adhere to each other in large thick masses. Spawning
occurs between December and April and the larvae are pelagic.

Lingcod larvae occurred in 4% of the neuston samples
collected, had a mean abundance of approximately 3 larvae/1000 m3
and accounted for almost 2% of total larval fish abundance in the
neuston (Tables 5 and 10). Their occurrence in bongo samples was
rare (Table 7). The larvae were recorded during all spring
sampling periods but levels of abundance were significant only
during spring of 1980, 1982, 1984 and 1985 (Table 14a). Densities
were at a peak in spring of 1985. They were absent or rare in the

neuston during late summer, autumn and winter cruises. Larval
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sizes ranged from 8 to 45 mm and mean sizes were mostly greater
than 14 mm (Table 30, Fig. 37) indicating well-developed
postlarvae. Obviously, larvae migrate to the neuston on hatching.
Catches were significantly higher during nightime sampling than in
daylight hours (Fig. 53f) suggesting that avoidance of the sampling
gear occurs. The occurrence of highest numbers of postlarvae
during the months March to May indicates that most spawning occurs
during late winter and early spring. Interannual variation in
larval abundance was significant among the spring sampling periods.
It is not possible to conclude, however, that this reflected
variation in timing or extent of spawning from year to year as
sampling did not take place in nearshore waters (< approx. 5 Kkm
from shore) where most newly-hatched larvae are likely to occur.

The distribution of lingcod larvae was restricted to coastal
and shelf waters (Fig. 84a). During April/May 1985, when highest
numbers were recorded, larvae occurred mostly at stations closest
to the coast from Washington to northern California (Fig. 84b). At
one nearshore station-off northern Oregon, the density of larvae
was extremely high. Richardson and Pearcy (1977) and Richardson et
al. (1980) found Ophiodon elongatus larvae to be abundant in bongo
samples taken in the coastal zone (2-46 km) off Oregon, mainly
during March and Shenker (1988) recorded them in abundance in
neuston samples off Yaquina Bay during the months April and May.
It seems that offshore dispersal of lingcod larvae does occur and
is 1likely to be influenced significantly by wind and surface
circulation patterns. Lingcod 1larvae are rare in CalCOFI
ichthyoplankton collections (Stevens et al., 1987, 1988, 1990).

Given that lingcod spawn in such shallow water (<20 m), it is
presumed that a sampling program incorporating the nearshore zone
(to intertidal 1level) is necessary to provide a more accurate
assessment of larval abundance and distribution patterns than is
provided here.

63



Hexagrammos decagrammus

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 November and as for lingcod, eggs
adhere together in masses and are attached to rocks.

Larvae of this species were the most abundant among the
hexagrammids with a mean abundance of 15 larvae/1000 m® and
occurrences in 19% of the neuston samples (Table 5). They
accounted for just over 9% of total larval abundance in the neuston
and were ranked fourth in terms of dominance in this sampling gear
(Table 10). Occurrences were from late autumn through to late
spring with an absence of larvae during the late summer cruise
(Table 14a). Specimens ranged in length from 6 to 57 mm and
included some juveniles in the >40 mm size range (Fig. 38). Larval
sizes were smallest by far during autumn and winter cruises (Table
31) and abundance was at a peak during the January 1987 cruise. In
addition, abundance of larvae decreased and mean larval size
increased from early to late spring; March to May. This seasonal
pattern suggests that peak spawning occurs in December but that it
may extend from October to March or perhaps occasionally April.

The distributional range for kelp greenling larvae extended
much further offshore than for lingcod 1larvae and there were
records in the immediate oceanic zone beyond the shelf edge (Fig.
85a). Larvae were absent, however, from most of the oceanic zone
south of 45°N but occurred throughout most of the deep water zone
off Washington. Given the shallow water habitat and spawning
location of the adults, offshore larval drift would appear to be
extensive.

There is some evidence of a northerly progression in spawning
from variation in larval distribution patterns among individual
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cruises. In October/November 1981 (cruise DA81), when mean larval
size was at a minimum, indicating that larvae were newly hatched,
occurrences of larvae were confined to several coastal stations
from 42°N south and most were caught in the vicinity of cape
Mendocino (Fig. 85c). 1In January 1987, when larval abundance was
at a peak and mean larval size was still relatively small, the
occurrence of H. decagrammus larvae extended along the entire coast
and high larval densities were recorded off Washington and Oregon,
as well as off northern California (Fig. 85f). By early spring,
e.g. March/April 1984, records of larvae south of Cape Blanco were
sparse and relatively high larval densities were restricted to the
coastal and shelf zone off Washington and northern Oregon (Fig.
85d) . In April/May of 1985, a further northerly shift in
occurrence and abundance of larvae was apparent with most records
and highest numbers taken in the coastal and shelf zone off
Washington and northern Oregon (Fig. 85e). The occurrence of
larvae also extended furthest offshore during the latter occasion,
indicating an offshore as well as a northerly progression in larval
occurrence from winter to spring. This is probably associated with
the transition from onshore to offshore Ekman transport which takes
place along the coast during spring.

Previous records of greenling larvae (identified to
Hexagrammos spp. only but probably comprising H. decagrammus
mostly) off Oregon include the occurrence of low numbers during
spring, in bongo samples from the coastal and offshore (to 56 km)
zones (Richardson and Pearcy, 1977; Richardson et al., 1980).
Larvae identified as Hexagrammidae have been taken in CalCOFI
ichthyoplankton collections but numbers have been very low (Stevens
et al., 1987, 1988, 1990). Shenker (1988) found large larvae and
juveniles to be abundant in the neuston, along a 50 km transect,
off Yaquina Bay, Oregon during April and May 1984. He concludes
that the young are obligate inhabitants of the neuston and that
their mobility (being rapid swimmers) contributes to their
dispersal or aggregation.
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Visual avoidence of the sampling gear by the larvae does not
appear to affect catches of kelp greenling larvae in the neuston to
the extent that it does for lingcod larvae. The difference between
day and night catches of H. decagrammus larvae in the neuston was
not pronounced (Fig. 53g).

Hexagrammos lagocephalus

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 et al., 1989). It is known
to spawn intermittantly from June to August off the Aleutian
islands (Simenstad, 1971) but further south its life history is
undocumented.

Overall, larval abundance for this species in the neuston was
low at a mean value of 1.6 larvae/1000 m* and it occurred in only
5% of the neuston samples (Table 5), accounting for less than 1% of
total larval abundance in this gear (Table 10). The seasonal
pattern of occurrence of larvae was similar to that for rock
greenling with larvae occurring in autumn, winter and spring
collections (Table 1l4a). Variation in abundance, however, was
different in that very few larvae were taken during spring months.
Most larvae were caught during the late autumn or winter cruises
and, as for H. decagrammus, abundance was at a peak in January 1987
(Table l14a). Mean larval size was also smallest during the latter
cruises (Table 32) suggesting that spawning occurs during late
autumn to winter, probably from October to January. The few larvae
caught during spring were all well developed postlarvae or young
juveniles, ranging from 15 to 38 mm, indicating that they were
probably spawned during winter months. Most larvae caught were
under 20 mm in length (Fig. 39).

The distribution of larvae in the sampling area (Fig. 59)
suggests that offshore transport of larvae is considerable. Off
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Washington and .northern Oregon, occurrences of larvae were as
common in deep water of the oceanic zone as they were in coastal or
shelf waters. Larvae occurred closer to the coast in the vicinity
of Cape Mendocino.

In general, catches of H. lagocephalus larvae in the neuston
were higher during hours of darkness than during the day (Fig.
53h). Enhanced visual ayoidence of the neuston net by the
postlarvae and young juveniles, during daylight, is 1likely to
contribute to this pattern although there may also be some
migration out of the surface zone during the day.

COTTIDAE

Cottids or sculpins are a large, circumboreal family of bottom
dwelling fish that are most common in nearshore and intertidal
regions (Hart, 1973; Eschmeyer et al., 1983). Most species are
benthic as Jjuveniles and adults and planktonic as larvae.
Demersal, adhesive eggs are generally 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 et al., 1989). Larval cottids are common in the
ichthyoplankton but the early life histories of most species are
poorly known. Oonly one species, the cabezon Scorpaenichthys
marmoratus, is commercially fished off California. Many species of
sculpin, however, contribute significantly to the recreational
fishery in Washington, Oregon and northern California.

Many species of larval cottids have been found to be common in
coastal and shelf waters off Oregon, both in water column
collections (Richardson, 1973; Pearcy and Myers, 1974; Laroche,
1976; Richardson and Pearcy, 1977; Richardson et al., 1980; Brodeur
et al., 1985) and in the neuston (Shenker, 1988). The species S.
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marmoratus and some unidentified cottids are common as larvae in
CalCOFI ichthyoplankton collections (Stevens et al., 1987, 1988,
1990). During the present study, a total of 12 species of cottid
larvae were identified in bongo and neuston collections combined
and some unidentified cottids were also recorded (Tables 5 and 7).
No cottid eggs were caught. Although the diversity of species
occurring in the bongo samples was greater than in the neuston
samples, larval abundance among the most common species was much
higher in the neuston. The most abundant species by far were the
red Irish lord, Hemilepidotus hemilepidotus, the brown Irish lord,
H. spinosus, and the cabezon, Scorpaenichthys marmoratus (Table 5).
These were the only species to contribute significantly to total
larval abundance. Hemilepidotus spinosus was most abundant and
accounted for approximately 25% of all fish larvae caught in the
neuston (Table 10). Scorpaenichthys marmoratus accounted for 5%
and H. hemilepidotus for only 0.74%.

Hemilepidotus hemilepidotus

The red Irish lord occurs from central California northwards
to the Bering Sea in coastal waters from the intertidal zone down
to a maximum of approximately 275 m depth (Matarese et al.,1989).
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 Puget Sound,
Washington, is known to extend from October through to January
(Garrison and Miller, 1982) whereas off British Columbia, spawning
occurs during March (Hart, 1980).

Larvae of H. hemilepidotus were not very abundant in the
ichthyoplankton and occurred in only 3% of the neuston samples
(Table 5). They were common, however, in the neuston during late
winter and early spring cruises, January to May (Table 14a). None
were recorded during late spring (May/June), summer or ‘autumn
cruises. Larval length ranged from 6 to 25 mm (Table 33 and Figqg.
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41) . Larvae caught during January 1987 were smallest with lengths
ranging from 6 to 11 mm, characteristic of recently hatched larvae
(Table 33). During spring cruises, larvae were considerably
larger, ranging from 10 to 25 mm in length. These records indicate
that spawning occurs primarily in late winter, probably December to
January, and may extend into early spring; February/March.

Occurrences of H. hemilepidotus larvae were confined mainly to
coastal and shelf waters off Washington and Oregon (Fig. 87).
Larvae were absent from the southern-most part of the Oregon coast,
south of Cape Blanco, and from northern California waters. Off
Washington, the distribution of larvae extended into deep water and
there were some records of larvae in the oceanic zone beyond the
continental slope. Given that spawning occurs in shallow water,
offshore drift of larvae would seem to be considerable. Richardson
and Pearcy (1977) also found H. hemilepidotus larvae to be common
in the offshore zone, as well as in the coastal zone off Oregon.
The absence of larvae from south of Cape Blanco suggests that the
spawning range for this species has a southerly 1limit in the
vicinity of the Oregon-California border.

Hemilepidotus spinosus

The distribution of the brown Irish lord extends further south
than the red Irish lord and its range is from southern California
to the Gulf of Alaska. It is known to occur in shallow water from
the intertidal zone down to approximately 100 m depth. Little is
known of the early life history and the spawning season has not
been previously documented. Larvae have been found, however, in
the plankton off Oregon during the months January to March
(Richardson and Pearcy, 1977; Richardson et al., 1980). Shenker
(1980) also recorded larvae and juveniles in the neuston off Oregon
during April to June, 1984.

Brown Irish lord larvae were by far the most abundant species
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in the neuston during the present study with a mean abundance of 41
larvae/1000 m® and comprising approximately 25% of total larval
abundance (Tables 5 and 10). There were also occasional
occurrences of larvae in the bongo samples (Table 7). The seasonal
occurrence of larvae in the neuston was similar to that for red
Irish lord larvae with records being confined to winter and spring
cruises (Table 14a). Unlike H. hemilepidotus, however, H. spinosus
larvae were caught during late spring of 1982 and late autumn of
1983. Mean abundance was at a maximum during January 1987. Levels
were also high during March/April 1984, and April/May 1985 and
1980. Numbers seemed anomalously low during April/May 1983.
During May of 1982, larvae were moderatlely abundant whereas in May
of 1981 they were absent. Larvae were also absent during late
summer 1980 and autumn 1981. Mean larval lengths _during the late
autumn and winter cruises were less than 6 mm indicating that these
larvae were newly hatched (Table 34b). 1In early spring of 1984,
mean larval length had increased to approximately 9 mm whereas
later in spring of 1980, 1982 and 1983, mean length ranged from
15.8 to 17 mm. The increase in larval size, coupled with a
decrease in abundance, from January to May indicates that the
spawning season occurs primarily in late winter and early spring,
December to February or March perhaps. The presence of _some
recently hatched larvae during March to May cruises, however, is
evidence that spawning continues to a limited extent during late
spring. It is possible that the apparent anomaly in abundance of
larvae (lower than normal) during spring of 1983 may be related to
the unusual oceanographic conditions which prevailed that year.

Hemilepidotus spinosus larvae were taken in coastal, shelf and
deep water throughout the sampling area (Fig. 88g). Highest
densities occurred, on average along the slope. As for H.
hemilepidotus, the distribution of H. spinosus larvae extended
furthest into the oceanic zone off Washington. North of the
Columbia River estuary, they were widely distributed throughout the
coastal, shelf and deep water areas whereas further south, records
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were more sparse in the oceanic zone.

Interannual and seasonal variations in larval distribution
patterns were significant. During April/May of 1980 and 1983 and
May/June of 1982, occurrences of larvae were confined almost
exclusively to the shelf and some of the deep water zone north of
Cape Blanco and highest densities were recorded off Washington
(Figs. 88b, d, and c¢). Earlier in spring during cruises P084 and
BA85, the distribution of larvae extended further south to the Cape
Mendocino area although densities were still highest off Washington
and Oregon (Figs. 88e and f). In January of 1987, when recently
hatched larvae were most abundant, high densities of larvae
occurred off southern Oregon and northern California and records
were sparse off Washington and northern Oregon (Fig. 88g). This
seasonal progression northwards in the distribution of 1larvae
suggests that peak spawning occurs earlier in the southern portion
of the sampling 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.

Although the brown Irish lord is known to occur in shallow
water, close to the coast, larval diétribution patterns suggest
that spawning may also occur in deep water close to the shelf edge
and slope. Levels of larval abundance were always highest in this
region, even during the peak period of spawning, e.g. January 1987
(Fig. 88q). Larval drift may also bring about the widespread
distribution of larvae, particularly as they are so abundant in the
neuston and therefore subject to wind-driven surface transport.

The diel variation in abundance of H. spinosus larvae in the
neuston indicates that visual avoidance by the 1larvae of the
sampling gear may significantly reduce catches of this species
during day-light hours (Fig. 53i). Most larvae were caught in the
neuston at night. Shenker (1988) also found H. spinosus larvae to
be most abundant in neuston samples taken at night, off Oregon.
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Migration of larvae out of the neuston during the day may also
occur but numbers of H. spinsosus larvae were very low in the bongo
samples. If the larvae remain in a layer just below the neuston,
however, they would still not be sampled efficiently by the bongo
gear.

S8corpaenichthys marmoratus

The cabezon, which is a commercially important species off
california, occurs in coastal waters from Baja California to the
Gulf of Alaska. It is usually found close to shore, from the
intertidal zone down to a maximum 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 Miller, 1982).
Spawning is known to occur from November to March off California
and from January to May off British Columbia (Matarese et al.,
1989). Larvae of S. marmoratus have been recorded previously, in
low numbers, in the plankton of the Oregon coastal zone (Pearcy and
Myers, 1974; Richardson and Pearcy, 1977; Richardson et al., 1980;
Mundy, 1984; Shenker, 1988).

The cabezon was the second most abundant larval cottid in
plankton collections taken during the present study and as with the
other cottids, it was prominent in the neuston and rare in the
bongo samples (Tables 5 and 7). It occurred in 16.5% of the
neuston samples (Table 5) and accounted for 5% of total larval
abundance for this gear (Table 10). Unlike the other dominant
larval cottids, it was taken during every cruise and there was
little seasonal variation in larval abundance (Table 14a). Apart
from the two spring cruises TK80 and EQ83, when mean levels of
abundance were at a maximum and significantly higher than on other
occasions, levels of abundance during spring, summer, autumn and
winter cruises were comparable. Mean larval sizes were also
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similar among seasons and recently hatched larvae (3-6 mm length)
were taken during all cruises (Table 35). Most larvae were less
than 15 mm in length (Fig. 42). These data indicate that spawning
may occur throughout the year in the study area as a whole.
Multiple spawnings among individual fish is a possibility.
O’Connell (1953) and Garrison and Miller (1982) reported that more
than one mode of egg sizes are present in ovaries of specimens from
California and Puget Sound (Washington), respectively, and suggest
that more than one spawning may occur per season.

On average, larvae occurred in 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
larvae extended furthest offshore, west of Washington. Variation
in the distribution of larvae was apparent among cruises and a
seasonal pattern was discernible. During late autumn and winter
cruises (October to January), larvae were caught mainly along the
Oregon or northern California coast and were scarce off Washington
(Figs. 89e, g, and j). During most of spring, March to mid-May,
cabezon larvae were most abundant off Washington and Oregon but
their distribution usually extended as far south as northern
California (Figs. 89b, £, h, and i). By late spring, e.g. May/June
1981, and in late summer, e.g. August 1980, larvae occurred almost
exclusively off Washington and northern Oregon, north of Cape
Blanco (Figs. 89d and c). This seasonal variation in larval
distributional patterns is evidence for a northerly progression in
timing of spawning. It seems that during late autumn and winter,
spawning occurs primarily off California (as documented by
O’Connell, 1953) and Oregon. By spring, spawning has commenced off
the Washington coast but still occurs to a limited extent as far
south as northern California. Spawning during late spring and
summer months, May to August, seems to be confined mainly to waters
off Washington and northern Oregon.

Despite being spawned in very shallow water, it appears that
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cabezon larvae may drift a considerable distance offshore in the

neuston. Although most occurred in shelf waters within
approximately 100 km of the coast, some were taken up to 300 km
offshore, particularly off Washington. Richardson and Pearcy

(1977) found cabezon larvae to be common in bongo samples from the
coastal zone off Oregon but absent from what they termed the
offshore zone, seaward of 37 km from shore. In a study of the
ichthyoplankton along a transect of stations, 2-111 km off the
Oregon coast, Shenker (1988) found the youngest cabezon larvae (4-6
mm) to be restricted to nearshore stations up to 15 km from the
coast whereas larger larvae and young juveniles occurred along the
entire transect.

An unusual pattern of diel variation in catches was apparent
for S. marmoratus larvae in the neuston (Fig. 53j). They were most
abundant in catches taken from midnight to early afternoon (1400
hrs). Subsequently, hourly catches were reduced to less than 3% of
the total catch. There may be a migration of the larvae out of the
neuston during the afternoon and a return to the neuston at around
midnight.

BATHYMASTERIDAE

The ronquils, family Bathymasteridae, are endemic to the north
Pacific Ocean. They are bottom dwelling fish which inhabit rocky,
nearshore areas and are of no economic importance (Hart, 1973;
Eschmeyer et al., 1983). In general, little is known of their
biology and early 1life history. Four species in two genera,
Bathymaster and Ronquilus, occur along the northeast Pacific coast
(Matarese et al., 1989). They are demersal spawners and their
pelagic larvae are, at times, prevalent in plankton samples from
this region. The three Bathymaster species are more northerly in
their distribution than Ronquilus, the southern limit being off the
Washington coast. They are most common in coastal waters of the
Gulf of Alaska and the Bering Sea. Their larvae were rare in
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neuston and bongo samples collected during the present study
(Tables 5 and 7). The northern ronquil, Ronquilus jordani, is the
most abundant species in the study area and its larvae were common

in neuston samples collected during the west coast ichthyoplankton
surveys.

Ronquilus jordani

The northern ronquil occurs in coastal waters from central
California to the Bering Sea and the spawning season is reported to
be from late winter through spring (Hart, 1980; Garrison and
Miller, 1982; Matarese, 1990). Larvae have been frequently
recorded in bongo samples taken in coastal and offshore waters off
Oregon during spring and summer months (Richardson and Pearcy,
1977; Richardson et al., 1980; Brodeur et al., 1985). Shenker
(1988) found larvae and juveniles to be abundant in the neuston off
Yaquina Bay, Oregon, from April to July. Bathymasterid larvae are
rare in ichthyoplankton samples taken during CalCOFI surveys off
California (Stevens et al., 1987, 1988, 1990).

Northern ronquil larvae were 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 R. jordani larvae accounted for only 1% of total larval
abundance in the neuston (Table 10). They were taken during five
of the six spring cruises and also during the summer of 1980 (Table
l4a). Their absence from autumn and winter cruises and from the
early spring cruise (March/April 1984) suggests that spawning may
not commence until late winter, perhaps February. Larval lengths
documented during April/May cruises ranged from 5.5 to 25.5 mm
(Table 36). Some of the larger larvae, therefore, may have been
spawned as early as February. All larvae caught during the summer
cruise, PO80, were well developed postlarvae, possibly bordering on
being juveniles, with lengths ranging from 22 to 33.5 mm. They
were probably spawned during late spring or very early summer.
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The occurrence of northern ronquil larvae was confined to
coastal and shelf waters, the outer limit of their distribution
being in the vicinity of the continental slope (Fig. 90).
Occurrences were less frequent off southern Oregon and northern
California than off Washington and northern Oregon. This may
reflect the distribution of adult populations along the coast.

Diel variation in catches suggests that there may be a
migration of larvae out of the neuston from mid-day to dusk.
Larvae were absent from samples taken during the period 1200 noon
to 2000 hrs (Fig. 53k). Visual avoidance of the sampling gear by
the larvae during daylight hours may also have contributed to their
absence during this period.

CRYPTOCANTHODIDAE

The wrymouths are bottom-dwelling fish of no economic
importance which occur in the north Pacific and north Atlantic
Oceans (Hart, 1973; Eschmeyer et al., 1983). They are elongate in
shape and frequently bury themselves in the sediment. Two species
occur in the northeast Pacific; Delolepis gigantea, the giant
wrymouth and Cryptacanthodes aleutensis, the dwarf wrymouth
(Matarese et al., 1989). The former occurs in nearshore and shelf
waters and the latter in shelf and oceanic waters. Larvae of both
were taken in neuston samples during the present study but
Delolepis was rare and Cryptacanthodes aleutensis occurred in just
over 1% of the samples (Table 5). The only previous records of
larvae 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.

Cryptacanthodes aleutensis

The dwarf wrymouth 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 et al., 1989). Eggs are
demersal and the spawning season is thought to occur during spring
and summer (Hart, 1973). Low numbers of dwarf wrymouth larvae were
caught in approximately 1% of the neuston samples from this survey
and together accounted for exactly 1% of total larval abundance in
this gear (Table 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 were significant only during the
two earliest spring cruises - March/April 1984 and April/May 1985.
Larvae caught during January 1987 were smallest with a mean length
of 13.3 mm whereas mean larval length ranged from 16.3 to 28.5 mm
during the spring cruises (Table'37). These data suggest that the
spawning season occurs during late winter and early spring,
probably January to March. The minimum length of 10 mm (Fig. 44)
documented for these larvae complies with the observation of
Matarese et al. (1989) that C. aleutensis larvae hatch at an
advanced stage of development.

Most of the dwarf wrymouth larvae taken during the present
study occurred at stations in coastal and shelf waters off
Washington and northern Oregon just south of the Columbia River
estuary (Fig. 91). There were fewer records off southern Oregon
and northern California. Given that the species is at the southern
limit of its distribution 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.

ICOSTEIDAE
Icosteus aenigmaticus

The brown ragfish, I. aenigmaticus, is the only species of
this family known to occur in the north Pacific Ocean (Matarese et
al. 1989). It is found off the U.S. west coast from southern

California to the Gulf of Alaska and is epi- and mesopelagic to
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depths of approximately 730 m. Most records of occurrence are
from shallow water but the real center of abundance for the species
may be in deep water (Hart, 1973). Spawning is thought to occur
during summer and winter off California but it is unclear if
spawning is restricted in time or occurs several times per year
(Garrison and Miller, 1982). A spawning migration to coastal
waters may take place (Fitch and Lavenberg, 1971; Matarese et al.,
1989).

Previous records of I. aenigmaticus in the ichthyoplankton off
the U.S. west coast include the occurrence of low numbers of larvae
in bongo samples taken in deep water off Yaquina Bay, Oregon
(Richardson and Pearcy, 1977) and in CalCOFI collections off
California (Stevens et al., 1987, 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 larvae were
rare and occurred in very few bongo samples only (Table 7). In the
neuston, eggs were found in approximately 10% of the samples
collected (Table 4). Thirteen per cent of the bongo samples
yielded ragfish eggs (Table 6). The proportion of total egg
abundance attributed to I. aenigmaticus was 0.76% in the neuston
(Table 9) and 1.13% in the bongo samples (Table 11).

Ragfish eggs were taken mainly during spring cruises (Tables
13a and 15a). Levels of abundance were also relatively high during
the winter cruise in January 1987. Eggs were scarce in neuston and
bongo samples from the autumn cruise DA81, and low numbers were
recorded during late spring, May/June 1981 and May 1982. It seems
that spawning takes place mainly 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 limited
extent. The above pattern of seasonal variation in egg abundance
is indicative of continuous spawning from late winter through to

early summer for this species.
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Icosteus aenigmaticus eggs were distributed widely throughout
the sampling area both in the neuston and the water column (Figs.
92a and 93a). They occurred in coastal, shelf and deep water. On
average, levels of occurrence and abundance were greater off
Washington and northern Oregon than from Cape Blanco southwards.
This pattern, however, seems to be due to the fact that most
sampling was carried out during spring. Distribution patterns for
the spring cruises show that the eggs occurred almost exclusively
north of Cape Blanco, in the neuston (Figs. 92 b-f) and water
column (Figs. 93 b-f). In contrast, during January 1987, ragfish
eggs were absent from stations off Washington and northern Oregon
and most were taken in the vicinity of Cape Blanco off southern
Oregon and Cape Mendocino off northern California (Figs. 92g and
93g). Distributions were also closer to the coast on the latter
two occasions than during spring when occurrences extended
throughout the oceanic zone off Washington and northern Oregon.

These distributional patterns suggest that in early winter, I.
aenigmaticus spawns off southern Oregon and northern California,
mainly within approximately 100 km of the coast. A seasonal,
northward progression in spawning is apparent and during spring
months, spawning seems to occur in coastal, shelf and deep water
off Washington and northern Oregon.

The scarcity of larval I. aenigmaticus in the ichthyoplankton
samples seems unusual given the frequency of occurrence of eggs in
the neuston and water column.

AMMODYTIDAE

Sand lances are elongate and slender, small fishes which are
common in coastal and shelf waters of most oceans, at high
latitudes. They frequently form great schools and are associated
with a substrate of clean sand where on occasion they bury
themselves. 1In the Pacific, only one species occurs - Ammodytes
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. hexapterus.

Ammodytes hexapterus

Pacific sand lance occur along the U.S. and Canadian west
coasts from southern California to the Arctic (Hart, 1973;
Eschmeyer et al., 1983). They are found from the intertidal zone
down to depths of approximately 275 m (Matarese et al., 1989) but
are most common in water less than 100 m depth (Garrison and
Miller, 1982). Off the U.S. west coast, spawning is known to take
place during winter and early spring. Eggs are deposited in the
sand and give rise to pelagic larvae. Pacific sand lance larvae
have been taken frequently in ichthyoplankton surveys off Oregon
(Richardson, 1973; Pearcy and Myers, 1974; Richardson and Pearcy,
1977: Richardson et al., 1980; Mundy, 1984; Shenker, 1988). None,
however, have been recorded in CalCOFI ichthyoplankton collections
(Stevens et al., 1987, 1988, 1990).

Ammodytes hexapterus larvae were taken in neuston and bongo
samples during the present study (Tables 5 and 7) but were most
abundant in the neuston where they accounted for approximately 4%
of all larvae caught (Table 10). Occurrences were confined to
spring months and levels of abundance were highest by far during
March/April 1984 (Tables l4a and 16a). bDuring the other spring
cruises, when sampling was carried out during April to June, sand
lance larvae were scarce in the bongo samples and ranged from being
scarce to moderately abundant in the neuston. In the neuston,
abundance during cruise TK80 was significantly higher than for the
other April/May cruises.

Larvae caught in the neuston were large (Fig. 45) and except
for cruise PO84, mean larval length was above 30 mm and some
specimens were over 50 mm (Table 38). These large larvae and early
juveniles were likely to have been spawned 3-4 months previously.
Larval sizes were significantly smaller during the March/April
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sampling of 1984 when a mean length of 16.9 mm was documented.
Mean larval length for A. hexapterus in the bongo samples on this
occasion was 12.9 mm and minimum length was 4 mm. The few
specimens caught in the bongo samples during other cruises ranged
in length from approximately 6 to 30 mm.

The seasonal patterns in larval occurrence and abundance and
the size distribution data indicate that A. hexapterus spawns in
the sampling area primarily during late winter and early spring.
The peak in spawning is likely to occur from February to March.
Previous ichthyoplankton studies off Oregon have found sand lance
larvae to be present in the ichthyoplankton from January to May
with peaks in abundance of small larvae occurring during February
to March (Pearcy and Myers, 1974; Richardson and Pearcy, 1977;
Richardson et al., 1980; Mundy, 1984).. Shenker (1988) found A.
hexapterus larvae in low numbers in the neuston from April through
June of 1984. Most of these larvae were caught during nighttime
sampling. Similarly, larvae occurring in the neuston samples
during the present study were taken predominantly during hours of
darkness (Fig. 53i). Visual avoidance of the neuston sampler by
the larger larvae may be significant. It is also probable that
well-developed larvae migrate to the neuston on a diel basis. The
common occurrence of smaller A. hexapterus larvae in the bongo
samples is evidence for this facultative association of the species
with the neuston.

The distribution of Pacific sand lance larvae 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 coast, south of Cape Blanco. There
were also some occurrences of larvae in deep water beyond the shelf
edge off northern Washington. Highest levels of larval abundance
were recorded close to the Columbia River estuary, particularly
during March/April 1984 (Figs. 94 b-4d). It would appear that
spawning is concentrated mainly in Washington and northern Oregon
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coastal waters -and results in the association of larvae with
Columbia River plume water.

Given that A. hexapterus deposits eggs in the substratum, it
could be expected that newly hatched and early larvae would have
been more abundant in the bongo samples collected during the
present study. Very few larvae less than 12 mm in length were
caught. It may be that the peak spawning and hatching period of
this species was missed by the sampling regime executed here.
Perhaps if sampling had been carried out during February, levels of
abundance of early larvae would have been higher. Kendall and Dunn
(1985) found small sand lance larvae to be abundant in bongo
samples taken in the nearshore zone off Kodiak Island, in the Gulf
of Alaska, during spring months March to May suggesting that their
sampling coincided with larval hatching in that region.

CENTROLOPHIDAE

Medusafish are moderately-sized, soft-bodied and laterally-
compressed fish which are common in. all temperate and sub-tropical
seas. They are so named because the young are usually found in
association with jellyfish to whose venomous stinging cells they
seem to be immune. One species, Icichthys lockingtoni, occurs in
the north Pacific.

Icichthys lockingtoni

The distributional range of this species is from Baja
California to the Gulf of Alaska and offshore throughout the north
Pacific to Japan (Hart, 1973). It lives comensally in the bell of
large 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 little is known about
its biology or early life history.
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Previous records of I. lockingtoni in the ichthyoplankton off
the U.S. west coast include the occurrence of larvae in bongo
collections off Oregon (Richardson and Pearcy, 1977; Richardson et
al., 1980; Mundy, 1984; Brodeur et al., 1985) and California (Loeb
et al., 1983; Moser et al., 1987; Stevens et al., 1987, 1988,
1990). On the whole, levels of abundance were low. Shenker (1988)
also recorded a few medusafish larvae in the neuston off Oregon
during sampling in July 1984.

Eggs and larvae of I. lockingtoni were taken in neuston and
bongo samples during the present study (Tables 4-7). Eggs were
most abundant and occurred in approximately 30% of all neuston
samples and 20% of the bongo samples (Tables 4 and 6). They
accounted for 6% of total egg abundance in the neuston (Table 9)
and 2% in the water column (Table 11). Larvae, however, were rare
in the neuston (Table 5) and occurred in low numbers in only 4% of
the bongo samples (Table 7). The prominence of eggs in the neuston
suggests that the eggs float to the surface layers.

Moderate to high levels of abundance of eggs were recorded in
the neuston, and low to moderate levels in the water column, during
all cruises (Tables 13a and 15a) suggesting that spawning occurs
thoughout the year. Abundance was at a maximum during May 1981
(cruise PO81) in the neuston (Table 13a). The next highest level
to this was in October/November of the same year (cruise DAS1).
Perhaps spawning intensity was 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 minimum in
November/December 1983, and was relatively low in January 1987 and
March/April 1984, in comparison with late spring and summer
sampling periods (Table 13a). It is possible that a peak in
spawning occurs from mid spring through late summer. The paucity
of data for summer and autumn months precludes a more definite
identification of the peak period of spawning. Interannual and
seasonal variation in egg abundance in the bongo samples was less
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apparent than .for the neuston, 1levels of abundance being
considerably lower (Table 15a). Larvae were also present in the
bongo samples during all cruises but numbers were highest during
late spring, summer and autumn cruises which agrees with the
proposed annual pattern in spawning.

In the neuston and water column, medusafish eggs were, on
average, widely distributed throughout the sampling area (Figs. 95a
and 96a). Particularly in the neuston, where most eggs occurred,
densities were higher in the southern sector of the sampling area
and highest levels of abundance were generally associated with the
shelf edge and slope region off southern Oregon and northern
California. This pattern prevailed during most of the individual
sampling cruises, both in the neuston (Figs. 95 b-j) and water
column (Figs. 96 b-j). There were consistently fewer records of
eggs off the Washington coast than off Oregon and northern
California. An exception to this pattern occurred during spring of
1983 when a more northerly distribution of eggs was apparent (Fig.
95f). This anomalous pattern may be associated with the increase
in water temperatures throughout the sampling area as a result of
the El Nifio of 1983 (Figs. 1la and b). Seasonal variation in the
distributional patterns was apparent to a limited extent. For
instance, during the summer cruise (PO80), in both the neuston and
water column, eggs were less widely distributed than on other
occasions and occurred mainly close to the shelf edge (Figs. 95c
and 96c). Perhaps spawning does not occur to any significant
extent in the oceanic zone during the summer. During the autumn
and winter cruises, MF83 and MF87, the distribution of medusafish
eggs was more southerly than during other seasons and there was a
distinct absence of records from Washington and northern Oregon
(Figs. 95g and j, and 96j) suggesting that 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 species whose eggs are abundant in the
ichthyoplankton off the U.S. west coast, e.qg. Icosteus
aenigmaticus, the paucity of larval records for I. lockingtoni is
difficult to explain. They were rare in the neuston during the
present study, despite the abundance of eggs in this zone. This
suggests that on hatching, the larvae migrate out of the surface
layer.

PARALICHTHYIDAE

Citharichthys sordidus and Citharichthys stigmaeus

The paralichthyids are left-eyed flatfish which 1live
demersally in coastal and shelf waters of the Pacific, Atlantic and
Indo-Pacific. Two species of paralichthyids are known to occur in
the study area; citharichthys sordidus, the Pacific sanddab, and
Citharichthys stigmaeus, the speckled sanddab (Matarese et al.,
1989). Prior to Ahlstrom et al. (1984), studies dealing with
ichthyoplankton off Washington and Oregon have included the
Citharichthys species in the family Bothidae. It is taxonomically
correct, however, to include them in the family Paralichthyidae
(Matarese, pers. comm.).

Both these species are common in coastal waters of the
northeast Pacific from Baja California to the Bering Sea, in the
case of C. sordidus, and to the Gulf of Alaska, in the case of C.
stigmaeus_ (Hart, 1973). The Pacific sanddab occurs from inshore
to depths of approximately 550 m, whereas the speckled sanddab is
most abundant nearshore at depths less than 100 m but has been
found as deep as 366 m (Eschmeyer et al., 1983). Citharichthys
sordidus is a popular food fish, particularly off California, but
C. stigmaeus is of little commercial importance because of its
small size - specimens rarely exceed 13 cm in length.
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Both species have pelagic eggs and larvae. The Pacific
sanddab is known to spawn from March to May in Puget Sound,
Washington, and from July to September off California, and it is
postulated that there may be two spawnings per season (Matarese et
al., 1989). Off california, the speckled sanddab has a spawning
period extending from spring through summer. Larvae of C. sordidus
and C. stigmaeus have been recorded frequently in bongo samples
collected off Oregon but levels of abundance were relatively low
and seasonal limits of occurrence were not documented (Richardson,
1973; Pearcy and Myers, 1974; Richardson and Pearcy, 1977;
Richardson et al., 1980; Mundy, 1984; Brodeur et al., 1985). These
larvae are proportionally more abundant in CalCOFI collections
(Loeb et al., 1983; and Moser et al., 1987).

At present, Citharichthys spp. eggs cannot be identified with
certainty to species. Based on morphology and size, however, two
types of Citharichthys eggs were identified from the west coast
ichthyoplankton collections on which this study is based. These
are described in Matarese et al. (1989). They are designated here
as Citharichthys Type A and Citharichthys Type B. Type A has an
average diameter of approximately 0.64 to 0.68 mm and Type B
averages 0.78 to 0.88 mm. It is thought that these two types may
represent the two species C. sordidus and C. stigmaeus (Matarese,
pers. comm.). Early preflexion larvae, less than 6-7 mm standard
length, are also not identifiable to species (Matarese et al.,
1989) and are assigned to the taxa Citharichthys spp. here. Later
stage larvae were identified to species.

Ccitharichthys eggs were abundant in neuston and bongo
collections from the present study (Tables 4 and 6). They were
exceptionally abundant in the neuston where they comprised 56% of
all fish eggs caught (Table 9). Citharichthys Type A eggs were
considerably more abundant than Type B and accounted for
approximately 50% of total fish egg abundance in the neuston. In
the bongo samples, 23% of all fish eggs caught were Citharichthys
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Type A and only l.4% were Type B eggs (Table 11). The exceedingly
high numbers of Citharichthys eggs in the neuston implies that
these eggs may be positively buoyant and thus accumulate in the
surface layer. Very few Citharichthys larvae were caught in the
neuston (Table 5) and levels of larval abundance in the bongo
samples were low overall (Tables 7 and 12). It seems that on
hatching, Citharichthys larvae migrate out of the surface layers.

Type A and B Citharichthys eggs were present in neuston and
bongo samples during all cruises and displayed similar 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 months and lowest during early spring. A
high degree of interannual variation in abundance was apparent
among the spring sampling periods. For instance, mean levels of
abundance of Citharichthys eggs were much 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
Citharichthys Type A during spring 1983 (cruise EQ83) when levels
were approximately four times 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/April 1984 and April/May 1985 suggest that
spawning may be less intense in early spring than later in that
season.

Citharichthys Type A and B eggs were very abundant, mainly in
the neuston, during August 1980, October/November 1981 and January
1987 (Table 13a) which suggests that spawning intensity continues
at a high level from late summer through to winter. The low
numbers of eggs caught in neuston and bongo samples during November
1983 (Tables. 13a and 15a), therefore, seem unusual and may
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. As for several
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other species, this may have been as a result of the unusually warm
conditions which prevailed as a result of the El1 Nifio event of
1983.

If it is taken that 1983 was an unusual year, with an
increased intensity of spawning during spring and diminished
spawning in autumn, and this year’s data is ignored, a more
distinct seasonal trend in the spawning pattern of Citharichthys is
apparent. Firstly, spawning appears to take place throughout the
year. From April 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 maintained
through to late winter (January). Poor sampling coverage during
summer and autumn months, however, precludes an accurate
description of the annual pattern in spawning. Nevertheless, the
data presented here suggest that a peak spawning period of August
to January is plausible for the Citharichthys species in this
region.

Larval occurrences of Citharichthys species were also extended
throughout all seasons but highest numbers were taken during late
autumn months (Table 16a) concurring with the annual pattern of
spawning proposed here. A peak in abundance of newly-hatched
larvae (<5 mm length - identified as cCitharichthys spp.) was
documented for October/November 1981 (Table 39, Fig. 46). Most of
the larvae identified as Citharichthys sordidus and C. stigmaeus
were between 5 and 20 mm in length (Figs. 47 and 48). Mean lengths
of the specimens identified from the spring cruises were greater,
ranging from 23 to 39 mm (Tables 40 and 41).

Average 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 Figures 99a and 100a. Both types of eggs were
abundant in the coastal zone and levels of abundance were, in
general, higher off Washington and northern Oregon than off
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southern Oregon and northern California. Occurrences and bundance
were very low in the deep water zone beyond the shelf edge. These
general patterns of distribution indicate that the Citharichthys
species spawn in coastal and shelf waters and that the eggs are
retained largely within this zone.

Some seasonal and interannual variation in distribution
patterns of Citharichthys eggs was apparent. During March/April
and April/May cruises, Type A and B eggs occurred primarily from
Cape Blanco to north Washington and highest densities were recorded
along the mid to north Oregon coast (Figs. 97b, h, and i, and 98b
and f). An exception was April/May of 1983 when Type A eggs were
abundant along the entire coastline of the sampling area and some
very high densities were recorded in the neuston between Cape
Mendocino and Cape Blanco, as well as off the mid Oregon coast
(Figs. 97f and 98g). It seems 1likely that spawning was more
extensive in spring of 1983 than for the other years.

In May/June of 1981 and 1982, levels of abundance of
Citharichthys Type A eggs were again highest off the central Oregon
coast (Figs. 97d, 98d and f) but occurrences extended along the
entire coast in 1981, particularly in the neuston (Fig. 974),
implying that spawning progresses southwards in early summer.
Citharichthys Type B eggs were only sparsely recorded during the
May/June cruises (Tables 13a and 15a). In late summer, cruise
PO80, both Type A and B eggs again occurred along the entire coast
from Washington to northern California and levels of abundance were
high in the southern portion of the sampling area as well. as north
of Cape Blanco (Figs. 97c, 98c, 99c, and 100b).

During late autumn and winter, it seems that Citharichthys
spawning again occurred predominantly north of Cape Blanco in
coastal waters off Washington and northern Oregon. Occurrences of
Type A and B eggs in the neuston and water column were largely
confined to this area during October/November 1981 (Figs. 97e, 98e,
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99d, and 100c) and January 1987 (Figs. 97j, 98i, 9%h, and 100f).
In November/December 1983, when 1levels of abundance of
Citharichthys eggs seemed unusually low for this time of year, the
eggs were more widely distributed along the coast with records off
southern Oregon and northern California as well as further north
(Figs. 97g and 98h). This was similar to the pattern observed in
spring of this year, which was also considered to be an anomalous
period in terms of Citharichthys spawning.

The above egg distributional patterns suggest that spawning of
Citharichthys species occurs throughout the year along the
Washington and northern Oregon coasts but that south of Cape Blanco
spawning is more seasonal. It seems that off southern Oregon and
northern California, spawning takes place to a significant 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 larvae
reflected that of the eggs in that highest densities were
associated with the coastal region off Oregon, between the Columbia
River mouth and Cape Blanco (Fig. 10la). Occurrences of larvae,
however, were more widespread with many records in the deep water
zone, particularly for the large specimens identified to species
(Figs. 102 a-c, and 103 a=-c). It seems that offshore transport of
larvae is extensive. Given the low numbers of larvae collected in
comparison with the extremely high numbers of eggs, it is possible
that the sampling regime employed here may not give a
representative picture of the larval populations. Perhaps the
majority of the larvae migrate out of the water column at an early
stage and by remaining close to the bottom avoid capture by the
bongo sampling gear. Their occurrence close to the bottom could
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also favor their retention in suitable nursery grounds in shallow
water.

PLEURONECTIDAE

The pleuronectids, commonly known as right-eye flounders, are
the dominant flatfish family in the northeast Pacific. Up to 22
species occur in the study area and many are commercially
important. All are demersal in habit and are found usually on
sandy or muddy bottoms but the depth range varies considerably
among species. Three species account for most of the commercial
catches of flatfish off the U.S. west coast; Dover sole,
Microstomus pacificus, English sole, Pleuronectes vetulus, and the
petrale sole, Eopsetta jordani, and these together with arrowtooth
flounder, Atheresthes stomias, and rex sole, Errex zachirus, are
the most abundant pleuronectids in this region.

Pleuronectid eggs and larvae are pelagic (except eggs of
Pleuronectes bilineata are demersal) and are common in
ichthyoplankton collections in the northeast Pacific. The most
frequently recorded and most abundant species of larvae in Oregon
coastal and offshore waters include E. zachirus, Pleuronectes
isolepis (butter sole), Eopsetta exilis (slender sole), M.

acificus, P. vetulus, Platichthys stellatus (starry flounder) and
Psettichthys melanostictus (sand sole) (Richardson, 1973;
Richardson and Pearcy, 1977; Pearcy et al., 1977; Laroche and
Richardson, 1979; Richardson et al., 1980; Mundy, 1984; Brodeur et
al., 1985; Shenker, 1988). Larvae of these species also occur
frequently in CalCOFI ichthyoplankton collections, taken from
northern California to southern Baja California (Moser et al.,
1987; Stevens et al., 1987, 1988, 1990).

Eggs and larvae representing 16 species of pleuronectids were
taken in ichthyoplankton samples during the present study (Tables
4-7). Overall, pleuronectid eggs were very abundant in neuston

91



(Table 4) and bongo samples (Table 6) and larvae were scarce in the
neuston (Table 5) and common in bongo catches (Table 7). The
dominant species were E. zachirus, E. exilis, M. pacificus, and E.
vetulus. Pleuronectes isolepis, Platichthys stellatus,
Psettichthys melanostictus and Pleuronichthys decurrens (curlfin
turbot) were also occasionally abundant but the remaining species
occurred in less than 1% of all neuston and bongo samples collected
(Tables 4-7). 1Identification to species was not achieved for all
eggs and approximately 50% of specimens were identified to family
level only. Eggs of the species E. zachirus, E. exilis, and M.
pacificus are distinguishable by their large size (diameter around
2 mm) and can always be identified with certainty (Matarese and
Blood, pers. comm.). Pleuronectid eggs which are approximately 1
mm in diameter, however, cannot be identified to species prior to
the development of the embryo. Included in this category are E.
vetulus, P. isolepis, and species of the genera Platichthys and
Psettichthys. The unidentified pleuronectid eggs in this study,
therefore, may include the latter species primarily.

Total pleuronectid eggs accounted for approximately 20% of all
fish eggs caught in neuston samples during the ten sampling periods
(Table 9). The unidentified category comprised 10.5%, M. pacificus
5.8% and E. zachirus 1.8% of total egg abundance whereas P.
vetulus, E. exilis,and P. melanostictus each accounted for less
than 1%. For the bongo samples, pleuronectid eggs also constituted
approximately 20% of all fish eggs caught (Table 11). Unidentified
pleuronectids and E. exilis each comprised just under 8%, E.
zachirus 2%, M. pacificus 1.6% and P. vetulus 0.5% of total egg
abundance. In contrast, pleuronectid larvae were much less
abundant in the plankton and accounted for less than 4% of total
fish larvae in the bongo samples (Table 12). In order of
abundance, E. exilis, P. vetulus, E. zachirus and P. isolepis were
dominant. Pleuronectids did not contribute significantly to larval
abundance in the neuston (Table 11).
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As for the Citharichthys species (family Paralichthyidae), the
pattern of occurrence and abundance of pleuronectids in the
ichthyoplankton samples from the different sampling gears suggests
that a high proportion of the eggs accumulate in the surface layer
but that on hatching, the larvae migrate out of the neuston.
Similarly, the poor representation of larvae in the ichthyoplankton
relative to egg abundance implies that the sampling strategy
employed during this study may miss a large proporﬁion of the
pleuronectid larval populations.

Pleuronectid eggs and larvae occurred in plankton samples
taken during all seasons and all cruises (Tables 13a, 15a and 16a).
Among individual species, however, occurrences and abundance
displayed strong seasonal patterns. Highest levels of abundance
were consistently recorded during winter and spring months
indicating that this is the peak spawning period for most species.
The winter peak in abundance for unidentified pleuronedtid eggs,
documented during January 1987, was outstanding both in the neuston
(Table 13a) and water column (Table 15a) suggesting the occurrence
of a major spawning event in late winter. Egg abundance during
spring, summer and autumn was moderately high. Among the six
spring sampling periods, however, interannual variation in
abundance was considerable and the pattern was different 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 tpis instance, the species Psettichthys melanostictus
may account for most of these eggs as it was the only one to occur
in significant numbers during cruise P0O80 (Table 13a).

Average distribution patterns for total pleuronectid eggs,
comprising dominant species together with unidentified 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
may 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 distributions varied among cruises and a seasonal trend is
apparent to a certain extent.

During late autumn and winter cruises (DA81, MF83, and MF87),
which may coincide with the commencement and peak of the spawning
period for some pleuronectid species, eggs were distributed mainly
along the coast from southern Washington to Cape Blanco with peaks
in abundance occurring consistently off northern Oregon (Figs.
104d, e and h, and 105d, e and f). 1In contrast, during spring
cruises, pleuronectid eggs were usually taken along the coast from
northern Washington to northern California with highest levels of
abundance occurring mainly off the Washington or northern Oregon
coast (Figs. 104b, £ and g, and 105b, ¢, £ and g). Sampling during
the only summer cruise in August 1980 yielded high concentrations
of pleuronectid eggs at one station only, in the neuston, off the
northern California coast (Fig. 104c). As mentioned above, it
seems likely that the species P. melanostictus accounted for most
of the eggs caught on this occasion and therefore its spawning may
be very localised, at least during the summer.

The distinction Dbetween distributional patterns of
unidentified pleuronectid eggs observed during autumn, winter, and
spring sampling periods may reflect a difference in species
occurrence. Eggs of Pleuronectes vetulus, the English sole, were
taken primarily during late autumn and winter months whereas eggs
of the other dominant pleuronectid species occurred almost
exclusively during spring months (Tables 13a and 15a).

Errex zachirus

Rex sole occur from Baja California to the Bering Sea, usually
in deep water, down to 850 m (Hart, 1973; Matarese, et al., 1989).
They are caught commercially but never in large gquantities.
Spawning fish are found from January to June off Oregon where the
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peak period of spawning is in March to April (Hosie and Horton,
1977). Rex sole do not appear to have specific spawning sites but
the depth location is usually from 100 to 300 m (Pearcy et al.,
1977) . It appears that off Oregon, rex sole settle to the bottom
mainly on the outer continental shelf during the winter when they
are approximately one year old (Pearcy et al., 1977).

Rex sole larvae have been taken frequently in ichthyoplankton
samples collected off Oregon, particularly during spring months,
but 1levels of abundance are generally low (Richardson, 1973;
Richardson and Pearcy, 1977; Pearcy et al., 1977; Richardson et
al., 1980; Mundy, 1984; Brodeur et al., 1985; Shenker, 1988).
Pearcy et al. (1977) have remarked that the numbers of rex sole
larvae 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 producing
relatively low numbers of large eggs.

Errex zachirus eggs were moderately abundant in plankton
samples collected during the present study. They occurred in 9% of
the neuston samples and in 15% of the bongo samples (Tables 4 and
6). In both the neuston and the water column, they accounted for
approximately 2% of total fish egg abundance (Tables 9 and 11). In
comparison, larvae were scarce in the plankton collections. They
were rare in the neuston (Table 5) and occurred in only 6% of the
bongo samples (Table 7) where they accounted for approximately 0.5%
of total larval fish abundance (Table 12). Their scarcity in the
neuston suggests that on hatching the larvae migrate vertically
into the water column.

Most rex sole eggs were taken during spring sampling periods
when levels of abundance were at a peak (Tables 13a and 15a). They
were also present during the summer cruise (P0O80) and in January
1987 but numbers were very low. It seems that spawning commences
in late winter and continues through to summer with the peak period
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being probably from March to May. Larvae were also taken primarily
during spring (Table 16a). Most larvae caught were less than 20 mm
in length (Fig. 49). The few specimens which occurred in samples
collected during summer and autumn were mainly very large
postlarvae (Table 42). It is 1likely that most of the well
developed postlarvae successfully avoid the sampling gear. Mean
larval lengths recorded during spring ranged from 7.9 mm in early
spring to 17.3 mm in late spring.

Interannual variation in egg abundance was apparent to a
significant extent over the spring sampling periods. In the
neuston, where most eggs were caught, levels of abundance were
considerably higher during cruises P0O84 and TK80 than during the
other spring cruises (Table 13a). Given that spring sampling was
carried out earlier in 1984 (March/April) than for the other years
(April/May, May/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. Similarly high
levels for April/May 1980, however, may also reflect a peak in
spawning activity for that year. It is possible, therefore, that
the timing of peak spawning may differ slightly from one year to
the next. Although larval abundance was generally low, numbers
caught during April/May 1983 were much higher than for the other
years (Tables 16a, 32a). Whether or not this actually represents
an enhancement in larval survival, or an expansion in the range of
occurrence of the larvae, for that year, is difficult to say as
overall levels of larval 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 (Figs. 106a and 107a). This pattern
concurs well with Pearcy et al.’s (1977) observation that E.
zachirus spawns primarily in water of 100-300 m depth. Larvae,
although sparsely recorded, were taken more frequently in deep
water than for eggs but still occurred predominantly in the shelf
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and slope zone (Fig. 108).

The observed variation in egg distributional patterns among
individual cruises suggests that a southerly progression in
spawning of E. zachirus may take place as the spawning season
advances. During the early spring cruise, March/April 1984, when
levels of abundance were at a peak, rex sole eggs occurred almost
exclusively north of Cape Blanco, along the Washington and northern
Ooregon coast (Figs. 106e and 107f). In contrast, sampling during
late spring cruises (May of 1981 and 1982) showed eggs to be
distributed mainly off southern Oregon and northern California with
few or no occurrences off the Washington coast (Figs. 106c, 107c
and d). During the three April/May cruises, the along-shore
pattern in distribution varied. In 1983 and 1985, shelf waters off
Washington and Oregon, north of Cape Blanco, were the main areas of
occurrence of rex sole eggs (Figs. 106d and f, and 107e) whereas
during April/May 1980, eggs occurred predominantly off southern
Oregon and northern California with peak densities in the vicinity
of Cape Mendocino (Figs. 106b and 107b). It appears, therefore,
that most spawning of E. zachirus takes place in shelf and slope
waters from Cape Blanco northwards. Towards late spring, however,
when spawning activity is decreasing, egg distributions indicate
that spawning occurs mainly off southern Oregon and northern
California.

Eopsetta exilis

The slender sole occurs from Baja California to the Gulf of
Alaska in shallow to moderate depths with a maximum range of 25 to
800 m (Hart 1973; Matarese et al., 1989). It is not important
commercially because of its small size. Spawning is known to occur
in Puget Sound during April (Smith, 1936) and ripe females have
been found in the strait of Georgia during late February (Hart,
1973). Larval E. exilis are well represented in ichthyoplankton
collections taken off Oregon during spring months (Richardson,
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1973; Richardson and Pearcy, 1977; Richardson et al., 1980) and off
California they are most abundant in the plankton during April and
May (Ahlstrom and Moser, 1975). The slender sole is known to
inhabit mainly the outer shelf region (148-195 m depth) off Oregon
and to spawn primarily in this zone (Pearcy, 1978; Richardson and
Pearcy, 1977; Richardson et al., 1980). Slender sole larvae do not
have as long a pelagic life as E. zachirus and metamorphosis is
known to occur at the smaller size range of 15.7 to 24.7 mm
(Matarese et al., 1989).

Eggs of E. exilis were relatively abundant in plankton samples
collected during the present study. In the neuston, they occurred
in approximately 6% of the samples taken and accounted for less
than 1% 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 almost 8% of
total egg abundance (Table 11). Slender sole larvae were absent
from the neuston (Table 5) but occurred in 15% of the bongo samples
(Table 7)., Levels of abundance were relatively low, however, and
1.7% of total larval abundance was accounted for by E. exilis
(Table 12). Given the relative abundance of eggs and larvae in the
neuston and bongo samples, it seems that a significant proportion
of the slender sole eggs float to the surface and then on hatching
the larvae return to the water column.

Eopsetta exilis eggs and larvae were abundant in the plankton
during spring months only (Tables 13a, 15a and 16a). In addition,
low numbers of eggs were taken in January 1987 and August 1980 and
larvae were also scarce during the summer cruise. Levels of egg
abundance in the bongo samples, where most eggs were caught, were
at a peak during cruises TK80, EQ83 and P0O82 which extended over
the months April and May (Table 15a). Levels were lower but still
relatively high during the earliest spring cruises P084 and BA85
(March to early May) and in late spring of 1981 (May to June).
Larval abundance was highest during mid to late spring cruises,
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from April to June, whereas during early spring and summer cruises,
larvae were scarce (Table 16a). From early to late spring, cruises
PO84 to PO81, mean larval length increased steadily from 5.8 to 9.3
mm and in August was 15.1 mm (Table 43). Most larvae caught were
less than 10 mm in length (Fig. 50).

The above patterns indicate that E. exilis spawns primarily
during the months April and May and that larvae are settled out of
the plankton by late autumn. Spawning may commence as early as
February, however, and continue through to late summer. Levels of
egg and larval abundance did not seem to vary significantly on an
interannual scale. The difference in levels of abundance among the
spring cruises appears to be related to differences in timing of
sampling rather than any interannual variation in spawning
activity.

The average distribution patterns for E. exilis eggs in the
neuston (Fig. 109a) and water column (Fig. 110a) show that the eggs
occur largely in shelf and slope waters implying that spawning is
confined essentially to this zone. In the water column, where most
eggs were caught, highest densities of eggs occurred on average in
shelf waters off southern Washington and northern Oregon (Fig.
110a). Oon the three occasions when eggs were abundant in the
neuston, their distribution along the coast varied. In April/May
1980, eggs in the neuston were concentrated mainly along the
southern Oregon and northern California coast from Cape Blanco to
just south of Cape Mendocino (Fig. 109b). In contrast, eggs were
scarce in the neuston from northern Washington to California during
March/April 1984, with only one station off central Oregon yielding
high densities (Fig. 109c). Eggs were also distributed in the
neuston along the entire coastline during April/May 1985, but with
relatively high densities confined to shelf waters off Washington
and northern Oregon (Fig. 109d). There was less variation among
cruises in the patterns of egg distribution in the water column.
The consistent pattern was that occurrences extended fairly evenly
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along the coast from northern Washington to northern California and
highest densities were recorded off southern Washington and
northern Oregon (Figs. 110 b-g). There were very few occurrences
of eggs beyond the shelf and slope region and in general, stations
which yielded highest numbers of eggs were in the outer shelf or
shelf edge zone.

Apart 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 neustonic
distributional patterns may be due to the fact that only a portion
of the eggs spawned float to the surface, perhaps in an erratic
fashion. Otherwise, the patterns of distribution and abundance of
slender sole eggs in the water column suggest that this species
spawns consistently in shelf and slope waters, mainly close to the
shelf edge and predominantly during April and May. Furthermore,
spawning intensity seems to be greatest off southern Washington and
northern California than at the northern and southern extremities
of the sampling area.

Deep water occurrences of E. exilis larvae were more frequent
than for the eggs but most larvae were still caught at shelf and
slope stations along the Washington, Oregon and northern California
coasts (Figs. 111 a-e). The distribution of slender sole larvae
extended significantly further offshore during April/May 1983 (Fig.
l11le) than on other occasions. Offshore drift of larvae may have
been more prominent during spring of this year. In general,
however, larvae seem to be retained along the shelf and slope.

Microstomus pacificus

The Dover sole is one of the most 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
maximum depths of approximately 1000 m (Hart, 1973; Matarese et
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al., 1989). From previous studies, spawning is known to take place
during January and February in Puget Sound, Washington (Smith,
1936), during November through March off Oregon (Harry, 1959;
Hagerman, 1952) and from November through April off California
(Hagerman, 1952). An offshore spawning migration to deeper water,
330-550 m, is usual in winter (Garrison and Miller, 1982). The
pelagic eggs are the largest for all the flatfish species with a
diameter of 2.05-2.68 mm (Matarese et al., 1989). Larvae hatch at
approximately 6 mm standard length and, like rex sole larvae,
remain pelagic for at least a year, generally until they have
attained a length of greater than 45 mm (Matarese et al., 1989).

Although adults are very abundant, the incidence of capture of
Dover sole larvae in plankton samples collected off the U.S. west
coast is poor and Pearcy et al. (1977) attribute this to the
reproductive strategy of producing relatively low numbers of large
eggs, as for rex sole. It is also possible that the degree of
avoidance of sampling gear is significantly higher for these
species than for others because of the well-developed nature of the
larvae on hatching. Dover sole larvae have been recorded in the
plankton off Oregon during all months of the year but peak numbers
of early stage larvae usually occur from March to July (Ahlstrom
and Moser, 1975; Pearcy et al., 1977). Highest densities of larvae
are recorded most frequently at offshore stations, greater than 50
km from shore and they are common in oceanic waters beyond the
slope (Richardson and Pearcy, 1977; Pearcy et al., 1977; Richardson
et al., 1980). Pearcy et al. (1977) found them to be most abundant
in the upper 50 m of the water colunmn.

Microstomus pacificus eggs were most abundant in the neuston
during the present study. With a mean abundance of 42 eggs/1000
m’, they accounted for 5.8% of total fish eggs caught in the
neuston samples (Tables 4 and 9). They were common but less
abundant in the bongo samples (Table 6) where they comprised 1.6%
of total fish egg abundance (Table 11). Larvae were rare in the
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neuston (Table 5) and occurred in very low numbers in just over 3%
of the bongo samples (Table 7). Given the abundance of eggs, the
scarcity of Dover sole larvae 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
larvae which would be representative of their actual levels of
occurrence and abundance in the plankton. Pearcy et al. (1977)
caught low numbers of early stage Dover sole larvae (mainly 4-15 mm
length) in waters off Oregon using Bongo samplers. In contrast,
sampling with a mid-water trawl in the same area yielded relatively
high numbers of larvae ranging in size from 8 to 65 mm. It would
appear, therefore, that avoidence of the bongo nets is considerable
for Dover sole larvae, 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 in egg occurrence and abundance indicates
that the spawning period for Dover sole in Washington, Oregon and
northern California waters is essentially during the spring months
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 August 1980 and January 1987
suggesting that spawning may commence at very low levels in late
winter and continue through to late summer but probably with a
dramatic 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 (April/May), and minimum
levels in the late spring cruise PO81 (May/June) (Table 13a). The
peak spawning period, therefore, seems to occur during March and
April. Egg densities were high but considerably lower in April/May
1983 and 1985 than in spring of 1984 and 1980 which may reflect
some interannual variation in timing or extent of spawning over
these years.
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The few larvae taken in bongo samples occurred mainly during
spring cruises covering the months March to early June (Table 16a)
and mean larval lengths ranged from 6.1 to 11.2 mm on these
occasions (Table 44). The two specimens caught during August 1980
and January 1987 were well-developed postlarvae, 22.5 and 16 mm in
length (Table 44). Most of the spring caught larvae were less than
13 mm long (Fig. 51). Given the length distribution data presented
here, it seems that the well-developed larvae 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. 1ll12a) and water column (Fig. 113a) show that
occurrences are largely confined to shelf and slope waters off
Washington, Oregon and northern California. Oon the whole,
densities were highest beyond the shelf edge, over the slope,
implying that this is where most spawning occurs. This concurs
with observations of previous workers with regards spawning
locations of Dover sole off the U.S. west coast (Pearcy et al.,
1977) . Hagerman (1952) suggests that Dover sole spawn in specific
sites in offshore water deeper than 400 m.

During individual cruises, Dover sole eggs were consistently
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 Columbia River estuary during
April/May 1983 (Fig. 112d), and in particular March/April 1984
(Fig. 112e,) and. to the north west of Cape Mendocino during
April/May 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

103



predominant spawning location is in slope waters, just beyond the
shelf edge, particularly off northern Washington and Cape Blanco,
Oregon.

Pleuronectes vetulus

English sole forms a major component of catches in the
groundfish fishery of the northeast Pacific. The range of this
species is from Baja California to the Bering Sea and it is most
abundant in shallow coastal waters less than 128 m depth (Hart
1973; Krygier and Pearcy, 1986). It is also known to occur,
however, down to depths of 550 m (Matarese et al., 1989). Along
the U.S. west coast, the spawning season of English sole is
protracted and variable but there is no north-south trend (Garrison
and Miller, 1982; Krygier and Pearcy, 1986). This interannual
variability has been linked to variation in upwelling intensity and
bottom temperatures (Kruse and Tyler, 1983).

Eggs and larvae of English sole are pelagic. The eggs are
small (0.8 to 1.05 mm diameter) and larvae hatch out at lengths of
2.3 to 2.8 mm (Matarese et al., 1989). Unlike Dover sole and rex
sole, they have a relatively short pelagic phase, with an extreme
range of 6 to 22 weeks, and transformation and settlement to a
benthic existence is most common at 1lengths of 20 to 22 mm
(Garrison and Miller, 1982; Krygier and Pearcy, 1986).
Transforming larvae and early juveniles of English sole are common
in estuaries and bays and in the intertidal zone whereas early
larval stages are abundant in coastal waters and rarely occur in
the inshore zone (Pearcy and Myers, 1974; Krygier and Pearcy,
1986) . Larval transport, therefore, is predominantly in an onshore
direction. English sole larvae are frequently abundant during late
winter and early spring in Oregon coastal waters (Richardson and
Pearcy, 1977; Laroche and Richardson, 1979; Richardson et al.,
1980; Mundy, 1984; Shenker, 1988). Interannual variation in
abundance, however, has been found to be considerable and may be
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related to interannual variation in ocean conditions (Laroche and
Richardson, 1979; Mundy, 1984). Pleuronectes vetulus larvae are
also common but less abundant in CalCOFI ichthyoplankton
collections (Ahlstrom and Moser, 1975; Loeb et al., 1983).

During the present study, English sole eggs were moderately
abundant in neuston and bongo samples and larvae were scarce in the
neuston and common in the bongo samples (Tables 4-7). The
occurrence of eggs and larvae was restricted to a small proportion
of samples collected - usually less than 5%. Levels of egqg
abundance attributed to P. vetulus here are considered to be an
underestimate of actual levels as it is likely 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 larval abundance in the bongo samples
(Table 12). As for the other dominant flatfish species, the
occurrence of a high 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 larval abundance
indicate that, at least for the years of sampling, 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 column, 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
were highest in October/November 1981 and January 1987, and
moderately high in November/December 1983 and March/April 1984.
Later in spring, during the April/May and May/June cruises, P.
vetulus eggs were either scarce or absent. English sole larvae
were abundant during January 1987 and March/April 1984 and low
numbers were taken during the months April to June and October to
December of other years (Table 16a). Most larvae caught were less
than 10 mm in length (Fig. 52). Mean larval length was at a

105



minimum of 3.7 mm during January 1987, was 7.6 mm in early spring
and ranged from 12 to 18.5 mm during mid to late spring (Table 45).
These patterns of seasonal variation in egg and larval abundance
and larval size indicate that the main spawnihg period for English
sole in the sampling area is late winter to early spring, probably
January to March.

Given that sampling was limited to two cruises (P084, MF87)
during the period of peak abundance in eggs and larvae, it is
difficult to detect any interannual variation in English sole
abundance from the present data set.

The average distribution patterns for eggs in the neuston and
water column indicate that English sole spawn almost exclusively in
the coastal and shelf zone, primarily along the Washington and
Oregon coast (Figs. 1ll14a and 115). The distribution of
unidentified pleuronectid eggs, which may include a significant
proportion of English sole eggs, displayed a similar pattern (Figs.
104a and 105a). During cruises when abundance was at a peak, the
eggs occurred predominantly at the innermost stations along the
Washington and Oregon coast from Cape Blanco northwards, with
highest densities off the mid Oregon coast (Figs. 114b and c). The
distribution of unidentified pleuronectid eggs during January 1987,
many of which were likely to be P. vetulus, was very similar (Figs.
104h and 105h). It seems, therefore, that English sole spawn
primarily in shallow coastal waters off Washington and Oregon with
the area between 44°N and 45°N off mid Oregon being a particularly
favourable spawning location. '

The distribution of English sole larvae 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 mid to northern Oregon coast (Figs. 1llla and b), as
for the eggs. It is 1likely that the larvae taken in plankton
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samples during this study represent a significant, but perhaps low,
proportion of the English sole larval populations which occur along
the coast during winter and spring. Given that newly transformed
larvae and early juveniles are abundant in bays and estuaries along
the U.S. west coast (Pearcy and Myers, 1974; Laroche and
Richardson, 1979; Krygier and Pearcy, 1986), it is probable that
most spawning occurs in shallow coastal waters and that sampling
within 3 miles (4.8 km) from shore would yield higher densities of
larvae than those recorded here. During previous studies, highest
densities of larvae have been taken within 18 km of the coast with
peaks in abundance recorded frequently at stations 2 to 6 km
offshore (Richardson and Pearcy, 1977; Laroche and Richardson,
1979; Mundy, 1984).
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5(d). Multispecies spatial patterns in the ichthyoplankton
and relationships with the environment.

For each of five data sets, spatial patterns in the
ichthyoplankton were examined using numerical classification. Data
from the six spring cruises (TK80, PO81, PO82, EQ83, PO84 and BA85)
were combined into one data set by calculating the mean abundance
of the dominant taxa in each square of the grid shown in Appendix
Figure 1. A summer data set is represented by cruise P080 which
took place in August 1980. Data from cruises PO81, in
October/November 1981, and MF83, in November/December 1983, make up
the two autumn data sets. A winter data set is comprised of data
from the January 1987 cruise, MF87. Each of these five seasonal
data sets were sub-divided into four sub-sets representing eggs and
larvae in the neuston and water column. The numerical
classification was performed on this total of 20 sub-sets.

Results from the numerical classification are presented in the
form of dendrograms showing relationships between individual and
groups of species and stations, 2-way coincidence tables relating
species groups to station groups in terms of mean abundance of
constituent species among station groups, and plots of the station
groups on maps of the sampling area.

Spring Data

Three species groups and five stations groups were 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 1, 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 Icichthys lockingtoni, Trachipterus altivelis, Icosteus
aenigmaticus, and Chauliodus macouni (Table 46, Appendix Table 1).
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The difference between these station groups is one of abundance.
With the exception of C. macouni, egg densities were highest in
station group 3 to the north. Station group 4 along the slope and
adjacent deep water contained highest densities of Microstomus
pacificus and Sebastolobus spp. eggs, in addition to moderate
numbers of other flatfish species (species group 1) and some of the
mesopelagic species. The remaining 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 Mendocino off northern CcCalifornia. In
particular, Citharichthys A and Engraulis mordax eggs were
exceptionally abundant in this zone.

For larvae in the neuston, similar 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 elongatus, Ronquilus
jordani, Ammodytes hexapterus, Hemilepidotus hemilepidotus, and
Cryptacanthodes aleutensis, is associated almost exclusively with
station groups 2 and 3 along the shelf and slope (Table 47,
Appendix Table 2). All, except for O. elongatus were most abundant
in the northerly station group 2. Osmerid and Engraulis mordax
larvae (species group 3), together with 0. elongatus, were most
abundant in, and characterized, station group 3 along the southern
Oregon and northern California coast. Species group 4 includes the
most abundant larval taxa which occurred in all station groups.
Peak densities for these species, however, varied among the station
groups. Cololabis saira is unique in that its larvae were most

abundant in the southern oceanic station group 5. It was also
abundant in station group 1 along the continental slope and
adjacent deep water. In contrast, the remaining group 4 species
were most abundant in the northern section of the sampling area.
Peak densities of Sebastes spp. larvae occurred in station groups
2 and 1, and Anoplopoma fimbria larvae were most abundant in groups
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2 and 4. Abundance of Hexagrammos decagrammus, and the cottids
Scorpaenichthys marmoratus and Hemilepidotus spinosus, was at a
peak in station group 2 off the Washington and northern Oregon
coast, and in adjacent deep water.

The distinction between the four station groups and three
species groups (Fig. 121) is very pronounced for fish eggs
occurring in the water column samples during spring (Table 48,
Appendix Table 3, Fig. 122). As in the neuston, two station groups
(4 and 2), which are associated with the entire coastal and slope
regions, respectively, are characterized by the occurrence of
various flatfish species and Engraulis mordax. Station group 4
along the coast contained highest numbers of all pleuronectid taxa
(except for Microstomus pacificus), the paralichthyids, and
Engraulis mordax. The mesopelagic taxa (species group 1) were
either absent or rare in this zone. Station group 2 along the
slope and adjacent deep water is characterized by peak densities of
Microstomus pacificus eggs and low to moderate densities of most of
the mesopelagic taxa. The pleuronectids Errex zachirus and

Eopsetta exilis were also relatively abundant here. Station group
1 and 3 in the oceanic zone contained the mesopelagic taxa almost
exclusively. Peak densities of myctophids, Trachipterus altivelis
and Chauliodus macouni eggs occurred in station group 1 to the
south of this zone, whereas Icosteus aenigmaticus was most abundant
in station group 3 to the north. The bathylagids and Icichthys
lockingtoni were relatively evenly distributed among these two
station groups.

Four station groups and three species groups were identified
for larvae in the water column (Fig. 123). The station groups are
geographically distinct and reflect onshore-offshore and north-
south gradients in species occurrence and abundance (Table 49,
Appendix Table 4, Fig. 124). 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 most abundant taxa belong to species group 2 and
include the myctophids Stenobrachius leucopsarus, Diaphus theta,
and Tarletonbeania crenularis, as well as the bathylagid Bathylaqus
ochotensis, and the rockfish Sebastes spp. Except for the
rockfish, all these species were 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 Bathylaqus pacificus and
Protomyctophum thompsoni which were slightly more abundant in
station group 2 to the north. The coastal station group 4 was most
prominent over the shelf off Washington and northern Oregon and is
characterized by the occurrence of pleuronectids, paralichthyids,
osmerids, and Engraulis mordax. The latter two taxa, along with
Pleuronectes vetulus, were most abundant here. Peak densities of
Sebastes spp., Errex zachirus and Eopsetta exilis 1larvae
characterize station group 3 occurring along the slope and adjacent
deep water. Off Washington, this station group extends into the
oceanic 2zone. 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
coastal, slope/transitional and oceanic assemblages in the
ichthyoplankton off the west coast during spring. These distinct
assemblages are manifest for eggs in the neuston and water column
and larvae 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
continental shelf throughout the sampling area but is most
prominent off Washington  and northern Oregon. The
slope/transitional assemblage occurs along the slope and adjacent

111



deep water. 1It. is characterized by Sebastes spp. larvae and by
eggs and larvae of the pleuronectids Errex zachirus, Eopsetta
exilis, and Microstomus pacificus, but also includes mesopelagic
species that are moderately abundant in this zone. 1In the deep
water region, beyond the continental slope, the oceanic assemblage
is comprised almost exclusively of mesopelagic taxa such as
myctophids, bathylagids, Chauliodus acouni, Trachipterus
altivelis, Icosteus aenigmaticus, and Icichthys lockingtoni.
Sebastes spp. larvae 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 types reflects a
north-south trend in abundance. All species were most abundant in
the southern sector except for Bathylagus pacificus, Protomyctophum
thompsoni and Icosteus aenigmaticus which were most abundant to the
north.

A unique assemblage of larvae is also apparent during spring
in the neuston. Species composition is very different from the
ichthyoplankton assemblages in the water column. Inshore-offshore
and north-south gradients in abundance, however, are evident.
Larvae of cottids, hexagrammids, Engraulis mordax, Anoplopoma
fimbria, Cololabis saira, Rongquilus jordani, Cryptacanthodes
aleutensis, Ammodytes hexapterus and Sebastes spp. constitute this
assemblage. Its distribution is confined primarily to the shelf

and slope region and peak densities of most species seem to occur
off Washington and northern Oreéon. In the oceanic zone, most of
these species were scarce. The sablefish, A. fimbria, and saury,
C. saira, however, were abundant in the northern and southern

sectors, respectively, of this zone.

Visual comparison of the occurrence and distribution of the
above ichthyoplankton assemblages with the oceanography of the
sampling area suggests the following relationships. The onshore-
offshore variation in assemblages 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 assemblage (Sebastes spp. and the deep water
flatfish) live as adults along the outer continental shelf and
slope, and those of the oceanic assemblage live and spawn primarily
in deep water.

It is possible that the reduced abundance of species belonging
to the coastal and neustonic assemblages off southern Oregon and
northern California may 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
Washington and northern Oregon coast (Figs. 3, 6-22). Fish eggs
and larvae of coastal species occurring 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 larvae may be reduced in thi southern coastal
region of the sampling area because of this risk.

The north-south trend in abundance of fish eggs and larvae
among the mesopelagic assemblage of species in the oceanic zone
seems to be related to temperature. Temperatures at the surface,
and throughout the water column, increase in a southerly direction
during spring (Figs. 6-15). The greater abundance of eggs and
larvae of the mesopelagic species observed in the southern part of
the oceanic zone suggests that spawning is associated with the
warmer water in this region. Conversely, peak densities of the
species Bathylagqus acificus, Protomyctophum thompsoni, and
Icosteus aenigmaticus in deep water off Washington may reflect an
association between spawning and cooler water temperatures for
these species.
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Summer Data:; Cruise P080

The six station groups identified for egg distributions in the
neuston reflect an inshore-offshore gradient in abundance of mostly
coastal taxa (Figs. 125 and 126, Table 50, Appendix Table 5).
Station groups 5 and 6, situated along the inner shelf from
Washington to northern cCalifornia are characterized by high
densities of Citharichthys eggs. Psettichthys melanostictus eggs
occurred exclusively, and were abundant, at group 5 stations.
Citharichthys 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, Errex zachirus and Cololabis saira. Station groups
1, 2, and 4 were less distinct geographically than 3, 5, and 6,
being distributed along parts of the slope and throughout the

oceanic region (Fig. 126). Among the mesopelagic taxa, Tactostoma
macropus and Chauliodus macouni were most abundant in station
groups 1 and 2, and high densities of Icichthys lockingtoni eggs
were confined to station group 1, mainly to the south. Engraulis
mordax eggs were associated essentially with the slope and deep
water zone off Washington and northern Oregon, at group 4 and some
of group 2 stations.

Species diversity was low for larvae in the neuston during the
summer cruise (Fig. 127a, 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
larvae were absent (Fig. 128). The six station groups identified
from the dendrogram (Fig. 127b) 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 larvae caught at group 1 stations whereas group
2 stations contained, in addition, Scorpaenichthys marmoratus,
Cololabis saira, Engraulis mordax, and Ronquilus jordani larvae.
Station group 3 occurring offshore of the Columbia River estuary
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contained highest densities of E. mordax larvae, as well as
moderate numbers of S. marmoratus, C. saira, and unidentified
scorpaenids. Only five stations constituted group 4 which is
characterized by highest densities of osmerid and Sebastes spp.
larvae. Apart from one occurring off northern Washington, these
stations are located along the shelf off northern California.
Group 6 stations along the slope off Washington and shelf off
Oregon contained only S. marmoratus larvae. Similarly, C. saira

larvae were the only ones recorded at group 5 stations in the
deepest water of the oceanic zone.

Egg abundance was low in the bongo samples on this occasion,
with paralichthyids and pleuronectids accounting for most that were
caught (Table 52, Appendix Table 7). These taxa were most abundant
at group 4 stations along the shelf (Fig. 130). Group 6 stations
are also located in coastal waters and characterized by the
presence of paralichthyids and the pleuronectid Errex zachirus.
Station group 5, occurring in the vicinity of the Columbia River
estuary, contained mostly Engraulis mordax eggs. Microstomus
pacificus eggs occurred almost exclusively at group 7 stations
along the outer shelf, close to this estuary. Stations belonging
to groups 1, 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.

Engraulis mordax dominated catches of larvae in the bongo
samples during summer (Table 53, Appendix Table 8). These larvae
were abundant and occurred almost exclusively at group 1 stations
along the slope and adjacent deep water off Washington and northern
Oregon (Fig. 132). The myctophids Stenobrachius leucopsarus and
Tarletonbeania crenularis were also most abundant at these

stations. The mesopelagic taxa were most abundant, but not
recorded in high densities, at group 2 stations in the oceanic
zone. A mosaic of four station groups (3-6) cover the shelf and
slope region from Washington to northern California. Groups 3 and
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4 along the slope are characterized by relatively high densities of
Sebastes spp. larvae and low densities of various mesopelagic taxa.
Larval abundance was at a minimum in station groups 5 and 6,
closest to the coast. Sebastes spp. larvae were most numerous
here. They occurred along with very low densities of E. mordax,
Artedius harringtoni, cyclopterid, and Eopsetta exilis larve at
group 5 stations, and were the only larvae taken at group 6
stations.

The above multispecies spatial patterns again indicate the
occurrence of a coastal, slope/transitional, and oceanic assemblage
in the ichthyoplankton off the west coast. Compared to the
situation in spring, however, these assemblages are not as clearly
defined spatially and levels of abundance of eggs and larvae are
reduced. The coastal assemblage is dominated by Citharichthys spp.
eggs and some pleuronectid eggs, mainly Psettichthys melanostictus.
Larvae are scarce in the coastal assemblage at this time of year.
Most of those caught were Sebastes spp. and there were very low
numbers of the cottid Artedius harringtoni and pleuronectids. A
slope/transitional assemblage was discernible at intervals along
the outer shelf and slope. Unidentified pleuronectid eggs,
probably of the species Errex zachirus, Eopsetta exilis, and
Microstomus pacificus, were most abundant in this region, along
with Sebastes spp. larvae. Low numbers of A. harringtoni, E.
exilis, and various mesopelagic taxa of larvae also belonged to
this assemblage. Abundance of eggs and larvae in the oceanic
assemblage was low in contrast with the spring situation.
Relatively low densities of bathylagids, myctophids, Chauliodus
macouni, Icichthys lockingtoni, and Sebastes spp. were present.
Eggs of the melanostomid Tactostoma macropus were unusually
abundant in the neuston of the oceanic zone on this occasion.

The north-south trend in species abundance observed in the
above three assemblages during spring is not apparent in the summer
1980 distributional patterns. Larval densities were uniformly low
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along the shelf and throughout the oceanic region. Temperatures
are uniformly cold near the coast during summer and increase in an
offshore direction (Figs. 7a and b). The species-poor and low-
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 time of year does not seem to
be a favourable environment for spawning by most of the coastal
taxa. This relationship, however, is likely to be based on water
transport patterns rather than temperature. The offshore Ekman
transport which occurs along the coast during the summer is
detrimental to larvae of species that recruit their young into
coastal habitats. Further evidence for this conclusion is the
paucity of the neustonic assemblage of larvae in the coastal zone.
The cottids and hexagrammids were entirely absent, except for

Scorpaenichthys marmoratus.

The occurrence of high densities of Engraulis mordax eggs and
larvae in the neuston and water column, in a geographically
distinct region off Washington and northern Oregon during the
summer cruise implies the existence of a Columbia River plume
assemblage. The anchovy defines this assemblage but larvae of the
myctophids Stenobrachius leucopsarus and Tarletonbeania crenularis,
and Sebastes spp. are also associated with it. 1Its distribution,
from the slope into the oceanic zone, off southern Washington and
northern Oregon, reflects the offshore and southerly extension of
the low-salinity Columbia River plume at this time of year (Fig.
7c) .

Autumn Data: Cruises DA81 and MF83

Cruise DAS81

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 distinguishable 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 Type F. Their occurrence was confined
essentially to station group 4 along the shelf from Washington to
northern cCalifornia. Abundance of the Citharichthys eggs, in
particular, was very high at these stations. The pleuronectids
identified to species included Pleuronichthys decurrens,
Psettichthys melanostictus, and Pleuronectes vetulus. Most of the
unidentified pleuronectid eggs probably belonged to these species.
The third species group include the mesopelagic taxa Icichthys
lockingtoni, Trachipterus altivelis, and Chauliodus macouni. They
were distributed throughout station groups 1, 2, and 3 along the
slope and in the oceanic zone. Highest densities by far, however,
were associated with station group 1 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 larvae 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 primarily along the shelf and slope
and are characterized by different combinations of abundance of the
dominant larval taxa (Table 55, Appendix Table 10, Fig. 136).
Engraulis mordax was by far the most abundant species and it was
confined essentially to station groups 3 and 4, mainly along the
southern Washington and Oregon shelf. The hexagrammids Hexagrammos
lagocephalus and H. decagrammus were most abundant in station group
2 off northern Washington and northern California. Station group
1, occurring mainly along the slope off Oregon, is characterized by
highest densities of Cololabis 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 larve were caught.

118



A similar dichotomy of coastal and oceanic species and station
groups, to that observed for eggs in the neuston, was apparent for
eggs in the bongo samples (Table 56, Appendix Table 11, Figs. 137

and 138). The coastal species group (2), comprising the
pleuronectids and paralichthyids, occurred almost exclusively at
station groups 5 and 6 along the shelf. Densities were

considerably higher at group 6 stations off Oregon than at group 5
stations off Washington. Along the slope, particularly off
Washington, a cluster of stations is characterized by the absence
of eggs. The remainder of the sampling area incorporates station
groups 1 to 4 which contained the mesopelagic group of species (1)
including bathylagids, Chauliodus macouni, Icichthys lockingtoni,
and Trachipterus altivelis. Levels of abundance for these taxa
were relatively low and within the deep water zone, these station
groups are not geographically distinct.

For larvae in the water column, a geographiclly distinct group
of ’‘coastal’ stations is again apparent and characterized by
coastal taxa (Table 57, Appendix Table 12, Fig. 140). The
citharichthyid and Sebastes spp. larvae 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
1, 2, 3, and 6 scattered throughout the remainder of the sampling
area, mainly in the oceanic zone, are characterized by the
occurrence of low numbers of a variety of mesopelagic taxa (Table
57). Some Engraulis mordax larvae were caught at several stations
off Washington and northern Oregon (Appendix Table 12, Appendix
Fig. 3).

Cruise MF83

As for cruise DA81, the classification of stations and species
into groups for eggs in the neuston revealed a clear distinction
between the occurrence and distribution of coastal and oceanic taxa
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(Figs. 141 and 142, Table 58, Appendix Table 13). Species group 1
contains all the flatfish taxa including the pleuronectids
Pleuronectes vetulus, Psettichthys melanostictus, and
Pleuronichthys decurrens, as well as unidentified pleuronectids and
the paralichthyids citharichthys types A and B. Most of these taxa
were confined exclusively to station group 2 along the shelf.
Station groups 1, 4, and 5 over the slope and oceanic region off
southern Oregon and northern California, and part of the oceanic
region off Washington (Fig. 142). They are characterized by the
occurrence of the mesopelagic species (species group 2) Icichthys
lockingtoni, Trachipterus altivelis, and Chauliodus macouni in
varying levels of abundance. Fish eggs were absent from the
neuston samples at many stations off Washington and Oregon, mainly
along the slope and outer section of the oceanic zone.

For larvae in the neuston, the two species groups identified
again reflect the distinction between coastal and more widespread
distribution patterns among the constituent species (Figs. 143 and
144, Table 59, Appendix Table 14). Hexagrammos decagrammus, H.
lagocephalus, Scorpaenichthys marmoratus, and Sebastes spp.,
belonging to species group 1, are associated with station groups 2
and 3 along the Washington, mid-Oregon and northern California
coast. In contrast, Tarletonbeania 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 throughout the northern section of the oceanic zone whereas
C. saira was 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 were similar to those for eggs in the neuston (Figs. 145
and 146, 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. Low densities of various mesopelagic taxa in
species group 1 (including bathylagids, Trachipterus altivelis,
Chauliodus macouni, and Icichthys lockingtoni) are associated with
station groups 1 to 4 throughout the slope and oceanic region.
Again, eggs were absent or at a minimum at slope or oceanic
stations in the northern section of the sampling area.

The three species groups and five station groups identified
for larvae in the bongo samples (Fig. 147) did not reflect a very
clear distinction between coastal and oceanic distributions (Fig.
148, Table 61, Appendix Table 16). Larvae were absent from most of
the shelf region, particularly off Washington and northern
California. Station group 4, mainly along the Oregon coast, is
characterized by highest densities (though low numbers) of Sebastes
spp. larvae. The remaining station groups (1, 2, 3, and 5) are
distributed throughout the slope and oceanic region. They
contained low numbers of various myctophid species, Lestidiops
ringens, Sebastes spp., Cyclothone spp., and the paralichthyids
Citharichthys spp. and Citharichthys stigmaeus. In contrast to the
association of their eggs with the coastal zone, larvae of the
citharichthys species were recorded mostly at oceanic stations.

For most species, levels of abundance of fish eggs and larvae
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. larvae and the absence of eggs and larvae of the deep
water flatfish Errex zachirus, Microstomus pacificus, and Eopsetta

exilis. The neustonic assemblage of larvae is also reduced and
comprised low densities of coastal species (hexagrammids, cottids,
and Sebastes spp.) along the shelf, and higher densities of certain

myctophids and Cololabis saira in deepwater. During cruise DaA81,
however, Engraulis mordax larvae were present in abundance in the
neustonic assemblage along part of the shelf.
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The coastal assemblage is comprised primarily of pleuronectid
(Pleuronectes vetulus, Psettichthys elanostictus, and
Pleuronichthys decurrens) and Citharichthys eggs, along with low
densities of Sebastes spp. larvae. Citharichthys spp. larvae were
relatively abundant in this assemblage, however, during cruise
DA81. The oceanic assemblage includes eggs and larvae of various
mesopelagic taxa, and larvae of the Citharichthys species, in low
densities. It is associated with the slope and oceanic 2zones
throughout which levels of occurrence and abundance of these
species were relatively uniform and consistently sparse.

The distinction between coastal and oceanic assemblages of
ichthyoplankton at this time of year can be related only to the
bathymetry of the sampling area. The spatial patterns observed in
the ichthyoplankton don’t appear to be related to temperature and
salinity patterns during these sampling periods. Nevertheless, the
offshore extension of the distribution of Citharichthys larvae may
be related to offshore Ekman transport, which still prevails to a
limited extent at this time of year, as indicated by the seaward
orientation of the Columbia River plume (Figs. 9c and 12c). The
distribution of the larvae in deep water contrasts with the
essentially coastal distribution of Citharichthys eggs, indicating
extensive seaward advection of larvae.

Winter Data: Cruise MF87

Pleuronectid and paralichthyid eggs were extremely abundant in
the neuston during January 1987. Among the species groups
identified, they comprised group 1 which is associated exclusively
with station group 4 along the Washington and Oregon shelf (Figs.
149 and 150, Table 62, Appendix Table 17). Most of the
pleuronectids were unidentified. Those identified to species
included Pleuronectes vetulus, P. isolepis, Platichthys stellatus,
Psettichthys melanostictus, and Pleuronichthys decurrens. Levels
of abundance of the mesopelagic taxa belonging to species groups 2
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and 3 were much lower. They included unidentified bathylagids,
Icosteus aenigmaticus, Chauliodus macouni, Icichthys lockingtoni
and Trachipterus altivelis. These taxa are associated with station
groups 1, 2, and 3 scattered throughout the slope and oceanic
zones, and extending onto the shelf off northern California.

Larvae were also relatively abundant in the neuston during
this cruise with densities of hexagrammids and cottids at a peak.
Four species groups and five station groups were identified from
the dendrograms (Fig. 151). The five station groups are
geographically distinct and reflect an onshore-offshore trend in
abundance of larvae (Fig. 152, Table 63, Appendix Table 18).
Groups 1 and 2 cover the shelf and slope regions, with 2 occurring
almost exclusively off Oregon. Station group 3 forms a band along
the deep water adjacent to the slope and groups 4 and 5 cover the
remainder of the oceanic zone, 4 being associated with the southern
section. Hexagrammos decagrammus, Hemilepidotus spinosus, and
Scorpaenichthys marmoratus (species group 1) were most abundant at
group 2 stations along the shelf and slope off Oregon but were also
abundant in station groups 1 and 3. Tarletonbeania crenularis was
most abundant in station groups 3 and 4 in deep water but was also
present, though less abundant, in station group 2. Peak densities
of Hexagrammos lagocephalus occurred at group 3 stations beyond the
slope but were also present in the coastal station groups 1 and 2.
Sebastes spp., Hemilepidotus hemilepidotus, and Leptocottus armatus
larvae were associated exclusively with these coastal station
groups. Cololabis saira larvae were taken in all station groups

except group 2 off Oregon. It was most abundant in the oceanic
zone, however, and peak densities occurred at group 5 stations in
the northern sector.

A clear division into coastal and oceanic species and station
groups is apparent for eggs in the bongo samples (Figs. 153 and
154, Table 64, Appendix Table 19). Species group 3 consisting of
pleuronectids and paralichthyids is associated primarily with group
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2 stations along the Washington and Oregon coasts. The mesopelagic
taxa belonging to species groups 1 and 2 are associated mainly with
station group 3 covering most of the slope and oceanic region.
Most were also present in low numbers in station group 1, mainly to
the north of the oceanic zone, and some at group 2 stations along
the coast.

This dichotomy of species and stations into coastal and
oceanic groups is also apparent for larvae in the bongo samples
(Figs. 155 and 156, Table 65, Appendix Table 20). Station group 3
along the coast is characterized by highest densities of the group
3 species including Osmeridae, Pleuronectes vetulus, Cyclopteridae,
Hemilepidotus spinosus, and Hexaqrammos decagrammus. The
myctophids, bathylagids, Sebastes spp. and Citharichthys species
belonging to species groups 1 and 2 were most abundant in station
groups 1 and 2 in the slope and oceanic 2zones. In general,
densities were highest at group 1 stations in slope and deep water
off Oregon and northern California. In contrast, the species
Tarletonbeania crenularis and Protomyctophum thompsoni were
considerably more abundant in station group 2 mainly to the north
of the oceanic region. Numbers of Sebastes spp. larvae were also
relatively high at the coastal stations (group 3) and Citharichthys
stigmaeus larvae were present in low densities here.

As for autumn, the spatial patterns discerned in the
ichthyoplankton during winter indicate coastal and oceanic
assemblages of species. Levels of abundance of eggs and larvae
were considerably higher than during summer and autumn and peak
densities were recorded for certain coastal species that do most of
their spawning during late winter and early spring, e.g. osmerids,
the hexagrammids Hexagrammos decagrammus and H. lagocephalus, the
cottids Hemilepidotus spinsosus and H. hemilepidotus, and the
pleuronectids Pleuronectes vetulus and Platichthys stellatus. The
neustonic assemblage of larvae comprising mainly hexagrammids and
cottids was priminent in the coastal and slope zones and much of
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the adjacent deep water.

The coastal assemblage of fish eggs and larvae included high
densities of citharichthys, as well as pleuronectid, eggs in
addition to moderate numbers of osmerid, Sebastes spp. and
Pleuronectes vetulus larvae. Low numbers of cyclopterid and
Citharichthys sticmaeus larvae were also part of this assemblage
which extended along the entire shelf off Washington and Oregon but
was sparsely represented off northern California. The oceanic
assemblage of fish eggs and larvae, which was distributed
throughout the slope and deep water zones, consisted essentially of
low to moderate densities of bathylagids, myctophids, Chauliodus
macouni, Trachipterus altivelis, JIcosteus aenigmaticus, and
Icichthys lockingtoni, and larvae only of Sebastes spp. and the
Citharichthys species. As in autumn, the association of
Citharichthys eggs with the coastal assemblage and Citharichthys
larvae with the oceanic assemblage indicates that extensive
offshore advection of larvae occurs.

Similar to the spring situation, the division of station
groups in the deep water zone into northern and southern components
reflects a north-south trend in abundance of certain species. Aall
the mesopelagic taxa except for the myctophids Tarletonbeania
crenularis and Protomyctophum thompsoni were more abundant to the
south of the oceanic zone than in deep water off Washington. This
north-south increase in abundance seems to reflect the north-south
increase in water temperature during winter (Figs. 15a and b).
Spawning may be more intense in the southern sector of the sampling
area where water is warmest. Temperature conditions are more
uniform along the coast at this time 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 Ekman
transport at this time of year. The northerly extension of the
Columbia River plume along the Washington coast during winter
(Fig.» 15c) does not appear to influence ichthyoplankton
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distributions or assemblage structure.

Species composition and seasonal variation in occurrence among
the ichthyoplankton assemblages (excluding the neustonic assemblage
of larvae) identified during the present study are summarized in
Table 66. These multispecies assemblages include a coastal,
slope/transitional, Columbia River plume and oceanic assemblage.
Overlap in species composition does occur among the assemblages
indicating that, in general, the assemblages are not sharply
defined. 1In addition, the occurrence and distribution margins of
assemblages do vary seasonally. Nevertheless, each of the four
assemblages is characterized by a definitive set of species and is
geographically distinct. Taxa are considered definitive for a
particular assemblage when they occur exclusively, or are most
abundant, in that assemblage. Doyle et al. (in press) describe in
detail the occurrence, distribution, and oceanographic
relationships for these assemblages based on just larval data from
the bongo samples. The nature and origin of the larval assemblages
are considered in this paper.

The neustonic assemblage of fish larvae identified here
includes a unique group of species whose larvae are scarce or
absent deeper in the water column, e.g. the hexagrammids, cottids,
Cololabis saira, Anoplopoma fimbria, and Cryptacanthodes
aleutensis. These larvae are considered to be obligate members of

the neuston, occurring permanently at the surface and occuping an
exclusively neustonic larval niche. 1In addition, certain members
of this assemblage are species whose larvae are abundant in the
water column as well as in the neuston. They include larvae and
juveniles of Engraulis mordax, Tarletonbeania crenularis, Sebastes
spp., Ronquilus Jjordani, and Ammodytes hexapterus, and are
considered to be facultative members of the neuston. Diel vertical
migration of well-developed larvae and juveniles of these species
reults in their abundance in the neuston only at night. Eggs of
Engraulis mordax, Trachipterus altivelis, Sebastolobus spp.,
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Icichthys lockingtoni, Citharichthys spp., and all the
pleuronectids also constitute an important component of the
ichthyoplankton occurring in the neuston. Citharichthys and
pleuronectid eggs, in particular, were extremely abundant in
neuston samples. These eggs are considered "strays" 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 larval fish assemblages off
the Oregon coast which correspond to the sub-surface
ichthyoplankton assemblages described here. Based on an 18 month
survey along a 111 km transect off Yaquina Bay Oregon, Richardson
and Pearcy (1977) found a "coastal" assemblage 2 to 28 km offshore
and an "offshore" assemblage 37 to 111 km from shore. A grid of
stations from the along the shelf and slope area from the Columbia
River mouth to Cape Blanco was surveyed by Richardson et al.
(1980). They documented the occurrence of a "coastal", a
"transitional"™ and an "offshore" assemblage in this region during
March-April of 1972 to 1975. These correspond to the spring
coastal, slope/transitional, and oceanic assemblages of fish larvae
identified in this paper, both in terms of species composition and
distribution. Both Richardson and Pearcy (1977) and Richardson et
al. (1980) attribute the occurrence of the different larval fish
assemblages off Oregon to the spawning location of the adults and
to the predominate coastal circulation patterns. They postulate
that current patterns, that are predominantly alongshore off the
Oregon coast, would help maintain the larvae in zones parallel to
the coast. The offshore component of surface drift (Ekman
transport) in summer and onshore component of surface drift in
winter, associated with wind-induced coastal currents and upwelling
and downwelling processes, however, are also important in
influencing larval distributions and subsequent recruitment to
shelf populations. This is particularly true for those species
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whose larvae are neustonic.

The coastal assemblage of ichthyoplankton described here and
in the above publications is associated with the narrow continental
shelf off Washington, Oregon and northern California, where cold
temperatures prevail throughout the year and seasonal variation in
circulation patterns is strong. The same is true for the unique
neustonic assemblage of larvae identified here and described in
Doyle (in press). The predominant spawning season for these taxa
is from winter to spring when downwelling and onshore Ekman
transport prevail. Their larvae are generally scarce or absent in
the coastal zone during the peak upwelling season of summer. The
spawning patterns that have evolved among the coastal species,
therefore, seem to favour retention of their larvae in the shelf
zone. Demersal spawning is another characteristic prevalent among
the coastal species, particularly those with neustonic 1larvae,
which aids retention of larve in the coastal =zone. Osmerids,
cottids, hexagrammids, cyclopterids, Ronguilus jordani, and
Ammodytes hexapterus deposit their eggs in the substratum or attach
them to rocks or seaweed, a strategy 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 prevailing circulation patterns off the west
coast is the apparent north-south trend in 1larval abundance.
During spring, larvae belonging to these assemblages are most
abundant in the shelf area off Washington and northern Oregon.
Further south, the scarcity of larvae is associated with the region
of upwelling and offshore transport that commences there earlier in
the year.

Parrish et al. (1981) review the reproductive strategies among
the coastal fishery species in the entire California Current system
and conclude that they show a pattern of correspondence to the
major features of surface transport. The southern coastal portion
of the west coast survey area, particularly south of Cape Blanco,
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corresponds to the northern sector of the maximum upwelling region
identified by these authors. 1In this region of vigorous upwelling
and strong offshore surface transport, there is a paucity of
species with pelagic eggs such as Engraulis mordax, the
paralichthyids and pleuronectids (Parrish et al., 1981). In
addition, larvae of the demersal spawning osmerids, cyclopterids,
hexagrammids and cottids are less abundant along this section of
the coast. Thus upwelling and offshore transport help explain the
relative scarcity of members of the coastal and neustonic
assemblages of ichthyoplankton observed here during the present
study.

In agreement with Richardson et al.’s (1980) conclusions, it
is proposed here that the distributions of the definitive taxa
belonging to the slope/transitional assemblage are primarily
related to the bathymetric range of the adults. These taxa,
including Sebastes sp., Errex zachirus, Eopsetta exilis, and
Microstomus pacificus, live and spawn on the outer coninental shelf
and slope off the U.S. west coast (Hart, 1973; Matarese et al.,
1989). Peak 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 larvae close to the nursery
areas and adult habitats in slope waters.

The Columbia River plume assemblage identified here is
characterized essentially by high densities of Engraulis mordax
larvae during summer and is associated with the offshore and
southerly extension of low-salinity plume water. Spawning of E.
mordax off Oregon is known to be associated with warm, near-surface
waters of the Columbia River plume at this time of year
(Richardson, 1973; Richardson et al., 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 time when warm plume water is a dominant oceanographic feature
in the area. High levels of macrozooplankton biomass have also
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been observed in association with the Columbia River plume during
summer and may reflect high concentrations of phytoplankton and
microzooplankton (Brodeur, 1990). The spawning strategy of E.
mordax off the U.S. northwest coast, therefore, seems to take
advantage of high levels of plankton production that prevail in the
plume during summer.

The association of highest densities of larvae of the
myctophids Stenobrachius leucopsarus and Tarletonbeania crenularis
with the plume in summer suggests a similar relationship with warm
surface temperatures or spatial variation in plankton production.
There is no evidence to suggest, however, that myctophid spawning
is associated with the surface layer or that their larvae are
concentrated in this zone. Strong thermohaline and colour (from
Coastal Zone Color Scanner data) fronts have been observed in
association with the edges of the plume (Fiedler and Laurs, 1990)
and may represent a physical boundary that enhances the retention
of larvae within the plume.

Year-round spawning is predominant among the oceanic
assemblage resulting in the occurrence of their eggs and larvae in
the plankton during all seasons. This pattern of spawning reflects
the relative stability that characterizes the oceanic zone. 1In
contrast with the coastal zone, seasonal variation in oceanographic
conditions, including production in the plankton, is moderate in
this essentially oligotrophic realm (Perry et al., 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 summer
upwelling along the coast. Here, seasonal variation in herbivore
biomass is much 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 larvae throughout the

year.
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Some of the dominant myctophids and bathylagids display a
strong peak in larval abundance during spring. This peak may be
related to a spring peak in primary production observed in the
oceanic zone off the U.S. northwest coast (Perry et al., 1989).
The amplitude of this peak, however, is considerably weaker than
seasonal variation in primary production in the coastal zone.

The majority of the mesopelagic 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 (>9°C) off the U.S. northwest coast during
these seasons. Although the distributional range of most of these
species is from Baja California to the Bering Sea (Hart, 1973;
Matarese et al., 1989), and spawning is widespread, the preferred
spawning area along the west coast appears to be off southern
Oregon and northern California. Among these species, Bathylaqus
ochotensis, Stenobrachius leucopsarus, Tarletonbeania crenularis,
and Icichthys lockingtoni belong to a northern complex of larval
fish species associated with central California, and Protomyctophum
crockeri belongs to a southern complex associated with southern and
Baja California (Moser et al., 1987). Their spawning centers are
south of our study area, which helps explain the predominance of
their larvae off southern Oregon and northern California. In
contrast, Protomyctophum thompsoni has a more northerly
distribution, its southernmost extreme being off central California
(Matarese et al., 1989). Its preferred spawning area is probably
off Washington and Oregon and associated with the colder water
prevalent in the northern sector of the study area during winter
and spring.

The ichthyoplankton assemblages 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

131



given rise to .the high degree of structure observed in the
ichthyoplankton spatial patterns and to the multispecies
assemblages (Doyle et al., in press).
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SvT

Teble 1. Summary of previous plankton sampling surveys off Washington, Oregon, and northern Celifornfa, in which fchthyoplankton were recorded,
listed in order of years when sampling took place.

Years Months General area Number of
Author(s) sampled sampled of survey stations Sempling gear and type of tow Kinds of data reported
LeBrasseur 1956-59 Jan.-Oct. Wash., Oregon, ca 76 Vertical and oblique NORPAC List of texa by station and
(MS 1965;1970) and Northern nets; 3- and 6- foot IKMT type of gear.
Celifornia
Aron (1958, 1959, 1957-58 June-Sept. Coastal Wash., 146 3t and 6' IKMT; Plankton volume; distribution,
1960, 1962) Oregon, ' oblique tows list of adult, juvenile, and larval
Northern Calif. fishes collected.
to 146°
Pearcy and Myers 1960-70 Jan.-Dec. Yaquina Bay, Or. 5 Clarke-Bumpus net, 20-cm bongo Seasonal and horizontal distribution,
(1974) and coastal (393 hauls) €0.571 mm mesh, step oblique) tidat-diel variation, net comparison
waters
Pearcy et al 1961-69; Jan.-Dec. Oregon 125 70-cm bongo (0.571 mm), Relative sbundance, areal and vertical
Q1977 1971-75 oblique; IKMT distribution, growth and seasonality
of three species of flatfishes.
Day (1971) 1963 May; Coastal 32 6' IKMT; oblique Plankton biomass; list of larval
Oct.- Nov. Washington and surface tows fishes collected.
Waldron (1972) 1967 Apr.-May Wash.-Oregon 58 1-m net (ca 0.5 mm mesh) List of taxa collected; relative
abundeance.
Eldridge and 1969 Jan.-Dec. Humboldt Bay, S 1-m net (0.57 mm mesh) List of taxa collected by month,
Bryan (1972) California station, density.
Richardson (1973) 1969 May-Oct. Oregon, ? 70-cm bongo (0.571 mm mesh, Species composition, dominant taxa,
SW Wash. (287 hauls) oblique IKMT (oblique) and size distribution, gear compari{son
1-m net (vertical) shallow vs. deep tows.
Mundy (1983) 1969-72 Jan.-Dec. Off Newport, 4 20.2 cm bongo (0.571 mm mesh), Species composition and relative
Oregon step-oblique tows abundance. Assemblages.
Richardson (1977) 1971-72 Jan.-Aug. off Newport, 12 70-cm bongo (0.571 mm) List of relative abundance of
Oregon (287 hauls) step oblique taxa by station.
Richardson and 1971-72 Jan.-Dec. Off Newport, 12 70-cm bongo (0.571 mm) Species composition; assemblages;
Pearcy (1977) Oregon (287 hauls) step oblique vertical distribution.
Ahlstrom and 1972 May Wash., Oregon 33 Neuston net; 1-m net List of taxa collected, distribution

Stevens (1977)

and California

(0.505 mm) oblique hauls

of selected taxa.
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Table 1.--Continued

Years Months General area Number of
Author(s) sampled sampled of survey stations Sampling gear and type of tow Kinds of data reported
Richardson et al. 1972-75 Mar.-Apr. Oregon 84 70-cm bongo (0.571 mm Species composition and abundance.
(1980) (306 samples) mesh, step-oblique Larval fish assemblages and
and oblique tows assocfations.
Laroche and 1972-75 Mar.-Apr. Oregon 84 70-cm bongo (0.571 mm mesh, Distribution, abundance of Parophrys
Richardson (1979) (305 samples) ' step-oblique and oblique vetulus. Age and length. Gear
tows. Neuston tows. comparison.
Misitano €1977) 1973 Jan.-Dec. Cotlumbia River 7 0.5-m net and 0.9 m IKMT List of taxa collected by station.
estuary (step oblique tow) Length range, density.
LaRoche (1976) 1975 Jan.; March Columbia River 82 Neuston net (0.505 mm mesh) List of taxa collected and mean
mouth density per station.
Richardson (1980) 1975-76 July Oregon, 70 70-cm bongo (0.571 mm mesh), Spawning biomass of Engraulis mordax;
SW Washington oblique tows census methods compared.
Grimm and Sztajn- 1977 Aug.-Sept. Wash., Oregon, 3 60-cm bongo (0.505 mm mesh), List of taxa collected by station.
duchert (1978) Northern Calif. oblique; Kopenhagen net Length range; density.
€0.471 mm)
Kendall and Clark 1980 Apr.-May Wash., Oregon, 125 60-cm bongo (0.505 mm mesh); Distribution, abundance, and length
(1982a) Northern Calif. oblique tows; neuston tows. composition of dominant taxa of eggs
and larvae. Community structure.
Kendall and Clark 1980 August As above 91 As above As above.
Urena (1989) 1980-83 Apr.-Dec. As above 825 As above Distribution and abundance of eggs and
larvae of five species of flatfishes.
Clark (1984) 1981 May- June As above 123 As above As above
Brodeur (1990) 1981 May-August Washington- 88 70 mm bongo (0.571 mm), List of taxa collected; zooplankton
Oregon step oblique tow biomass.
Bates (1984) 1981 Oct.-Nov. As above 125 As above As above
Clark (1986a) 1982 May-June Wash., Oregon, 124 As above As above

Northern Calif.

(49 bongo)




Table 1.--Continued

Years Months General area Number of
Author(s) sampled sempled of survey statfons Sempling gear and type of tow Kinds of data reported
Boehlert et al. 1982 April, May, Oregon 2 Tucker trawl (0.505 mm mesh); Vertical distribution and abundance of
(1985) July stepped oblique towus fish larvee by taxa; assemblages.
Clark and Xendall 1983 April-May As above 124 60-cm bongo (0.505 mm mesh), Distribution, abundance, length
(1985) oblique tows; neuston tows. composition of dominant taxa of eggs
and larvae. Community structure.
Brodeur, et al. 1983 Apr.-Sept. Oregon 4 Bridleless 70-cm bongo and, Species composition, frequency
(1985) on two occasions, a 70-cm of occurrence, abundance and
bongo net (0.333 mm mesh) distributional patterns.
Clark (1986b) 1983 Nov.-Dec. Wash., Oregon 113 60-cm bongo (0.505 mm mesh), Distribution, abundance, tength
Northern Calif. oblique tows; neuston tows. composition of dominant taxa of eggs
and larvae. Community structure.
= Clerk and Savage 1984 Mar.-Apr. As above 124 As above As above
> (1988)
~
Shenker (1988) 1984 Apr.-July off Newport, 12 Neuston nets (0.333 mm mesh) Mean abundance by taxa in day and
Oregon night tows. Distribution.
Brodeur et al. 1984 June, July, Wash., Oregon 80 Neuston net (0.505 mm mesh) List taxa collected and mean
(1987) September Northern Calif. abundance per station.
Savage (1989a) 1985 Apr.-May As above 124 60-cm bongo (0.505 mm mesh), Distribution, abundance, length
oblique tows; neuston tows. composition of dominant taxa of
eggs and larvae. Community
structure.
Savage (1989b) 1987 January As above 98 As above plus Tucker trawl As above

tows at selected stations
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Figure 1. Survey area, bathymetry, and grid of sampling stations.
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Figure 2. Seasonal variation in deep—ocean boundary currents off the U.S. westcoast: .
° Col. R. = Columbia River; CB = Cape Blanco; CM = Cape Mendocino; PC = Point Conception.
From Hickey (1989).
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MEAN MONTHLY UPWELLING INDICES
1946-1989
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Figure 3. Mean monthly upwelling indices (Bakun, 1973), 1948--1989, for four locations along the west coast.
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ANNUAL VARIATION
COLUMBIA RIVER RUNOFF
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Figure 4. Mean monthly runoff, 19611981, for the Columbia River. From Landry et al. (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 Tikhookeanski Apr 20—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.

DAB81 Mys Dalniy Oct 24-—-Nov 19, 1981 125 125
U.S.S.R.

PO82 Poseydon May 3-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 Mar 11-—-Apr 4, 1984 124 124
U.S.S.R.

BA8S 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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(a) Cruise TK80:
Neuston and Bongo Stations.

{f) Cruise PO82:
Bongo Stations.

(b) Cruise PO80: (c) Crulse PO81: (d) Cruise DAB1:
Neuston and Bongo Stations. Neuston and Bongo Stations. Neuston and Bongo Stations.

Figure 5. Station positions during individual sampling cruises.

(e) Cruise PO82:
Neuston Stations.
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(g) Cruise EQ83:
Neuston and Bongo Stations.

'(h) Cruise MF83:

Neuston and Bongo Stations.

(i) Cruise PO84:
Neuston and Bongo Stations.

Figure 5. continued

(i) Cruise BAS5:
Neuston and Bongo Stations.

(k) Cruise MF87:
Neuston and Bongo Stations.
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(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (¢) Surface Salinity (Ppt)

Figure 6. Horizontal pattems of temperature and salinity during April/May 1980 (cruise TK80).
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7 9 11 13 15 17 19 7 9 11 13 15 17 19 27 29 31 33
(o) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 7. Horizontal pattems of temperature and salinity during August 1980 (cruise PO80).
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7 9 11 13 15 17 19 7 9 11 13 15 17 19 27 29 31 33

(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c¢) Surface Salinity (Ppt)

Figure 8. Horizontal pattems of temperature and salinity during May/June 1981 (cruise PO81).



88T

7 9 11 13 15 17 19 7 9 11 13 15 17 19 27 29 31 33
(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 9. Horizontal pattems of temperature and salinity during October/November 1981 (cruise DA81).
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(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 10. Horizontal pattems of temperature and salinity during May/June 1982 (cruise PO82).
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(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 11. Horizontal pattems of temperature and salinity during April/May 1983 (cruise EQ83).



19T
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(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c¢) Surface Salinity (Ppt)

Figure 12. Horizontal pattems of temperature and salinity during November/December 1983 (cruise MF83).
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(a) Surface Temperature (°C) " (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 13. Horizontal pattems of temperature and salinity during March/April 1984 (cruise PO84).
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(o) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 14. Horizontal pattems of temperature and salinity during April/May 1985 (cruise BAS5).
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(a) Surface Temperature (°C) (b) Integrated Temperature (°C) (c) Surface Salinity (Ppt)

Figure 15. Horizontal pattems of temperature and salinity during January 1987 (cruise MF87).
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Figure 16. Monthly upwelling indices for 1980 at four locations along the west coast plotted with mean values for 1946 to 1989.
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Figure 18. Monthly upwelling indices for 1982 at four locations along the west coast plotted with mean values for 1946 to 1989.
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Figure 19. Monthly upwelling indices for 1983 at four locations along the west coast plotted with mean values for 1946 to 1989.
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Figure 20. Monthly upwelling indices for 1984 at four locations along the west coast plotted with mean values for 1946 to 1989.
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Figure 21. Monthly upwelling indices for 1985 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 locations along the west coast plotted with mean values for 1946 to 1989.
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(a) Total Fish Larvae in Neuston Samples (b) Total Fish Larvae in Bongo Samples
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Figure 23. Diel variation in total catch of fish larvae in (a) neuston, and (b) bongo samples.
For each hourly interval, abundance was summed for all stations (10 cruises combined) where larvae were found.
The percentage of total catch accounted for by each hourly interval was then calculated.
Numbers above the bars are the total number of samples collected in which fish larvae were caught.




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.

TAXONOMIC

CATEGORIES NEUSTON BONGO
EGGS

FAMILIES 17 19
GENERA 26(3) 28(3)
SPECIES 25 31
UNIDENTIFIED 5 7
LARVAE

FAMILIES 23 38
GENERA 45(8) 85(17)
SPECIES 47 84
UNIDENTIFIED 0 0
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Table 4. Percentage occurrence and mean abundance of all taxa of eggs in
neuston samples collected during all cruises.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./1000m3
Unidentified Teleost Type A 1.89 1.67
Teleost Type F 0.38 1.1
Teleost Type G 0.09 0.02
Teleost Type H 0.28 0.27
Teleost Type P 0.19 0.03
Engraulidae Engraulis mordax 2.74 32.28
Argentinidae Unidentified 0.19 0.02
Nansenia candida 0.28 0.04
Nansenia crassa 0.38 0.07
Bathylagidae Unidentified 1.51 0.60
Bathylagus spp. 142 0.26
Bathylagus ochotensis 0.28 0.04
Chauliodontidae Chauliodus macouni 10.21 223
Melanostomidae Tactostoma macropus 2.65 4.88
Myctophidae Unidentified 0.09 0.02
Gadidae Merluccius productus 0.09 0.01
Theragra chalcogramma 0.19 0.07
Scomberesocidae Cololabis saira 1.04 2.70
Trachipteridae Unidentified 0.66 0.12
Trachipterus altivelis 39.98 37.77
Scorpaenidae Sebastolobus spp. 151 57.49
Carangidae Trachurus symmetricus 0.19 0.08
lcosteidae Icosteus aenigmaticus 10.21 5.54
Ammodytidae Ammodyies hexapterus 0.09 0.02
Centrolophidae Icichthys lockingtoni 30.15 43.48
Tetragonuridae Tetragonurus cuvieri 0.47 0.13
Paralichthyidae Citharichthys A 18.71 365.94
Citharichthys B 8.32 23.43
Pleuronectidae Unidentified 10.40 76.18
Errex zachirus 8.88 13.05
Hippoglossoides elassodon 0.57 0.13
Pleuronectes Isolepis 1.80 0.55
Eopsetia exilis 5.86 413
Microstomus pacificus 14.75 42.19
Pleuronectes vetulus 3.50 3.13
Platichthys stellatus 1.13 0.81
Pleuronichthys coenosus 0.76 0.17
Pleuronichthys decurrens 3.02 1.15
Psettichthys melanostictus 4.44 3.43
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Table 5. Percentage occurrence and mean abundance of all taxa of larvae
in neuston samples collected during all cruises.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./1000m?
Clupeidae Clupea harengus pallasi 0.58 0.19
Engraulidae Engraulis mordax 3.88 9.99
Osmeridae Unidentified 1.23 1.07
Argentinidae Nansenia candida 0.09 0.01
Bathylagidae Unidentified 0.09 0.02
Bathylagus spp. 0.09 0.02
Bathylagus ochofensis 1.13 0.25
Myctophidae Unidentified 0.19 0.02
Ceratoscopelus townsendi 0.09 0.02
Diaphus theta 0.28 0.04
Lampanyctus regalis 0.09 0.02
Protomyctophum crocken 0.19 0.05
Protomyctophum thompsoni 0.09 0.01
Tarletonbeania crenulans 5.95 5.56
Stenobrachius leucopsarus 1.42 0.65
~ Symbolophorus califomiense 0.19 0.03
Merluccidae Merluccius productus 0.09 0.02
Gadidae Microgadus proximus 0.09 0.01
Theragra chalcogramma 0.09 0.01
Scomberesocidae  Cololabis saira 31.29 16.71
Scorpaenidae Unidentified 0.09 0.19
Sebastes spp. 18.05 19.86
Sebastolobus spp. 0.09 0.05
Anoplopomatidae =~ Anoplopoma fimbiia 22.02 26.46
Hexagrammidae Unidentified 0.19 0.14
Ophiodon elongatus 4.16 3.39
Pleurogrammus monopterygius 0.19 0.04
Hexagrammos spp. 0.19 0.06
Hexagrammos decagrammus 19.01 15.16
Hexagrammos lagocephalus 5.01 1.61
Hexagrammos stelleri 0.09 0.04
Cottidae Unidentified 0.28 0.04
Artedius fenestralis 0.28 0.08
Artedius harringtoni 0.28 0.08
Cotlus asper 0.09 0.01
Hemilepidotus hemilepidotus 3.02 1.24
Hemilepidotus spinosus 13.14 40.84
Leptocotius armatus 0.76 0.21
Radulinus spp. 0.09 0.16
Radulinus asprellus 0.09 0.01
Scorpaenichthys marmoratus 16.54 8.38
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Table 5 continued.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./1000m3
Agonidae Unidentified 0.09 0.01
Cyclopteridae Unidentified 0.94 0.16
Carangidae Trachurus symmetricus 0.09 0.08
Bathymasteridae Bathymaster spp. 0.19 0.03
Ronquilus jordani 3.49 1.75
Stichaeidae Unidentified 0.09 0.22
Cryptacanthodidae  Delolepis gigantea 0.09 0.01
Cryptacanthodes aleutensis 1.42 1.83
Pholidae Pholis spp. 0.09 0.02
Ammodytidae Ammodytes hexapterus 4.06 7.1
Centrolophidae leichthys lockingtoni 0.39 0.07
Paralichthyidae Citharichthys spp. 0.57 0.44
Githarichthys sordidus 0.19 0.03
Citharichthys stigmaeus 1.51 0.24
Pleuronectidae Eopsetia jordani 0.28 0.08
Emex zachirus 0.09 0.43
Pleuronectes isolepis 0.28 0.22
" Microstomus pacificus 0.19 0.03
Pleuronecles vetulus 1.42 0.44
Platichthys stellatus 0.19 0.02
Pleuronichthys decurrens 0.28 0.35
Psettichthys sp. (2) 0.09 0.01
Psetiichthys melanosiictus 0.28 0.06
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Table 6. Percentage occurrence and mean abundance of all taxa of eggs
in bongo samples collected during all cruises.

% MEAN

FAMILY QENUS/SPECIES OCCURRENCE NoJ10m?
Unidentified Teleost Type A 0.09 0.01
Teleost Type C 0.28 0.03
Teleost Type E 0.76 0.06
Teleost Type G 6.14 121
Teleost Type H 0.09 0.01
Teleost Type M 0.85 0.11
Teleost Type P 0.85 0.15
Engraulidae Engraulls mordax 217 6.48
Argentinidae Unidentified 1.51 0.13
Nansenla candida 227 0.24
Nansenia crassa 0.66 0.05
Argentina sialls 0.09 0.01
Microstoma microstoma 0.38 0.03
Bathylagidae Unidentified 29.96 10.76
Bathylagus spp. 18.71 3.49
Bathylagus milleri 1.98 0.37
Bathylagus ochotensie 7.56 1.21
Bathylague wesethi 0.09 0.01
Gonostomatidae Unidentified 0.09 0.01
Chauliodontidae Chaullodus macounl 20.69 245
Melanostomidae Tactostoma macropus 217 0.63
Myctophidae Unidentified 1427 59.91
Myctophidae B 0.19 0.09
Merluccidae Merluccius productus 3.31 0.48
Gadidae Theragra chalkcogramma 0.85 0.07
Scomberesocidae Cololabis saira 0.94 0.29
Trachipteridae Trachipterys altivelis 32.61 429
Melamphaeidae Unidentified 0.09 0.01
Scorpaenidae Sebastolobus spp. 0.76 0.52
Carangidae Trachurus symmetricus 0.09 0.08
Icosteidae lcosteus aenigmaticus 13.04 2.06
Centrolophidae leichthys lockington! 20.71 3.48
Tetragonuridae Tetragonurus cuvier 0.95 0.13
Paralichthyidae Githarichthys A 18.15 42.24
Citharichthys B 7.85 2.61
Pleuronectidae Unidentified 11.91 14.43
Ermrex zachirus 15.12 3.76
Hippoglossoides elassodon 0.19 0.02
Pleuronectes isolepis 2.08 0.37
Eopsetta exlis 21.83 14.03
Microstomus pacificus 14.37 2.88
Pleuronectes vetulus 3.59 0.95
Platichthys stollatus 142 0.29
Pleuronichthys coenosus 0.08 0.01
Pleuronichthys decurrens 1.32 0.09
Pleuronichthys verticalis 0.09 0.01
Psettichthys melanostictus 4.82 0.58
Hippoglossus stenolepls 0.76 0.01
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Table 7. Percentage occurrence and mean abundance of all taxa of larvae
in bongo samples collected during all cruises.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./10m?
Eurypharyngidae Eurypharynx spp. 0.09 0.01
Clupeidae Clupea harengus pallasi 0.19 0.02
Engraulidae Engraulis mordax 5.67 13.16
Osmeridae Unidentified 4.91 577
Osmerus mordax 0.09 0.01
Argentinidae Nansenia candida 5.86 0.82
Argentina sialis 0.09 0.01
Microstoma microstoma 0.19 0.01
Bathylagidae Unidentified 2.08 0.44
Bathylagus spp. 0.28 0.05
Bathylagus millen 1.79 0.11
Bathylagus ochotensis 34.02 13.49
Bathylagus pacificus 11.72 1.38
Leuroglossus stilbius 0.19 0.04
Opisthoproctidae Macropinna microstoma 0.19 0.01
Gonostomatidae Cyclothone spp. 1.42 0.10
Stemoptychidae Argyropelecus spp. 0.66 0.05
Argyropelecus lychnus 0.28 0.18
Argyropelecus sladeni 0.09 0.01
Danaphos oculatus 0.85 0.06
Chauliodontidae Chauliodus macouni 13.52 1.15
Melanostomidae Tactostoma macropus 0.47 0.05
Scopelosauridae Scopelosaurus spp. 0.09 0.01
_ Myctophidae Unidentified 3.97 1.48
Cerastoscopelus townsendii 0.18 0.01
Diaphus theta 18.53 19.61
Diogenichthys spp. 0.09 0.01
Diogenichthys atlanticus 0.09 0.01
Lampanyctus spp. 5.01 0.77
Lampanyctus regalis 293 0.31
Lampanyctus ritteni 6.90 0.91
Protomyctophum crockeri 24.10 3.09
Protomyctophum thompsoni 1210 1.28
Tarletonbeania crenulans - 34.40 7.96
Stenobrachius spp. 0.19 0.03
Stenobrachius leucopsarus 56.33 71.65
Symbolophorus califomiense 0.47 0.04
Lowsina rara 0.09 0.01
Paralepididae Notolepis rissoi 0.09 0.01
Lestidiops ringens 9.64 0.96
Scopelarchidae Benthalbella dentata 0.09 0.01
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Table 7 continued.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./10m?
Meriuccidae Merluccius productus 0.38 0.23
Gadidae Unidentified 0.09 0.01
Gadus macrocephalus 0.47 0.06
Microgadus proximus 3.12 0.70
Theragra chalcogramma 0.38 0.05
Macrouridae Unidentified 0.09 0.01
Ophididae Unidentified 0.76 0.08
Bythitidae Brosmophycis marginata 0.28 0.02
Scomberesocidae Cololabis saira 0.47 0.04
Trachipteridae Trachipterus altivelis 208 0.15
Melamphaeidae Unidentified 4.91 0.52
Melamphaes spp. 0.94 0.08
Melamphaes lugubris 0.57 0.05
Scorpaenidae Unidentified 0.85 0.08
Sebastes spp. 43.57 18.95
Sebastes paucispinus 0.38 0.03
Sebastolobus spp. 7.66 1.24
Anoplopomatidae Anoplopoma fimbria 1.23 0.15
Hexagrammidae Ophiodon elongatus 0.47 0.04
Oxylebius pictus 0.09 0.01
Hexagrammos decagrammus 0.66 0.04
Hexagrammos stelleni 0.09 0.01
Cottidae Unidentified 0.47 0.03
Artedius spp. 0.19 0.07
Artedius fenestralis 0.85 0.08
Artedius harringtoni 3.31 0.33
Artedius meanyi 0.85 0.11
Cotius asper 0.19 0.09
Hemilepidoius hemilepidotus 0.28 0.02
Hemilepidotus spinosus 1.89 0.20
Leplocottus armatus 0.57 0.37
Paracelinus hopliticus 0.28 0.05
Radulinus asprellus 1.32 0.09
Radulinus boleoides 0.19 0.01
Scorpaenichthys marmoratus 0.85 0.05
Chitonotus pugetensis 0.09 0.01
lcelus spp. 0.09 0.01
Agonidae Unidentified 1.42 0.10
Agonidae A 0.28 0.02
Bathragonus swani 0.09 0.01
Cyclopteridae Unidentified 10.11 0.92
Liparus pulchellus 0.09 0.01
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Table 7 continued.

% MEAN

FAMILY GENUS/SPECIES OCCURRENCE  No./10m?
Carangidae Trachurus symmetricus 0.19 0.17
Bathymasteridae Bathymaster spp. 0.09 0.01
Ronquilus jordani 2.08 0.30
Stichaeidae Unidentified 0.66 0.05
Chirolophis spp. 0.28 0.02
Plectobranchius evides 0.09 0.01
Poroclinus rothrocki 0.19 0.02
Stichaeus punctatus 0.09 0.01
Cryptacanthodidae Cryptacanthodes aleutensis 0.19 0.01
Pholidae Pholis spp. 0.19 0.02
Icosteidae Icosteus aenigmaticus 1.04 0.09
Ammodytidae Ammodyles hexapterus 1.80 0.24
Gobiidae Cleviandia ios 0.09 0.01
Lepidogobius lepidus 0.19 0.01
Centrolophidae Icichthys lockingtoni 4.35 0.40
Tetragonuridae Tetragonurus cuvieri 0.19 0.02
Paralichthyidae Citharichthys spp. 416 1.92
Citharichthys sordidus 6.71 0.73
Citharichthys stigmaeus 6.61 0.58
Pleuronectidae Unidentified 0.19 0.02
Atheresthes stomias 0.66 0.06
Embassichthys bathybius 0.19 0.02
Eopsetta jordani 0.09 0.01
Emex zachirus 6.24 0.78
Hippoglossoides elassodon 0.47 0.03
Pleuronectes isolepis 4.35 0.75
Lepidopsetta bilineata 0.09 0.01
Eopsetia exilis 16.07 3.17
Microstomus pacificus 3.21 0.33
Pleuronectes vetulus 5.20 2.05
Platichthys stellatus 1.89 0.21
Pleuronichthys coenosus 0.09 0.01
Psettichthys melanostictus 4.06 0.52
Rheinhardiius hippoglossoides 0.28 0.03

180



Table 8. List of dominant ichthyoplankton taxa and their association as eggs or larvae

with the different sampling gears.

NEUSTON BONGO
FAMILY GENUS/SPECIES
EGGS LARVAE EGGS LARVAE
ENGRAULIDAE Engraulls mordax X X X X
OSMERIDAE Unidentified X
BATHYLAGIDAE Unidentified X
Bathylagus spp. X
Bathylagus ochotensis X X
Bathylagus pacificus X
CHAULIODONTIDAE Chaullodus macouni X X X
MELANOSTOMIDAE Tactostoma macropus X
MYCTOPHIDAE Unidentified X X
Diaphus theta . X
Protomyctophum crockeri X
Protomyctophum thompsonl X
Tarletonbeania crenularis X X
- Stenobrachius leucopsarus X
SCOMBERESOCIDAE Cololabis saira X
TRACHIPTERIDAE Trachipterus altivelis X X
SCORPAENIDAE Sebastes epp. X X
Sebastolobus spp. X
ANOPLOPOMATIDAE Anoplopoma fimbria X
HEXAGRAMMIDAE Ophiodon elongatus X
Hexagrammos decagrammus X
Hexagrammos lagocephalus X
COTTIDAE Hemilepldotus hemilepidotus X
Hemillepldotus spinosus X
Scorpaenichthys marmoratus X
BATHYMASTERIDAE Ronquilus Jordani X
CRYPTACANTHODIDAE Cryptacanthodes aleutensis X
ICOSTEIDAE lcosteus aenigmaticus X X
AMMODYTIDAE Ammodytes hexapterus X
CENTROLOPHIDAE lcichthys lockingtonl! X X
PARALICHTHYIDAE Githarichthys spp. X X
Githarichthys sordldus X
; Githarichthys stigmaeus X
PLEURONECTIDAE Unidentified X X
Errex zachirus X X X
Pleuronectes Isolepls X X
Eopsetta exills X X X
Microstomus paclficus X X
Pleuronectes vetulus X X X
Psettichthys melanostictus X X X
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Table 9. Relative abundance of dominant taxa of fish eggs in neuston
samples collected during all cruises.

PERCENTAGE OF

FAMILY GENUS/SPECIES TOTAL ABUNDANCE
Engraulidae Engraulis mordax 4.44
Chauliodontidae Chauliodus macouni 0.30
Melanostomidae Tactostoma macropus 0.69
Scomberesocidae Cololabis saira 0.36
Trachipteridae Trachipterus altivelis 5.19
Scorpaenidae Sebastolobus spp. 7.93
Icosteidae Icosteus aenigmaticus 0.76
Centrolophidae Icichthys lockingtoni 5.99
Paralichthyidae Citharichthys A 50.38

Citharichthys B 5.90
Pleuronectidae Unidentified 10.48

Ermrex zachirus 1.79

Eopsetta exilis 0.55

Microstomus pacificus 5.80

Pleuronectes vetulus 0.93

Psettichthys melanostictus 0.42

Table 10. Relative abundance of dominant taxa of fish larvae in neuston

samples collected during all cruises.

PERCENTAGE OF
FAMILY GENUS/SPECIES TOTAL ABUNDANCE
Engraulidae Engraulis mordax 5.96
Osmeridae Unidentified 0.26
Myctophidae Tarletonbeania crenulanis 3.33
Stenobrachius leucopsarus 0.26
Scomberesocidae Cololabis saira 10.08
Scorpaenidae Sebastes spp. 11.99
Anoplopomatidae Anoplopoma fimbria 15.97
Hexagrammidae Ophiodon elongatus 1.95
Hexagrammos decagrammus 9.15
Hexagrammos lagocephalus 0.91
Cottidae Hemilepidotus hemilepidotus 0.74
Hemilepidotus spinosus 24.65
Scorpaenichthys marmoratus 5.06
Bathymasteridae Ronaquilus jordani 1.05
Cryptacanthodidae Cryptacanthodes aleutensis 1.00
Ammodytidae Ammodytes hexapterus 4.16
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Table 11. Relative abundance of dominant taxa of fish eggs in bongo

samples collected during all cruises.

PERCENTAGE OF

FAMILY GENUS/SPECIES TOTAL ABUNDANCE
Engraulidae Engraulis mordax 3.54
Bathylagidae Unidentified 5.89
Bathylagus spp. 1.91
Bathylagus ochotensis 0.65
Chauliodontidae Chauliodus macouni 1.34
Melanostomidae Tactostoma macropus 0.35
Myctophidae Unidentified 32.82
Trachipteridae Trachipterus aftivelis 235
lcosteidae lcosteus aenigmaticus 1.13
Centrolophidae lcichthys lockingtoni 1.91
Paralichthyidae Citharichthys A 23.01
Citharichthys B 1.39
Pleuronectidae Unidentified 7.91
Ermex zachirus 2.05
Eopsetta exilis 7.68
Microstomus pacificus 1.57
Pleuronectes vetulus 0.51
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Table 12. Relative abundance of dominant taxa of fish larvae in bongo

samples collected during all cruises.

PERCENTAGE OF
FAMILY GENUS/SPECIES TOTAL ABUNDANCE
Engraulidae Engraulis mordax 7.15
Osmeridae Unidentified 3.04
Bathylagidae Bathylagus ochotensis 7.31
Bathylagus pacificus 0.84
Chauliodontidae Chauliodus macouni 0.63
Myctophidae Unidentified 0.96
Diaphus theta 10.64
Protomyctophum crockeri 1.68
Protomyctophum thompsoni 0.69
Tarietonbeania crenulars 432
Stenobrachius keucopsarus 38.90
Scorpaenidae Sebastes spp. 10.29
Sebastolobus spp. 0.62
Paralichthyidae Citharichthys spp. 1.00
Citharichthys sordidus 0.35
Citharichthys stigmaeus 0.27
Pleuronectidae Emex zachirus 0.46
Pleuronectes isolepis 0.35
Eopsetta exilis 1.70
Pleuronectes vetulus 1.10
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Table 13a. Mean abundance (no./1000m?) of dominant taxa of eggs in neuston samples for each sampling period.
Cruises arranged in order of timing of sampling. No eggs identified from neuston samples collected during cruise PO82.

* = Taxon present but occurred in less than 5% of the samples. — = Taxon absent from samples.
Early Late Late Late Late
Spring Spring Spring Spring Spring Summer Autumn Autumn Winter
TAXA PO84 BA8S TK80 EQ83 PO81 POSO DA81 MF83 MF87
Teleost Type A . . 3.15 6.65 - - - - -
Teleost Type F - - - - . = 8.40 - -
Engraulls mordax - - 88.65 156.23 1.14 48.51 - . -
Bathylagidae (unidentified) * - - - - . - * 5.65
Bathylagus spp. 0.79 - - - - - - o 1.83
Chaullodus macouni 1.84 - 1.75 . 117 1.38 4.54 3.88 6.33
Tactostoma macropus - . - - - 56.78 - - -
Cololabis salra - - * - L 30.01 * - -
Trachipterus altivells 29.80 72.08 12.73 102.14 28.99 1.30 54.18 11.57 14.83
Sebastolobus spp. - 1.23 - - 15.38 477.75 - - - -
Icosteus asnigmaticus 16.38 9.65 434 1235 1.37 - . - 4.48
Iciehthys lockington! 18.58 46.38 23.23 48.85 130.20 26.03 64.87 8.71 18.51
Citharichthys A 12.81 9.41 176.45 662.84 167.55 466.35 978.52 16.88 1065.62
Citharichthys B 357 * 8.62 7.92 * 100.67 46.01 10.77 72.76
Pleuronectidae (unidentified) 43.96 11.40 46.35 5.20 * 79.36 28.50 " 28.68 607.49
Errex zachirus 52.11 5.78 34.05 11.54 7.89 1.08 - - .
Pleuronectes Isolepls 1.21 - 143 - - - - * 2.38
Eopsetia exills 15.45 6.16 10.98 o 2.10 - - - =
Microstomus paclficus 98.23 49.10 125.19 59.57 31.83 * - - -
Pleuronectes vetulus 2.87 L - = - — 13.02 1.30 12.88
Platichthys stellatus * [~ * = - - - - 7.31
Psettichthys melanostictus a.8e3 * 3.48 o . 20.54 1.31 1.41 1.65
Pleuronichthys decurrens 3.46 b * . L - 2.30 297 1.83

Total Fish Eggs 311.30 218.67 541.53 1085.25 852.82 834.88 1204.89 87.72 1825.41
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Table 13b. Relative abundance of dominant taxa of eggs in neuston samples (% of total egg abundance) for each sampling period.
Cruises arranged In order of timing of sampling. No eggs identified from neuston samples collected during cruise PO82,

* = Taxon present but occurred in less than 5% of the samples. — = Taxon absent from samples.
Early Late Late Late Late
Spring Spring Spring Spring ' Spring Summer Autumn Autumn Winter
TAXA PO84 BA8S5 TKB0 EQ83 PO8tT PO80 DA81 MF83 MF87
Teleost Type A * * 0.58 0.52 - - - - -
Teleost Type F - - - - - - 0.70 - -
Engraulls mordax - - 16.00 14.26 0.13 5.57 - . -
Bathylagidae (unidentified) * - - - - * - * 0.31
Bathylagus spp. 0.25 - - - - - - * 0.10
Chaullodus macounl! 0.59 - 0.32 * 0.14 0.17 0.38 442 0.35
Tactostoma macropus - - - - - 6.80 - - -
Cololabis saira - - * - * 3.59 * - -
Trachipterus altivelis : 9.57 32.96 235 9.33 3.40 0.16 450 13.19 0.81
Sebastolobus spp. 0.39 - - 1.40 56.02 - - - -
Icosteus aenigmaticus 5.26 4.41 0.80 1.13 0.16 - * - 0.25
Icichthys lockingtoni 597 21.20 429 446 15.27 3.12 538 9.93 1.01
Citharichthys A 411 430 3258 60.52 19.65 55.86 81.21 19.25 58.38
Citharichthys B 1.15 * 1.22 0.72 = 12.06 3.82 12.28 399
Pleuronectidae (unidentified) 14.12 5.21 8.56 047 * 9.51 237 3270 33.28
Errex zachirus 16.74 264 6.29 1.05 0.92 0.13 - - .
Pleuronectes Isolepis 0.39 - 0.26 - * - - o 0.13
Eopsetta exilis 4.96 282 203 * - 0.256 - - - o
Microstamus pacificus 31.55 2246 23.12 544 373 * - - -
Plsuronectas vetulus 0.92 * - - - - 1.08 1.48 0.7
Platichthys stellatus * - * - - - - - 0.40
Psettichthys melanostictus 1.23 - 0.64 bl * 246 0.11 1.61 0.09

Pleuronichthys decurrens 1.11 * * . L - 0.19 339 0.10
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Table 14a. Mean abundance (no./1 000m3) of dominant taxa of larvae in neuston samples for each sampling period.

Cruises arranged in order of timing of sampling.

* = Taxon present but occurred in less than 5% of the samples. — = Taxon absent from samples.
Early Late Late Late Late Late
Spring Spring Spring Spring = Spring Spring  Summer Autumn Autumn Winter
TAXA POB84 BA8S TKBO EQ83 PO82 PO81 PO80 DA81 MF83 MF87
Engraulis mordax - - N 11.87 - - 51.60 34.27 - *
Osmeridae (unidentified) * - - - L] s 497 - * *
Bathylagus ochotensls b b * * 0.53 * - - - -
Tarletonbeania crenularls * 1.44 - - = - - 2.44 24.97 28.69
Stenobrachlus leucopsarus - . 3.80 - - * b * - *
Cololabls salra 25.35 0.70 20.38 32.54 4.05 5.83 4.35 27.87 18.74 834
Sebastes spp. 5.05 15.85 49,27 5213 11.58 473 39.74 1.52 0.42 1.94
Anoplopoma fimbria 29.90 54.98 94.09 40.08 7.01 273 - - - -
Ophlodon elongatus 329 18.19 427 * 1.99 i - - * *
Hexagrammos decagrammus 24.05 28.28 6.72 6.54 2.86 - - 5.82 0.83 76.74
Hexagrarmmos lagocephalus 0.83 * * - - b - 3.96 1.21 9.83
Hemlepldotus hemilepidotus 1.34 419 257 s - - - - - 3.46
Hemilepldotus spinosus 75.07 83.70 52.59 13.63 11.19 - - - * 160.54
Scorpaenichthys marmoratus 7.47 3.28 16.54 14.98 2.01 6.69 7.60 468 5.83 7.81
Ronquilus jordani - * 1.73 488 412 212 2.80 - - -
Cryptacanthodes aleutensis 357 10.57 ol - - - - - - b
Ammodyies hexapterus 40.74 * 12.70 191 3.88 b - - - -
Total Fish Larvae 232.26 225.41 274.44 181.87 51.00 24.57 116.41 85.68 49.50 304.81
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Table 14b. Relative abundance of dominant taxa of larvae in neuston samples (% of total larval abundance) for each sampling period.
Cruises arranged in order of timing of sampling.

* = Taxon present but occurred in less than 5% of samples. — = Taxon absent from samples.
Eary Late Late Late Late Late
Spring Spring Spring Spring . Spring Spring Summer Autumn Autumn Winter
TAXA POB4 BA8S TK80 EQ83 PO82 PO81 POB0 DA81 MF83 MF87
Engraulls mordax - - . 6.52 - - 44,33 39.99 - ol
Osmeridae (unidentified) . - - - b * 427 - * .
Bathylagus ochotensls b o N N 1.05 L - - - -
Tarletonbeania crenularis . 0.64 - - b - - 2.85 50.43 9.41
Stenobrachlus leucopsarus - . 1.38 - - . * . - *
Cololabls saira 10.92 0.31 7.43 17.89 7.94 23.74 3.74 3253 37.86 2.74
Sebastes spp. 217 7.03 17.95 28.67 2271 19.27 34.13 1.77 0.86 0.64
Anoplopoma fimbria 12.87 24.39 34.26 22.04 13.75 1.1 - - - -
Ophlodon elongatus 1.42 8.07 1.56 * 3.90 . - - . .
Hexagrammos decagrammus 10.35 12.55 245 3.60 5.60 - . 6.79 1.67 25.18
Hexagrammos lagocephalus - 0.36 . » - - . - 4,62 244 3.22
Hemilepidotus hemilepldotus 0.58 1.88 0.94 b - - - - - 1.13
Hemllepldotus spinosus 32.32 37.13 19.16 749 2193 - - - L 52.67
Scorpaenichthys marmoratus 3.21 1.46 6.03 8.24 3.85 27.21 6.53 5.46 11.78 2.56
Ronaquilus jordanl - * 0.63 2.69 8.07 8.63 240 - - -
Cryptacanthodes aleutensis 1.54 4.69 . - - - - - - .
Ammodytes hexapterus 17.54 * 4.63 1.05 7.62 s - - - -
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Table 15a. Mean abundance (no./10m?) of dominant taxa of eggs In bongo samples for each sampling period.
Cruises arranged in order of timing of sampling.

* = Taxon present but occurred in less than 5% of the samples. — = Taxon absent from samples.
Early Late Late Late Late Late
Spring Spring Spring Spring Spring  Spring  Summer Autumn Autumn Winter
TAXA PO84 BABS TK80 EQ83 PO82 POB81 PO80 DA8t MF83 MF87
Teleost Type Q - - - - - * - 5.83 341 1.44
Engraulis mordax - - 22.64 31.66 - - 1.78 - bl -
Argentinidae (unidentified) b . b - - L 0.60 bl - -
Nansenia candida 0.87 - - - . 0.56 - - - 0.82
Bathylagidae (unidentified) 29.99 4.33 3.87 455 2.26 456 0.35 10.27 6.60 38.26
Bathylagus epp. 13.05 1.26 - 2.62 2,01 1.44 - 3.37 4.48 4.43
Bathylagus miller . - - - - - - - - 448
Bathylagus ochotensis 273 - 5.60 0.62 - . - 0.70 0.69 bl
Chaullodus macouni 2,16 2.33 1.68 1.56 1.69 223 1.62 4.12 1.42 5.23
Tactostoma macropus - - . - - - 7.38 - - -
Myctophidae (unidentified) - 116.47 111.19 11949 38.09 105.34 88.88 - - - -
Merlucclus productus 2.44 - - 1.49 - - - - o -
Trachipterus altivels 3.48 8.68 3.10 4.68 3.44 2,08 S 4.84 8.12 4.00
Sebastolobus spp. 4.06 . - - . - - - - -
lcosteus aenigmaticus 6.08 279 2.80 2.08 t.21 075 - N - 3.74
Icichthys lockingtonl 1.81 3.08 3.32 1.70 8.41 1.63 an 5.18 1.33 8.21
Citharichthys A 2.04 . 32.16 45.40 87.64 35.19 16.58 168.83 3.16 46.43
Citharichthys B 0.82 - L 233 243 1.89 6.67 5.84 1.68 4,67
Pleuronectidae (unidentified) 19.43 12.63 17.05 3.91 2.15 10.46 1.86 11.66 4,82 59.09
Errex zachirus 9.83 3.68 2.69 5.74 14.56 4.19 0.30 - - .
Pleuronectes isolepls 0.77 * 1.7 . . * . - -
Eopsetia exills 17.35 18.45 28.71 22.47 30.46 21.74 o - - -
Microstomus pacificus 3.98 3.64 499 6.50 7.44 235 0.29 - - *
Pleuronectes vetulus 1.43 w - - - - - 3.42 1.18 2.69
Psettichthys melanostictus 1.50 - 0.76 N 0.74 H 0.75 0.67 0.92 *

Total Fish Eggs 245.89 180.21 255.22 180.15 25233 179.57 43.98 226.80 35.30 187.92
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Table 15b. Relative abundance of dominant taxa of eggs in bongo samples (% of total egg abundance) for each sampling period.

Cruises arranged in order of timing of sampling.

* = Taxon present but occurred in less than 5% of the samples. — = Taxon absent from samples.
Early Late Late Late Late Late
Spring Spring Spring Spring Spring Spring Summer Autumn Autumn Winter
TAXA POB84 BASS TKB0 EQ83 PO82 POB1 POS0 DAB1 MF83 MF87
Teleost Type G - - - - - . - 257 9.65 0.77
Engraulls mordax - - 8.95 17.58 - - 4,05 - » -
Argentinidae (unidentified) * - . - - * 1.38 . - -
Nansenla candida 0.38 - - - N 0.3t - - - 0.44
Bathylagides (unidentified) 12.20 2.40 1.52 2.52 0.89 254 0.78 453 18.70 20.38
Bathylagus spp. 5.31 0.70 - 1.45 0.80 0.80 - 1.49 12,63 2.35
Bathylagus milierl - - - - - - . - - 239
Bathylagus ochotensls i1 - 220 0.34 - N - 0.31 1.96 .
Chaullodus macounl o.e8 1.29 0.68 0.87 0.67 124 3.68 1.82 401 2.78
Taclosioma macropus - - - - - - 16.79 - - -
Myctophidee (unidentified) 47.38 61.70 48.82 21.18 41.75 49.50 - - - -
Merluccius productus 0.99 - - 0.83 - - - - . -
Trachipterus altivells 1.42 482 1.21 2.60 1.37 1.15 N 2.13 17.33 2.13
Sebasiolobus spp. 1.65 . - - . - - - - -
Icosteus aenigmaticus 247 1.5 1.10 1.16 0.48 0.42 - Cl - 1.99
Icichthys lockingioni 0.74 1.70 1.30 0.94 3.33 0.91 8.44 228 3.77 437
Citharichthys A 0.83 . 12.60 25.20 26.81 19.60 37.69 74.44 8.94 24.M
Citharichthys B 0.33 - . 1.29 0.96 1.08 15.17 2,58 4.74 248
Pleuronectidae (unidentified) 7.90 7.01 6.68 2.17 0.85 5.82 4.23 5.14 13.66 31.44
Errex zachirus 4.00 2.04 1.05 3.19 877 233 0.69 - - .
Pleuronectes Isolepis 0.31 . 0.67 * * * N - * -
Eopsetta exlis 7.06 2.02 11.25 12.48 12.07 12.11 ol - - -
Microstomus pacificus 1.62 3.64 1.96 3.61 285 1.31 0.66 - - .
Plsuronectes vetulus 0.58 * - - - - - 1.51 3.34 1.43
2.59 *

Psettichthys melanostictus 0.61 - 0.30 = 0.29 . 1.69 0.29
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Table 17.
Minimum, mean, and maximum lengths of Engraulis mordax larvae and
number taken in neuston and bongo samples during each cruise.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
NEUSTON:
PO84 Early spring - - . - -
BA85 Spring - - - -
TK80 Spring 7 28.0 33.4 37.0
EQ83 Spring 61 9.1 16.0 29.0
P0O82 Spring - - - -
PO81 Spring - - - -
PO80O Late summer 250 3.9 10.2 29.0
DA8S1 Late autumn 280 15.0 21.8 30.5
MF83 Late autumn - - - -
MF87 Winter 1 19.0 19.0 19.0
BONGO:
PO84 Early spring - - = -
BAS8S Spring - - - -
TK80 Spring - - - - -
EQ83 Spring 173 2.5 8.0 26.5
PO82 Spring - - - -
Pos1 Spring - - - -
PO80 Late summer 3043 2.6 10.2 29.0
DA81 Late autumn 13 11.0 19.2 26.0
MF83 Late autumn - - - -
MF87 Winter - = . =
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(a) Engraulis mordax
Neuston Samples
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(b) Engraulis mordax
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Figure 24. Length frequency distribution for Engraulis mordax larvae in (a) neuston samples,
and (b) bongo samples from all cruises.
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Table 18.

Minimum, mean, and maximum lengths of Osmeridae larvae and
number taken in neuston and bongo samples during each
cruise.

LENGTH (mm)

CRUISE SEASON NUMBER MTIN. MEAN MAX.
NEUSTON: ;

PO84 Early spring 39 7.2 14.5 29.5
BA8S5 Spring - - - -
TK80 Spring - - - -
EQ83 Spring - - . -
P0O82 Spring 2 35.0 36.0 37.0
PO81 Spring 4 5.6 19.4 39.0
PO80 Late summer 22 8.0 15.6 34.5
DAS1 Late autumn - - - -
MF83 Late autumn 1 . 25.5 -
MF87 Winter 9 1.0 6.2 8.5
BONGO:

P0O84 Early spring 50 4.5 11.0 24.3
BA85 Spring 477 5.0 9.7 33.5
TK80 Spring 219 4.0 7.2 15.2
EQ83 Spring 17 5.5 13.5 18.0
PO82 Spring 35 6.1 9.4 13.0
PO81 Spring - = = -
PO80 Late summer . N = N
DAS81 Late autumn . N N N
MF83 Late autumn N . - N
MF87 Winter 230 5.0 7.7 19.0
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Figure 25. Length frequency distribution for Osmeridae larvae in (a) neuston samples,
and (b) bongo samples from all cruises.
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Table 19.

Minimum, mean, and maximum lengths of Bathylaqus ochotensis
larvae taken in bongo samples during each cruise.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN — MAX.
PO84 Early spring 758 3.8 7.6 23.0
BA8S Spring 210 4.5 8.9 22.0
TK80 Spring 203 4.6 9.9 26.7
EQ83 Spring 438 1.5 9.9 35.0
PO82 Spring 84 4.0 9.9 21.5
PO81 Spring 155 5.0 9.6 25.2
P0O80 Late summer 4 5.2 13.5 27.0
DAS1 Late autumn 3 5.0 7.0 10.0
MF83 Late autumn 4 6.5 8.0 10.0
MF87 Winter 94 3.2 6.7 12.4
Bathylagus ochotensis
Bongo Samples
% N=1953
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Figure 26. Length frequency distribution for Bathylagus ochotensis larvae in bongo samples.
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Table 20.
Minimum, mean, and maximum lengths of Bathylaqus pacificus
larvae taken in bongo samples during each cruise.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 81 5.5 7.5 15.5
BA8S Spring 33 6.0 8.6 13.0
TK80 Spring 24 7.1 12.9 24.5
EQ83 Spring 23 7.0 11.1 17.1
PO82 Spring 20 6.5 11.2 18.0
PoO81 Spring 18 7.2 10.5 15.0
PO80 Late summer = - N -
DA81 Late autumn - = = =
MF83 Late autumn - . = =
MF87 Winter 2 7.0 7.0 7.0

Bathylagus pacificus
Bongo Samples

% N=201
25

20

15 1

101

0 5 10 15 20 25
Length (mm)

Figure 27. Length frequency distribution for Bathylagus pacificus larvae in bongo samples.
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Table 21.

Minimum, mean, and maximum lengths of Chauliodus macouni
larvae, and number taken in bongo samples during all
cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 18 8.0 23.3 48.3
BA8S5 Spring 8 8.7 26.1 50.4
TK80 Spring 24 8.5 27.9 54.0
EQ83 Spring 26 7.0 34.1 54.0
PO82 Spring 7 10.3 27.2 48.7
PO81 Spring 16 10.0 27.1 52.0
PO80 Late summer 28 10.0 30.7 49.0
DA81 Late autumn 17 10.5 29.4 47.0
MF83 Late autumn 22 10.0 29.2 45.5
MF87 Winter 13 10.0 28.7 49.3

Chauliodus macouni
Bongo Samples

% N=179

5 10 15 20 25 30 35 40 45 650 655
Length (mm)

Figure 28. Length frequency distribution for Chauliodus macouni larvae in bongo samples.
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Table 22.

Minimum, mean, and maximum lengths of Diaphus theta larvae,
and number taken in bongo samples during all cruises.

LENGTH (mm)
C SE SEASON NUMBER MIN. = MEAN MAX.
PO84 Early spring 37 2.2 3.5 4.7
BAS8S Spring 657 2.5 4.2 42.0
TK80 Spring 100 2.6 3.4 5.8
EQ83 Spring : 571 2.5 4.9 8.0
PO82 Spring 690 2.8 3.3 7.5
Po81 Spring 649 2.5 5.0 9.0
P0O80 Late summer 90 3.1 7.3 16.5
DAS81 Late autumn 2 9.3 10.7 12.0
MF83 Late autumn 15 9.0 27.3 65.0
MF87 Winter 45 20.5 30.0 54.0
Diaphus theta
Bongo Samples
% N=2811
40
35 -
30
25
20
151
10 -
5 -
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Figure 29. Length frequency distribution for Diaphus theta larvae in bongo samples.
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Table 23.

Minimum, mean, and maximum lengths of Protomyctophum
crockeri larvae, and number taken in bongo samples during
all cruises.

.LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 78 3.7 8.2 16.0
BA8S Spring 39 3.2 9.8 17.5
TK80 Spring 51 2.0 8.0 18.0
EQ83 Spring 45 4.1 10.2 18.5
PO82 Spring 20 3.5 9.5 15.0
PO81 Spring 80 3.0 8.5 19.0
PO8o0 Late summer 23 3.7 9.7 18.0
DA81 Late autumn 53 3.7 9.4 16.7
MF83_ Late autumn 37 ~ 3.8 10.1 - 15.0
MF87 Winter 42 3.6 7.5 13.1

Protomyctophum crockeri
Bongo Samples

% N=469

0 5 10 15 20
Length (mm)

Figure 30. Length frequency distribution for Protomyctophum crockeri _Iarvae in bongo samples.
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Table 24.

Minimum, mean, and maximum lengths of Protomyctophum

thompsoni larvae, and number taken in bongo samples during
all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 19 5.7 8.5 11.1
BA85 Spring 38 5.2 10.8 19.1
TK80 Spring 19 3.2 9.7 16.0
EQ83 Spring 19 4.7 10.3 16.0
PO82 Spring 4 9.0 10.5 11.8
PO81 Spring 9 4.0 12.3 18.0
PO80 Late summer 24 5.2 10.5 17.0
DA81 Late autumn 9 6.0 10.2 17.0
MF83 Late autumn 13 6.0 8.5 14.0
MF87 Winter 36 4.2 8.7 16.2

Protomyctophum thompsoni
Bongo Samples
% N=190
14
121
10 1
8 -
6 -
4 -
2 -
0 -
0 5 10 15 20

Length (mm)

Figure 31. Length frequency distribution for Protomyctophum thompsoni larvae in bongo samples.
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Table 25.

Minimum, mean, and maximum lengths of Tarletonbeania
crenularis larvae and juveniles, and number taken in neuston
and bongo samples during all cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
NEUSTON: )

PO84 Early spring 321 21.4 38.4 72.0
BA8S Spring 144 21.5 34.1 57.0
TK80 Spring 254 21.0 35.7 73.0
EQ83 Spring 75 25.5 38.0 72.0
PO82 Spring 188 21.5 39.2 77.0
Po81 Spring 171 23.0 43.3 70.0
PO80 Late summer 313 26.0 53.8 75.0
DAS1 Late autumn 115 23.0 31.4 54.0
MF83 Late autumn 217 21.9 33.4 73.2
MF87 Winter 537 21.0 31.6 67.0
BONGO:

PO84 Early spring 331 2.0 5.4 16.0
BA8S Spring 174 3.4 7.1 18.0
TK80 Spring 23 2.9 6.5 16.5
EQ83 Spring 168 2.7 6.3 18.5
P0O82 Spring 38 3.5 6.4 13.0
PO81 Spring 123 3.0 6.1 15.7
PO80 Late summer 147 2.7 8.2 18.8
DAS1 Late autumn 106 2.1 6.3 19.0
MF83 Late- autumn 40 3.0 15.4 38.0
MF87 Winter 85 3.6 7.5 13.1
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(a ) Tarletonbeania crenularis
Neuston Samples
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Figure 32. Length frequency distribution for Tarletonbeania crenularis larvae in (a) neuston samples,
and (b) bongo samples from all cruises. '
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Table 26.
Minimum, mean, and maximum lengths of Stenobrachius

leucopsarus larvae, and number taken in bongo samples during
all cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 2246 2.0 5.1 27.0
BA8S Spring 1529 2.5 5.9 27.0
TK80 Spring 1362 2.5 5.8 52.0
EQ83 Spring 1533 2.5 6.2 36.4
P0O82 Spring 737 3.0 6.0 10.1
Pos1 Spring 2525 2.7 5.8 50.0
P0O80 Late summer 423 3.7 8.0 17.0
DAS1 Late autumn 4 2.9 7.9 14.5
MF83 Late autumn 61 3.5 29.7 79.0
MF87 Winter 102 2.5 3.9 5.2

Stenobrachius leucopsarus
Bongo Samples

% N=10522

30

25

20 -

161

101

. L -
0" T T T T T 1 & T 1T T 1

0 S 10 15 20
Length (mm)

Figure 33. Length frequency distribution for Stenobrachius leucopsarus larvae in bongo samplés.
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Table 27.

Minimum, mean, and maximum lengths of Cololabis saira larvae
and juvenlles, and number taken in neuston samples during
all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN.  MEAN MAX.
PO84 Early spring 274 5.5 18.4 59.0
BA8S Spring 6 6.8 9.2 11.0
TK80 Spring 135 5.5 11.7 56.0
EQ83 Spring 217 3.3 26.6 70.0
P0O82 Spring 39 * 7.0 7.0 7.0
PO81 Spring 54 6.0 16.9 33.5
PO80 Late summer 23 5.1 17.5 30.0
DAS1 Late autumn 284 5.7 19.3 57.0
MF83 Late autumn 173 15.2 48.4 93.9
MF87 Winter 42 7.3 24.6 57.0
* Only two larvae measured.
Cololabis saira
Neuston Samples

10 % N=1247 10 %

o] o

81 8

71 74

6 6

5’ 5.

47 44

3- a3

2- 21
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Figure 34. Length frequency distribution for Cololabis saira larvae in bongo samples.
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Table 28.

Minimum, mean, and maximum lengths of Sebastes spp. larvae

and juveniles, and numbers taken in neuston and bongo
samples during each cruise.

LENGTH (mm)

CRUISE SEASON NUMBER MEAN MAX.
NEUSTON:

PO84 Early spring 55 3.0 16.6 28.0
BA85 Spring 129 4.8 29.3 54.3
TK80 Spring 338 3.2 20.9 41.0
EQ83 Spring 370 5.3 22.6 30.0
PO82 Spring 121 3.0 13.1 29.0
PO81 Spring 44 3.3 10.1 34.1
PO80 Late summer 172 3.2 14.5 33.4
DA81 Late autumn 15 4.0 15.6 28.0
MF83 Late autumn 4 12.9 14.3 15.7
MF87 Winter 10 4.0 6.0 15.9
BONGO:

PO84 Early spring 764 2.0 4.5 18.9
BA8S Spring 143 3.0 5.0 16.0
TK80 Spring 185 3.2 5.9 33.0
EQ83 Spring 272 2.0 9.2 28.0
PO82 Spring 218 3.2 4.7 11.0
PO81 spring 388 2.8 4.9 13.7
P0O80 Late summer 567 2.6 5.2 28.5
DA81 Late autumn 188 2.4 4.3 17.5
MF83 Late autumn 43 3.0 4.5 11.0
MF87 Winter 377 2.3 3.8 11.0



( a) Sebastes spp.

Neuston Samples
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Figure 35. Length frequency distribution for Sebastes spp. larvae in (a) neuston samples,
and (b) bongo samples from all cruises.
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Table 29.

Minimum, mean, and maximum lengths of Anoplopoma fimbria
larvae and juveniles, and numbers taken in neuston samples
during each cruise.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 270 7.1 11.2 28.5.
BA8S Spring 460 9.5 17.6 34.7
TK80 Spring 621 6.3 14.2 37.0
EQ83 Spring 259 7.2 16.0 38.0
PO82 Spring 74 10.7 17.3 41.2
PO81 Spring 23 10.5 23.4 36.5
Po8o Late summer - - - -
DAS8S1 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter - - - -

Anoplopoma fimbria
Neuston Samples

% N=1707

12

10

0 5 10 15 20 25 30 35 40
Length (mm)

Figure 36. Length frequency distribution for Anoplopoma fimbria larvae in neuston samples.
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Table 30.

Minimum, mean, and maximum lengths of Ophiodon elongatus

larvae, and numbers taken in neuston nets during all

cruises.
LENGTH (mm)
CRUISE SEASON NUMBER MIN. - MEAN MAX.
PO84 Early spring 34 8.4 15.6 25.0
BA8S Spring 154 11.0 15.5 45.0
TK80 Spring 32 18.3 27.4 42.0
EQ83 Spring 5 10.0 14.6 22.0
PO82 Spring 19 11.0 21.3 36.5
PO81 Spring 1 10.0 10.0 10.0
P0O80 Late summer - - - -
DAS81 Late autumn - - - -
MF83 Late autumn 1 10.2 10.2 10.2
MF87 Winter 4 8.5 10.5 14.4
Ophiodon elongatus
Neuston Samples
% N=248
16
14 -
12
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6 Al
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Figure 37. Length frequency distribution for Ophiodon elongatus larvae in neuston samples.
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Table 31.
Minimum, mean, and maximum lengths of Hexagrammos

decagrammus larvae and juveniles, and numbers taken in

neuston nets during all cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 244 8.0 19.0 40.0
BAS8S5 Spring 234 9.8 23.9 55.0
TK80 Spring 47 16.5 34.7 56.6
EQ83 Spring 46 12.2 28.5 57.0
PO82 Spring 29 16.0 30.8 47.0
PO81 Spring 5 22.6 34.0 48.0
PO80O Late summer - - - -
DAS81 Late autumn 60 6.0 7.6 9.4
MF83 Late autumn 8 7.8 10.3 14.5
MF87 Winter 386 6.2 12.0 18.0
H exagrammos decagr ammus
Neuston Samples
% N=1054
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Figure 38. Length frequency distribution for Hexagrammos decagrammus larvae in neuston samples.
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Table 32.

Minimum, mean, and maximum lengths of Hexagrammos
lagocephalus larvae, and numbers taken in neuston nets
during all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 7 18.0 23.8 31.3
BA8S Spring 4 15.4 20.7 32.0
TK80 Spring 3 28.5 33.3 38.0
EQ83 Spring - - - -
PO82 Spring - - - -
PO81 Spring 2 39.0 40.5 42.0
PO80 Late summer . . . .
DA81 Late autumn 34 6.6 8.8 14.0
MF83 Late autumn 11 7.4 6.3 9.8
MF87 Winter 49 6.1 15.3 28.5

Hexagrammos lagocephalus
Neuston Samples

% N=108

121

101

0 5 10 15 20 25 30 35
Length (mm)

Figure 39. Length frequency distribution for Hexagrammos lagocephalus larvae in neuston samples.
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Table 33.

Minimum, mean, and maximum lengths of Hemilepidotus
hemilepidotus larvae, and numbers taken in neuston samples
during all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 13 10.0 13.4 17.5
BAS85 Spring 34 14.0 20.1 25.0
TK80 Spring 17 14.0 19.5 23.0
EQ83 Spring 1 20.0 20.0 20.0
PO82 Spring - - - -
pPO81 Spring - - - -
PO80 Late summer - - - -
DAS81 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter 16 6.0 7.9 10.9
Hemilepidotus hemilepidotus
Neuston Samples
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Figure 40. Length frequency distribution for Hemilepidotus hemilepidotus larvae in neuston samples.
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Table 34.

Minimum, mean, and maximum lengths of Hemilepidotus spinosus
larvae, and numbers taken in neuston samples during all

Cruises.
LENGTH (mm)
CRUISE  SEASON _NUMBER MIN. MEAN MAX,
PO84 Early spring 749 4.5 9.3 22.5
BAS8S Spring 638 12.0 17.0 25.0
TK80 Spring 357 3.1 15.8 30.6
EQ83 Spring 99 10.0 16.0 26.0
P082 Spring 109 11.0 15.8 37.0
PO81 Spring - - - -
PO80O Late summer - - - -
DA8S1 Late autumn - - - -
MF83 Late autumn 2 5.6 5.9 6.1
MF87 Winter 802 3.9 5.7 10.5
Hemilepidotus spinosus
Neuston Samples
% N=2756
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Figure 41. Length frequency distribution for Hemilepidotus spinosus larvae in neuston samples.
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Table 35.

Minimum, mean, and maximum lengths of Scorpaenichthys
marmoratus larvae, and numbers taken in neuston samples
during all cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 77 4.3 5.8 11.4
BA8S Spring 28 5.0 11.0 31.0
TK80 Spring 114 4.1 8.7 35.0
EQ83 Spring 93 4.0 9.3 33.0
PO82 Spring 20 5.7 9.9 20.0
PO81 Spring 65 4.9 5.4 12.0
Po8o Late summer 37 4.8 7.9 31.4
DA81 Late autumn 47 4.0 7.5 14.0
MF83 Late autumn 55 3.7 5.7 8.2
MF87 Winter 39 5.0 7.5 22.4

Scorpaenichthys marmoratus
Neuston Samples

% N=646

0 5 10 15 20 25 30 35
Length (mm)

Figure 42. Length frequency distribution for Scorpaenichthys marmoratus larvae in neuston samples.
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Table 36.

Minimum, mean, and maximum lengths of Rongquilus jordani

larvae, and numbers taken in neuston samples during all

cruises.
LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring - - - -
BAS85 Spring 1 19.4 19.4 19.4
TK80 Spring 12 5.5 15.3 24.6
EQ83 Spring 35 6.3 16.4 24.0
P0O82 Spring 38 8.5 16.4 25.5
PO81 Spring 1 7.6 7.6 7.6
PO80 Late summer 15 22.0 28.8 33.5
DAS1 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter - - - -
Ronquilus jordani
Neuston Samples
% N=121
12
101

8 -

6 -

4 -

2 -

0 -

0 5 10 15 20 25 30 35

Length (mm)

Figure 43. Length frequency distribution for Ronquilus jordani larvae in neuston samples.
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Table 37.

Minimum, mean, and maximum lengths of Cryptacanthodes
aleutensis larvae, and numbers taken in neuston samples
during all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER : MEAN p
PO84 Early spring 37 12.0- 16.3 28.0
BASS Spring 90 10.0 17.9 29.0
TK80 Spring 5 26.2 28.5 32.0
EQ83 Spring - = = -
PO82 Spring - - - -
PO81 Spring - - - -
PO80 Late summer . = . .
DA81 Late autumn . = - .
MF83 Late autumn = = = =
MF87 Winter 6 12.9 13.3 14.2

Cryptacanthodes aleutensis
Neuston Samples
% N=138
12
10
8 -
6 -
4 -
2 -
0 : | L : LI L I
0 5 10 15 20 25 30

Length (mm)

Figure 44. Length frequency distribution for Cryptacanthodes aleutensis larvae in neuston samples.
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Table 38.

Minimum, mean, and maximum lengths of Ammodytes hexapterus
larvae and juveniles, and numbers taken in neuston and bongo
samples during all cruises.

LENGTH (mm)

CRUISE SEASON NUMBER MIN. MEAN MAX.
NEUSTON:

PO84 Early spring 380 11.8 16.9 34.0
BA8S5 Spring 1 - - -
TK80 Spring 93 21.5 38.2 58.0
EQ83 Spring 17 15.0 34.3 49.0
PO82 Spring 40 28.0 44.8 55.5
PO81 Spring 4 16.5 30.8 43.0
PO8o Late summer - - . -
DA81 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter - - - -
BONGO:

PO84 Early spring 32 4.0 12.9 20.4
BAS85 Spring 1 - 8.2 -
TK80 Spring 1 - 9.3 -
EQ83 spring 2 6.7 13.6 30.5
PO82 Spring 1 - 17.0 -
PO81 Spring 1 - 8.0 -
PO80 Late summer - - - -
DA81 Late autumn - - - o
MF83 Late autumn - - - o
MF87 Winter - . - -

Ammodytes hexapterus
Neuston Samples

% Ne546

14
12
101

8

) B [| P

0 5 10 15 20 25 30 35 40 45 50 55
Length (mm)

Figure 45. Length frequency distribution for Ammodytes hexapterus larvae in neuston samples.
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Table 39.

Minimum, mean, and maximum lengths of Citharichthys spp.
larvae, and numbers taken in neuston and bongo samples during
each cruise.

CRUISE

NEUSTON:
PO84
BAS8S5
TK80
EQ83
P0O82
PO81
PO80
DA81
MF83
MF87

BONGO:
PO84
BA8S
TK80
EQ83
PO82
‘PO81
PO80
DA81
MF83
MF87

LENGTH (mm)

SEASON NUMBER MIN. MEAN MAX.

Early spring - - - -
Spring - - - -
Spring - - - -
Spring - - - -
Spring - - - -
Spring - - - -
Late summer - - - .
Late autumn 14 2.8 5.7 25.0
Late autumn = - - -
Winter 14 3.0 3.1 3.5

Early spring - - = -
Spring - N = -
Spring 2 4

Spring 40 3
Spring -

Spring 1 -
Late summer 1 -
Late autumn 257 2.4
Late autumn 4 3.5
Winter 7 3.0

!
N b
| o o
nw

& 0o
e o 0
noomw

Citharichthys spp.
Bongo Samples

%  Ne312

50
45 1
40 -
354
301
251
20
151
10
5-.
o-

0 1 2 3 4 1) 6 7 8 g 10
Length (mm)

Figure 46. Length frequency distribution for Citharichthys spp. larvae in bongo samples.
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Table 40.

Minimum, mean, and maximum lengths of Citharichthys sordidus
larvae, and numbers taken in neuston and bongo samples during

each cruise.

CRUISE SEASON

LENGTH (mm)

NUMBER MIN.

MEAN MAX.

NEUSTON:

PO84 Early spring
BA8S Spring

TK80 Spring

EQ83 Spring

PO82 Spring

PO81 Spring

PO80 Late summer
DA81 Late autumn
MF83 Late autumn
MF87 Winter
BONGO:

PO84 Early spring
BAS8S5 Spring

TK80 Spring

EQ83 Spring

pPoO82 Spring

PO81 Spring

PO80 Late summer
DAS1 Late autumn
MF83 Late autumn
MF87 Winter

It =0

[
|

Citharichthys sordidus
Bongo Samples

% Ne126
25
20 -
151
10
5 -
o:.L!"l”
0 10

Figure 47. Length frequency distribution for Citharichthys
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sordidus larvae in bongo samples.
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Table 41.

Minimum, mean, and maximum lengths of Citharichthys stigmaeus
larvae, and numbers taken in neuston and bongo samples during
each cruise.

LENGTH (mm)
CRUISE  SEASON NUMBER MIN. MEAN MAX.
NEUSTON:
PO84 Early spring 6 19.4 26.8 35.5
BAS8S5 Spring - - - -
TKS80 Spring 5 24.0 30.3 35.0
EQ83 Spring - - - -
PO82 Spring 3 33.5 35.7 39.5
PO81 Spring 1 - 39.0 -
PO80 Late summer - - - -
DAS81 Late autumn 1 . - -
MF83 Late autumn 3 23.3 23.7 24.1
MF87 Winter 1 - 30.8 -
BONGO:
PO84 Early spring 5 7.6 22.7 32.0
BAS8S Spring - - - -
TK80 Spring 6 4.0 23.4 37.0
EQ83 Spring 2 6.7 18.6 30.5
pPoO82 Spring 1 - 36.3 -
PO81 Spring - - - -
PO80 Late summer - - - .
DAS81 Late autumn 37 4.6 10.9 28.9
MF83 Late autumn 25 7.3 12.0 20.0
MF87 Winter 11 14.0 19.9 28.4
Citharichthys stigmaeus
Bongo Samples
% Ne-103

14 4
12
101
8-

|||||||||

10 15
Length {mm)

I!IL!J“I-.JLJJML
20 25 30 35

Figure 48. Length frequency distribution for Citharichthys stigmaeus larvae in bongo samples.
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Table 42.
Minimum, mean, and maximum lengths of Errex zachirus larvae,
and numbers taken in bongo samples during all cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. _ MEAN MAX.
PO84 Early spring 14 5.7 7.9 17.9
BA85 Spring - - - -
TK80 Spring 12 7.7 13.3 22.0
EQ83 Spring 60 5.0 15.7 48.0
PO82 Spring 14 5.0 12.2 25.0
PO81 Spring 12 7.0 17.3 37.0
PO80 Late summer 4 5.8 25.8 43.6
DAS81 Late autumn 1 - 67.5 -
MF83 Late autumn - - - -
MF87 Winter - - - -

Errex zachirus
Bongo Samples
% N=117

14 -

12 1

10 -

B =
6 =}
4 -
2 -
o -
0 5 10 15 20 25 30 35 40 45

Figure 49. Length frequency distribution for Errex zachirus larvae in bongo samples.

Length (mm)
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Table 43.

Minimum, mean, and maximum lengths of Eopsetta exilis
laryae, and numbers taken in bongo samples during all
Cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring 7 4.5 5.8 8.0
BA8S Spring 5 5.2 6.3 P!
TK80 Spring 133 2.8 7.0 16.0
EQ83 Spring 114 3.0 8.6 17.5
P082 Spring 54 3.0 7.5 13.5
PO81 Spring 145 4.4 9.3 22.2
PO80O Late summer 9 8.0 15.1 24.0
DAS1 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter - - - -
Eopsetta exilis
Bongo Samples
% N=467
20
18 -
16
14 -
12
10
8 -
6 -
4
2 -
o -
0 5 10 15 20 25

Length (mm)

Figure 50. Length frequency distribution for Eopsetta exilis larvae in bongo samples.
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Table 44.

Minimum, mean, and maximum lengths of Microstomus pacificus
larvae, and numbers taken in bongo samples during all
cruises.

LENGTH (mm)
CRUISE SEASON NUMBER MIN. MEAN MAX.
PO84 Early spring - - - -
BA8S Spring 3 5.0 6.1 6.3
TK80 Spring 4 7.0 8.3 9.1
EQ83 Spring 19 5.8 8.8 13.0
P0O82 Spring 2 5.5 5.8 6.0
PO81 Spring 16 6.5 11.2 22.0
PO80 Late summer 1 22.5 22.5 22.5
DA8S1 Late autumn - - - -
MF83 Late autumn - - - -
MF87 Winter 1 16.0 16.0 16.0

Microstomus pacificus
Bongo Samples

% N=46

25

201

161

101

0 5 10 15 20
Length (mm)

Figure 51. Length frequency distribution for Microstomus pacificus larvae in bongo samples.
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Table 45.

Minimum, mean, and maximum lengths of Pleuronectes vetulus
larvae, and numbers taken in bongo samples during all

cruises.
LENGTH (mm)
CRUISE SEASON NUMBER MIN .. MEAN MAX.
PO84 Early spring 200 2.6 7.6 17.8
BA8S Spring 2 16.0 16.7 17.5
TK80 Spring 9 3.2 16.3 22.3
EQ83 Spring 14 3.0 12.0 21.0
PO82 Spring 5 16.0 18.5 21.0
PO81 Spring - - - -
PO80 Late summer - C - - -
Da81l Late autumn 8 3.5 4.5 7.0
MF83 Late autumn 4 3.3 3.8 4.2
MF87 Winter 122 2.5 3.7 9.3
Pleuronectes vetulus
Bongo Samples
% N=364
30
251
20
15 1
10
5 -
o - ] 1 i
0 5 10 15 20

Length (mm)

Figure 52. Length frequency distribution for Pleuronectes vetulus larvae in bongo samples.
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(a) Engraulis mordax (b) Tarletonbeania crenularis

- % of Total Catch over 24hrs - % of Total Catch over 24hrs
4
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Local Time (Hours) Local Time (Hours)
(c) Cololabis saira (d) Sebastes spp.
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Figure 53. Diel variation in catches of dominant taxa of fish larvae in neuston.
Numbers above the bars are the total number of samples collected
in which larvae of the particular species were caught.
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(g) Hexagrammos decagrammus (h) Hexagrammos lagocephalus
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Figure 53. continued
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Legends for distribution maps: Figures 54 to 116.
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Engraulis mordax (b) Cruise TK80 (c) Cruise PO80O (d) Cruise EQ83

Neuston: Eggs
(a) Mean distribution

Figure 54. Distribution pattems for Engraulis mordax eggs in the neuston.

Engraulis mordax (b) Cruise PO80 (c) Cruise DA81 (d) Cruise EQ83
Neuston: Larvae
(a) Mean distribution

Figure §5. Distribution pattems for Engraulis mordax larvae in the neuston.
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Engraulis mordax (b) Cruise TK80 (c) Cruise PO80 (d) Cruise EQ83
Bongo: Eggs
(a) Mean distribution

Figure 56. Distribution pattems for Engraulis mordax eggs from the bongo samples.

Engraulis mordax (b) Cruise POBO (c) Cruise DA81 (d) Cruise EQB3
Bongo: Larvae
(a) Mean distribution

Figure 57. Distribution pattems for Engraulis mordax larvae from the bongo samples.
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Osmeridae Osmeridae (b) Cruise TK80 {c) Cruise PO82 (d) Cruise PO84 (e) Cruise BA8S
Neuston: Larvae Bongo: Larvae
Cruise PO82 (a) Mean distribution

Figure 58. Figure 59. Distribution pattems for osmerid farvae from the bongo samples.

Figure 58. Distribution of osmerid larvae
in the neuston.
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Bathylagidae (b) Cruise PO81 (c) Cruise DA81 (d) Cruise MF83

Bongo: Eggs
(a) Mean distribution

(g) Cruise PO84 (h) Cruise BA8B5 (i} Cruise MF87
Bathylagus spp.

Figure 60. Distribution pattems for bathylagid eggs from the bongo samples.
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Bathylagus ochotensis (b) Cruise TK80
Bongo: Larvae

(c) Cruise PO81
{(a) Mean distribution
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(d) Cruise PO82

(g) Cruise BA85

(h) Cruise MF87

Figure 61. Distribution pattems for Bathylagus ochotensis larvae from the bongo samples.
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(e) Cruise EQ83

{f) Cruise POB4
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Bathylagus pacificus (b) Cruise TK80 (c) Cruise PO81 (d) Cruise PO82
Bongo: Larvae
(a) Mean distribution

(g) Cruise BA85

Figure 62. Distribution pattems for Bathylagus pacificus larvae from the bongo samples.
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Chauliodus macouni (b) Cruise DA81 (c) Cruise MF83 (d) Cruise MF87 Chauliodus macouni (b) Cruise POB81

Neuston: Eggs Bongo: Eggs
(a) Mean distribution (a) Mean distribution
Figure 63. Distribution pattemns for Chautiodus macouni eggs in the neuston. Figure 64. Distribution pattems for Chauliodus macounl

eggs from the bongo samples.

(c) Cruise DA81 (d) Cruise MF83 (e) Cruise PO84 (f) Cruise BA8BS {(g) Cruise MF87
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Chauliodus macouni {b) Cruise TK80 (c) Cruise POBO (d) Cruise DA81
Bongo: Larvae
(a) Mean distribution

Figure 65. Distribution pattems for Chauliodus macouni larvae from the bongo samples.

(e) Cruise MF83

(f) Cruise MF87
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Tactostoma macropus
Neuston: Eggs
Cruise PO80

Figure 66. Distribution of Tactostoma macropus eggs In the neuston.

Tactostoma macropus
Bongo: Eggs
Cruise PO80
Figure 67. Distribution of Tactostoma macropus eggs from the bongo samples.
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Myctophidae (b) Cruise TK80 (c) Cruise PO81 {d) Cruise PO82
Bongo: Eggs
(a) Mean distribution
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Ay

(g) Cruise BA8S5

Figure 68. Distribution pattems for myctophid eggs from the bongo samples.
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Diaphus theta (b) Cruise PO80 (c) Cruise PO81 (d) Cruise PO82
Bongo: Larvae
(a) Mean distribution

(g) Cruise MF87

Figure 69. Distribution pattems for Diaphus theta larvae from the bongo samples.
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Protomyctophum crockeri  (b) Cruise TK80 (c) Cruise PO81 (d) Cruise EQ83

Bongo: Larvae
(a) Mean distribution

Figure 70. Distribution pattems for Protomyctophum crockeri larvae from the bongo samples.
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Protomyctophum thompsoni (b) Cruise TK80 (c) Cruise PO80 {d) Cruise PO81 (e) Cruise DAB1
Bongo: Larvae
(a) Mean distribution

(g) Cruise EQ83 (h) Cruise MF83 (i) Cruise PO84 (i) Cruise BA85 (k) Cruise MF87

Figure 71. Distribution pattems for Protomyctophum thompsoni larvae from the bongo samples.
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Tarletonbeania crenularis  (b) Cruise TK80 (c) Cruise PO80O (d) Crulse PO81
Neuston: Juvenile
(a) Mean distribution

(g) Cruise EQ83 (h) Cruise MF83 (i) Cruise PO84 (j) Cruise BA85

Figure 72. Distribution pattems for Tarletonbeania crenularis juveniles in the neuston.
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Tarletonbeania crenularis  (b) Cruise TK80 (c) Cruise PO80 {d) Cruise PO81
Bongo: Larvae
(a) Mean distribution

(g) Cruise EQ83 (h) Cruise MF83 (i) Cruise PO84 (i) Cruise BA85

Figure 73. Distribution pattems for Tarletonbeania crenularis larvae from the bongo samples.
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Stenobrachius leucopsarus (b) Cruise TK80 (c) Cruise PO80 (d) Cruise PO81
Bongo: Larvae

(a) Mean distribution

(e) Cruise PO82 (f) Cruise EQ83
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(g) Cruise MF83 (h) Cruise PO84 (i) Cruise BABS (i) Cruise MF87

Figure 74. Distribution pattems for Stenobrahcius leucopsarus larvae from the bongo samples.
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Cololabis saira
Neuston: Eggs
Cruise PO80

Figure 75.

(f) Cruise MF83

Cololabis saira (b) Cruise TK80 (c) Cruise PO81 {(d) Cruise DAS1 (e) Cruise EQ83
Neuston: Larvae
(a) Mean distribution

Figure 76. Distribution pattems for Cololabis saira larvae in the neuston.

Figure 75. Distribution of Cololabis saira
eggs in the neuston

(g) Cruise PO84 (h) Cruise MF87
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Trachipterus allivelus (b) Cruise TK80 (c) Cruise PO81 (d) Cruise DA8S1
Neuston: eggs
(a) Mean distribution

(g) Cruise PO84 (h) Cruise BA85 (i) Cruise MF87

Figure 77. Distribution patterns for Trachipterus altivelis eggs in the neuston.
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(e) Cruise EQ83

(f) Cruise MF83
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é’rachip!erus altivelus {b) Cruise TK80 {c) Cruise PO81 (d) Cruise DA81 (e) Cruise EQ83 {f) Cruise MF83
ongo: eggs
(a) Mean distribution

(g) Cruise POB4 (h) Cruise BA8S (i) Cruise MF87

Figure 78. Distribution pattems for Trachipterus altivelis eggs from the bongo samples.
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Sebastes spp. (b) Cruise TK80 (c) Cruise PO80

Neuston: Larvae
(a) Mean distribution

(g) Cruise PO84 (h) Cruise BA85

Figure 79. Distribution pattems for Sebastes spp. larvae in the neuston.

(d) Cruise POB1

(e) Cruise PO82

(f) Cruise EQ83
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Sebastes spp. (b) Cruise TK80 (c) Cruise PO80 (d) Cruise PO81
Bongo: Larvae
(a) Mean distribution

(g) Cruise EQ83 (h) Cruise MF83 (i) Cruise POB4 (i) Cruise BA8S

Figure 80. Distribution pattems for Sebastes spp. larvae from the bongo samples.

(e) Cruise DA81

(k) Cruise MF87

(f) Cruise PO82
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Sebastolobus spp. (b) Cruise PO81
Neuston: Eggs
(a) Mean distribution

Figure 81. Distribution pattemns for

Sebastolobus spp. eggs in the
neuston.
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Sebastolobus spp. (b) Cruise EQ83
Bongo: Larvae
(a) Mean distribution

Figure 82. Distribution pattems for
Sebastolobus spp. larvae from the

bongo samples .
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Anoplopoma fimbria {b) Cruise TK80 (c) Cruise PO81 (d) Cruise PO82
Neuston: Larvae
(a) Mean distribution

(g) Cruise BA8S

Figure 83. Distribution pattems for Anoplopoma fimbria larvae in the neuston.
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Ophiodon elongatus (b) Cruise BA85
Neuston: Larvae
(a) Mean distribution

Figure 84. Distribution pattems for Ophiodon elongatus larvae in the neuston.
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Hexagrammos decagrammus (b) Cruise TK80 {c) Cruise DA81 (d) Cruise PO84 (e) Cruise BA85S (f) Cruise MF87
N Neuston: Larvae
Lun (a) Mean distribution

Figure 85. Distribution pattems for Hexagrammos decagrammus larvae in the neuston.
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Hexagrammos lagocephalus
Neuston: Larvae
{a) Mean distribution

Figure 86. Distribution pattem for Hexagrammos lagocephalus larvae in the neuston.
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Hemilepidotus hemilepidotus
Neuston: Larvae
(a) Mean distribution

Figure 87. Distribution péttem for Hemilepidotus hemilepidotus larvae in the neuston.
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Hemilepidotus spinosus (b) Cruise TK80 (c) Cruise PO82 (d) Cruise EQ83
Neuston: Larvae

(a) Mean distribution

(g) Cruise MF87

Figure 88. Distribution pattems for Hemilepidotus spinosus larvae in the neuston.
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Scorpaenichthys marmoratus (b) Cruise TK80 (c) Cruise PO80 (d) Cruise PO81
Neuston: Larvae
(a) Mean distribution

(g) Cruise MF83 (h) Cruise PO84 (i) Cruise BA85 (j) Cruise MF87

Figure 89. Distribution pattems for Scorpaenichthys marmoratus larvae in the neuston.
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(f) Cruise EQ83
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Cryptacanthodes aleutensis
Neuston: Larvae
Mean distribution

Figure 90. Distribution pattem for Ronquilus jordani larvae in the neuston.
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Ronquilus jordani
Neuston: Larvae
Mean distribution

Figure 91. Distribution pattem for Cryptacanthodes aleutensis larvae in the neuston.
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Icosteus aenigmaticus
Neuston: eggs
(a) Mean distribution

(g) Cruise MF87

Figure 92. Distribution pattems for

(b) Cruise TK80

(c) Cruise PO81

(d) Cruise EQ83

lcosteus aenigmaticus eggs in the neuston.

{e) Cruise PO84

(f) Cruise BA85
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g:osteus aenigmaticus (b) Cruise TK80 (c) Cruise PO81 (d) Cruise PO82 (e) Cruise PO84 (f) Cruise BA8S
ongo: eggs
(a) Mean distribution

(g) Cruise MF87

Figure 93. Distribution pattems for Icosteus aenigmaticus eggs from the bongo samples.
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Ammodyles hexapterus (b) Cruise TK80 (¢) Cruise POB2 (d) Cruise PO84
Neuston: Larvae
{(a) Mean distribution

Figure 94. Distribution pattems for Ammodytes hexapterus larvae in the neuston.
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Icichthys lockingtoni (b) Cruise TK80 (c) Cruise PO80O (d) Cruise PO81
Neuston: Eggs
(a) Mean distribution

(g) Cruise MF83 (h) Cruise PO84 (i) Cruise BA8S (j) Cruise MF87

Figure 95. Distribution pattems for |cichthys lockingtoni eggs in the neuston.

(e) Cruise DA81

(f) Cruise EQ83
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Icichthys lockingtoni (b) Cruise TK80 (c) Cruise PO80O (d) Cruise PO81
Bongo: eggs
(a) Mean distribution

(g) Cruise EQ83 (h) Cruise PO84 (i) Cruise BA85 (j) Cruise MF87

Figure 96. Distribution pattems for [cichthys lockingtoni eggs from the bongo samples.

(e) Cruise DA81

{f) Cruise PO82
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Citharichthys A (b) Cruise TK80 (c) Cruise PO80 (d) Cruise POB81 {e) Cruise DAB1 {f) Cruise EQ83

Neuston: eggs
I I

(a) Mean distribution
(g) Cruise MF83 (h) Cruise PO84 (i) Cruise BA85 (j) Cruise MF87

Figure 97. Distribution pattems for Citharichthys A eggs in the neuston.
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Figure 98. Distribution pattems for Citharichthys A eggs from the bongo samples.
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Citharichthys B (b) Cruise TK80 (c) Cruise PO80 (d) Cruise DA81 (e) Cruise EQ83 (f) Cruise MF83
Neuston: eggs
(a) Mean distribution
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(g) Cruise PO84 (h) Cruise MF87

Figure 99. Distribution pattems for Citharichthys B eggs in the neuston.
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Citharichthys B (b) Cruise PO80 (c) Cruise DA8B1 (d) Cruise POB2
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(a) Mean distribution

Figure 100. Distribution pattems for Citharichthys B eggs from the bongo samples.
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Citharichthys spp. (total) Citharichthys spp. (c) Cruise EQ83 Citharichthys sordidus (b} Cruise MF83 (d) Cruise MF87
Bongo: Larvae (unidentified) Bongo: larvae
(a) Mean distribution (b) Cruise DA81 (a) Cruise DA81
Figure 101. Distribution pattems for Citharichthys spp. larvae from Figure 102. Distribution pattemns for Citharichthys sordidus larvae from
the bongo samples. ) the bongo samples.
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Citharichthys stigmaeus (b) Cruise MF83 (c) Cruise MF87
Bongo: Larvae
(a) Cruise DA81

Figure 103. Distribution pattems for Citharichthys stigmaeus larvae from the bongo samples.
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Pleuronectidae (b) Cruise TK80 (c) Cruise PO80O
Neuston: eggs

(a) Mean distribution

(g) Cruise BA85 (h) Cruise MF87

Figure 104. Distribution pattems for pleuronectid eggs in the neuston.

(d) Cruise DA81

(e) Cruise MF83
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Pleuronectidae (b) Cruise TK80 (c) Cruise POB1 (d) Cruise DA81
Bongo: eggs
(a) Mean distribution

(g) Cruise BA8BS5 (h) Cruise MF87

Figure 105. Distribution pattems for pleuronectid eggs from the bongo samples.

(e) Cruise MF83

(f) Cruise PO84
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Errex zachirus (b) Cruise TK80 (c) Cruise PO81 (d) Cruise EQ83
Neuston: Eggs
(a) Mean distribution

Figure 106. Distribution pattems for Errex zachirus eggs in the neuston.

(e) Cruise PO84 (f) Cruise BA85
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Errex zachirus (b) Cruise TK80 (c) Cruise PO8B1 (d) Cruise PO82 (e) Cruise EQ83 (f) Cruise PO84
Bongo: Eggs
(a) Mean distribution

Figure 107. Distribution pattems for Errex zachirus eggs from the bongo samples.
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Errex zachirus (b) Cruise PO82 (c) Cruise EQ83
Bongo: Larvae :
(a) Mean distribution

Figure 108. Distribution patterns for Errex zachirus larvae from the bongo samples.
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Figure 109. Distribution pattems for Eopsetta exilis eggs in the neuston. Figure 110. Distribution pattems for Eopsetta exilis

eggs from the bongo samples.

—F

A )

(c) Cruise PO81 (d) Cruise PO82 (e) Cruise EQ83 (f) Cruise POB4 (g) Cruise BA85



sSLe

Eopsetia exilis (b) Cruise TK80 (c) Cruise POB1 (d) Cruise PO82
Bongo: Larvae
(a) Mean distribution

Figure 111. Distribution pattems for Eopsetta exllis larvae from the bongo samples.

(e) Cruise EQ83
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Microstomus pacificus {b) Cruise TK80 (c) Cruise PO81 (d) Cruise EQ83 (e) Cruise PO84 {f) Cruise BA85
Neuston: Eggs

(a) Mean disiribution
Figure 112. Distribution pattems for Microstomus pacificus eggs in the neuston.
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Microstomus pacificuus (b) Cruise TK80 {c) Cruise POB2 (d) Cruise PO84 (e) Cruise EQ83 (f) Cruise BA85
Bongo: Eggs
(a) Mean distribution

Figure 113. Distribution pattems for Microstomus pacificus eggs from the bongo samples.
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Pleuronectes vetulus (b) Cruise DA81 (c) Cruise MF87 Pleuronectes vetulus
Neuston: Eggs Bongo: Eggs
(a) Mean distribution Mean distribution |
Figure 114. Distribution pattems for Pleuronectes vetulus eggs Figure 115. Distribution pattem for Pleuronectes vetulus eggs
in the neuston. from the bongo samples.
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Figure 116. Distribution pattems for Pleuronectes vetulus larvae from the bongo samples.
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Figure 117. Dendrograms showing (a) species groups and (b) station groups

for dominant taxa of eggs in neuston, spring cruises.
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Table 46.

expressed as numbers/1000m3.

Two—way coincidence table resulting from numerical classification of
egg abundance data from neuston collections taken during spring cruises
(data from six cruises combined). Mean abundance in station groups

STATION GROUPS

SPECIES GROUPS a 1 2 3 4 5

1 Pleuronectidae (unidentified) 0.0 0.0 0.1 0.4 76.7
Citharichthys A 0.5 0.0 0.0 58.3 604.1
Errex zachirus 0.0 0.0 0.0 12.6 48.2
Microstomus pacificus 0.0 0.2 0.4 1015 43.2
Eopsetlta exilis 0.0 0.2 0.0 50 16.6
Sebastolobus spp. 0.0 0.2 0.0 227.8 3.2

2 Pleuronectes isolepis 0.0 0.0 0.0 0.0 1.8
Pleuronectes vetulus 0.0 0.0 0.0 0.0 20
Psettichthys melanostictus 0.0 0.0 0.0 0.0 53
Ciatharichthys B 0.0 0.0 0.0 0.2 9.4
Engrauls mordax 0.0 03 0.0 1.6 118.5
Pleuronichthys decurrens 0.0 0.0 0.0 0.6 23

3 Icichthys lockingtoni 5.2 31.4 323 90.0 18
Trachipterus altivelis 30.0 47.2 128.9 255 3.3
Icosteus aenigmaticus 03 0.3 206 5.8 1.7
Chauliodus macouni 2.6 0.0 23 0.6 0.0
TOTAL FISH EGGS 38.6 79.8 193.6 529.5 938.1
(dominant taxa)

Figure 118. Distribution of station groups for dominant taxa of eggs in neuston, spring cruises.
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Figure 119. Dendrograms showing (a) species groups and (b) station groups

for dominant taxa of larvae in neuston, spring cruises.
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Table 47.

Two-—way coincidence table resulting from numerical classification of larval
abundance data from neuston collections taken during spring cruises (data from
six cruises combined). Mean abundance in station groups expressed as

numbers/1000m3.
STATION GROUPS
|
SPECIES GROUPS 1 2 3 4 5
1 Ophiodon elongatus 0.1 4.7 13.1 0.0 0.0
Ronquilus jordani 0.2 49 1.5 0.0 0.0
Ammodytes hexapterus 0.1 32.6 1.9 0.0 0.0
Hemilepidotus hemilepidotus 0.1 42 0.6 0.0 0.0
Cryptacanthodes aleutensis 0.0 6.1 0.9 0.0 0.0
|
2 Tarletonbeania crenularis 0.2 0.6 0.0 0.0 0.0
Hexagrammos lagocephalus 0.2 0.5 0.0 0.8 0.0
‘ .
3 Osmeridae (unidentified) 0.1 0.2 2.6 0.0 0.0
Engrauks mordax 0.0 0.1 11.0 0.0 0.2
|
4 Sebastes spp. 28.2 33.9 4.0 33 9.6
Anoplopoma fimbria 238 72.3 3.1 73.8 45
Cololabis saira 24.4 35 8.2 5.4 44.4
Hexagrammos decagrammus 7.4 25.7 6.2 0.3 0.0
Scorpaenichthys marmoratus 3.4 18.8 4.6 0.0 0.8
Hemilepidotus spinosus 13.6 73.3 4.8 1.0 0.0
TOTAL FISH LARVAE 100.8 281.4 62.5 83.8 59.3
(dominant taxa)

Figure 120. Distribution of station groups for dominant taxa of larvae in neuston, spring cruises.
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Figure 121. Dendrograms showing (a) species groups and (b) station groups

for dominant taxa of eggs in bongo samples, spring cruises.
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Table 48.

Two—way coincidence table resulting from numerical classification of egg
abundance data from bongo samples taken during spring cruises (data from
six cruises combined). Mean abundance in station groups expressed as

numbers/10mZ2.
STATION GROUPS

SPECIES GROUPS 1 2 3 4

1 Bathylagidae (unidentified) 16.1 7.3 19.2 0.1
Trachipterus altivelis 86 29 5.0 09
Bathylagus spp. 6.3 3.2 6.5 0.1
lcichthys lockingtoni 3.1 4.4 3.9 0.2
Chauliodus macouni 53 0.7 2.0 0.0
Bathylagus ochotensis 2.7 2.4 0.8 0.0
Myctophidae (unidentified) 228.7 34.5 0.5 0.1
Icosteus aenigmaticus 26 1.9 9.9 0.7

2 Errex zachirus 0.0 5.6 05 109
Eopsetta exilis 0.2 21.9 0.3 41.4
Microstomus pacificus 0.1 97 0.9 2.6
Pleuronectidae (unidentified) 0.0 0.1 0.1 33.0
Citharichthys A 0.1 3.8 0.6 79.0

3 Pleuronectes vetulus 0.0 0.0 _ 0.0 09
Citharichthys B 0.0 0.2 0.1 4.3
Engrauls mordax 0.1 0.1 0.0 28.9
TOTAL FISH EGGS 2739 97.7 50.3 203.1

(dominant taxa)

Figure 122. Distribution of station groups for dominant taxa of eggs in bongo samples, spring cruises.
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Figure 123. Dendrograms showing (a) species groups and (b) station groups

for dominant taxa of larvae in bongo samples, spring cruises.
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Table 49.

Two—way coincidence table resulting from numerical classification of larval
abundance data from bongo samples taken during spring cruises (data from
six cruises combined). Mean abundance in station groups expressed as

numbers/10m?Z.
STATION GROUPS
SPECIES GROUPS 1 2 3 4
1 Chauliodus macouni 28 1.7 0.4 0.0
Nansenlia candida 44 15 0.2 0.0
Lampanyctus spp. 3.8 1.2 0.2 0.0
Lampanyctus ritter! 48 1.0 0.2 0.0
Lestidiops ringens 4.2 0.3 0.1 0.0
Bathylagus pacificus 1.3 38 27 0.1
Protomyctophum thompsoni 1.7 24 1.2 0.1
Sebastolobus spp. 25 28 1.0 0.4
Myctophidae (unidentified) 7.2 1.4 09 0.3
Trachipterus altivelis 0.6 0.1 0.0 0.0
2 Tarletonbeania crenularis 22.8 1.9 3.6 0.1
Bathylagus ochotensis 51.0 28.8 4.2 0.2
Diaphus theta 118.8 20.0 19 0.3
Protomyctophum crockeri 10.0 4.0 1.1 0.1
Stenobrachius leucopsarus 2142 144.9 87.6 6.4
Sebastes spp. 48 15.8 31.4 9.6
3 Pleuronectes vetulus 0.0 0.0 0.7 11.8
Engraulks mordax 0.0 0.2 11 6.2
Osmeridae (unidentified) 0.0 0.0 0.3 35.4
Citharichthys spp. 0.0 0.1 0.6 09
Errex zachirus 04 0.4 1.8 1.5
Eopsetta exilis 0.5 3.6 6.0 5.2
TOTAL FISH LARVAE 455.8 245.9 147.2 78.6

{dominant taxa)

Figure 124. Distribution of station groups for dominant taxa of larvae in bongo samples, spring cruises.
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Table 50.

Two—way coincidence table resulting from numerical classification of egg

Mean abundance In station groups expressed as numbers/1000m3.

abundance data from neuston coflections taken during cruise PO80, August 1980.

STATION GROUPS

SPECIES GROUPS 1 2 3 4 5 6
1a Pleuronectidae (unidentified) 37 0.0 784.3 0.0 47 0.0
Errex zachirus 0.0 0.0 6.5 0.0 09 2.1
Cololabis saira 2.0 93 285.4 0.0 0.0 0.0
1b Trachipterus altivelis 08 1.8 6.9 0.0 0.0 1.7
Engraulis mordax 0.0 233.2 0.0 1447 251 0.0
Pleuronichthys coenosus 0.0 0.0 2.0 0.0 4.1 0.0
2 Icichthys lockingtoni 1022 00 19 35 09 27.3
Tactostoma macropus 848 265.7 0.0 0.0 0.9 0.0
Chauliodus macouni 3.8 38 0.0 0.0 0.0 0.0
3 Citharichthys B 3.8 109 0.0 0.0 470.7 0.0
Citharichthys A 0.8 0.0 219.7 0.0 1976.2 289.6
Psettichthys melanostictus 0.0 0.0 0.0 0.0 98.4 0.0
TOTAL FISH EGGS 210.6 536.2 13098 1482 25818 3208

Figure 126. Distribution of station groups for dominant taxa of eggs in neuston, cruise PO8O0.
+ = stations where eggs were absent from samples.
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Figure 127. Dendrograms showing (a) species groups and (b) station groups
for dominant taxa of larvae in neuston, cruise POSO0.
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Table 51.

Two—way coincidence table resuling from numerical classification of larval abundance
data from neuston collections taken during cruise PO80, August 1980.
Mean abundance in station groups expressed as numbersl1000m3.

STATION GROUPS

TOTAL FISH LARVAE 104.8

SPECIES GROUPS ' 1 2 3 4 5 6

1a Sebastes spp. 'e9.4 822 0.0 2044 0.0 0.0
Scorpaenichthys marmoratus 00 23.0 8.2 0.0 0.0 45.6

1b Cololabis saira 0.0 115 16.8 0.0 19.7 0.0
Engraulis mordax 0.0 1560 328.8 4.2 0.0 0.0

2 Ronquilus jordani 0.0 23.2 0.0 0.0 0.0 0.0
Scorpaenidae (unidentified) 0.0 0.0 22.0 0.0 0.0 0.0
Osmeridae (unidentified) 0.0 0.0 1.9 87.0 0.0 0.0
310.4 377.6 3029 19.7 45.6

Figure 128. Distribution of station groups for dominant taxa of larvae in neuston, cruise POBO0.
+ = stations where larvae were absent from samples.
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Table 52.

Two-—way coincidence table resulting from numerical classification of egg abundance data
from bongo collections taken during cruise PO80, August 1980.
Mean abundance In station groups expressed as numbers/10mZ2,

STATION GROUPS

SPECIES GROUPS 1 2 3 4 5 6 7
1 Bathylagidae (unidentified) 1.0 0.7 0.9 0.0 0.0 0.0 0.0
Engrauks mordax 0.0 1.3 0.0 0.0 37.5 0.0 0.0
Errex zachirus 0.4 0.0 0.0 0.0 1.4 1.3 0.0
Microstomus pacificus 0.1 0.4 0.0 0.0 0.0 0.0 7.2
2 Chauliodus macouni 3.6 0.0 9.6 0.0 0.0 0.5 0.0
Tactostoma macropus 12.0 a3.2 19.7 0.0 0.0 0.0 0.0
Icichthys lockingtoni 18.5 0.0 0.0 0.0 1.2 0.0 0.0
Argentinidae (unidentified) 2.0 0.0 23 0.0 0.0 0.0 0.0
3 Citharichthys B 0.0 0.0 0.0 53.2 0.0 1.9 0.0
Citharichthys A 0.0 0.0 0.0 72.5 3.3 58.1 0.0
Pleuronectidae (unidentified) 0.4 0.4 0.0 14.5 0.0 0.0 0.0
Psettichthys melanostictus 0.0 0.0 0.0 6.2 0.0 0.0 0.0
TOTAL FISH EGGS 40.6 47.7 33.2 148.0 43.4 62.8 7.2

Figure 130. Distribution of station groups for dominant taxa of eggs in bongo samples, cruise PO8O0.

+ = stations where eggs were absent from samples.
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Table 53.

Two—way coincidence table resutting from numerical classiication of larval abundance
data from bongo collections taken during cruise PO80, August 1980.

Mean abundance in station groups expressed as numbers/_10m2.

STATION GROUPS

SPECIES GROUPS 1 2 3 4 5 6

1 Protomyctophum thompsoni 3.5 24 22 0.4 0.0 0.0
Lampanyctus regalis 3.3 5.7 0.0 0.8 0.0 0.0
Diaphus theta 3.7 36.3 26 36 0.0 0.0
Chauliodus macouni 1.0 29 9.7 27 0.0 0.0
Protomyctophum crockeri 26 1.5 84 0.0 00 0.0

2 Stenobrachius leucopsarus 62.2 7.0 0.0 19.2 04 0.0
Tarletonbeania crenularis 19.6 10.2 20 6.7 0.0 0.0
Engrauks mordax 548.0 1.9 0.0 0.0 1.9 0.0
Sebastes spp. 26.3 7.7 18.4 80.1 8.5 9.2

3 Artedius harmringtoni 0.0 0.0 0.0 0.0 25 0.0
Cyclopteridae (unidentified) 0.1 0.0 0.0 0.1 1.1 0.0
Eopsetta exilis 0.0 0.3 0.0 2.0 1.7 0.0
Bathylagus ochotensis 0.5 0.0 0.0 0.2 0.4 0.0
Sebastolobus spp. 0.6 0.5 29 0.7 0.0 0.0

4 [cichthys lockingtoni 0.2 33 060 . 0.0 0.0 0.0
Lampanyctus ritteri 0.0 2.3 0.0 0.5 0.0 0.0
Tactostoma macropus 04 34 0.0 0.0 0.0 0.0
TOTAL FISH LARVAE 674.7 103.7 49.7 118.2 16.4 14.0

Figure 132. Distribution of station groups for dominant taxa of larvae in bongo samples, cruise POS80.
+ = stations where larvae were absent from samples.
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Figure 133. Dendrograms showing (a) species groups and (b) station groups

294



14134

Table 54.

Two—way coincidence table resufting from numerical classification of egg
abundance data from neuston collections taken during cruise DA81,
October/November 1981. Mean abundance in station groups expressed as
numbers/1000m3.

STATION GROUPS

SPECIES GROUPS 1 2 3 4

1 Pleuronectidae (unidentified) 0.7 0.0 0.6 125.8
Pleuronectes vetulus , 0.0 0.0 0.0 58.1
Psettichthys melanostictus 0.0 0.0 0.0 10.2
Citharichthys B 0.0 0.0 0.0 205.4
Citharichthys A ;1.4 0.0 0.0 4366.5

2 Pleuronichthys decurrens 0.0 0.0 1.6 4.5
Teleost Type F , 0.3 0.0 0.0 ar.d

3 Icichthys lockingtoni 198.6 37.0 0.0 7.4
Trachipterus altivelis 161.9 0.0 24.6 6.9
Chauliodus macouni 10.1 42 5.4 0.0
TOTAL FISH EGGS 380.5 41.2 33.9 48250

Figure 134. Distribution of station groups for dominant taxa of eggs in neuston, cruise DAS1.
+ = stations where eggs were absent from samples.
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Table 55.

data from neuston collections taken during crulse DA81, October/November 1981.
Mean abundance In station groups expressed as numbers/1000m3.

Two—way coincidence table resulting from numerical classification of larval abundance

STATION GROUPS

SPECIES GROUPS 1 2 3 4 5
1 Sebastes spp. | 4.7 0.0 10.1 0.0 0.0
Scorpaenichthys marmoratus 18.6 00 0.0 243 0.0
Cololabis saira | 56.6 0.0 38.2 4.8 46.6
Tarletonbeania crenularis 115 7.1 0.0 0.0 0.0
2 Hexagrammos lagocephalus 1.6 39.3 11.8 0.0 0.0
Citharichthys B ' 0.0 5.4 16.7 0.0 0.0
Hexagrammos decagrammus , 0.6 79.5 0.0 0.0 0.0
Engrauks mordax 0.7 0.0 333.9 158.1 0.0
TOTAL FISH LARVAE 101.8 1409 4140 1890  48.4

Figure 136. Distribution of station groups for dominant taxa of larvae in neuston, cruise DA81.
+ = stations where larvae were absent from samples.
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Table 56.

Two-way coincidence table resulting from numerical classification of egg abundance
data from bongo collections taken during cruise DA81, October/November 1981.
Mean abundance in station groups expressed as numbers/10m2.

STATION GROUPS

SPECIES GROUPS 1 2 3 4 5 6

1 Bathylagidae (unidentified) 278 18 00 00 00 0.0
Bathylagus spp. 7.6 40 0.5 0.0 0.0 0.0
Chauliodus macouni 8.9 3.7 4.4 0.0 0.0 0.0
Icichthys lockingtoni 8.8 35 144 0.0 1.1 1.5
Trachipterus altivells 8.7 8.0 5.7 0.0 0.0 0.5
Teleost Type G 9.0 11.9 0.0 21.7 0.0 0.0
Bathylagus ochotensis 0.7 26 0.5 0.0 0.5 0.0

2 Pleuronectidae (unidentified) 0.0 0.0 0.4 0.0 0.0 145.3
Pleuronectes vetulus 0.0 0.0 0.0 0.0 20 40.6
Psettichthys melanostictus 0.0 0.0 0.0 0.0 1.4 6.8
Citharichthys B 0.4 0.3 0.0 00 31.8 35.5
Citharichthys A 0.4 0.0 ‘0.0 0.0 268.7 1813.1
TOTAL FISH EGGS 75.6 38.2 26.9 227 3084 20458

Figure 138. Distribution of station groups for dominant taxa of eggs in bongo samples, cruise DA81.
+ = stations where eggs were absent from samples.



()

1b

1a

Icichthys lockingtoni
Engraulis mordax
Cyclopteridae (unidentified)
Citharichthys sordidus
Citharichthys stigmaeus
Citharichthys spp.
Sebastes spp.
Protomyctophum thompsoni
Bathylagus milleri
Protomyctophum crockeri
Tarletonbeania crenularis
Chauliodus macouni
Lestidiops ringens

Melamphaeidae (unidentified)

(b)

— e o= o= =

for dominant taxa of larvae in bongo samples, cruise DAS1.

Figure 139. Dendrograms showing (a) species groups and (b) station groups

300



T0¢

"“ S I
il : + Table 57.
42 4 Two—way coincidence table resulting from numerical classification of larval abundance
& 6 1 Vs ' ‘," data from bongo collections taken during cruise DA81, October/November 1981.
26 ' Mean abundance in station groups expressed as numbers/10mZ.
1 6 6 S\3+ "
N |
6 + 4 2\s4 STATION GROUPS
5 4 I
2 SPECIES GROUPS 1 2 3 4 5 6
+ + ! 555 "
+ 5y 1a Melamphaeidae (unidentified) 17 00 05 00 00 00
N, 1/ ssa " Lestidiops ringens 33 12 24 00 00 00
s Chauliodus macouni 1.7 35 0.0 0.3 03 0.0
4 " Tarletonbeania crenularis 11.7 6.1 0.0 3.5 2.6 10.3
5 4 5 4 44 Protomyctophum crockeri 7.9 1.2 0.0 3.0 0.3 0.0
Sa |
i 6 5 2\ 4 1 1b Protomyctophum thompsoni 1.6 0.0 0.0 0.0 0.3 0.0
il ” Bathylagus milleri 1.3 0.0 0.0 0.5 0.0 0.0
3 3 + 2% " 2 Sebastes spp. 0.5 1.6 0.0 37.9 13.6 0.0
& 1 Citharichthys spp. 0.2 0.0 1.0 50.4 31.6 0.0
2 \ " Citharichthys stigmaeus 1.3 55 0.0 1.6 4.0 0.0
* ! s+ " Citharichthys sordidus 15 4.3 0.6 00 138 0.0
S)+
3 @ 1 ele ” 3 Cyclopteridae (unidentified) 00 00 10 18 00 00
32) 4 Engraulis mordax 0.0 0.4 3.6 0.7 0.3 0.0
Y d % 1 wGad ” Icichthys lockingtoni 18 00 23 12 03 00
LS " TOTAL FISH LARVAE 379 260 153 1089 714 127
" 1 1 1 1 2[4/ ”
u—__==’===========J

Figure 140. Distribution of station groups for dominant taxa of larvae in bongo samples, cruise DA81.
+ = stations where larvae were absent from samples.
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Table 58.
Two—way coincidence table resulting from numerical classification of egg abundance
data from neuston collections taken during cruise MF83, November 1983.

Mean abundance in station groups expressed as numbers/1 00om3.
STATION GROUPS
SPECIES GROUPS 1 2 3 4 5
1 Pleuronectes vetulus 0.0 10.5 0.0 0.0 0.0
Citharichthys B 0.0 87.0 0.0 0.0 0.0
Psettichthys melanostictus 00 24.0 0.0 0.0 0.0
Pleuronectidae (unidentified) 0.0 224.3 16.7 0.0 0.0
Citharichthys A 0.0 136.3 0.0 0.0 0.0
Pleuronichthys decurrens 0.0 7.9 8.1 0.0 0.0
2 [cichthys lockingtoni 33.0 2.6 0.0 0.0 222
Trachipterus altivelis '21.2 1.8 0.0 23.1 23.3
Chauliodus macouni 21.9 0.0 0.0 0.0 0.0
TOTAL FISH EGGS 78.6 497.6 24.8 26.4 45.4

Figure 142. Distribution of station groups for dominant taxa of eggs in 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 collections taken during cruise MF83, November 1983.
Mean abundance in station groups expréssed as numbers/1000m3,

STATION GROUPS

SPECIES GROUPS ' 1 2 3 4

1 Hexagrdmmos lagocephalus 0.0 8.5 0.0 0.0
Scorpaenichthys marmoratus | 0.0 412 0.0 0.0
Sebastes spp. 0.0 3.0 0.0 0.0
Hexagrammos decagrammus 0.4 0.7 14.0 0.0
Cithanichthys stigmaeus 0.0 0.0 0.0 1.3

|
2 Tarletonbeania crenularis 95.6 3.1 0.0 0.0
Cololabis saira 31.7 15.4 0.0 32.9

|
TOTAL FISH LARVAE 128.1 529 14.0 35.0

Figure 144. Distribution of station groups for dominant taxa of larvae in neuston, cruise MF83.
+ = stations where larvae were absent from samples.
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Table 60.

Two—way coincidence table resulting ‘from numerical classification of egg abundance
data from bongo collections taken during cruise MF83, November 1983,

Mean abundance in station groups expressed as numbers/10m?2.

?TA'"ON GROUPS

SPECIES GROUPS 1 2 3 4 5
1a Bathylagidae (unidentified) 16.0 11.0 0.0 0.0 0.3
Bathylagus spp. 11.9 5.0 0.0 0.0 0.0
Trachipterus altivelis 84 141 9.5 93 0.0
Chauliodus macouni 0.8 8.5 0.0 0.8 0.0
Icichthys lockingtoni 34 1.2 0.3 0.8 0.0
Teleost Type G 55 0.4 0.0 25.6 0.2
1b Teleost Type M 29 0.4 00 0.0 03
Bathylagus ochotensis 2.0 0.0 0.0 0.0 0.3
2  Pleuronectes vetulus 0.1 0.0 0.0 0.0 54
Psettichthys melanostictus . 01 0.0 00 0.0 41
Pleuronectidae (unidentified) 0.0 0.0 0.0 0.0 227
Citharichthys B , 0.0 0.0 0.0 0.0 79
Citharichthys A 0.3 0.0 0.0 0.0 145
\
TOTAL FISH EGGS 525 41.3 10.2 36.5 50.2

Figure 146. Distribution of station groups for dominant taxa of eggs in bongo samples, cruise MF83.
+ = stations where eggs were absent from samples.
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5
S 2 Y+ l Table 61.
e oy 1I Two—way coincidence table resulting from numerical classification of larval
1 + 2 5 5\4 ; ‘" abundance data from bongo collections taken during cruise MF83, November 1983.
J 3 4\ Mean abundance in station groups expressed as numbers/10mZ2.
+ ¥ 3 S 5 "
| T~ |
% 1 5 s ai Q STATION GROUPS
" SPECIES GROUPS 1 2 3 4 5
+ * + 1 51 ”
1 Stenobrachius leucopsarus 1.6 27 1.1 1.6 18.4
2 5 2 3 Tarletonbeania crenularis /3.5 4.5 0.0 0.0 4.9
Citharichthys spp. 1.3 8.6 0.0 0.0 0.4
Chauliodus macouni '1.4 1.9 3.9 0.0 0.0
! ! 2 ! ! Citharichthys stigmaeus 26 4.0 5.0 1.8 0.0
P , ; 5 74 1 2 Diaphus theta 1.9 0.0 0.0 0.0 1.9
| Protomyctophum crockeri 5.0 0.8 0.0 0.0 2.9
V1 T Protomyctophum thompsoni '2.2 04 0.0 0.0 0.0
Lestidiops ringens | 3.6 0.9 0.8 0.0 0.8
3 Cyclothone spp. l0.9 0.0 0.0 0.9 0.0
Sebastes spp. 2.3 2.4 0.0 7.7 0.0
Lampanyctus ritteri 0.5 0.5 0.0 0.4 0.4
|
TOTAL FISH LARVAE (?2.4 29.6 12.5 16.0 29.7

Figure 148. Distribution of station groups for dominant taxa of larvae in bongo samples, cruise MF83.
+ = stations where larvae were absent from samples.
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Table 62.

Two—way coincidence table resulting from numerical classification of egg
abundance data from neuston collections taken during cruise MF87, January 1987.

Mean abundance in station groups expressed as numbers/1000m3.
STATION GROUPS
SPECIES GROUPS 1 2 3 4
1a Pleuronectidae (unidentified) 1 0.0 0.0 0.0 31447
Citharichthys A 0.0 1.1 0.0 5515.1
Citharichthys B 0.0 0.0 0.0 376.7
Pleuronectes vetulus 0.0 0.0 0.0 66.6
Platichthys stellatus 0.0 0.0 0.0 37.8
1b Pleuronectes isolepis 0.0 0.0 0.0 12.3
Psettichthys melanostictus | 0.0 0.0 0.0 9.5
Pleuronichthys decurrens 0.0 33 0.0 5.4
2 Bathylagidae (unidentified) 12.5 14.6 0.0 0.0
Bathylagus spp. 7.7 0.0 0.0 0.0
Icosteus aenigmaticus ' 6.6 16.0 0.0 0.0
3 Chauliodus macouni 24.9 0.0 0.0 2.0
Icichthys lockingtoni 54.9 29.8 0.0 0.0
Trachipterus altivelis 29.4 189 20.8 9.3
|
TOTAL FISH EGGS 139.3 87.4 222 91805

Figure 150. Distribution of station groups for dominant taxa of eggs in neuston, cruise MF87.
+ = stations where eggs were absent from samples.
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Table 63.

Two-—way coincidence table resuiting from numerical classification of larval
abundance data from neuston collections taken during cruise MF87, January 1987.
Mean abundance in station groups expressed as numbers/1 000m3,

STATION GROUPS

€1¢€

SPECIES GROUPS 1 2 3 4 5
\

1 Hexagrammos decagrammus 132.6 156.9 63.3 0.0 0.0
Hemilepidotus spinosus '10.5  681.4 1020 0.0 0.0
Scorpaenichthys marmoratus 1.6 33.4 3.2 0.0 0.0

2 Tarletonbeania crenularis 0.0 209 80.8 95.1 0.0
Hexagrammos lagocephalus 8.3 6.0 36.0 0.0 0.0

3 Sebastes spp. 23 6.6 0.0 0.0 0.0
Hemilepidotus hemilepidotus 25 13.8 0.0 0.0 0.0

4 Leptocottus armatus 57 0.9 0.0 0.0 0.0
Cololabis saira 25 0.0 33 28.2 46.5
TOTAL FISH LARVAE 946.5 289.7 123.3 46.5

166.8
|

Figure 152. Distribution of statiorf groups for dominant taxa of larvae in neuston, cruise MF87.
+ = stations where larvae were absent from samples.
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Table 64.

Two—way coincidence table resulting fli'om numerical classification of egg
abundance data from bongo collection§ taken during cruise MF87, January 1987.
Mean abundance in station groups expressed as numbers/10m2.

STATION GROUPS
SPECIES GROUPS 1 2 3
1 Bathylagus spp. 1.6 0.0 9.4
Icichthys lockingtoni 0.6 1.4 18.0
Bathylagus milleri 0.7 0.5 9.8
Bathylagidae (unidentified) 0.0 3.6 86.9
Chauliodus macouni 5.0 05 9.1
Trachipterus altivelis 5.9 0.0 6.0
Icosteus aenigmaticus 1.5 0.0 7.8
2 Nansenia candida 0.0 0.5 1.7
Teleost Type G 03 0.0 3.2
Teleost Type P : 2.6 0.0 0.5
3 Platichthys stellatus 0.0 9.0 0.0
Citharichthys B 0.0 228 0.0
Pleuronectes vetulus 0.0 13.2 0.0
Pleuronectidae (unidentified) 0.3 287.7 0.4
Citharichthys A 0.7 226.1 0.0
TOTAL FISH EGGS 19.4 5711 154.0

Figure 154. Distribution of station groups for dominant taxa of eggs in bongo samples, cruise MF87.
+ = stations where eggs were absent from samples.
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for dominant taxa of larvae in bongo samples, cruise MF87.

Figure 155. Dendrograms showing (a) species groups and (b) station groups
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Table 65. |

Two—way coincidence table resulting frc!)m numerical classification of larval
abundance data from bongo collections‘taken during cruise MF87, January 1987.
Mean abundance in station groups expressed as numbersl10m2.

|
STATION GROUPS

SPECIES GROUPS 1 2 3
1 Stenobrachius leucopsarus 19.8 3.1 0.0
Bathylagus ochotensis 18.6 2.6 0.5
Sebastes spp. 55.9 25 26.9
Protomyctophum crockeri 7.2 3.1 0.5
Tarletonbeania crenularis 7.7 16.3 0.0
Protomyctophum thompsoni 29 7.2 0.0
2 Bathylagidae (unidentified) 28 1.2 0.0
Citharichthys stigmaeus 15 0.0 1.8
Melamphaeidae (unidentified) 0.2 11 0.0
Citharichthys sordidus 1.3 1.2 0.0
Chauliodus macouni 1.3 25 0.0
Lestidiops ringens 1.2 0.6 0.0
3 Osmeridae (unidentified) 0.4 0.0 61.2
Pleuronectes vetulus 0.4 0.0 35.3
Cyclopteridae (unidentified) 0.8 0.0 24
Hemilepidotus spinosus 1.6 0.0 3.0
Hexagrammos decagrammus 0.2 0.0 1.8
TOTAL FISH LARVAE 128.8 43.4 141.9

Figure 156. Distribution of station groups for dominant taxa of larvae in bongo samples, cruise MF87.
+ = stations where larvae were absent from samples.



Table 66. West coast ichthyoplankton assemblages.
Based on eggs and larvae taken in subsurface samples and eggs taken in neuston samples.
ASSEMBLAGES
SEASON COASTAL SLOPE/TRANSITIONAL COLUMBIA RIVER PLUME OCEANIC
SPRING *  Engraulis mordax Engraulls mordax Bathylagidae (unidentified)
* Osmeridas Bathylagus ochotensis N Bathylagus pacificus
Sebastes spp. Bathylagus pacificus N Protomyctophum thompsoni
*  Citharichthys spp. (egge) Myctophidae (unidentified) N Trachpterus altivells
* Citharichthys sordidus Stenobrachius leucopsarus N Sebastve spp.
*  Githarichthys stigmaeus Taristonbeania crenularis N fcosteus asnigmaticus
* Pleuronectidas (unidentified) Trachpterus altivells N Eopselta axilis
Errex zachirus Sebastes spp. S Nansenia candida
*  Pleuronecies isolepis Sebastoiobus spp. S Bathylagus ocholensls
Eopsetta exilis Icichthys lockington! 8 Chauliodus macoun!
Microstomus paclficus Citharichthys app. (egps) 8 Myctophidas (unidentifisd)
*  Pleuronectes vetulus Errex zachirus 8 Disphus theln
*  Pleuronichthys decurrens Eopsetia exilis S Lampanyctus epp.
*  Pyeltichthys melanostictus Microstomus pacificus 8 Protomyctophum crocker!
8 Stenobrachius leucopsarus
S Tarletonbeania crenuiaris
Icichthys lockington!
SUMMER Engraulis mordax Chaullodus macouni * Engraulls mordax Argentinidas (unidentified)
Sebastes spp. Diaphus theta *  Stenobrachius lsucopsarus Bathylagidae (unidentfied)
*  Artedius harrington! Stenobrachius leucopsarus * Tarietonbeania crenularis Tactostoma macropus
Cyclopteridas Tarietonbeania crenularis Sebastes spp. Chauliodus macouni
*  Citharichthys spp. (eggs) Cololabis saira Disphus theta
* Piguronectidas (unidentified) Sebastes epp. Lampanyctus spp.
Eocpsetta exilis Citharichthys spp. (egge) Protomyctophum thompsoni
*  Pyetichthys melanosticius Pleuronectidae (unidentified) Stenobrachius leucopsarus
Eqpsetta exilis Tarietonbeania crenularis
Microstomus pacificus Sebasies spp.
Icichthys lockington!
AUTUMN *  Sebasies epp. Engraulis mordax
* Citharichthys spp. (eggs) Bathylagidae (unidentified)
*  Githarichthys sordidus Bathylagus ochobensis
* Chtharichthys stigmaeus Ghaullodus macoun!
* Pleuronectidas (unidentifisd) Protomyctophum crocker!
*  Pleuronectes velulus Protomyctophum thompsoni
*  Pleuronichthys decurrens Tarietonbeania crenuaris
*  Psettichthys melanocstictus Trachpterus altivells
Lestidiops ringens
Icichthys lockington!
Citharichthys sordidus
Citharichthys stigmaeus
WINTER * Osmeridas Chaullodus macoun]
Sebastes spp. N Protomyctophum thompson!
* Cyclopteridas N Tarletonbeania crenulasis
* Hemilepidotus spincsus S Bathylagidas (unidentified)
* Hexag decag S Bathylagus ochotensis
= Citharichthys epp. (egge) S Protomyctophum crocker
* Pleuronectidas {unidentifisd) S Stenobrachius leucopsarus
*  Pleuronectes isolepis 8 Lestidiops ringens
*  Pleuronectes vetulus Trachpterus altivells
*  Platichthys stellatus 8 Sebastss spp.
*  Pleuronichthys decurrens S icostsus senigmalticus
*  Psettichthys melancsticlus 8 Icichthys lockington]
Citharichthys sordidus
S Githarichthys stigmaeus
* = definitive taxa for coastal, slope and plume assemblages. N = most abundant In northern sector of lc zone.
S = most abundantin n sector of lc zone
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Interpretation of species codes in Appendix Tables 1-20.

CODE

148
150
151
152
183
156
157
158
160
162

— 163

164
171
177
178
181
183
186
194
199
213
220
229
233
234
235
237
239
242
243
244
245
247

TAXA/SPECIES

Osmeridae (unidentified)
Bathylagidae (unidentified)
Bathylagus spp.

Bathylagus milleri
Bathylagus pacificus
Chauliodus macouni
Myctophidae (unidentified)
Diaphus theta
Stenobrachius leucopsarus
Tarletonbeania crenularis
Protomyctophum crockeri -
Protomyctophum thompsoni
Sebastes spp.
Hexagrammos decagrammus
Hexagrammos lagocephalus
Ophiodon elongatus
Anoplopoma fimbria
Artedius harringtoni
Hemilepidotus hemilepidotus
Leptocottus armatus
Cyclopteridae (unidentified)
Ronquilus jordani
Cryptacanthodes aleutensis
Ammodytes hexapterus
Citharichthys stigmaeus
Pleuronectidae (unidentified)
Ermex zachirus

Pleuronectes isolepis
Eopsetta exilis

Microstomus pacificus
Pleuronectes vetulus
Platichthys stellatus
Psettichthys melanostictus
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CODE

261
263

270
2N
272
273
274
275
276
2m7
278
279
281
282
283
285
287
288
290
292
293

298
299
300
305
322
325
339

TAXA/SPECIES

Teleost Type M

Citharichthys B (eggs)
Citharichthys spp. (larvae)
Scorpaenidae (unidentified)
Bathylagus ochotensis
Melamphaeidae (unidentified)
Scormaenichthys marmoratus
Icichthys lockingtoni
Lampanyctus ritteri

Nansenia candida
Lampanyctusspp. — -
Tactostoma macropus
Citharichthys sordidus
Hemilepidotus spinosus
Sebastolobus spp.

Icosteus aenigmaticus
Trachipterus altivelis
Cololabis saira

Lestidiops ringens

Engraulis mordax
Cyclothone spp.
Citharichthys A (eggs)
Citharichthys spp. (larvae)
Pleuronichthys coenosus
Pleuronichthys decurrens
Argentinidae (unidentified)
Lampanyctus regalis

Teleost Type G

Teleost Type F

Teleost Type P
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Appendix Figure 1.

Grid of squares and rectangles for which mean abundance of dominant ichthyoplankton taxa
in each division were calculated, based on data combined from the six spring cruises.
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x Table 1.
Two-way coincldence table of species abundance (no.liooan’) among station groupe for eggs In neuaton samples, six spring
crulees combined. Numbers In species groupe are speciss codes. See list accompanying this table for Imsrpretation.

STATION SPECES GROUPS

GROUPS 1 2 3
[grid scuares) 25 23 27 13 %2 »2 20 4 7 %3 20 Fos] 4 2805 283 156
1 ¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 128 13.8 00 37
T2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 76 174 0.0 36
7 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.1 2.2 0.0 14
[ o4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 13.6 Q9 0.0 6.2
% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 77 64.0 33 16
45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.2 745 0.0 18
124 0.0 24 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 S 498 1.5 24
82 0.0 53 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 20 10.9 0.0 26
80 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 26 6.9 0.0 43
] 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 454 0.0 0.0
bl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 226 0.0 1.7
[ 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 649 0.0 9.4
4l 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 36 36 0.0 0.0
.4 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23 6.4 0.0 0.0
" 0.0 0.0 0.0 0.0 00 00 0.0 00 0.0 0.0 0.0 0.0 0.0 74 0.0 0.0
2 8 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 451 4.1 0.0 0.0
&5 00 0o 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 N3 W2 0.0 0.0
Lo 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 4.0 274 0.0 0.0
[ 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 87 122 0.0 0.0
n 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 241 196 0.0 0.0
[ 0.0 0.0 00 0.0 24 00 0.0 0.0 0.0 0.0 00 0.0 362 9.0 0.0 00
] 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 06 00 0.0 45 25 0.0 0.0
" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 83 3519 0.0 0.0
“ 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 LX) 150 0.0 00
[ 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 126 13.0 0.0 0.0
-7 ——00—00 —00 27- 00 0.0 00 0.0 00— - 00 00 00 100 449 0.0 0.0
] 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 %7 1919 23 0.0
Bt 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 344 512 1.7 0.0
» 0.0 0.0 0.0 0.0 0.0 33 0.0 0.0 0.0 0.0 0.0 00 25 9 0.0 0.0
70 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 50 0.0 1207 %0 0.0 0.0
3 15 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 165 M7 BO 0.0
17 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 4.7 18 380 0.0
1% 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 266 32 101.2 0.0
[ 20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 268 432 609 0.0
L 00 0.0 0.0 28 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 243 33 451 0.0
10 00 0.0 0.0 44 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 132 108 N4 0.0
“ 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 26 376 172 0.0
220 0.0 00 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 480 421 2.7 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (X 0.0 0.0 00 0.0 1.1 0.9 159 0.0
3 0.0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 M1 13 R0 0.0
42 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 00 38 1473 122 0.0
33 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 B3 2376 122 108
“ 00 0.0 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 527 2004 146 37
E 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 318 2099 73 22
22 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 B4 ™7 98 29
] 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 0.0 00 0.0 B2 =B7 4.2 42
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 453 5112 7Ne 88
L) 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 85 427 18 48
£yl 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 1620 425 6.0
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 23 472 185 1.6
4 10 0.0 az 70 2566 16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 188 @86 28 0.0
L4 0.0 60 118 686 28 0.0 0.0 00 0.0 0.0 0.0 0.0 85 “us 0.0 0.0
[ o3 0.0 0.0 68 63 17 0.0 0.0 0.0 0.0 0.0 0.0 08 16.2 8.0 0.0 08
62 0.0 0.0 568 &0 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 100.7 201 1.0 1.0
12 0.0 29 15.0 83 48 00 0.0 0.0 0.0 00 264 0.0 30 40 a2 0.0
% 0.0 k1) 3.6 B4 0.6 0.0 0.0 0.0 0.0 25 96 08 20 124 5.4 0.0
E( ] 06 428 143 1114 29 0.0 0.0 0.0 1.0 20 0.0 10.1 1.7 105 0.0 0.7
4 0.0 22 1.1 1858 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 27 U2 52 0.0
7 0.0 15 %8 1404 121 0.0 0.0 0.0 0.0 0.0 00 0.0 26 42 128 0.0
3 12 0.0 65 1074 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 71 14.0 13
13 0.0 78 105 1408 00 1486 0.0 0.0 0.0 0.0 0.0 0.0 1778 542 196 11
[ 0.0 17 84 3 27 76 0.0 0.0 0.0 0.0 0.0 0.0 256 2.5 0.0 17
7% 0.0 85 85 6.7 69 16 0.0 0.0 0.0 0.0 00 0.0 1585 1125 23 0.0
&1 28 11336 1.9 Q5 167 45 0.0 0.0 0.0 0.0 0.0 11 888 1502 66 58
“ 26 0.0 281 2145 0.0 48499 0.0 0.0 0.0 0.0 0.0 0.0 2.7 165 0.0 0.0
ot 0.0 00 1078 20 544 0.0 00 0.0 0.0 0.0 00 0.0 0.0 8.1 00 0.0
] 08 45 a7 50.2 22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 1.9 00 0.0
® 0.0 3.2 0.0 305 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 216 37 00 0.0
27 0.0 0.0 0.0 27 0.0 00 0.0 0.0 00 00 0.0 00 27 0.0 00 0.0
o3 0.0 0.0 0.0 15.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 8.2 "1 13 0.0
82 0.0 "1 0.0 $.2 090 0.0 0.0 0.0 0.0 0.0 0.0 0.0 95 00 00 0.0
-“ 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 ans 0.0 0o 0.0
5 18 97.2 385 2002 2%1 21 1.4 45 9.9 96 511 w2 164 17 27 40 0.0
23 480 2515 372 25 12 0.0 24 27 52 198 609.1 08 08 16 14 00
5 1746 1219 268 742 0.0 23 56 $54 125 00 273 6.9 0.0 0.0 80 0.0
759 8 4.1 26 120 0.0 0.0 0.0 5.9 05 855 0.0 00 08 07 0.0
1 3143 355 193 7.6 18 0.0 42 85 4.1 38 31 0.0 00 0.0 0.0 0.0
" 428 1470 12 76 0.0 1.1 02 1.2 64 64 39 0.0 00 0.0 00 0.0
2 244 40.0 102 2042 123 0.0 07 29 00 0.0 0.0 0.0 0.0 a5 6.0 0.0
40 93 2056 1078 &5 78 212 0.0 00 0.0 14 0.0 0.0 4.1 20 66 0.0
7 513 9286 2268 29 18.6 26 0.0 00 28 0.0 0.0 13 1.0 74 0.0 0.0
74 104 9684 5.2 a7 1.9 0.0 0.0 0.0 00 0.0 0.0 0.0 00 4.0 00 00
83 28 @84 2.8 0.0 66 0.0 57 0.0 29 22 0.0 0.0 0.0 0.0 00 0.0
[ 31351 16.7 LK) 0.0 26 0.0 0.0 1.0 19.0 3.7 0.0 0.0 21 31 0.0 0.0
2 B8 10533 40 0.0 00 00 0.0 27 6.6 29 0.0 18 0.0 0.0 00 0.0
L 24 1573 11 35 1.2 154 0.0 00 0.0 15.0 0.0 1.2 00 00 00 0.0
L 4 23 4584 125 00 1367 17 00 00 0.0 178 0.0 00 19.2 13 0.0 00
38 33 15139 23 25 0.0 00 0.0 00 00 00 1354 76 0.0 00 00 0.0
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x Table 2.
Nmymwmamlem(no.l1mn’)lorhrvulnm.-nplu,dx.pﬂmefuhueomblmd.
Numbers in species groups are species codss. Ses list accompanying Appendix Table 1 for interpretation.

1 38 00 0o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.6
42 0.0 00 0.0 00 00 0.0 0.0 0.0 0.0 315 429 122 27 9.4 0.0
] 00 0.0 0.0 0.0 0.0 0.0 25 0.0 0.0 S50 B2 3.0 17 00 0.0
a5 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 1640 160 1562 26 00 0.0
o 00 0.0 0.0 00 0.0 00 0.0 0.0 0.0 163 24 &3 e 24 24
% 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 21 17 519 25 00 0.0
0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 00 28 5§68 141 14 1.4 0.0
[ 0.0 1.7 13 0.0 0.0 0.0 0.0 25 0.0 7.7 70 1.0 85 1.7 3.4
% 090 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.4 18.1 0.1 00 0.0 12
o 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44 B4 M5 0.0 0.0 6.9
I 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 179 180 618 0.0 0.0 19
o 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 6.1 495 15.9 35 48 516
& 0.0 00 0.0 00 0.0 0.0 0o 00 0.0 %1 a1 120 208 273 S
o 00 11 0.0 00 0.0 25 00 0.0 0.0 514 66 180 29 38 W
7 00 07 0.0 0.0 00 0.0 00 0.0 0.0 “s (Al 25 21 95 158
“ 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a9 a7 0.0 17.0 18 7
10 0.0 0.0 0.0 0.0 0.0 0.0 21 0.0 00 0.0 148 00 2R38 22 126
1B 0.0 0.0 0.0 20 0.0 00 0.0 0.0 0.0 00 542 0.0 74 25 52
22 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 548 120 272 00 9.8
L] 13 0.0 00 0.0 00 12 0.0 00 00 0.0 27 53 24 0.0 152
2 2 40 29 177 38 14 0.0 00 00 00 80 684 00 25 150 1100
[ 30.0 a3 M2 74 02 0.0 00 00 090 68 199 00 218 X6 874
12 72 82 .1 12 24 00 00 00 0.0 35 S5 44 0807 141 208
L)) 141 26 7 0.0 64 0.0 0.0 0.0 00 614 145 44 16 M8 B2
7 58 95 14 192 34 56 45 0.0 00 28 600 26 163 443 490
4 16 1.1 72 137 0.0 25 23 0.0 0.0 108 1131 00 508 3B N3
[ ] 00 0.0 1.7 131 0.0 0.0 0.0 0.0 20 74 85 0.0 153 81 182
[ 0.0 0.0 20 0.0 00 0.0 23 0.0 0.0 207 2068 21 08 27 0.3
13 0.0 38 0.0 1.4 14 33 00 0.0 0.0 614 M8 20 W2 4 4
b 9 9.2 19 0.0 00 0.0 0.0 0.0 2099 &0 159 42 28 961
] 18 38 0.0 08 0.0 0.0 0.0 0.0 00 ®20 60 164 173 94 716
18 19 120 77 14 0.0 0.0 0.0 00 0.0 18 2 16 20 178 15
3 22 ae 78 14 0.0 0.0 0o 0.0 0.0 87 810 5.1 42 1.8 82
3 13 46 0.0 85 0.0 00 0.0 0.0 0.0 136 16.7 00 294 27 a7
[ 0.0 22 18 0.0 27 0.0 0.0 0.0 0.0 00 241 0.0 27 75 27
® 0.0 0.0 29 00 (] 0.0 0.0 0.0 0.0 11 124 87 173 148 132
1 0.0 58 95 24 92 0.0 00 00 0.0 00 18 00 137 20 74
1 108 1.0 3122 12 75 0.0 00 s 0.0 00 @0 0.0 121 85 10
] 00 7 [ 1] 40 0.0 00 0.0 00 502 25 20 ;I8 9 140 36
2 89 65 0.0 1.4 00 00 0.0 00 196 46 65 418 63 32 a7
&® 0.0 0.0 0.0 28 08 0.0 0.0 00 263 34 23 105 40 58 6.1
2 1483 00 228 00 0.0 0.0 00 BL 183 28 0.0 77 74 86 00
74 0.0 0.0 0.0 0.0 0.0 0.0 00 00 404 40 0.0 0.0 00 110 0.0
2 00 00 00 0.0 0.0 0.0 0.0 00 0.0 58 28 0.0 24 28 00
[ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21 3.7 0.0
00 0.0 0.0 0.0 103 0.0 0.0 0.0 00 25 0.0 13 50 47 0.0
7 122 0.0 0.0 0.0 09 0.0 0.0 0.0 00 30 00 79 24 46 16
% 6.7 2.1 0.0 0.0 0.0 0.7 0.0 0.0 10 134 0.0 19 14 85 27
[ 4 57 0.0 28 00 0.0 0.0 0.0 0.0 00 94 0.0 00 1.0 0.0 40
(3] 12 12 0.0 0.0 0.0 00 0.0 0.0 00 50 00 59 23 0.0 0.0
[ 4] 20 20 29 0.0 00 00 0.0 0.0 00 00 0.0 00 0.0 0.0 00
o 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 00 0.0 00 0.0 00
4 3 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 00 310 40 0.0 0.0 0.0
@ 0.0 00 0.0 0.0 0.0 00 0.0 0.0 0.0 00 1280 72 0.0 0.0 0.0
-] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 480 53 37 0.0 00
20 0.0 0.0 00 0.0 0.0 0.0 0.0 00 00 38 15 26 0.0 00 0.0
[ 4 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 490 5.4 82 0.0 0.0 0.0
44 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 a8 36 00 0.0 0.0
» 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 4.1 179 1S 090 0.0 0.0
] 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0 a9 1“8 171 0o 0.0 00
» 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 89 380 162 00 0.0 0.0
4 0.0 0.0 90 0.0 0.0 0.0 30 0.0 0.0 18 228 18 0.0 00 0.0
) 0.0 0.0 0.0 00 0.0 00 a3 0.0 00 70 963 37 0.0 0.0 0.0
@ 0.0 00 0.0 00 00 0.0 0.0 0.0 0.0 50 2117 108 00 0.0 0.0
” 0.0 0.0 0.0 00 0.0 0.0 0 0.0 0.0 27 ex? 00 0.0 0.0 30
- 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 29 %0 00 0.0 0.0 29
4 00 00 0.0 0.0 00 0.0 87 0.0 0.0 21 1311 0.0 00 0.0 0.0
1% 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 62 4742 0.0 26 0.0 128
3 0.0 00 00 00 00 0.0 00 0.0 00 22 9.4 0.0 0.0 0.0 0.0
7 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 47 %60 0.0 0.0 0.0 00
o 0.0 00 00 0.0 0.0 0.0 00 0.0 00 00 13 0.0 0.0 00 0o
8 N 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 25 93 M5 00 00 0.0
1L 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 80 W2 0.0 0.0 0.0
73 0.0 0.0 0.0 00 00 00 00 00 00 0.0 45 8535 00 00 00
[ .4 0.0 00 00 0.0’ 00 0.0 0.0 0.0 00 0.0 40 588 0.0 0.0 0.0
™ 0.0 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 164 001 0.0 85 0.0
[ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 00 38 &0 0.0 26 0.0 00
[ 00 00 00 0.0 0.0 00 00 00 0.0 00 00 9 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 00 674 00 0.0 00
5 0.0 0.0 0.0 00 0.0 0.0 00 0.0 0.0 0.0 00 244 0.0 00 0.0
50 0.0 00 0.0 0.0 00 0.0 0.0 0.0 0.0 14.2 25 269 0.0 0.0 0.0
[ ] 0.0 0.0 00 0.0 0.0 0.0 0.0 00 0.0 2.9 19 27 0.0 0.0 00
43 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.1 156 2335 00 0.0 0.0
™ 0.0 0.0 0.0 0.0 00 00 0.0 0.0 00 120 1.7 1208 00 00 0.0
58 0.0 0.0 0.0 00 0.0 00 00 00 00 6.7 00 N4 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 22 00 06 0.0 24 0.0
] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 155 k3] 0.0 0.0 0.0 00
8t 0.0 0.0 0.0 00 00 0.0 0.0 0.0 35 349 35 98 0.0 0.0 0.0
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Appendix Table 3.
Two-way coincidence table of apecies abundance (nonmz) among stslion groups for eggs in bongo samples, six spring crulses
combined. Numbers In species groups are species codes. See list accompanying Appendix Table 1 for interpretstion.

STATION SPECIES GROUPS

GROUPS 1
{grid scqreeres) 150 285 151 74 156 il 157 237 242 28 25 233 24 %3 200
1 4 84 43 4.1 14 44 00 3654 14 0.0 0.0 00 0.0 0.0 0.0 Q.0 0.0
50 177 143 33 25 36 00 271 11 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
51 126 88 0.0 16 28 00 3747 13 0.0 0.0 0.0 0.0 0.0 00 0.0 a.0
B2 85 58 1.2 0.0 47 0.0 0.6 12 0.0 0.0 0.0 0.0 0.0 0.0 00 00
57 149 68 5.0 12 35 13 0.5 25 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
38 33 85 12 12 76 00 S27 9.6 0.0 0.0 00 0.0 0.0 0.0 0.0 00
» 36 6.0 24 1.6 7.3 00 8602 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0
44 a3 31 0.0 27 50 33 4820 13 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0
24 a3 105 16 27 11 00 1867 121 Q0.0 0.0 0.0 13 0.0 0.0 0.0 0.0
“ 145 74 13 0.0 14 00 1375 70 0.0 0.0 00 0.0 a1 00 0.0 0.0
" 107 14 24 16 43 12 2447 138 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48
3B 211 10.1 25 121 54 5.1 &9 121 0.0 00 17 0.0 0.0 0.0 0.0 0.0
7. 186 77 22 s7 36 11 46.3 00 0.0 0.0 23 0.0 0.0 0.0 0.0 0.0
[ 2 40 11.6 14 33 58 0.0 ns 00 0.0 18 14 0.0 0.0 0.0 00 0.0
” 57 83 4.0 18 4.1 12 138 0.0 00 0.0 00 0.0 0.0 0.0 0.0 00
8 1.9 138 0.0 16 7.6 10.0 17.7 26 00 00 0.0 0.0 0.0 0.0 13 0.0
64 230 10.2 85 6.2 9.4 33 91.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T2 266 132 15.4 43 72 29 1506 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0
[ 206 13.1 as 9.0 7.6 53 20286 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
85 485 103 18 52 53 67 76 0.0 0.0 0.0 00 0.0 00 0.0 00 00
58 330 7.2 82 1.6 1.0 82 84.9 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0
[ ] 79 6.2 92 15 19.1 53 1569 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
Ll 393 58 70 40 0.0 18 1912 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00
™ 22 27 56 14 15 00 4686 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
5 5 120 83 10.2 46 14 5152 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0
79 174 8.0 120 42 80 11 8500 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a0
37 80 65 74 56 52 19 2981 113 00 12 00 00 00 00 00 00
5 454 17.0 217 161 15 44 3US 32 0.0 16 00 0.0 0.0 0.0 0.0 0.0
42 26 76 136 a1 47 03 60.3 42 1.5 15 00 0.0 1.5 0.0 0.0 0.0
® 820 20 520 20 98 49 6334 49 00 0.0 00 0.0 0.0 0.0 00 0.0
L 0.0 44 0.0 0.0 47 00 1030 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
[ 4 0.0 0.0 0.0 12] 0.0 60.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 14 14 48 0.0 0.0 45 50 528 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
23 7.2 29 0.0 0.0 85 0.0 “a 6.4 0.0 0.0 00 0.0 0.0 0.0 0.0 00
™ 73 16 16 0.0 58 00 20 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0
E) 35 35 35 0.0 0.0 151 75 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0
] 00 0.0 o7 0.0 0.0 00 3164 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 & a7 21 4.7 88 16 00 2ns8 0.0 31 86 78 0.0 0.0 0.0 0.0 00
54 142 335 62 34 14 12 573 03 94 290 76 07 03 0.0 0.0 0.0
[ 56 05 27 57 06 67 832 0.0 (2] 5.9 60 05 0.0 0.0 0.0 00
[ 287, 13 138 0.0 08 2 1374 0.0 103 93 41 0.0 29 0.0 00 0.0
13 15.0 44 26 75 13 108 68 6.0 93 74 93 00 0.0 0.0 0.0 0.0
26 53 6.1 34 6.9 0.0 81 73 29 38 38O 137 0.0 62 0.0 0.0 07
7% 127 54 24 108 26 48 9.4 00 12 7 18 0.0 0.0 0.0 0.0 00
2 24 24 12 (X} 1.1 1.2 0.0 0.0 12 11 00 0.0 0.0 00 0.0 0.0
<] 64 0.0 1.7 1.7 16 00 31 00 16 30 a4 0.0 0.0 00 0.0 00
3 58 37 50 08 0.0 00 0.0 46 66 23 265 0.0 25 00 0.0 0.0
7 95 a2 1.0 05 05 0.0 0o s 157 8§71 163 07 0.0 0.0 0.0 0.0
19 36 47 08 09 05 05 12 KX 77 ne 191 04 16.1 00 04 05
&1 5.4 05 50 1.0 0.0 20 17 0.0 45 203 23 0.0 262 0.0 0.0 00
k] 13 0S5 1.7 14 0.0 33 46 0.0 60 9.1 103 0.0 8.7 04 25 0.0
M 06 20 0.0 4.7 0.0 20 20 0.0 20 64.1 12 0.0 21 0.0 0.0 0.0
4 06 07 19 22 0.0 0.0 1.0 102 26 12 187 0.0 1.2 0.0 0.0 00
14 00 34 0.0 42 0.0 0.0 0.0 00 42 00 168 00 0.0 0.0 0.0 00
3 4 134 73 26 15 00 0.0 1.1 18.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00
16 77 [E] 32 0.0 a3 0.0 30 13.9 0.0 0.0 0.0 0.0 0.0 0.0 13 0.0
0 63 54 62 13 38 0.0 0.0 200 13 12 26 0.0 0.0 0.0 0.0 0.0
8 7.8 18 6.0 13 00 0.0 0.0 13.0 0.0 0.0 18 18 5.0 0.0 00 0.0
% 99 32 13 28 0.0 0.0 0.0 6.4 0.0 0.0 0.0 0.0 16 0.0 0.0 00
1 d 1.6 52 0.0 16 0.0 00 0.0 144 0.0 0.0 1.6 0.0 0.0 0.0 0.0 00
16 a 1.7 0.0 5.2 0.0 0.0 0.0 1.6 0.0 00 0.0 0.0 00 0.0 0.0 00
2 74 85 22 0.0 41 1.0 0.0 46 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0 as 14l 13 25 63 18 0.0 1.t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 418 87 1.7 25 EA 13 0.0 25 0.0 0.0 0.0 0.0 1.7 0.0 0.0 0o
17 123 16 0.0 3.0 6.2 1.6 0.0 243 0.0 00 0.0 0.0 0.0 . 00 0.0 0.0
62 40.0 4.2 214 44 0.6 36 3.2 08 68 07 56 0.0 0.0 0.0 0.0 0.0
7 21 1.9 120 48 15 13 0.0 0.0 0.0 0.0 1.6 0.0 0.0 0.0 0.0 00
20 539 48 258 78 0.0 22 0.0 65 00 26 0.0 0.0 0.0 0.0 0.0 0.0
2} 4.7 0.0 136 205 00 0.0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 00 0.0
4 5 00 22 0.0 0.0 0.0 0.0 0.0 0.0 75 239 14 143 114 0.0 06 00
[ 14 07 0.0 0.0 0.0 0.0 0.0 0.0 0.7 136 15.7 13 182 295 0.6 0.0 00
12 00 1.4 0.0 0.0 0.0 00 0.0 25 247 ° 1049 14 07 15.7 0.0 0.0 00
3] 08 31 0.0 0.0 0.0 00 0.0 0.0 e 36.0 41 114 188 0.0 0.0 0.0
% 0.0 24 0.0 3.2 07 0.0 0.7 0.0 50 33.1 49 16 226 0.0 a7 00
9 0.0 05 00 0.0 0.0 00 0.0 0.7 41 1248 13 35 250 0.0 08 127
4 0.0 06 0.0 0.0 0.0 0.0 0.0 0.7 263 1139 26 13 2476 0.0 75 0.0
9 0.0 25 0.0 00 0.0 0.0 07 0.0 15.2 49.0 0.0 211 3295 0.0 24 00
18 0.0 11 00 00 0.0 00 0.0 0.9 205 732 23 2.0 67.5 13 57 340
25 0.0 00 0.0 0.0 0.0 0.0 0.0 1.2 20 a7 06 4.0 85.7 18 35 1861
[ ] 09 08 10 03 0.0 0.0 0.0 32 175 545 78 a4 247 1.2 16 1086
2 0.0 09 0.0 0.0 0.0 0.0 00 20 18.6 386 135 41.1 152 1.2 07 0.0
" 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 36 06 04 1562 7.4 5.0 46 1790
2 0.0 06 0.0 00 0.0 0.0 0.0 0.0 14 1.7 1.5 29 2350 43 183 06
L] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.2 0.0 38 1444 18.6 0.0 274 00
74 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 20 0.0 9.0 179 0.0 0.0 00
[ 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 34 8.4 06 51.0 04 07 00 00
3] 00 00 0.0 00 0.0 0.0 0.0 0.0 46 322 0.0 0.0 0.0 0.0 0.0 00
33 33 15339 23 25 00 00 0.0 0.0 0.0 00 1354 76 00 0.0 0.0 00
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Appendix Table 4.

M“m“ﬁwﬂ-m(mﬂbﬁ)mmmh“hm atx opring
insp groupe are sp codes. See list sccompanying Appendix Table 1 for pr
SPECIES GROUPS
GROUPS 1 2 3

5 1 1 1 L]

1 4 68 52 63 13 26 00 00 00 00 30 244 843 960 564400 63 00 00 00 00 00 00
b, | 58 85 63 1.7 43 4% 00 32 17 14 402 81.7 1520 761857 0.0 00 00 00 00 00 00
& 42 330 28 15 28 1S5 14 00 00 00 227 382 308 603218 00 00 00 00 00 00 00
] 13 157 169 31 41 13 00 00 00 00 29 51.8 624 9.1 4338 3.1 00 00 00 00 31 16
n 16 65 31 31 59 00 16 15 00 00 28.4 100.7 781 164 4007 0.0 00 00 00 00 00 00
L] 15 40 46 44 88 15 13 75 00 00 45 663 4066 13.0 4203 1.8 00 00 00 00 00 00
= 47 27 30 15 15 15 31 00 00 00 152 316 825 882019 44 00 00 00 00 00 16
7] 89 24 41 58 00 60 16 12 00 00 876 61.2 549 1082033 27 00 00 00 00 00 12
[] 14 11 70 S5 13 24 55 33 00 00 248 4531022 12516871 25 00 00 00 00 28 00
© 41 15 82 85 00 15 00 29 00 00 169 161 356 70 926 13 00 00 00 00 00 00
o 45 00 70 43 13 00 00 14 00 00 18.2 306 502 82 §79 00 00 00 00 00 00 00
» 00 00 15 S1 60 00 00 15 00 14 75 469 360 145 703 14 00 00 00 00 00 00
[ 13 00 86 172 156 00 00 00 13 @3 93 231 799 228 &4 00 00 00 00 00 00 00
] 30 14 00 120 61 00 59 00 00 1.5 29.7 549 1881 1811033 27 00 00 00 00 00 00
» 14 1y 25 33 11 00 00 00 13 25 34 459 245 911521 34 00 00 00 00 34 00
3 17 17 €64 17 88 00 00 167 00 17 472 445 1.8 1132701 33 00 00 00 00 00 00
] 43 26 00 45 27 45 44 30 00 00 271 508 $56 572453 148 00 00 00 00 00 6.1
™ 19 t2 00 30 40 00 00 20 06 07 202 431 449 562057 203 00 00 00 00 00 18
2 25 12 00 35 37 00 11 12 60 00 200 €91 416 832018 80 00 00 00 00 00 00
[ ] 15 41 00 44 32 14 32 57 79 00 272 6792496 451730 82 00 00 00 00 00 00
s 28 40 15 00 13 13 26 30 00 0O 194 425 6.7 711477 157 00 00 00 00 00 00
- 36 35 00 37 00 18 18 56 81 00 190 527 7.8 8.0 1559 144 00 00 00 00 00 00
] 00 33 20 54 39 16 20 37 39 19 94 648 154 512646 19 00 00 00 00 00 00
b 30 00 20 48 89 22 26 00 966 00 224 3899079 1082124 00 00 00 00 00 00 00
[ ] 00 16 47 149 107 13 16 00 63 00 186 S51.4 1825 1152060 16 00 00 00 00 00 0O
L] 00 81 00 40 49 00 51 00 S41 00 36 216 941 1431265 00 00 00 00 00 00 00
2 n 30 00 00 00 00 45 57 14 00 00 89 177 60 421015 152 00 00 00 00 00 00
» 19 00 00 00 00 137 16 17 00 19 164 158 19 291056 111 00 00 00 00 00 00
] 10 11 00 00 00 00 26 00 00 00 151 104 49 812527 113 00 00 00 00 00 00
o 44 00 00 00 15 29 150 00 00 00 283 208 93 171916 9.7 00 00 00 00 00 00
k4 34 08 00 00 15 S3 100 00 00 00 70 285 148 1162711 42 00 00 00 00 00 00
E ] 00 18 18 00 00 00 100 3.0 00 00 70 339 110 3.1 1466 161 00 00 00 00 00 00
] 00 t4 00 00 00 44 00 16 00 00 105 346 136 151122 105 00 00 00 00 00 00
n 00 00 00 56 12 00 33 15 00 00 70 185 92 30 833 00 00 00 00 00 00 15
” 00 00 00 1.7 13 19 00 58 00 00 98 153 27 42 493 27 00 00 00 00 00 00
2 t4 37 00 12 00 23 29 21 00 00 34 212 67 201084 216 00 00 00 00 13 13
[} 07 14 00 11 00 26 00 32 00 00 151 370 40 25 863 314 00 00 00 00 06 30
- 16 12 06 00 00 10 06 14 00 00 80 218 123 491 91 39 00 00 00 00 14 75
- 15 00 00 00 00 12 00 15 07 00 194 320 35 441543 80 00 00 00 07 22 73
L] 12 15 00 00 00 34 00 30 00 00 138 236 78 1.0 471 39 00 15 00 07 00 58
[ -] 00 12 00 00 00 36 00 00 00 00 36 144 36 12 06 24 00 00 00 00 00 60
(L] 30 16 00 00 00 13 00 13 00 00 30 61 00 16 7186 47 00 00 00 00 00 34
] S8 38 38 00 00 75 00 00 38 00 107 371 35 001409 151 00 00 00 00 00 00
» 34 17 33 00 00 48 17 00 1.8 00 212 389 261 002081 98 00 00 00 00 00 36
«Q 15 14 45 00 14 66 00 00 94 00 93 409 1857 431996 245 00 00 00 00 16 46
0 24 11 12 00 00 74 24 00 57 00 50 400 151 853102 162 00 00 00 00 00 13
» 32 00 61 17 00 15 12 12 83 00 145 391 165 7681426 271 0o 17 00 00 00 68
a 17 08 32 08 08 56 00 17 00 00 138 275 17.8 26 1465 487 00 14 00 00 05 68
- 00 99 40 00 00 33 00 08 16 00 132 462 943 022698 434 00 00 00 00 00 1081
[ 21 23 12 21 00 61 00 279 20 13 2S5 692 102 7.61256 367 00 00 00 00 20 &7
ERE ] 00 06 13 00 00 24 07 18 00 00 44 100 34 1.8 8§42 507 00 00 00 00 00 65
L] 00 05 07 04 00 14 00 28 00 00 46 48 00 06 616 607 08 00 00 00 12 6S
" 00 00 00 00 04 00 0S5 16 00 OS5 83 48 00 141018 518 00 11 20 10 05 72
n” 00 00 00 00 00 00 00 42 00 00 377 84 00 002682 786 00 00 00 00 126 84
" 00 13 00 00 00 13 17 00 00 00 84 57 13 1.1 647 154 00 00 00 00 50 13
] 04 00 14 00 00 58 21 07 04 00 107 137 25 091280 356 04 19 00 13 57 129
® 00 00 06 00 00 21 00 00 00 00 07 33 00 08 269 273 00 00 25 00 00 68
“ 00 00 00 00 00 &8 00 00 00 00 00 204 00 00 545 409 00 00 00 00 00 68
k] 00 04 17 19 18 t1 05 04 00 00 24 90 67 10 379 239 00 00 33 00 08 39
» 00 00 00 00 00 00 00 00 00 0O 07 05 00 00 244 161 07 22 00 11 46 277
9 00 07 00 00 00 00 00 00 00 00 00 21 27 00 198 110 07 00 00 21 235 145
8 12 00 00 06 00 06 00 00 00 00 38 24 06 06 273 173 00 31 00 00 29 183
12 00 00 00 00 00 00 00 00 00 00 00 13 00 00 404 98 65 00 08 00 05 64
2 00 00 00 00 00 00 00 00 00 00 19 12 06 07 618 135 20 217 05 105 0S5 125
7 00 07 00 00 00 16 18 07 00 00 05 27 00 07 722 385 1.2 00 00 00 14 41
] 00 00 00 00 00 &1 17 32 00 00 00 15 00 43 883 188 1.6 00 00 00 16 32
[} 18 00 00 00 00 96 00 00 00 00 31 00 00 18 MO 352 1.5 00 00 00 31 6.1
13 13 00 00 00 00 S6 06 00 06 00 73 55 06 131134 222 21 00 00 00 20 32
4 08 00 00 00 00 46 61 00 36 00 07 30 00 00 426 800 07 00 00 07 07 18
] 00 00 00 00 00 91 52 00 52 00 00 26 00 43 652 81 00 00 00 00 00 26
15 13 00 00 00 00 34 17 00 16 00 29 11.0 16 001198 435 00 00 00 00 00 00
16 16 00 00 00 00 47 17 00 00 00 16 13 13 795622 158 00 00 00 00 00 00
17 31 00 00 00 00 00 61 15 00 00 15 00 00 271050 575 00 00 00 00 00 00
3 00 00 00 00 00 66 07 97 13.8 00 20 00 00 00 2441112 06 00 00 00 00 05
1 00 00 00 11 00 00 238 25 0.0 00 11 00 57 00 610 87 00 00 00 00 13 13
[ 00 00 00 13 00 00 00 00 00 06 18 07 58 00 254 232 00 06 00 00 1.9 43
s 00 00 00 00 00 00 00 00 00 00 00 00 202 00 &5 00 00 00 00 00 00 00
o 00 00 00 00 00 11 00 00 00 00 00 16 00 00 14 &4 00 00 00 00 00 00
an 00 00 00 00 00 00 00 20 00 00 00 00 00 00 17 00 126 761080 00 12 33
® 00 04 00 00 00 00 00 04 26 00 04 00 04 09 419 57 86 2341457 08 33 9.0
3 00 00 00 00 00 00 00 06 00 00 00 07 00 00 51 124 69.5 103 1.1 531 50 129
2 00 00 00 00 00 00 00 00 04 00 00 00 00 00 00 75 55 83 58 19 10 140
2 00 00 00 00 00 05 05 0S5 00 00 00 07 00 00 36 329 43 13 46 04 18 20
(] 00 00 00 00 00 05 00 03 00 00 03 04 00 04 54 272 35 15 181 00 14 34
[ ] 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 15 08 00 333 00 00 223
5 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 13 13 13 00 00 00
74 00 00 00 00 00 00 00 00 00 00 00 00 20 00 00 00 00 20 00 00 00 00
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Appendix Figure 2.

Sampling stations, positions, and cruise track for cruise PO80 (August 1980).
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Appendix Table 5.

Twoway bk ble of ap b (no./1000m”) emong siation groups for eggs In neusion semples,
erules POSO, 1880. N P 9 are apecies codss. Ses st ing A dix Table 1
for ivierprefation.
SPECIES GROUPS
STATION 1a 1 2 3
GROUPS 235 2w 27 205 2% -] 2 ane 156 26 293 27 TOTAL
i @ 00 00 00 00 00 00 198 004 00 (-1} (J ] 00 M.
“ 00 00 (-1 00 00 00 1100 20 (1] 0o 00 (1] 2200
< 0.0 09 00 00 00 (1] 2190 s on (1] 00 (1] s
5 09 (1] (]} 00 00 o0 265.1 [ -1 ] 197 00 00 00 M4 4
ot 00 oo 00 [J.} 00 [V} 72 M2 218 (.1} (1] 00 4142
[ 4 00 00 (1] 00 00 (1] HA M4 M4 o0 (1] 00 na
54 LA 00 00 00 [.1] -1} 6138 a5 143 00 (1] 00 1217
[ 2] 183 0o 00 00 00 00 M9 163 00 00 183 (1] 179
a1 0o 0o 00 [T} o0 (1] us 495 o0 00 (1] 0.0 4
n o0 00 [T} 00 (1] 00 a7 49 00 (-]} 00 00 %s
® 00 (1] ()] 00 05 [T} 182 “s o0 00 (1] [ J] i
20 (1] [T} [T} 0o [1} on AL A 101 [.I} 00 00 (1] %2
[ 1] 00 [ 1] 00 00 00 00 “3 223 [ J ] o0 0o 00 [ 1]
™ 0.0 00 00 1“4 00 00 E-1) 329 00 00 0o (1] =2
ib €0 00 0 00 oo 00 00 % (.1} 00 00 00 00 29
bl 00 o 0.0 0.0 00 00 ar (1.} o0 (.1} 00 00 oy
[ -] 00 090 00 [ 1] [-]] 00 N2 o0 00 (-1 00 00 B2
[ - 00 [X} 00 ao (1] [J} ns (1] oo 0o (] 00 ns
@ 00 00 409 00 00 00 1) a0 00 23 00 (] 128
L 00 (1} (-1 (1} 00 00 RFAl o0 0o us 00 (.1} 1819
2 8 [ 1] o0 oo 00 00 00 00 1204 00 (.1} 00 00 1204
L ] 0.0 (-1} 00 00 00 00 00 W1 00 [} [ J] (1] 11
[ 00 00 00 00 00 ]} 00 1068 o0 o0 00 00 M98
12 [T} 00 00 00 00 [T} 00 ®e2 0.0 (1] (1] [ 1) 9162
R} 00 [.I'] 00 (.1} (1] 00 (1] s 00 00 [T} 00 »se
% 00 00 20 00 00 o0 00 20 00 00 00 00 4.1
kL) 00 00 902 00 0.0 00 00 1984 00 00 00 00 298
" 0.0 00 00 00 29270 090 00 W9 00 [1} a0 00 9190
n 00 00 [J:} 00 1042 00 o0 17 [T [1} [} 00 2no
“ 0.0 00 00 00 00 00 00 289 00 ®1 00 00 Ma
n 00 00 00 00 0o 00 (1] ar 0o 2 00 00 ®.s
24 00 00 00 DA 00 00 00 1970 (] D4 [.I'] oD 7
o7 00 00 00 [T} 00 00 00 2138 493 2e on ()] 2960
I 4354 27 00 [ 1] 00 00 [.T] (1] [.I-] [} (1] 00 [_A]
5 94 19 00 [J.] 00 00 a0 [.]] 00 [-1] 00 [J] 12
19 A 00 o0 (1] 00 -1} 0.0 00 00 [T} 00 00 40
T 8700 00 [ 1} [T o0 00 00 00 00 00 19770 [-]] (17 ]
@© 00 189 00 (1] ()] o0 00 00 [} 00 [ 1) o0n 189
10 f4F ] 00 1045 oo 00 1) 00 00 00 00 00 0o F1lA)
u 00 00 2340 00 (1] [T} 7”3 00 00 00 00 90 23%0
5 [1} (1] oo =20 (]} 00 00 00 00 (-1} (1] 00 [ -£)]
9 0o 0o 00 (1] 00 179 00 00 o0 a0 00 00 179
4 23 0.0 00 (1] 00 W oo o0 a0 00 co 00 0o AN
= (1] 00 o0 00 2ms [ 1] 00 00 0o 09 [-1} 00 2168
» 00 00 0D 00 12 00 00 00 [ J ] (1] 00 00 1082
13 00 00 00 00 "1 00 00 (1] 00 (1] 00 0o "1
25 [T 00 00 00 178 [T} 176 [} o0 (.1} (1] 00 B3
ba 18 00 00 (1] 00 [ 1] 00 00 00 00 “u7 w86 [-1] 2103
n 00 00 o0 0o o0 (1] 00 (1] (1] 0s W43 00 20
o 00 a0 00 a0 00 [} 00 00 [.J:} 1m72 802 00 1674
17 0.0 00 [ 1} 00 00 0o 00 00 00 2619 145 00 nsa
» B 0o 00 [T} (1] (1] [-X] 00 00 By =S 00 610.7
5 M2 o 00 00 00 00 00 00 1] 198 @3 (1] 20
1 00 00 (-1} (1.} (1} 404 00 -]} (.1} 203 m90 00 1.0
o 00 00 [T} 0.0 00 202 00 (1] 0o 204 18390 00 10420
o 00 00 0.0 00 0o o0 00 00 00 1438 12460 (1)} 1390.0
0 00 [T [J-] 00 0.0 [} 0.0 00 00 72 68620 0.0 7008.0
57 0.0 00 00 [.1 00 170 0o 0.0 00 M0 170 00 a9
H 00 00 00 o0 233 00 00 a0 00 549 "3 (X} NS
% 00 00 00 00 2% 00 (1] 00 00 1678 12120 o0 1313920
b 50 00 187 0.0 (-1} a0 [J:} 00 00 00 4085 S33I0 103 18500
" 00 (1] (1 (1] 00 []] [ 1} 00 00 2192 18000 1813 2000.0
n 00 (1] (.1 o0 (1] 00 00 00 00 24 @31 642 ™.
] 199 (]} 00 (X} 09 00 00 00 00 36410 102630 417 uR0
1 ] 0.0 00 on -1} 00 00 00 00 0.0 21730 2377 10190 N0
27 00 00 00 00 00 0o 16.7 16.7 00 ]S 167 D4 1679
[ 3 ] 00 0.0 00 00 (-1 00 [T} 00 00 00 J48 00 W6
? 0.0 00 00 00 Q0 00 0.0 00 00 00 4043 0.0 4043
" a0 00 00 0.0 0.0 00 00 00 00 00 1251 0.0 123
0 0.0 00 00 00 09 00 00 00 00 00 15141 00 15149
L) 0.0 21 00 00 0.0 00 0.0 0.0 00 00 2743 00 2954
» 00 00 00 o0 00 00 00 0.0 0.0 00 “u9 00 “9
a8 00 0.0 00 09 00 00 00 00 00 00 374 (-1} N4
56 00 (.1} 00 168 00 00 0.0 00 00 0.0 n7 00 06
18 0.0 00 090 (1] 00 00 170 00 00 (1) JS09 00 679
k) 00 00 0.0 00 0.0 0.0 %64 0.0 09 00 to6s 00 381.3
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Appendix Table 6.
Two-way coincldencs table of specles abundance (no./4000m*) among station groups for larvae
in neuston samples, cruise PO80, August 1980. Numbers in speciea groups are species codes.
See list accompanying Appendix Table 1 for interpretation.

SPECIES GROUPS

STATION i 1b 2
GROUPS A ial m 287 200 220 270 148 TOTAL
ia 18 323 00 0.0 0.0 0.0 0.0 0.0 323
n 329 00 00 0.0 0.0 00 0.0 29
84 428 00 0.0 0.0 0.0 00 0.0 4238
ol 436 00 0.0 0.0 0.0 00 0.0 65.4
4 €8.0 00 00 0.0 0.0 00 0.0 68.0
[ ] 67.9 0.0 00 0.0 0.0 0.0 0.0 67.9
81 1163 0.0 00 0.0 0.0 090 0.0 1163
i 58 18.7 00 00 0.0 0.0 00 0.0 15.7
o7 16.7 00 00 0.0 0.0 00 0.0 18.7
17 145 00 00 0.0 0.0 00 0.0 14.5
25 17.6 0.0 00 0.0 0.0 00 0.0 17.8
48 182 00 00 0.0 0.0 00 0.0 18.2
&8 18.9 0.0 00 0.0 0.0 00 0.0 18.9
82 235 00 00 0.0 0.0 00 0.0 94.0
1ic 77 384.6 00 0.0 0.0 0.0 00 0.0 384.6
I 90 4%88 00 0.0 0.0 00 00 0.0 498.8
7% 771 00 00 0.0 0.0 0.0 0.0 2771
2a 18 36.6 366 00 183 0.0 00 0.0 815
49 3.3 211 0.0 2t 0.0 00 0.0 105.5
s 4.0 00 0.0 20 0.0 00 0.0 €6.0
20 1814 181 0.0 0.0 0.0 00 0.0 6.2
<] 7.4 749 00 0.0 0.0 0.0 0.0 23
16 169.8 1019 - 00 0.0 2547 00 0.0 $526.3
3 M4 348 00 175 8r.3 0.0 00 00 139.7
42 286.6 090 205 81.9 0.0 0.0 0.0 389.0
33 176.8° 00 196 1453.0 0.0 00 0.0 1670.0
12 181 00 482 a1 0.0 00 0.0 1128
[ ] 207 00 207 0.0 0.0 00 0.0 1656
3 13 0.0 090 890 11180 0.0 00 00 1217.0
26 0.0 0.0 00 12900 0.0 00 0.0 1290.0
41 0.0 00 00 2480 00 1984 00 446.4
38 0.0 00 00 526 0.0 0.0 0.0 526
T 0.0 00 0.0 214 0.0 0.0 0.0 214
[ 0.0 0.0 00 16.9 0.0 00 16.9 Q7
= 0.0 172 172 1208 0.0 00 0.0 154.9
2 0.0 174 347 521 0.0 00 0.0 104.2
3B 0.0 393 00 39.3 0.0 00 0.0 786
4 0.0 00 0.0 0.0 0.0 00 1455 181.8
74 0.0 00 00 0.0 00 00 2268 2268
0.0 00 00 0.0 0.0 00 217 21.7
1 202 00 0.0 0.0 0.0 00 202 404
1002.0 00 00 208 0.0 00 209 1044.0
8 45 0.0 00 204 0.0 0.0 00 0.0 204
e3 0.0 00 207 0.0 0.0 00 0.0 207
14 0.0 00 189 0.0 0.0 0.0 00 18.9
43 0.0 0.0 257 0.0 0.0 0.0 0.0 257
44 0.0 00 153 0.0 0.0 00 0.0 15.3
a7 0.0 00 164 0.0 0.0 00 0.0 16.4
8 2 0.0 178 0o 0.0 0.0 0.0 0.0 17.8
&7 0.0 170 0.0 0.0 0.0 0.0 0.0 17.0
3 0.0 200 0.0 0.0 0.0 00 0.0 20.0
19 0.0 274 00 0.0 0.0 0.0 0.0 274
b1 0.0 334 00 0.0 00 00 0.0 B4
] 0.0 620 00 0.0 0.0 0.0 0.0 62,0
7 0.0 $53.9 0.0 0.0 0.0 0.0 0.0 839
80 00 1333 00 0.0 0.0 0.0 0.0 133.3
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Appendix Table 7.
Two-way colncidence table of epecies abundance (no/10m’) among station groups for egge In bongo samples, orulse POBD,
August 1980. Numbers in species groupe are apecies codes. See llst accompanying Appendix Table 1 for interpretation.

SPECIES QROUPS

STATION 1 2 3
QROUPS 150 200 F-14 243 156 ars s $00 283 23 15 247 TOTAL
1a 18 0.0 0.0 00 00 47 a7 47 00 0.0 00 0.0 0.0 L<R]
7 0.0 00 00 00 128 0 84 00 0.0 0.0 0.0 0.0 64.1
™ 0.0 0.0 0.0 00 84 19.2 448 0.0 0.0 0.0 0.0 0.0 705
[ J 0.0 0.0 0.0 0.0 15.0 450 825 225 00 0.0 0.0 00 1348
n 0.0 0.0 0.0 00 142 74 284 74 00 0.0 0.0 0.0 56.7
s 0.0 0.0 0.0 17 00 73 as 00 00 00 00 00 39.2
B 0.0 00 0.0 0.0 00 303 3ans 0.0 00 0.0 0.0 00 708
[ 4 0.0 0.0 00 0.0 0.0 77 1ns 00 00 00 0.0 0.0 19.2
L] 147 0.0 00 0.0 0.0 147 73 0.0 00 Q.0 0.0 00 440
i 42 0.0 0.0 0.0 0.0 00 00 65 0.0 0.0 0.0 0.0 00 2.0
] 0.0 0.0 0.0 0.0 0.0 0.0 (1] 0.0 0.0 0.0 0.0 0.0 13.0
n 0.0 00 00 0.0 00 0.0 63 0o 00 0.0 0.0 0.0 63
a 0.0 0.0 00 00 0.0 00 76 0o 00 0o 0.0 0.0 76
46 0.0 0.0 00 00 00 0.0 131 0.0 00 0.0 00 0.0 131
[ - 33 0.0 0.0 00 0.0 0.0 199 0.0 0.0 00 0.0 0.0 a2
58 0.0 0.0 0.0 0.0 0.0 0.0 63 83 0o 0.0 0.0 00 126
[} 0.0 0.0 70 00 790 0.0 349 0.0 0.0 00 70 0.0 5.8
n 0.0 0.0 0.0 00 45 0.0 83 0.0 0.0 0.0 0.0 0.0 40.9
2 0.0 00 0.0 00 00 556 0.0 00 0.0 00 0.0 0.0 59.6
[} 0.0 0.0 0.0 00 00 1108 0.0 00 0.0 0.0 0.0 00 2034
g 0.0 0.0 0.0 0o 0.0 163 0.0 0.0 00 0o 0.0 0.0 163
o 0.0 0.0 0.0 0.0 00 a8 0.0 0.0 00 00 0.0 0.0 e
1" 0.0 0.0 0.0 33 0.0 0 00 0.0 0.0 0.0 33 0.0 2396
E ] 8.0 1214 0.0 0.0 0.0 36.2 0.0 0.0 0.0 0.0 0.0 0.0 54.2
E 3 0.0 00 0.0 0.0 0.0 68 0.0 0.0 0.0 00 0.0 0.0 8
45 0.0 0.0 0.0 0.0 00 65 00 0.0 0.0 0.0 0.0 00 as
[ ] 0.0 00 0.0 0.0 00 $5 00 0.0 090 00 0.0 00 1.0
1 0.0 00 00 [ 24 LA 645 00 0.0 0.0 0.0 0.0 0.0 7086
49 0.0 00 0.0 0.0 128 o 0.0 0.0 00 0.0 00 00 0.8
1 0.0 0.0 0.0 00 as 3s 0.0 0.0 00 00 0.0 0.0 70
% 0.0 00 00 0.0 104 92 0.0 0.0 00 0.0 00 0.0 15.6
4 0.0 00 00 0.0 7.1 71 0.0 7.1 0.0 0.0 0.0 0.0 214
o) 0.0 0.0 00 00 25 0.0 0.0 13 0.0 0.0 0.0 0.0 394
“ 7.4 0.0 00 00 74 0.0 00 00 00 0.0 0.0 0.0 148
[ J 0.0 0.0 0.0 00 68 0.0 0.0 00 00 0.0 00 0.0 (1]
4 8 0.0 00 0.0 00 0.0 00 0.0 0.0 1102 4.1 %64 176 216.0
» 0.0 00 0.0 0.0 0.0 00 0.0 0.0 968 532 15.2 38 171.0
&0 0.0 0.0 0.0 0.0 00 0.0 00 0.0 406 296 74 1.1 887
1 0.0 0.0 0.0 00 0.0 00 0.0 00 .1 869 130 0.0 138.0
] 0.0 0.0 0.0 090 00 0.0 0.0 00 129.4 221 726 0.0 241
H 0.0 0.0 00 0.0 0.0 0.0 00 0.0 1500 %028 0.0 353 (-]
17 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 189 090 1] 0.0 16.9
1 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 56 56 00 1.2
[~} 0.0 0.0 0.0 0.0 00 0.0 0.0 00 0.0 108 54 00 16.2
»n 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 428 54 0.0 42
82 0.0 00 00 0.0 0.0 0.0 0.0 00 00 0.0 a1 00 a1
5 3 00 1068 0.0 00 0.0 0.0 00 00 0.0 0.0 0.0 00 106.8
2 0.0 as5 00 0.0 00 0.0 47 00 0.0 0.0 0.0 0.0 282
Fq] 0.0 19.8 0.0 00 0.0 00 0.0 0.0 0.0 132 0.0 0.0 3.0
0 0.0 0.0 54 0.0 00 0.0 00 0.0 00 0.0 00 00 5.4
¢ 97 0.0 0.0 0.0 00 00 00 0.0 0.0 6.6 19.7 0.0 0.0 263
] 0.0 00 00 0.0 0.0 0.0 0.0 0.0 31 $53 0.0 00 58.4
I 0.0 00 00 00 (A} 0.0 0.0 0.0 8.1 184 0.0 0.0 3.7
@ 0.0 0.0 64 0.0 0.0 00 0.0 0.0 64 1088 0.0 0.0 121.7
» 0.0 0.0 as 00 0.0 0.0 0.0 0.0 0.0 177 0.0 0.0 265
T4 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 485 0.0 0.0 485
4] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 588 0.0 0.0 ne
» 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 954 00 0.0 854
t 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 2448 0.0 0.0 2448
3 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 89 0.0 00 89
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 165 0.0 0.0 165
o7 0.0 [ 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 44 0.0 0.0 44
7T 10 0.0 0.0 0.0 76 0.0 00 0.0 0.0 0.0 00 0.0 00 76
" 0.0 00 0.0 82 0.0 0.0 0.0 00 00 00 00 0.0 82
2 00 00 0.0 58 00 0.0 0.0 0.0 0.0 0.0 00 0.0 58
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Appendix Table 8.

table of speck d {no./10m?) among station groupe for lasvae in bongo sampies, crulse POS0, August 1080,

groupe are ap codea. Se¢ list accompanying Appendix Table 1 for interpretation.
SPECIES GROUPS
STATION 1 2 3 4
GROUPS 18 x5 158 158 163 10 10 290 m 186 H3 42 m 7 4 s m TOTAL
1 € 0.0 102 0o (1] 00 ”ne M1 1ze 409 0.0 34 0.0 00 2.0 0.0 00 00 279
1 00 00 00 00 00 693 462 18 264 0.0 a0 0.0 0.0 0.0 (1] 00 [1] 2903
u 00 0o 00 34 00 1789 169 ™71 473 0.0 0.0 0.0 34 0.0 00 [ 1] 0.0 11000
k14 00 (1] 0.0 [J ] 00 N7 87 408 a7 o0 [ 1} 00 0.0 0.0 (J] 00 0.0 a7
o 00 00 00 00 (] 245 a0 354 265 0.0 00 ao ao 00 a0 0.0 0.0 %
“ 00 0.0 74 o0 00 ()0 ] 148 26 74 (1] 0.0 0.0 0.0 74 00 0.0 00 1185
“ 71 423 00 00 [J ] 124 495 T84 na 0.0 [X} 0.0 71 71 00 0.0 00 Qs
] 1689 79 00 00 139 "o e 79 318 (L] a0 Qo 00 0.0 00 00 oo 202
23 93 48 0.0 00 00 04 L1 &) ”2 00 00 0.0 0.0 0.0 0.0 0.0 [-X} a0 1672
12 92 00 00 00 [J] A )] 399 U0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 31 2800
13 00 108 00 00 0o ms 03 20720 00 ao 00 a0 ao 0.0 00 00 00 am.o
n 00 0.0 47 00 (1] g8 141 08 [.1] 00 [X} 0.0 ao 0.0 00 0.0 (L] ®7.0
] $2 52 104 82 52 ns 188 2250 ao a0 0.0 a0 00 0.0 00 0.0 0.0 2540
15 47 37 00 00 00 N1 47 1M790 47 0.0 0.0 0.0 0.0 0.0 47 00 00 11920
3 181 00 181 80 00 402 121 15070 221 Qo 0.0 0.0 a0 0.0 (1) 0.0 0.0 16270
4o 43 0.0 L 1) 43 00 28 43 1240 as 0.0 00 0.0 0.0 0.0 00 00 0.0 ma
5 00 00 2e 00 00 a0 82 w2 uS 0.0 0.0 ao ao ao (1] [ 1] 00 “az7
= 00 [J] 00 o0 00 00 65 4088 00 0.0 0o ao 0.0 00 0o 00 0.0 012
«2 [ 1} 0.0 00 oo 10 195 290 920 435 0.0 0.0 (1] ao 0.0 00 0.0 00 1733
L1 76 00 00 (1] o0 181 =27 27 1740 20 0o ao ao 0.0 00 0.0 0.0 21
*® Q0 00 00 44 44 44 44 E4F ] [ )] a0 0.0 Qo ao 0.0 00 00 00 178
- 00 (.1} 42 0o 42 [ &) 42 42 [ &) 0.0 0.0 00 0.0 0.0 00 a0 0.0 E<b
n 00 (1] 00 00 182 48 [ AT 1] 00 ] (1] 1] (1] 0.0 00 00 0.0 ns
a M ns9 00 28 0 00 2 179 00 00 oo 00 0.0 0.0 00 0o [J4] 0.0 1012
[ — N 2 163 82 00 - M3 __ 16 &2 _ 00 a0 Q0 00 00 00 00 00 00— ®7
] 0.0 [T] S8 96 157 "1 ey (1] 00 (1] 00 00 0.0 00 00 00 0o 557
a 00 00 59 89 00 59 59 00 00 0.0 0.0 0.0 0.0 0.0 0.0 [ X} 00 a6
L] [ L] 00 (1] [ 1} 00 00 [T} a3 00 a0 0.0 00 0.0 a0 (-1} 00 (1] 24
= 00 00 (> 00 00 00 00 a0 00 0.0 0.0 0.0 0.0 0.0 00 00 00 13
[ ] 00 (X} 58 090 00 (1.} 00 00 00 0.0 Qo 00 [1 00 0.0 00 00 16
% 68 0.0 95 R A ] (1] 00 (.1} 00 00 28 0.0 ao 00 0.0 55 [1] LE] 0.0 27
[ 14 00 128 128 00 00 00 192 0.0 20 0.0 0.0 ao 0.0 00 64 00 00 823
[ 00 NS 192 [1] (1] ns ns on 192 0.0 0.0 e (1] 00 0.0 77 00 [ T]
L} [- X} »n7 M7 ~ on 00 00 M7 [+ [ +] 0.0 ao Qo (.U} 00 an? 123 08 4807
3 W 00 00 00 71 w1 00 1.} 00 a2 ao a0 00 0.0 71 00 00 0.0 494
2 00 20 00 22 %8 [T} 29 00 M4 0.0 a0 (1] 0.0 0.0 00 00 [ X} 04
™ 64 0.0 128 (7] [ 7} a0 00 00 64 0.0 0.0 00 0.0 0.0 0.0 0.0 00 334
- 47 (1] oo 4 a7 [J] a0 ao 9 00 0.0 0.0 0.0 a0 00 00 0.0 a9
L 00 00 0.0 73 00 00 00 00 .11} 00 0.0 (1] 0.0 73 0.0 00 a0 294
4 5 00 00 03 00 0.0 % 228 00 1102 0.0 0.0 0.0 [ 1 0.0 0.0 o 0.0 a12s
s 00 18 150 75 00 974 s (1} 60.0 0.0 00 a0 (.1 0.0 00 0.0 0.0 24
14 0.0 32 00 00 0.0 449 160 00 609 0.0 0.0 a0 0.0 a0 00 0.0 0.0 1250
™ 00 00 00 71 00 142 71 00 %4 ao 0.0 ao 0.0 0.0 00 0.0 0.0 &as
ke 0.0 0.0 00 1n3 0.0 56 na 00 13 0.0 0.0 0.0 00 "l 0.0 0.0 00 506
” 00 (1] 00 (3] (1] 00 61 (1] [} (1] 0.0 00 [ U] 0.0 00 0.0 00 246
- 00 00 (1] 00 (1] 18 (7] 00 203 0.0 00 [1] 0.0 0.0 0.0 00 00 s4.1
B [ X} 0.0 0.0 00 0 109 63 00 [ F] 00 00 &3 0.0 0.0 0.0 [-1.] 00 378
] 00 00 00 00 00 10 00 00 130 00 ao [.1] 00 0.0 0.0 00 0.0 6
54 0.0 oo ap 139 00 AL o0 00 1744 00 0.0 129 0.0 0.0 0.0 0.0 0.0 262
a2 0.0 a0 00 00 00 L} ) 00 00 M7 0.0 [T} 0.0 0.0 0.0 00 00 [ 1] 403
- (.1} 00 00 00 00 126 00 (1] 736 a0 0.0 0.0 0.0 0.0 0.0 00 00 882
4 00 00 0.0 00 00 kT 00 00 397 0.0 0.0 0.0 0.0 0.0 0.0 00 00 4030
n 0o 00 00 00 00 247 00 00 494 0.0 0.0 0.0 0.0 0.0 0.0 82 (1] 23
5 u 00 0.0 00 00 93 00 w &2 0.0 0.0 [ L] EA (1] 00 00 00 619
7 24 24 00 00 00 96 (1] 00 ana 0.0 24 (X} 0.0 0.0 0.0 0.0 00 101.1
2 20 00 0.0 (.1} 00 (1] 00 00 1791 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 12
5a 10 00 00 00 00 00 2.0 00 e 433 0.0 0.0 0.0 [ 1] 0.0 0.0 0o 0.0 491
“ 00 00 [X} (1] 00 00 a0 64 64 0.0 00 (-1} 0.0 0.0 00 00 00 128
20 0.0 00 00 00 00 49 00 49 49 00 0.0 0.0 49 0.0 00 00 00 198
L 0.0 00 L1} 00 0.0 00 0.0 84 a0 0.0 S4 0.0 00 0.0 00 00 0.0 107
3 0.0 00 00 00 0o Qo [ 1} a0 200 0.0 30 00 0.0 0.0 00 0.0 00 268
9 0.0 (1 0.0 00 (-1} 00 0o (.1 63 a2 32 0.0 0.0 0.0 0.0 0.0 0o 126
9 00 00 00 00 0.0 (.1} 0.0 00 [ 1] [ L} a0 as 0.0 0.0 0o 0.0 00 198
5 » 00 00 00 00 00 ao 00 00 00 14 0.0 0.0 0.0 0.0 00 0.0 00 14
7 (] 0.0 00 00 0.0 ao 00 (1] [ 1] 81 0.0 00 00 0.0 00 00 00 [§]
50 51 00 (1] 00 00 00 0.0 00 00 00 0.0 o (X ] 0.0 0.0 00 0.0 00 &6
83 00 oo (1] 0.0 0o 00 0o (1) 0.0 0.0 0.0 5.4 0.0 00 0.0 1] 0.0 34
e 17 00 ] 00 [ 1] 00 00 00 00 [X] [ 0.0 0.0 00 0.0 00 00 00 se
13 0.0 00 00 00 00 00 00 00 86 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 L2 3
L ] 00 0.0 00 00 00 00 [ X 00 [L] 0.0 0.0 0.0 0.0 0.0 00 00 a.0 LE]
57 oo a0 00 00 0.0 00 0.0 00 71 0.0 0.0 0.0 0.0 00 00 00 0.0 EA
8 00 00 00 00 00 ao 0.0 00 44 9.0 0.0 0.0 0.0 0.0 00 00 0.0 178
7 00 00 a0 (-1 00 00 (1} 00 44 0.0 0.0 0.0 0.0 0.0 00 00 00 7
1 00 00 00 0o 0.0 00 00 00 43 0.0 0.0 0.0 0.0 0.0 00 0.0 00 43
16 00 00 00 00 00 Qo 0.0 00 140 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 451
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Appendix Figure 3.
Sampling stations, positions, and cruise track for cruise DA81 (October/November 1981).
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x Table 10,
Two-way colncidence table of species abundance (no./1000m™) among station groups for larvae in neuston samples,
Crulse DA81, Octob 1881, Numbers in species groups are species codes. See list accompanying
Appendix Table 1 for interpretation.
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STATION 1 2
ROUPS. 17 Fie 287 1 178 1 200 TOTAL
1% 0.0 116 215 00 0s 0.0 00 0.0 Ea8)
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51 00 14 455 00 0.0 09 00 0.0 569
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Appendix Table 11.
Two-way coincidence table of species abundance (no./10m?) among station groups for eggs ln bongo umphs crulss DAB1,

1981. in species groups are spacies codes. See list ying App Table 1 tor k
SPECIES GROUPS
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(1] 58 58 00 173 58 0.0 00 0.0 00 0.0 0.0 0.0 4.6
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[ 1.6 58 0.0 00 174 0.0 00 00 00 0.0 00 00 u0
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M 00 00 s 00 43 0.0 0.0 0.0 00 0.0 0.0 00 128
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[T} 62 0.0 0.0 62 62 o1 090 0.0 0.0 0.0 00 00 9.0
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(7] 0.0 0o 0.0 57 00 0.0 00 0.0 00 0.0 0.0 00 57
67 0.0 00 0.0 4 0.0 00 0.0 46 00 0.0 0.0 00 92
50 0.0 00 00 25 00 0.0 54 0.0 00 0.0 0.0 00 78
4 & 0.0 00 0.0 00 00 9.0 00 0.0 00 0.0 0.0 00 90
15 0.0 00 0.0 0.0 00 9.3 090 00 0.0 0.0 00 00 139
57 0.0 00 00 00 1] (3] 00 0.0 0.0 0.0 0.0 00 6.1
75 0.0 0.0 0.0 00 00 414 00 00 0.0 0.0 0.0 00 414
[ ) 0.0 00 0.0 0.0 00 429 00 0.0 00 0.0 0.0 00 429
5 2 0.0 00 00 00 00 00 00 0.0 0.0 00 36 3975 4209
25 0.0 00 0.0 0.0 00 0.0 00 00 0.0 00 31 2095 478
19 00 00 0.0 00 00 0.0 00 0.0 00 00 520 2376 296
1 0.0 0.0 00 00 00 0.0 00 0.0 0.0 00 7 679 9.5
15 0.0 00 0.0 0.0 00 00 00 00 218 00 131 4798 514.7
16 0.0 00 0.0 0.0 0o 0.0 00 0.0 00 150 50 847 147
a1 0.0 00 00 125 00 00 0o 0.0 00 0.0 131.7 14550 1611.0
2 0.0 00 0.0 0.0 00 0.0 00 0.0 0.0 0.0 00 179 17.9
2 0.0 00 0.0 0.0 00 0.0 0.0 00 00 0.0 0.0 57 57
80 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.0
87 0.0 (1) 0.0 00 00 0.0 57 0.0 00 0.0 57 00 113
6 4 0.0 00 0.0 59 (1] 0.0 00 4“4 177 59 581 6870 1017.0
48 0.0 00 0.0 47 00 0.0 00 1318 1412 47 612 43430 52020
61 0.0 00 0.0 0.0 48 0.0 00 2179 678 A5 1598 12450 17100
-] 0.0 0.0 0.0 0.0 0.0 0.0 00 5916 466 47 699 3354 1062.0
a7 0.0 00 00 48 00 0.0 00 480 720 384 40 44620 4634.0
] 0.0 00 00 00 00 0.0 00 2421 NI 0.0 00 61230 6399.0
26 0.0 00 0.0 00 00 0.0 0.0 2’2 13 0.0 00 621 101.6
27 00 00 0.0 00 00 0.0 00 359 120 0.0 00 419 89.0
109 0.0 00 0.0 0.0 00 00 00 104.9 0.0 0.0 00 N5 1364
] 0.0 00 0.0 0.0 00 0.0 (1] 1.6 58 0.0 0.0 00 174




Appendix Table 12.
Two-way colncidence tabie of epecies abundance (nojwmz) among station groups for larvae in bongo samples, cruise DABT,
October/Novernber 1981. Numbers in species groupe are species codes. See list accompanying App Table 1 for Interpretation

CEB GROUPS
STATION 1a i 2 3
QROUPS 7712 288 156 162 163 %4 152 74 268 ;4 ze 3 @0 74 VOTAL
1 34 43 85 43 2258 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q27
] 58 18 59 59 18 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 43
7 0.0 50 00 452 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 55.3
[ ] 0.0 8.7 0.0 67 201 0.0 6.7 0.0 0.0 134 a7 0.0 0.0 134 87.3
119 0.0 128 0.0 18.2 6.4 0.0 0.0 0.0 0.0 00 128 0.0 0.0 6.4 57.7
w7 0.0 0.0 67 202 6.7 0.0 0.0 0.0 0.0 134 0.0 0.0 00 269 80.6
% 00 53 00 106 53 53 0.0 106 0.0 0.0 53 0.0 0.0 00 425
[ 0.0 0.0 00 46 9.2 46 0.0 48 0.0 0.0 9.2 0.0 0.0 0.0 22
™ 0.0 20 00 1149 1S5 87 0.0 00 87 0.0 s7 0.0 0.0 0.0 183.9
L] 006 187 0.0 6. 62 62 0.0 0.0 0.0 0.0 00 00 0.0 0.0 499
8 0.0 0.0 0.0 [1.] 49 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 19.5
120 0.0 0.0 0.0 [ 24 49 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 146
kel 0.0 0.0 0.0 6.4 84 0.0 0.0 00 00 0.0 0.0 00 0.0 0.0 19.3
1 0.0 0.0 0.0 115 230 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 us
& 0.0 00 240 $8 58 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 403
18 0.0 00 65 65 85 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 194
20 00 0.0 0.0 00 100 00 0.0 0.0 00 50 00 0.0 0.0 0.0 149
[ 4] 0.0 0.0 0.0 0.0 5.4 0.0 00 0.0 00 54 00 0.0 0.0 0.0 162
100 0.0 0.0 0.0 0.0 72 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 72
1 0.0 0.0 0.0 0.0 0.0 7.0 70 0.0 0.0 00 0.0 0.0 0.0 0.0 139
12 0.0 00 0.0 0.0 0.0 0.0 46 0.0 00 0.0 0.0 00 0.0 0.0 46
81 0.0 0.0 00 62 0.0 0.0 8.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.6
[ 0.0 0.0 0.0 sS4 204 0.0 5.1 0.0 0.0 0.0 00 0.0 0.0 0.0 0.5
5 0.0 0.0 0.0 0.0 184 123 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 429
1 0.0 0.0 0.0 0.0 0.0 45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 45
74 18 0.0 0.0 00 177 0.0 58 0.0 0.0 0.0 0.0 0.0 0.0 0.0 a5
m 105 0.0 00 70 140 0.0 0.0 0.0 0.0 0.0 (X 0.0 0.0 35 »5
] 138 0.0 00 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 138
2 7 00 0.0 58 0.0 0.0 0.0 0.0 0.0 00 112 168 0.0 568 0.0 02
= 0.0 0.0 4.7 0.0 0.0 0.0 0.0 00 0.0 94 0.0 00 00 0.0 4.1
113 0.0 151 76 00 151 0.0 0.0 0.0 00 168 0.0 00 0.0 0.0 454
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 44 0.0 0.0 0.0 0.0 44
28 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 134 0.0 0.0 0.0 0.0 134
70 0.0 0.0 0.0 $.7 00 0.0 0.0 0.0 0.0 57 5.7 0.0 0.0 0.0 B4
123 0.0 0.0 0.0 13.0 0.0 0.0 0.0 0.0 0.0 65 130 00 0.0 00 2s
02 0.0 0.0 0.0 (X 0.0 0.0 0.0 (1] 0.0 66 134 0.0 0.0 0.0 46.0
206 0.0 00 0.0 6.4 0.0 0.0 0.0 0.0 0.0 6.4 0.0 0.0 0.0 0.0 127
ksl 0.0 0.0 67 133 0.0 0.0 0.0 00 0.0 0.0 6.7 0.0 0.0 0.0 2.6
7% 0.0 0.0 69 27 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 a8
] 0.0 0.0 -1 136 0.0 0.0 0.0 138 0.0 00 0.0 0.0 0.0 0.0 40.7
a4 00 0.0 86 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 (1]
I 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 00 00 5.7 00 57
L4 0.0 00 0.0 00 00 0.0 0.0 00 00 00 0.0 00 0 00 40
L] 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48 0.0 090 0.0 97 0.0 145
n 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 (-] 0.0 00 65 131
[ ] 0.0 0.0 0.0 0.0 0.0 090 0.0 0.0 0.0 0.0 0.0 00 0.0 134 134
8t 0.0 0.0 0.0 090 0.0 00 0.0 0.0 58 0.0 0.0 0.0 00 58 1.6
[ 4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 5.7 0.0 0.0 87
[ 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 57 0.0 0.0 1n4
% 0.0 74 00 00 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 00 143
e 0.0 86 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 090 0.0 173
T 53 10.7 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 73
4 & 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.1 0.0 00 0.0 0.0 0.0 00 18.2
25 0.0 0.0 0.0 0.0 0.0 0.0 00 6.0 0.0 0.0 0.0 00 0.0 00 6.0
] 0.0 0.0 0.0 0.0 0.0 00 0.0 55 0.0 0.0 0.0 0.0 0.0 0.0 55
4 00 0.0 0.0 0.0 0.0 0.0 0.0 12 0.0 00 0.0 0.0 0.0 0.0 1.2
wr 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 185
00 0.0 0.0 0.0 0.0 00 0.0 0.0 82 0.0 00 0.0 0.0 0.0 0.0 “ue
<0 0.0 0.0 65 0.0 0.0 00 0.0 29 0.0 0.0 00 0.0 0.0 00 s
[ 00 0.0 0.0 0.0 0.0 0.0 0.0 107 0.0 54 0.0 00 0.0 0.0 161
(o4 00 0.0 0.0 5.1 0.0 00 0.0 23 841 $4 00 0.0 0.0 0.0 »6
= 0.0 0.0 0.0 0.0 0.0 00 0.0 5.6 $6 0.0 0.0 0.0 0.0 0.0 113
[ od 0.0 0.0 0.0 174 114 0.0 0.0 853 0.0 0.0 0.0 00 0.0 0.0 1138
159 0.0 0.0 00 262 175 0.0 0.0 175 00 0.0 0.0 00 0.0 0.0 1048
® 0.0 00 0.0 165 165 0.0 0.0 20 00 110 0.0 0.0 0.0 0.0 6.0
« 0.0 0.0 0.0 0.0 46 0.0 0.0 9.2 0.0 0.0 0.0 0.0 00 46 183
0 0.0 0.0 0.0 0.0 6.6 0.0 0.0 198 0.0 0.0 0.0 6.6 0.0 0.0 .9
41 0.0 0.0 0.0 0.0 0.0 00 00 &1 3198 e3 0.0 0.0 0.0 6.3 420.1
45 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ®2 277 0.0 0.0 0.0 0.0 0.0 3420
124 0.0 0.0 0.0 0.0 65 0.0 6.5 1434 30912 63 0.0 13.0 0.0 0.0 $67.2
122 0.0 0.0 0.0 03 0.0 0.0 47 2195 9.3 0.0 0.0 0.0 0.0 0.0 2568
48 0.0 0.0 0.0 0.0 0.0 0.0 0.0 84 188 0.0 0.0 141 47 47 %5
[} ] 0.0 0.0 0.0 00 0.0 0.0 0.0 87 &Ai 0.0 0.0 48 87 97 00
8 & 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1ns a7 115 344 0.0 0.0 0.0 86.0
L 0.0 0.0 00 0.0 0.0 0.0 00 18.1 6.0 60 4 00 0.0 00 60.2
40 0.0 0.0 0.0 0.0 0.0 0.0 00 70.1 1.7 135 58 0.0 0.0 0.0 1169
» 0.0 0.0 00 X0 00 0.0 0.0 200 550. 150 100 00 00 0.0 1350
® 0.0 00 0.0 0.0 0.0 0.0 0.0 4723 0.0 105 53 0.0 0.0 53 ne
a8 0.0 0.0 0.0 0.0 0.0 58 0.0 29 0.0 58 1§ 0.0 0.0 00 S20
43 0.0 0.0 0.0 0.0 0.0 0.0 0.0 15.3 0.0 00 26 0.0 00 0.0 459
[ ] 00 0.0 0.0 0.0 00 0.0 0.0 113 0.0 00 13 0.0 0.0 0.0 83
80 0.0 0.0 0.0 54 0.0 0.0 0o 163 00 0.0 5.4 00 0.0 0.0 25
w02 00 0.0 83 0.0 0.0 0.0 0.0 53 0.0 00 108 00 0.0 0.0 423
-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 85 00 00 0.0 85
3 0.0 00 0.0 00 00 0.0 0.0 0.0 0.0 0.0 87 0.0 00 0.0 57
” 0.0 090 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 6.9 0.0 0.0 0.0 6.9
101 0.0 0.0 0.0 00 $.3 0.0 00 0.0 0.0 00 107 0.0 0.0 0.0 2.7
4 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 114 57 226 00 0.0 0.0 458
o 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 00 &9 0.0 00 0.0 4“9
“ 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 65 0.0 65 0.0 0.0 00 128
42 0.0 0.0 0.0 59 00 0.0 0.0 00 4376 0.0 5.9 0.0 58 00 467.1
¢ 18 00 0.0 0.0 S8 0.0 0.0 00 0.0 0.0 00 00 0.0 00 0.0 58
o 0.0 0.0 0.0 58 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 116
L) 0.0 0.0 0.0 54 00 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 5.4
10 0.0 0.0 0.0 6.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 8.7
72 0.0 0.0 0.0 62 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 6.2
9 00 0.0 0.0 19.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 19.0
33 0.0 00 00 22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 00 6
0 00 0.0 0.0 133 0.0 0.0 0o 00 0.0 0.0 00 (1] 0.0 0.0 13.3
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Appendix Figure 4.
Sampling stations, positions, and cruise track for cruise MF83 (November/December 1983).
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Appendix Table 13
Two-way coincidence table of species abundance (no.ﬁDUOrrP] among station groups tor ggs In neuston
sampies, quise MFB3, Novembar/December 1983. Numbers In species groups are species codes.
Sea list accompanying Appendix Table 1 for Interpretation.

BSPECIES GROUPS
STATION 1 2
GROUPS 248 263 247 235 2 299 274 285 156 TOTAL
1a 12 00 0.0 0.0 0.0 00 0.0 0.0 378 126 503
[ ] 0.0 0.0 0.0 0.0 0.0 0.0 00 04 145 7.8
0.0 00 0.0 0.0 0.0 0.0 0.0 234 127 381
43 00 00 0.0 0.0 00 0.0 00 355 35 na
" 0.0 00 0.0 0.0 00 0.0 00 114 1M1 21
76 0.0 0.0 0.0 0.0 0.0 00 0.0 10.7 843 75.0
21 00 0.0 0.0 0.0 0.0 00 134 87 134 535
0 0.0 00 0.0 0.0 0.0 00 136 272 136 68.1
[ 0.0 0.0 0.0 0.0 0.0 00 125 7.6 125 82.7
2 0.0 0.0 0.0 0.0 00 0.0 5161 1320 120 6842
44 0.0 0.0 0.0 0.0 09 0.0 83 374 125 149.7
5 00 00 0.0 0.0 090 0.0 16.8 00 S04 672
i 28 0.0 00 0.0 0.0 00 00 00 0.0 25.0 5.0
1) 0.0 0.0 0.0 0.0 00 0.0 00 00 %3 33
7 00 00 0.0 0.0 00 0.0 0.0 00 248 246
2 00 00 0.0 0.0 00 0.0 0.0 0.0 4.0 46.0
30 0.0 00 0.0 0.0 00 00 00 00 13.0 130
2 0.0 0.0 0.0 0.0 00 0.0 0.0 00 124 124
27 0.0 0.0 0.0 0.0 00 00 0.0 00 1ns "5
[} 00 0.0 0.0 0.0 0.0 0.0 00 00 15.0 1590
a 26.1 S22 783 &221 13.0 261 0.0 00 00 1017.8
N 3.0 398 1193 8084 133 0.0 00 0.0 0.0 1033.7
8 207 3719 0.0 1550 1963 723 0.0 0.0 00 816.1
s 242 49 362 7127 9060 124 00 0.0 0.0 21503
2 1.8 00 00 2601 1064 0.0 00 00 0.0 3783
100 0.0 0.0 67.0 3482 782 0.0 0.0 0.0 0.0 4914
5 109 109 219 10.9 547 0.0 00 00 0.0 120.4
37 00 2569 0.0 0.0 1452 0.0 00 090 0.0 4133
38 0.0 509 0.0 25.4 %54 00 00 0.0 0.0 1017
» 8 0.0 0.0 0.0 0.0 128 0.0 0.0 00 0.0 126
9 00~ 00 0.0 0.0 A1 00 00 0.0 00 341
11 0.0 00 13.0 0.0 27138 00 0.0 00 00 2868
9 00 0.0 0.0 0.0 125 00 00 125 0.0 249
[ 0.0 00 0.0 0.0 L) 0.0 385 122 00 853
s 52 00 09 0.0 13.0 00 130 00 090 00 59
® 00 00 0.0 25.2 00 126 00 00 00 arz?
58 0.0 00 00 365 00 00 00 00 0.0 kX
101 00 0.0 00 253 0.0 0.0 0.0 00 00 23
56 0.0 00 0.0 0.0 0.0 102 0.0 0.0 00 102
51 0.0 00 0.0 0.0 0o 129 00 00 0.0 129
4 10 0.0 0.0 0.0 0.0 00 0.0 00 1n7 00 17
107 0.0 0.0 0.0 0.0 0.0 00 00 1nry 00 1.7
» 00 00 0.0 0.0 00 0.0 0.0 13 00 M4
80 0.0 00 0.0 0.0 0.0 00 00 121 0.0 24.1
L) 00 0.0 0.0 0.0 0.0 00 0.0 128 00 128
o 0.0 0.0 0.0 0.0 00 0.0 00 128 00 128
8 00 00 0.0 0.0 00 00 00 129 090 129
26 00 090 0.0 0.0 00 0.0 0.0 126 00 120
14 0.0 00 0.0 0.0 0.0 00 00 112 00 "2
88 0.0 00 0.0 0.0 0.0 00 0.0 112 0.0 12
15 00 00 0.0 0.0 0.0 0.0 0.0 11.0 0.0 1.0
n 00 0.0 0.0 0.0 0.0 00 00 106 00 425
40 0.0 00 0.0 0.0 0.0 0.0 00 143 00 143
L4 0.0 00 0.0 0.0 00 0.0 00 140 0.0 14.0
13 0.0 0.0 0.0 0.0 00 0.0 0.0 544 0.0 54.4
18 0.0 00 0.0 0.0 00 0.0 0.0 §1.8 00 $1.8
17 0.0 0.0 0.0 0.0 00 0.0 00 459 00 4.9
2 0.0 00 0.0 0.0 00 0.0 0.0 a5 0.0 $93
[} 0.0 00 0.0 0.0 00 0.0 0.0 363 0.0 363
[ ] 0.0 00 0.0 0.0 0.0 0.0 0.0 349 0.0 349
16 00 0.0 0.0 0.0 0.0 0.0 0.0 389 00 389
23 0.0 00 0.0 0.0 0.0 0.0 0.0 28 0.0 2.8
e ] 0.0 00 0.0 0.0 090 00 0.0 26.0 00 26.0
24 0.0 0.0 0.0 0.0 0.0 0.0 00 . 240 00 240
5 45 0.0 00 0.0 0.0 00 0.0 249 124 00 373
55 00 00 0.0 0.0 00 00 3.7 128 0.0 85
5 0.0 0.0 0.0 0.0 00 00 M5 1ns$ 0.0 460
49 0.0 0.0 0.0 0.0 00 0.0 20.5 102 00 307
b 0.0 0.0 [X] 0.0 0.0 0.0 106 106 0.0 212
36 0.0 0.0 0.0 0.0 0.0 0.0 9.9 99 0.0 197
50 0.0 00 0.0 0.0 0.0 0.0 19 118 00 28
42 0.0 00 0.0 0.0 00 0.0 13 A5 0.0 46.0
47 0.0 0.0 0.0 0.0 00 0.0 106 3.8 0.0 24
54 0.0 0.0 0.0 0.0 0.0 00 13$ 3.9 00 673
74 0.0 00 0.0 0.0 0.0 0.0 130 39.0 00 51.9
25 0.0 0.0 0.0 0.0 0.0 0.0 282 383 0.0 655
59 0.0 0.0 0.0 0.0 0.0 00 5.4 2.1 00 100.5
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Appendix Table 14.
Two-way coincldence table of species abundance (no./1000m>) among station groups for larvae
In neuston samples, cruise MF83, November/December 1883. Numbers in species groups are
species codes. See list accompanying Appendix Table 1 for interpretation.

SPECIES GROUPS
STATION 1 2

GROUPS 178 F1e] 1 177 234 162 287 TOTAL
18 2 0.0 0.0 0.0 0.0 0.0 460 153 613
75 0.0 0.0 0.0 0.0 0.0 336 18.8 504
53 0.0 0.0 00 0.0 0.0 365 244 60.9
108 0.0 00 0.0 0.0 0.0 223 223 445
[ ] 0.0 0.0 00 0.0 00 200 3.4 724
8 0.0 0.0 0.0 0.0 0.0 364 6.4 729
105 0.0 00 0.0 0.0 0.0 393 528 91.8
0 0.0 0.0 00 0.0 0.0 90.1 30.0 120.1
[ 0.0 00 0.0 0.0 0.0 100.9 4.9 1458
2 0.0 00 00 0.0 0.0 61.8 247 86.5
L] 0.0 0.0 0.0 0.0 0.0 012 36.7 97.9
55 0.0 0.0 0.0 0.0 0.0 312 25.7 2569
67 0.0 0.0 0.0 0.0 0.0 158 129 1287
87 0.0 0.0 0.0 0.0 0.0 9 123 86.2
36 0.0 0.0 00 0.0 0.0 99 394 493
47 0.0 0.0 0.0 0.0 0.0 106 31.8 424
[} 00 0.0 0.0 0.0 0.0 135 23.0 345
6 0.0 0.0 0.0 0.0 0.0 165 185 331
13 00 0.0 00 0.0 0.0 125 125 25.0
61 0o 0.0 0.0 0.0 0.0 121 846 96.7
[ 0.0 0.0 0.0 0.0 0.0 122 973 109.4
50 00 00 00 11.9 0.0 1180 2023 3332
54 0.0 00 0.0 0.0 0.0 12521 135 1279.4
5 00 00 00 0.0 0.0 1867 T 00 1887
20 00 0.0 00 0.0 0.0 781 0.0 781
66 0.0 00 0.0 0.0 0.0 349 0.0 349
25 0.0 00 00 0.0 0.0 1349 0.0 131
104 0.0 00 00 0.0 0.0 125 0.0 125
5 0.0 0.0 0.0 0.0 0.0 17 0.0 17
2 00 89 0.0 0.0 0.0 00 0.0 99
9 00 249 0.0 0.0 0.0 0.0 0.0 249
18 00 1165 0.0 0.0 0.0 0.0 0.0 1165
103 207 0.0 0.0 0.0 00 0.0 310
m 782 130 00 0.0 0.0 0.0 0.0 1043

19 00 3602 00 11.6 0.0 00 232
u 00 255 00 00 0.0 0.0 128 383
0.0 507 00 0.0 0.0 254 88.8 1648
2 0.0 00 120 0.0 0.0 00 480 60.0
43 0.0 00 1"nsa 0.0 0.0 118 355 592
™ 0.0 0.0 18 0.0 0.0 0.0 0.0 115
12 0.0 377 128 0.0 0.0 128 0.0 628
[ o4 12.1 00 0.0 0.0 0.0 0.0 0.0 36.2
] 1.4 00 0.0 0.0 0.0 00 0.0 114
86 126 0.0 0.0 00 0.0 00 25.2 378
103 1214 0.0 00 0.0 0.0 00 121 242
s 58 0.0 00 00 122 0.0 00 0.0 122
[l 0.0 00 00 126 0.0 00 0.0 126
9% 00 00 00 11.2 0.0 00 . 00 1.2
98 00 00 0.0 1.7 0.0 00 0.0 1.7
100 0.0 00 00 223 0.0 00 0.0 223
4 7 00 0.0 00 0.0 0.0 0.0 233 233
27 0.0 00 00 0.0 0.0 00 23.0 230
62 0.0 00 00 0.0 0.0 00 237 237
2 0.0 0.0 00 0.0 0.0 0.0 23.6 355
9 0.0 0.0 0.0 0.0 0.0 00 20.7 20.7
12 0.0 00 090 0.0 0.0 00 25.2 25.2
59 0.0 0.0 0.0 0.0 0.0 00 25.1 251
20 0.0 0.0 0.0 0.0 0.0 00 265 26.5
S0 0.0 00 00 0.0 0.0 00 21.2 272
L] 0.0 0.0 0.0 0.0 0.0 00 348 348
" 0.0 0.0 00 0.0 0.0 00 232 N2
16 0.0 00 0.0 0.0 0.0 0.0 389 389
" 0.0 00 0.0 0.0 0.0 00 3.8 398
23 0.0 0.0 0.0 0.0 0.0 0.0 81.7 81.7
46 0.0 0.0 00 0.0 0.0 0.0 $0.7 50.7
76 0.0 0.0 0.0 0.0 0.0 0.0 83.6 536
24 00 00 0.0 0.0 0.0 0.0 84.0 840
a8 0.0 00 0.0 0.0 0.0 00 1001 1001
32 0.0 0.0 00 0.0 0.0 00 129 129
70 0.0 00 0.0 0.0 0.0 0.0 13.0 130
“ 0.0 0.0 00 0.0 0.0 0.0 128 128
21 0.0 0.0 0.0 0.0 0.0 0.0 134 134
4“ 00 0.0 00 0.0 0.0 00 125 25.0
45 0.0 0.0 00 0.0 0.0 00 124 124
13 0.0 00 00 0.0 0.0 0.0 109 109
14 0.0 0.0 00 0.0 0.0 0.0 11.2 1.2
@& &5 0.0 0.0 0.0 0.0 1.5 0.0 345 46,0
L] 0.0 0.0 0.0 0.0 143 0.0 43.0 573
as 0.0 0.0 00 0.0 11.9 00 na 82
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x Table 15.

Two-way table of sp b (no./10m?) among station groups for eggs in bongo samples, cruise MF83,
) ber/D: ber 1983. Numbers in sp groups are species codes. See list accompanying Appendix Table 1 for interpretation
SPECIES GROUPS
STATION 1s b 2
GROUPS 150 151 285 158 274 3 261 F1a) ) 35 TOor
1a A 194 65 65 0.0 00 129 00 00 0.0 0.0 0.0 0.0 00 452
[ 3s9 179 120 0.0 00 120 00 00 00 0.0 0.0 0.0 00 7
™ 400 50 50 0.0 0.0 50 00 [T} 0.0 0.0 00 00 00 550
L] [ 1] 43 43 0.0 0.0 (X3 0.0 00 0.0 0.0 0.0 00 00 30.1
1 85 65 129 0.0 00 38e 0.0 00 0.0 00 00 00 00 64.7
& 195 49 22 0.0 0.0 9.7 00 49 0.0 00 0.0 00 0.0 €8.2
» 109 63 N5 63 0.0 63 00 00 0.0 0.0 0.0 0.0 00 75.6
7 481 B9 102 5.1 0.0 51 0o (] 0.0 0.0 00 0.0 00 107.6
13 17 0.0 (%] 0.0 69 206 00 00 00 0.0 0.0 00 09 401
8 178 00 235 0.0 00 N7 00 00 00 0.0 0.0 0.0 00 528
15 120 0.0 (1] (1] 00 240 00 00 00 0.0 0.0 0.0 00 40.1
] 21.0 140 70 0.0 0.0 0.0 00 [T 0.0 0.0 0.0 00 00 420
[ 125 62 82 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 250
7 ns 63 128 0.0 0.0 0.0 0o 00 0.0 0.0 0.0 0.0 0.0 50.4
n 103 0.0 52 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 0.0 155
2 1ns 57 1S 0.0 87 0.0 00 87 0.0 0.0 0.0 00 0.0 402
E] 129 N8 6.1 00 429 0.0 00 (3] 00 0.0 00 00 0.0 104.2
) 85 164 110 0.0 55 0.0 00 00 00 0.0 0.0 00 00 a4
54 T IRV ) 49 0.0 48 0.0 0.0 00 00 0.0 0.0 0.0 00 304
42 x”2 NS 84 0.0 00 00 64 64 0.0 0.0 0.0 0.0 00 1031
50 s R1 137 0.0 0.0 0.0 0wr 7 0.0 0.0 0.0 00 00 1008
53 207 155 103 0.0 0.0 0.0 103 103 0.0 0.0 00 0.0 52 724
a 70 250 100 00 100 00 100 50 00 0.0 0.0 00 00 130.0
2 ur 174 00 0.0 0.0 0.0 @5 00 00 0.0 0.0 00 00 92.7
% 11.0 &5 00 0.0 0.0 0.0 55 00 00 0.0 0.0 00 00 275
[ 104 92 (1] 0.0 0.0 00 00 0.0 48 48 0.0 09 4 48.0
ib 77 0.0 5 00 0.0 0.0 0.0 00 00 0.0 00 0.0 00 00 65
[ 0.0 52 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 104
12 4 67 00 0.0 0.0 0.0 00 [T] 0.0 0.0 0.0 00 00 20.1
L) 00 6.0 (3] 0.0 0.0 0.0 101 00 0.0 0.0 0.0 00 00 30.2
[ ] 00 132 65 00 0.0 00 0.0 00 00 0.0 0.0 0.0 00 198
s 00 121 1231 60 121 0.0 00 60 00 0.0 0.0 00 00 483
/] 0.0 52 208 52 156 52 00 00 00 0.0 0.0 00 00 521
46 0.0 (] 00 48 46 R4 00 48 0.0 00 0.0 00 0D 508
a 0.0 4.1 43 0.0 4.1 4 00 41 0.0 0.0 0.0 0.0 00 20.6
2 00 217 00 00 109 0.0 00 00 00 0.0 0.0 0.0 00 326
2 3 53 0.0 53 53 0.0 0.0 00 00 0.0 00 00 00 oo 16.0
0 104 00 52 52 0.0 0.0 0.0 00 0.0 00 00 00 00 208
2 54 00 215 54 0.0 0.0 (1] 00 0.0 0.0 0.0 00 00 77
T 63 00 127 €3 0.0 0.0 00 00 00 0.0 0.0 00 00 253
-] 182 0.0 61 243 0.0 00 00 00 0.0 0.0 0.0 00 o0 54.6
8 0.0 00 21 [1] 0.0 00 00 00 0.0 0.0 0.0 00 09 208
105 0.0 0.0 70 7.0 0.0 0.0 00 00 0.0 0.0 0.0 00 00 139
26 0.0 43 128 .8 0.0 0.0 [T] 00 0.0 0.0 0.0 00 00 258
2 88 53 M8 70 116 0.0 00 00 0.0 0.0 0.0 00 00 1513
o 03 62 555 123 62 0.0 00 00 00 00 0.0 00 0.0 111
48 87 87 28 14 0.0 0.0 57 00 00 0.0 00 00 0 51.2
L. 15.6 52 00 52 0.0 0.0 00 00 00 0.0 0.0 00 00 259
] 167 0.0 00 56 0.0 56 00 (1] 0.0 0.0 0.0 0.0 00 27.8
(] 57 00 00 114 0.0 0.0 00 00 0.0 0.0 00 00 00 179
o S0 00 00 58 0.0 0.0 00 [ 7] 0.0 0.0 0.0 00 0.0 1nse
31 0.0 0.0 45 090 0.0 00 00 00 0.0 0.0 0.0 0.0 00 45
7 0.0 00 48 00 0.0 00 00 00 0.0 0.0 0.0 00 0.0 48
56 0.0 0.0 42 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.0 42
(] 0.0 00 40 0.0 00 0.0 00 00 0.0 00 00 00 00 40
n 0.0 0.0 54 0.0 0.0 0.0 09 00 0.0 0.0 0.0 00 00 54
[3 0.0 0.0 55 0.0 0.0 0.0 -] 09 0.0 00 0.9 0.0 0.0 1.0
112 0.0 00 59 0.0 0.0 00 0.0 00 00 0.0 0.0 1] 00 89
17 0.0 00 168 0.0 0.0 0.0 00 00 0.0 00 0.0 00 00 168
18 0.0 00 172 0.0 0.0 0.0 1] 00 0.0 0.0 0.0 00 00 172
™ 0.0 00 102 0.0 00 0.0 00 00 0.0 0.0 0.0 0.0 00 182
2 0.0 00 ™S 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 00 116
1" 0.0 00 153 0.0 38 0.0 00 00 0.0 0.0 [ 1] 0o 00 19.2
4 7 00 0.0 00 0.0 00 155 00 0.0 0.0 0.0 0.0 00 0.0 155
[} 0.0 0.0 00 0.0 00 170 00 00 00 0.0 0.0 00 (1] 17.0
8 0.0 0.0 0.0 00 00 510 0.0 0.0 0.0 00 0.0 0.0 (1] 51.0
10 0.0 0.0 0.0 0.0 00 488 0.0 00 00 0.0 0.0 0.0 00 469
16 0.0 00 M 0.0 87 114 00 0.0 0.0 0.0 0.0 00 0.0 51.2
2 0.0 00 22 0.0 00 270 0.0 [T 0.0 0.0 0.0 0.0 00 472
1 0.0 00 107 54 00 107 (1] 00 00 0.0 0.0 00 [X] 26.8
5 5 0.0 0.0 [T.] 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 424 424
m 0.0 00 00 0.0 0.0 00 00 00 0.0 0.0 0.0 00 679 87.9
» 0.0 0.0 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 218 21.8
52 0.0 0.0 0.0 0.0 0.0 0.0 00 00 | 0.0 0.0 0.0 00 29 29
L] (X 00 00 0.0 0.0 0.0 00 65 0.0 0.0 65 00 194 51.7
110 0.0 0.0 00 0.0 0.0 0.0 (1] 00 0.0 0.0 48 00 97 145
n 0.0 0.0 00 0.0 0.0 0.0 00 00 (1] 0.0 0.0 00 00 26.6
n” 0.0 0.0 0.0 0.0 0.0 0.0 0o 00 00 152 00 0.0 00 15.2
103 0.0 00 0.0 0.0 0.0 0.0 66 0.0 0.0 0.0 0.0 00 0.0 133
» 0.0 0.0 00 0.0 0.0 0.0 00 00 0.0 00 1.9 56 19 na
[ ] 0.0 0.0 00 00 0.0 0.0 00 00 0.0 23 23 23 48 114
58 0.0 00 00 00 0.0 0.0 00 00 0.0 0.0 37 7 00 75
101 0.0 0.0 0.0 0.0 0.0 0.0 00 00 0.0 24 4 34 0.0 10
n 0.0 0.0 0D 0.0 0.0 40 0.0 00 0.0 0.0 0.0 40 00 80
£ 0.0 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 00 49 00 9.9
a7 0.0 00 00 0.0 0.0 0.0 00 00 0.0 0.0 00 707 A 751
82 0.0 0.0 00 0.0 0.0 0.0 00 00 106 00 636 00 265 106.0
100 0.0 0.0 00 0.0 0.0 0.0 00 00 62 124 ®8 0.0 93 m.z
LX] 0.0 0.0 00 00 0.0 0.0 0.0 0.0 140 140 465 279 M1
“ 0.0 00 0.0 0.0 0.0 0.0 00 00 53 217 370 476 70
n 0.0 0.0 00 0.0 0.0 0.0 00 00 408 122 1263 41 0.0 1956
H 0.0 0.0 00 0.0 0.0 0.0 00 0.0 518 152 M5 152 0.0 185.9
] 0.0 0.0 00 0.0 0.0 0.0 00 00 0.0 21 402 00 00 433
o7 0.0 0.0 00 0.0 0.0 0o 0.0 00 0.0 00 %7 00 00 20.7




Appendix Table 16.
Two-way coincidence table of species abundance (no./10m<) among station groups for larvae in bongo samples, crulse MFB3,
November/December 1983. Numbers In species groups are species codes. See list accompanying Appendix Table 1 for interpretation.

SPECIES GROUPS

STATION 1 2 3

ROUPS 160 162 am 158 234 158 163 184 88 292 i 215 TOTAL

1 U 85 00 0.0 85 00 65 85 [X] 65 00 00 00 452
50 46 46 46 137 0.0 48 92 0.0 46 00 00 00 45.8
[ 3 173 5.8 0.0 0.0 1.6 58 00 58 58 0.0 00 00 520
128 252 0.0 63 0.0 0.0 0.0 63 63 00 0.0 00 56.7
3% 0.0 85 0.0 55 1.0 5.5 20 00 00 00 0.0 0.0 54.9
54 0.0 144 288 48 240 9.6 144 144 48 00 0.0 48 1346
55 0.0 52 0.0 0.0 0.0 5.2 104 52 52 0.0 0.0 0.0 363
&3 0.0 0.0 0.0 0.0 0.0 0.0 243 6.1 121 0.0 0.0 0.0 485
k) 0.0 5.2 0.0 0.0 00 0.0 00 103 S2 0.0 0.0 0.0 206
2 0.0 5.8 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 00 0.0 2.2
58 0.0 ar 0.0 0.0 00 0.0 00 0.0 0.0 0.0 37 0.0 75
- 40 0.0 52 0.0 0.0 5.2 0.0 0.0 00 00 5.2 00 0.0 363
5 0.0 0.0 0.0 0.0 6.0 0.0 6.0 00 0.0 0.0 00 0.0 242
45 0.0 0.0 0.0 0.0 97 0.0 49 0.0 0.0 0.0 48 0.0 19.5
8 0.0 188 0.0 0.0 63 0.0 63 0.0 0.0 0.0 0.0 00 §0.0
56 0.0 0.0 0.0 0.0 42 42 42 0.0 42 0.0 41.9 00 $8.6
68 0.0 00 0.0 0.0 0.0 0.0 49 0.0 49 00 196 0.0 294
8 00 0.0 0.0 0.0 00 0.0 87 00 0.0 00 0.0 0.0 57
13 00 00 00 0.0 0.0 0.0 89 0.0 0.0 0.0 00 0.0 6.9
17 0.0 0.0 0.0 5.6 0.0 0.0 56 5.6 00 0.0 00 0.0 16.8
3 0.0 0.0 $3 0.0 00 00 §3 00 00 $3 0.0 0.0 266
(] 0.0 00 0.0 0.0 0.0 43 86 00 00 0.0 0.0 00 128
61 0.0 87 0.0 0.0 0.0 $7 87 0.0 0.0 00 00 5.7 284
28 00 0.0 0.0 0.0 00 5.4 00 0.0 00 0.0 0.0 00 54
32 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 5.8 0.0 0.0 0.0 16
[ o 00 0.0 0.0 0.0 0.0 0.0 00 0.0 62 0.0 00 0.0
[ ] 0.0 0.0 0.0 0.0 00 0.0 0.0 00 82 00 00 00 52
26 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 43 090 00 00 86
47 0.0 00 0.0 0.0 0.0 0.0 00 0.0 165 41 0.0 41 289
62 56 00 0.0 0.0 0.0 0.0 0.0 56 1.1 1.1 00 0.0 39.0
35 0.0 00 6.1 0.0 0.0 0.0 00 00 0.0 00 00 0.0 6.1
112 0.0 0.0 5.9 0.0 5.9 0.0 0.0 00 00 0.0 00 0.0 1.7
74 52 00 5.2 0.0 8.2 0.0 0.0 5.2 00 0.0 0.0 0.0 26.1
50 0.0 8.0 124 0.0 242 0.0 0.0 0.0 6.0 00 0.0 0.0 483
00 (1] [X] (X} 0.0 132 0.0 0.0 00 00 00 6.6 686 58.5
[ 3 6.0 0.0 6.0 0.0 0.0 0.0 0.0 00 6.0 00 6.0 00 229
29 0.0 0.0 15.5 a9 78 0.0 0.0 0.0 00 0.0 78 0.0 M9
“ 0.0 0.0 138 0.0 00 0.0 0.0 0.0 0.0 00 138 0.0 23
43 0.0 0.0 10.9 5.4 00 0.0 00 00 00 00 090 0.0 272
21 0.0 1335 6.7 0.0 00 0.0 0.0 00 00 0.0 00 0.0 202
105 13.9 139 70 0.0 00 00 00 00 00 00 00 0.0 48
9% 62 6.2 6.2 6.2 0.0 00 0.0 00 00 0.0 00 0.0 25.0
49 00 10 55 1.0 0.0 00 $5 0.0 0.0 00 0.0 0.0 29
76 00 63 127 0.0 0.0 0.0 83 00 00 0.0 090 00 253

3 12 34 00 0.0 34 34 0.0 00 0.0 00 0.0 0.0 0.0 101
14 0.0 1] 0.0 65 85 0.0 0.0 0.0 0.0 0.0 0.0 00 194
S0 42 0.0 0.0 42 84 0.0 0.0 0.0 42 00 0.0 0.0 295
a 0.0 00 0.0 10.0 10.0 0.0 00 0.0 50 0.0 0.0 0.0 250
15 0.0 00 0.0 6.0 00 0.0 00 0.0 00 0.0 0.0 00 8.0
" 0.0 0.0 00 5.8 00 0.0 00 0.0 00 0.0 00 0.0 116
16 57 00 00 11.4 00 0.0 0.0 0.0 00 0.0 00 0.0 171
20 0.0 0.0 00 0.0 55 0.0 00 0.0 00 00 0.0 0.0 85
9 0.0 0.0 0.0 0.0 85 0.0 0.0 0.0 00 00 0.0 0.0 [E]
5 0.0 0.0 0.0 0.0 46 0.0 00 0.0 0.0 0.0 0.0 0.0 46
o d 0.0 00 0.0 0.0 40 0.0 0.0 00 00 00 0.0 0.0 40
” 00 0.0 0.0 0.0 10.7 0.0 0.0 00 00 9.0 0.0 00 107

4 51 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 0.0 0.0 7.7 00 77
2 0.0 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 106 00 159
|l 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 53 0.0 264
57 0.0 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 147 0.0 147
m 00 0.0 0.0 0.0 00 0.0 0.0 0.0 0.0 00 16.5 00 165
39 31 00 0.0 0.0 0.0 0.0 00 0.0 0.0 00 3.1 00 62
100 0.0 00 0.0 0.0 00 0.0 00 00 0.0 00 31 0.0 6.2
72 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 $1 5.1 152
E ol 70 00 0.0 0.0 14.0 0.0 00 0.0 00 70 70 00 35.0
67 48 00 0.0 0.0 48 0.0 00 0.0 0.0 00 96 0.0 19.2
52 0.0 0.0 0.0 0.0 29 0.0 0.0 0.0 00 0o 58 00 15
18 43 0.0 0.0 0.0 00 0.0 0.0 00 0.0 43 43 00 17.2

5 80 283 57 0.0 0.0 00 0.0 0.0 0.0 00 00 0.0 0.0 340
13 n3 67 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 399
1.7 59 00 00 00 0.0 0.0 0.0 00 0.0 0.0 0.0 176
92 135 6.8 0.0 0.0 00 135 00 00 0.0 0.0 0.0 0.0 k<))
104 Q7 0.0 0.0 0.0 00 6.2 0.0 00 0.0 0.0 00 00 49.9
42 129 128 0.0 00 00 0.0 129 00 0.0 00 0.0 0.0 387
59 207 103 00 0,0 00 5.2 103 0.0 0.0 00 00 0.0 46.6
75 160 15.0 S0 0.0 0.0 0.0 15.0 0.0 100 00 0.0 8.0 64.9
7 103 0.0 00 0.0 0.0 0.0 00 0.0 00 0.0 0.0 0.0 103
87 126 0.0 00 0.0 0.0 0.0 00 0.0 00 00 0.0 00 126
108 6.6 00 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 28,6
1 45 00 0.0 0.0 00 0.0 0.0 0.0 00 0.0 0.0 00 45
” 63 00 0.0 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0 00 63
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48 OON

47 00
46 00
H 45 00
'l}} 44 00
"}l 43 00
l.‘] 42 00
‘lyl 41 00
Station symbois ) - N 0 00
4 NEUSTON and BONGO ™ + t - ot}
7
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u _J 39 00
129 0OW 127 00 125 00 123 00
Appendix Figure S.

Sampling stations, positions, and cruise track for cruise MF87 (January 1987).
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Appendix Table 17.

Two-way coincidence table of species abundance (nc./1000m°) among station groups for eggs In neuston samples, cruise MF87, January 1987.
Numbers in species groups are spedss codes. See list accompanying Appendix Table 1 for interpretaion.

SPECIES GROUPS

STATION 1n ib 2 3
GROUP 35 263 25 239 247 299 150 151 283 156 274 285 TOTAL
1a 33 00 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 496 662 1820 3144
5 0.0 0.0 0.0 0.0 0.0 00 00 0.0 00 090 0.0 172 1213 347 1733
52 0.0 00 0.0 0.0 0.0 00 00 0.0 00 0.0 00 185 185 18.5 55.6
57 0.0 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 178 178 889 1245
32 0.0 00 0.0 0.0 0.0 00 00 00 0.0 0.0 00 25 488 0.0 813
e 00 00 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 4.5 20.7 0.0 82.9
[ o] 0.0 0.0 0.0 0.0 0.0 00 00 00 170 17.0 340 51.0 6457 85.0 8496
" 0.0 0.0 0.0 0.0 0.0 00 00 00 36.1 180 0.0 361 1263 54.1 270.7
70 00 0.0 0.0 0.0 0.0 00 00 00 1024 0.0 683 o) 512 171 2n.2
72 0.0 00 0.0 0.0 0.0 00 00 00 4.4 184 181 544 181 0.0 1634
m” 0.0 00 0.0 0.0 0.0 00 00 00 00 17.6 176 176 1786 0.0 703
i 22 0.0 00 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 173 0.0 173 48
30 0.0 00 0.0 0.0 0.0 00 00 00 0.0 00 0.0 18.5 0.0 185 369
] 00 00 0.0 0.0 0.0 00 00 00 0.0 0.0 00 158 00 15.9 478
1 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 308 00 308 61.5
2 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 00 74 0.0 0.0 374
20 00 00 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 152 00 0.0 15.2
1c 23 0.0 0.0 0.0 0.0 0.0 00 00 0.0 04 358 0.0 0.0 0.0 178 1247
62 0.0 00 0.0 0.0 0.0 00 00 0.0. 00 178 00 0.0 0.0 35.8 3.8
60 0.0 00 0.0 0.0 0.0 00 00 00 00 172 0.0 172 00 0.0 344
[ ] 0.0 00 0.0 0.0 00 00 00 0.0 0.0 196 0.0 00 0.0 0.0 196
2a 88 - 00 00 00-- 00— 00 — 00 00 00— 00- 00 174 0.0 00 871 ~104.5
75 0.0 0.0 0.0 0.0 00 00 00 00 0.0 00 B3 00 0.0 17.6 529
76 00 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 493 (] 16.4 328 88.5
58 00 00 0.0 0.0 0.0 00 00 0.0 174 00 17 0.0 00 171 51.4
74 0.0 0.0 0.0 0.0 0.0 00 00 0.0 457 0.0 152 0.0 152 15.2 9.6
4 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 490 163 653
56 0.0 00 0.0 0.0 0.0 00 00 175 0.0 0.0 0.0 00 1053 175 140.3
73 0.0 0.0 0.0 0.0 00 00 00 00 158.6 0.0 00 0.0 793 476 2854
L 0.0 0.0 0.0 00 0.0 00 00 00 129 0.0 0.0 00 129 1S5 115.9
» & 00 179 0.0 0.0 00 00 00 0.0 0.0 0.0 179 0.0 00 0.0 358
48 0.0 0.0 0.0 0.0 00 00 00 0.0 00 0.0 178 0.0 0.0 00 356
[ O 00 00 0.0 0.0 00 00 00 183 0.0 00 183 00 1488 00 185
[ 3 0.0 0.0 0.0 0.0 00 00 00 177 0.0 00 177 00 0.0 0.0 3BS5
] 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 17.6 0.0 176 00 351
80 0.0 0.0 0.0 0.0 00 00 00 00 00 00 R9 0.0 185 00 494
51 00 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 18.1 0.0 18.1
3 15 0.0 00 0.0 0.0 0.0 00 00 00 00 00 0.0 0.0 0.0 183 183
18 0.0 0.0 0.0 0.0 0.0 00 00 0.0 00 00 00 00 00 182 18.2
21 0.0 00 0.0 0.0 0.0 00 00 00 00 0.0 00 0.0 00 18.6 18.8
16 09 0.0 0.0 0.0 0.0 00 00 00 00 0.0 00 0.0 0.0 195 19.5
19 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 193 193
" 0.0 0.0 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 00 175 175
81 0.0 00 0.0 0.0 0.0 00 00 0.0 00 0.0 00 0.0 0.0 17.7 177
82 0.0 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0 172 17.2
12 00 0.0 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 0.0 0.0 15.3 153
a3 0.0 00 0.0 0.0 0.0 00 00 00 0.0 0.0 0.0 00 0.0 343 43
“ 0.0 0.0 0.0 0.0 0.0 00 00 0.0 00 0.0 0.0 0.0 00 323 484
4 10 ~ 3768 15612 2153 1256 0.0 0.0 179 0.0 090 0.0 0.0 00 0.0 00 22969
25 13780 12784 5147 N2 0.0 332 3A\2 00 00 0.0 0.0 00 0.0 00 3270.7
26 $62.8 18010 563 75.0 0.0 188 00 0.0 00 00 0.0 00 0.0 0.0 5139
6 1870 6732 748 935 18.7 00 00 0.0 0.0 0.0 0.0 00 00 0.0 1065.9
3 3.1 34703 8835 17.7 17.7 00 831 0.0 0.0 0.0 0.0 00 00 1062 3806.8
24 1672 13745 00 1488 0.0 186 371 00 0.0 0.0 00 0.0 00 186 17645
59 1055.7 9188 00 1955 0.0 39t 195 0.0 0.0 0.0 0.0 00 0.0 0.0 22286
89 419888 51281.0 4691.9 0.0 733 183 00 91.6 0.0 0.0 0.0 0.0 00 0.0 98145.0
40 7347.8 311753 6326 3893 4866 811 0.0 00 00 00 0.0 00 0.0 00 40112.7
@ 7 96.1 §7.7 00 384 0.0 00 00 0.0 0.0 0.0 00 0.0 0.0 00 1922
4 528 178 0.0 0.0 0.0 00 00 0.0 0.0 0.0 0.0 0.0 0.0 00 70.4
55 323 16.2 16.2 18.2 0.0 00 00 00 0.0 0.0 0.0 00 00 162 97.0
1 26 471 471 0.0 471 00 00 00 0.0 0.0 0.0 0.0 0.0 00 165.0
54 493 493 5.7 0.0 0.0 00 00 090 0.0 00 00 0.0 0.0 0.0 164.2
27 385 183 00 0.0 0.0 00 00 0.0 00 0.0 0.0 183 00 00 A
b o) 16.4 16.4 00 0.0 0.0 00 00 0.0 0.0 00 0.0 164 00 164 856
67 352 0.0 0.0 0.0 00 00 00 0.0 00 0.0 00 0.0 0.0 0.0 3.2
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Appendix Table 18.
Two-way coincidence table of species abundance (no./1000m3) among station groups for larvae
In neuston samples, cruise MF87, January 1887. Numbers in species groups are spacies codes.
Seo list accompanying Appendix Table 1 for Interpretation.

SPECIES GROUPS
STATION 1 2 s 4
QROUPS 177 281 218 162 178 174 194 199 287 TOTAL
ta S 51 00 00 00 374 00 00 00 00 93.6
9 573 00 00 00 382 00 00 00 00 955
™ 180 00 00 00 180 00 00 00 00 36.1
2 1495 00 00 00 187 00 00 00 00 168.2
70 1707 00 00 00 171 00 00 00 00 187.8
7 1762 00 00 00 176 00 00 00 176 211.4
7 2114 00 00 00 00 00 384 00 00 2499
2 519 00 00 00 348 00 173 00 00 1039
i 12 153 00 00 00 00 00 00 00 00 15.3
87 356 00 00 00 00 00 00 00 00 356
[ 1601 00 00 00 00 00 00 00 00 160.1
0 487 00 00 00 00 00 00 162 00 849
8 3136 00 174 00 00 00 00 00 00 31.0
] 8§26 00 175 00 00 00 00 00 00 70.2
] 938 00 00 00 00 188 00 00 00 112.6
] 1615 00 00 00 00 23 00 60 00 1938
1c 11 3849 55 00 00 00 00 00 00 00 4374
[ 3971 1 00 00 00 00 00 00 00 466.1
™ 1411 353 00 00 00 00 00 00 00 176.4
9 1849 550 00 00 00 00 00 1100 00 3482
44 183 00 00 00 00 00 00 00 183 365
50 375 188 00 00 00 00 00 00 188 75.0
22 28 5780 5080 350 00 00 00 00 00 00 1121.0
“ 281.8 12503 352 00 00 00 00 00 00 1567.3
6 1948 1416 177 00 00 00 00 00 00 354.1
F1) 1300 3529 1300 00 00 186 00 00 00 7430
42 1156.4 31239 1553 00 00 00 518 00 00 45047
2 267.1 1603 358 00 712 00 178 00 00 569.9
82 370 4074 185 00 370 370 741 00 00 8112
51 1268 17387 382 1811 00 00 181 00 00 21008
[ 36.7 26784 387 3%7 00 00 00 00 00 27885
n 00 13163 351 1580 00 00 00 00 00 1509.4
54 00 3777 657 00 00 00 00 00 00 4926
» 82 00 163 00 00 00 00 00 00 00 16.3
] 00 70 00 00 00 00 00 00 00 710
2 00 2 00 00 00 00 00 166 00 166.0
1 00 236 00 00 00 00 707 00 00 2124
85 162 647 00 00 00 162 182 00 00 161.7
2 62 00 00 00 00 00 179 00 00 00 17.9
” 00 00 00 00 00 26 00 00 00 29.6
S T2 906 181 00 1087 181 00 00 00 00 235.8
78 634 1269 00 634 317 00 00 00 00 285.4
4 00 1359 00 1.0 340 00 00 00 00 2379
] 5584 2056 164 328 164 00 00 00 00 919.8
” 1933 7203 176 4218 351 00 00 00 00 1387.9
74 762 3355 00 00 305 00 00 00 00 422
4 302 00 00 5438 453 00 00 00 00 819.3
L) 00 00 00 717 358 00 00 00 00 1075
% 5 00 00 00 00 187 00 00 00 00 18.7
H 00 00 00 00 186 00 00 00 00 186
16 00 00 00 00 195 00 00 00 00 195
“ 00 00 00 00 163 00 00 00 00 16.3
0 00 00 00 00 739 00 00 00 00 739
[~} 00 00 00 00 383 00 00 00 00 393
13 00 00 00 00 351 - 00 00 00 176 527
2 00 00 178 00 1068 00 00 00 356 160.3
4 8 00 00 00 207 00 00 00 00 00 207
[ 00 00 00 181 00 00 00 00 00 18.1
O] 00 00 00 154 00 00 00 60 00 15.4
L) 00 00 00 4662 00 00 00 00 00 486.2
[ ] 00 00 00 1031 00 00 00 00 00 103.1
“« 00 00 00 356 00 00 00 00 356 711
[ 7] 00 00 00 161 00 00 00 00 646 80.7
[1] 00 00 00 890 00 00 00 00 1379 206.9
] 00 00 00 116 00 00 00 00 159 1275
5 00 00 00 00 00 00 00 00 165 165
34 00 00 00 00 00 00 00 00 164 16.4
[4 00 00 00 00 00 00 00 00 177 177
20 00 00 00 00 00 00 00 00 152 152
® 00 00 00 00 00 00 00 00 544 544
82 00 00 00 00 00 00 00 00 515 51.5
s 00 00 00 00 00 00 00 00 592 59.2
3] 00 00 00 00 00 00 00 00 1412 1412
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Appendix Table 18.
Two-way colncidence table of species abundance (no/10m?) among station groups for eggs in bongo samples, crulse MF87,
January 1987. Numbers In species groups are epecies codes. See list accompanying Appendix Table 1 for Interpretation.

SPECIES GACUPS

STATION 1 2 3
QROUPS 151 274 152 150 456 285 283 2 322 333 245 263 244 215 293 TOTAL
fa 8 00 00 00 00 00 80 00 00 00 00 00 00 00 00 00 8.0
14 00 00 00 00 00 75 00 00 00 00 00 00 00 00 00 75
22 00 00 00 00 00 91 00 00 00 0.0 00 00 00 00 00 9.1
7 00 00 00 00 00 202 00 00 00 0.0 00 00 00 00 00 202
[ 00 00 00 00 00 141 0.0 00 00 0.0 00 00 00 00 00 141
€6 00 00 80 00 00 80 00 00 00 0.0 00 00 00 00 00 16.0
7 00 00 00 00 00 129 00 00 00 0.0 00 00 00 64 64 0.8
i 4 00 00 00 00 00 00 00 00 00 6.4 00 00 00 00 00 6.4
2 00 00 00 00 00 83 00 00 00 a7 00 00 00 00 00 50.1
L] 00 00 6% ©00 00 00 69 00 00 8.9 00 00 00 00 00 206
68 00 00 00 00 00 00 46 00 00 0.0 60 00 00 00 92 13.8
™ 00 00 00 00 00 00 135 00 00 0.0 00 00 00 00 00 135
tc 3 00 00 00 00 74 00 0O 00 00 0.0 00 00 00 00 00 74
5 00 00 00 00 85 00 00 00 00 00 00 00 00 00 00 89
0 00 00 00 00 173 00 00 00 00 0.0 00 00 00 00 00 17.3
13 00 00 00 00 154 77 00 00 00 0.0 00 00 00 00 00 231
8 00 00 00 00 95 95 00 00 00 0.0 00 00 00 00 00 19.0
59 00 00 00 ©00 203 68 00 00 68 0.0 00 00 00 00 00 3.8
12 57 00 00 00 00 &7 00 00 00 0.0 00 00 00 00 00 1.4
2 63 127 00 00 1950 €3 00 00 00 00 00 00 00 00 00 4.4
% 216 00 00 00 72 00 72 00 00 0.0 00 00 00 00 00 36.1
a6 00 00 00 00 00 00 OO0 00 00 0.0 223 112 261 1206 2234 413.2
24 00 00 00 00 00 00 00 00 00 0.0 429 143 286 1073 7226 915.7
2% 00 00 00 00 00 00 00 00 00 0.0 134 87 67 1879 3556 570.4
53 00 00 00 00 00 00 OO0 00 00 00 148 247 00 3553 2664 666.1
10 00 00 00 00 00 00 OO0 00 00 0.0 00 180 27.0 2387 2117 500.0
25 00 00 00 00 00 00 00 00 00 0.0 00 1311 82 8552 6305 1641.7
39 00 00 00 00 00 00 OO0 00 00 0.0 134 1273 6.7 21644 3753 2693.8
40 00 00 00 00 00 00 OO0 00 00 0.0 431 554 1355 11211 8%.2 2229.9
2h 46 60 00 ©00- 00 00 00 00 00 00 0.0 00 80 00 00 00 8.0
54 00 00 00 00 00 00 0O 00 00 0.0 129 86 00 214 00 428
x 38 00 00 00 00 00 00 00 00 00 00 00 00 00 00 205 273
7 00 00 00 00 00 00 00 00 00 0.0 00 00 00 00 152 15.2
1 00 "00 00 00 00 00 0O 00 00 00 00 &5 00 00 166 21
n 00 00 00 00 00 00 00 00 00 00 00 00 00 00 769 76.9
“ 00 00 00 00 00 00 00 00 o0 0.0 00 00 00 00 2063 213.7
™ 00 162 81 45 00 00 00 00 00 00 00 00 00 00 162 105.1
o0 00 63 00 00 00 00 OO0 00 00 0.0 00 00 00 00 93 27.8
82 00 00 00 170 85 00 00 85 00 0.0 00 00 00 00 679 1103
3a 1 64 00 00 191 127 00 00 00 00 0.0 00 00 00 00 00 38.2
45 727 77 00 307 07 00 00 00 00 0.0 00 00 00 00 00 76.7
20 72 00 00 217 00 00 00 00 00 0.0 00 00 00 00 00 289
2 00 00 00 78 00 00 00 00 00 0.0 00 00 00 00 00 7.8
F14 00 00 00 184 00 00 00 00 o0 9.2 00 00 00 00 00 27.6
19 00 00 00 83 248 00 00 00 00 0.0 00 00 00 00 00 4.3
58 00 00 00 415 27 00 00 00 00 0.0 00 00 00 00 00 62.2
87 00 00 00 65 131 00 65 00 00 0.0 00 00 00 00 00 26.1
48 00 00 00 83 83 00 00 00 83 0.0 00 00 00 00 00 24.9
47 00 00 101 202 2202 00 00 00 00 0.0 00 00 00 00 00 504
00 00 1682 244 244 00 00 00 00 0.0 00 00 00 00 00 65.0
55 00 00 75 208 75 00 00 00 00 0.0 00 00 00 00 00 4.7
61 00 00 179 TS5 B7 00 00 00 89 0.0 00 00 00 00 00 134.0
T2 00 00 4.7 2671 00 00 00 00 83 0.0 00 00 00 00 00 3265
3 18 00 00 00 444 00 00 00 00 00 0.0 00 00 00 00 00 53.2
56 00 00 00 83 00 00 83 00 00 0.0 00 00 00 00 00 91.6
n 176 00 00 615 00 00 1230 00 00 0.0 00 00 00 00 00 202.0
5 00 513 00 427 00 85 256 00 00 0.0 00 00 00 00 00 128.2
74 00 79 00 36 00 00 79 00 00 79 00 00 00 00 00 79.0
) 00 00 00 79 00 238 159 7 00 0.0 00 00 00 00 00 87.3
9 00 00 00 140 00 70 00 00 00 0.0 00 00 00 00 00 21.0
29 00 00 00 401 00 80 00 00 00 0.0 00 00 00 80 00 6.1
44 00 78 00 680 78 76 00 00 00 0.0 00 00 00 76 00 98.3
51 00 2656 00 285 88 88 00 00 00 0.0 00 00 00 00 00 70.7
3 M4 1774 87 87 521 280 00 00 00 87 0.0 00 00 00 00 00 1218
43 84 418 B84 1670 167 00 00 00 00 0.0 00 00 00 00 00 2422
38 99 99 296 2068 99 00 00 99 95 0.0 00 00 00 00 00 138.1
33 101 00 101 304 101 101 00 00 00 0.0 00 00 00 00 00 71.0
62 73 00 00 511 148 146 00 73 219 00 00 00 00 00 00 116.9
35 176 263 175 3649 00 263 00 00 88 00 00 00 00 00 00 131.6
s 83 168 249 498 00 166 00 00 00 0.0 00 00 00 00 00 116.3
52 00 89 266 8533 89 286 B89 00 00 0.0 00 00 00 00 00 133.2
€0 00 69 137 343 00 69 00 6.9 0.0 0.0 00 00 00 00 00 68.6
64 245 2205 163 1552 82 245 X7 00 00 0.0 00 00 00 00 00 481.8
" 688 1278 98 4916 295 295 98 00 00 0.0 00 00 00 00 00 767.0
78 190 476 190 2952 00 95 95 00 00 0.0 00 00 00 00 00 399.9
70 418 334 167 1838 84 00 418 00 84 0.0 00 00 00 00 00 342
73 839 349 769 6780 00 00 70 00 70 00 00 00 00 00 OO0 887.6
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Appendix Table 20.
Two-way colncidence table of species abundance (no/10:

among station groupe for larvae In bongo samples, crulse MF87, January 1987.
Numbers [n species groups are species codes. See list accompanying Appendix Table 1 for interpretation.

BPECIES GROUPS
STATION 1 2 3

GROUPS 180 21 1M1 183 162 164 150 234 272 279 156 288 148 284 213 281 177 TOTAL
1a 28 00 X4 187 83 83 00 00 00 00 00 00 83 00 00 00 00 00 75.1
a4 27 227 378 76 151 0.0 00 00 76 76 00 76 00 00 00 00 00 136.0

43 00 251 34 107 251 00 00 00 00 187 167 00 00 00 00 00 00 1420

5 263 614 88 88 175 00 00 00 00 00 88 00 00 00 388 00 00 140.4

| ol 245 327 82 00 163 82 00 82 00 00 82 00 00 00 00 00 00 130.7

[ 664 332 1329 166 166 00 332 00 00 00 83 00 166 00 00 249 00 sz

52 89 89 B89 178 00 B89 00 00 00 00 00 00 00 00 00 00 00 822

73 210 419 280 220 00 70 00 00 00 00 00 00 00 00 00 00 00 1188

m 00 327 827 264 00 88 439 00 00 00 00 00 00 00 00 00 00 1845

50 77 717 00 17 77 00 00 00 00 00 00 00 00 00 00 00 00 384

[ 243 137 00 137 69 69 00 00 00 00 00 00 00 00 00 00 00 754

T2 801 $0.1 00 751 187 00 00 ©00 00 00 00 00 00 00 00 00 00 1920

46 8O 159 00 00 80 80 00 00 00 00 00 80 00 00 00 00 00 Q.7

61 179 357 00 89 00 178 00 00 00 00 00 89 00 00 00 00 00 893

6 72 3d 72 00 00 00 00 00 00 00 00 00 00 00 00 00 00 577

s 187 32 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 $0.0

H 225 197 98 00 00 0O 197 98 00 00 00 00 00 00 00 00 00 1180

u 318 159 00 00 00 00 00 79 00 00 79 00 00 00 00 00 00 [<X]

b 4 215 72 1145 00 00 00 00 00 00 00 00 00 00 00 00 00 00 mz
e 447 81 244 00 81 00 00 00 00 00 00 00 00 00 00 00 00 89.4

[ 137 69 686 69 69 00 060 00 00 00 00 00 00 00 00 00 00 109.8

70 251 501 668 B84 00 00 00 00 00 00 00 00 00 00 00 00 00 1504

55 149 149 596 00 00 00 00 00 00 75 00 00 00 00 149 00 00 1193

1) 79 395 1501 00 00 00 00 00 00 79 00 00 00 00 00 00 00 205.4

7% 00 67 62 00 00 00 00 00 00 00 00 00 00 00 67 00 00 706.7

56 46 00 B3 00 00 00 83 00 00 00 00 00 00 00 00 00 00 83

58 484 00 138 00 00 345 00 00 00 00 00 00 00 00 00 00 00 96.7

23 275 00 343 00 481 8.9 00 ©00 00 00 00 89 00 00 00 00 00 128

26 208 00 2684 00 00 00 00 00 00 00 00 00 00 134 00 00 87 358

51 88 00 30 00 88 00 00 88 00 00 00 00 00 00 00 88 00 884

[ 160 160 1441 00 400 00 00 00 00 00 00 00 00 00 00 240 00 2401

1e 15 153 00 00 00 229 00 00 00 00 00 00 00 00 00 00 00 00 382
33 10.1 00 00 00 101 0.0 00 00 00 00 00 00 00 00 00 00 00 203

| 4 46 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 92

62 73 00 00 73 00 00 00 146 00 73 00 00 00 00 00 00 00 365

t o 1727 00 00 89 00 00 00 00 00 00 00 00 00 00 00 00 00 220686

a7 00 00 00 85 00 00 00 65 00 00 00 65 00 00 00 00 00 19.6

a2 2 00 91 00 00 182 00 00 00 00 00 00 00 00 00 00 00 00 74
0 00 88 00 00 259 00 00 00 86 00 00 00 00 00 00 00 00 Qa2

5 00 68 00 00 135 00 00 00 68 00 68 68 00 00 00 00 00 406

83 00 00 00 00 212 00 00 00 00 79 71 T4 00 00 00 00 00 495

45 00 00 00 77 384 B0 00 00 00 00 727 00 00 00 00 00 0O 76.7

0 00 00 00 371 93 00 00 00 00 00 93 00 00 00 00 00 00 5.6

[ 493 00 00 197 187 00 00 00 99 197 99 00 00 00 00 00 00 128.2

a7 00 00 ©00 00 00 00 00 00 00 00 101 0.0 00 00 00 00 00 10.1

> 20 00 00 72 00 217 00 00 00 00 00 00 00 00 00 00 00 00 289
" 00 00 64 64 191 0.0 00 00 00 00 00 00 00 00 00 00 00 382

2 00 00 63 00 317 63 00 00 00 00 00 00 00 00 00 00 00 444

29 00 00 320 00 80 00 00 00 00 00 00 00 00 00 00 00 00 40.1

[ 00 00 00 00 80 00 00 00 00 00 00 00 00 00 00 00 00 240

49 00 00 00 00 78 00 00 00 00 00 00 00 00 00 00 00 00 78

19 00 00 00 00 165 00 00 00 00 00 00 00 00 00 00 00 00 185

2 13 00 00 ©00 00 77 77 00 00 00 00 77 00 00 00 00 00 00 308
7 60 00 00 ©0 67 135 00 00 00 00 00 00 00 00 00 00 00 202

14 00 00 00 00 302 302 00 00 00 00 00 00 00 00 00 00 00 603

2 78 00 00 00 392 471 00 00 ©00 00 00 00 00 00 00 00 00 102.0

16 6.1 00 61 00 6.1 6.1 182 00 00 00 00 00 00 00 00 00 00 24

18 89 260 00 00 266 177 as 00 00 00 00 00 00 00 00 00 00 887

4 00 00 00 00 00 64 00 00 00 00 00 00 00 00 00 00 00 6.4

” 00 &1 00 00 00 81 00 00 O00 00 00 00 00 00 00 00 00 16.2

Sa 6 00 00 00 00 00 00 00 00 00 00 00 00 3835 23 00 00 37 4170
5 00 00 00 00 00 00 00 00 00 00 00 00 1124 375 00 00 00 181.0

10 00 00 00 00 00 00 00 00 00 00 00 00 135 135 00 00 00 270

1 00 00 00 00 00 00 00 00 00 00 -00 00 2717 00 55 00 00 2543

40 00 00 00 00 00 00 00 62 00 00 00 00 123 00 62 00 00 308

30 00 00 201 00 00 00 00 00 00 00 00 00 2412 1675 134 67 00 4.2

53 00 00 1197 00 00 00 60 00 00 00 00 00 49 3947 99 99 00 449.0

54 00 00 1456 00 00 00 00 00 00 00 00 00 814 00 86 214 86 2741

[ 1) 00 00 80 00 00 00 00 00 00 00 00 00 152 00 00 152 00 146.7

% 37 00 00 427 00 00 00 00 00 00 00 00 00 00 00 00 00 00 $13
8 00 00 410 00 00 00 00 00 00 00 00 00 00 00 00 00 00 4.0

42 00 00 185 00 00 00 00 00 00 00 00 00 00 00 00 00 00 188

48 00 00 83 00 00 00 00 00 00 00 00 00 00 00 00 00 00 83

™ 00 00 190 95 00 00 60 00 00 00 00 00 60 00 00 00 00 288
27 00 00 276 00 00 00 00 92 00 00 00 00 00 00 00 00 00 35.8

57 00 85 53 00 00 00 00 171 00 00 00 00 00 00 00 00 00 769

1 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 57 8.7

5 00 00 45 00 00 00 00 00 00 00 00 00 00 00 00 00 136 ta.1
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